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ABSTRACT

Nutrient solution experiments were conducted inl

a greenhouse to determine the effect of aluminium andi
pH on root growth and Rh i 2 0b i urn inoculation of field 

beans (Phaseo1 us vulgaris L . > cv "Roseco.o".

Nutrient solution pH’s were adjusted to similate the 

pH’s of the three soils to be used to perform similar 

experiments, viz., Gituamba, Kitale and Kabete soils. 

Experiments were conducted in the greenhouse using 

the above named soiis sampled at O-lb and 15-30 cm 

depths. Gituamba soils had the lowest pH and lowest 

aluminium content and Kabete had the highest pH and 

content aluminium content. Kitale was intermediate 

in thes roper tie . Aluminium content in the s i Is 

was determined colorimetrica11y using the aluminium 

methoed after leaching the soil with IN KC1 solution.

The nutrient solution experiments were performed 

using leonard jars. Some inoculated and non- 

inoculated pregerminated seeds were planted in the 

jars; after 14 days, the shoots were harvested and 

dried. The roots were removed and the nodules were 

counted; taproot length and the root dry matter 

weights determined. A high negative correlation was 

found between taproot length and aluminium content.
t' *
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Above 10 ppm A1 concentration was found to be 

detrimental to taproot elongation. Nutrient solution 

pH significantly reduced taproot elongation and root 

growth (dry matter weight). Both nutrient solution 

pH and high aluminium content significantly reduced 

nodule formation on the beans. The highest number of 

nodules was found on the roots at the highest pH 

(6 .8 ) and 0 ppm aluminium. pH 5.0 was found to be 

the most detrimental pH for both taproot elongation, 
root growth and nodule formation.

I

Soil experiments were conducted using pots. 

Some inoculated and non-i nocu1 a ted seeds were planted 

in the pots; after 28 days the shoots were harvested 

and dried. The roots were removed and the nodules 

counted; taproot length and the root dry matter 

weights were determined. Low phosphorus levels 

limited taproot length and root growth (root dry 

matter weight). Percent organic matter and nitrogen 

limited both taproot length and root growth (root dry

matter weight) when phosphorus was not limiting.' i
Regardless of phosphorus status in the soil, soil pH 
and aluminium content influenced the formation of 
nodules on the roots of the bean plants. The highest 
number of nodules was found in soils having lowest

t
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aluminium content and highest soil pH (Kabete soil) 

iJ1(j lowest in soils having the lowest pH and highest 

iluminium content (Gituamba soil).

A comparison between soil and nutrient solution 

experiment could only be made on the effect ot pH 

and aluminium content on nodulation, with soils and 

nutrient solution having the highest pH and low 

aluminium concentration having the highest number of 

nodu1es.

♦



CHAPTER ONE

INTRODUCTION

The wide variation in pH of soils in Kenya is 

attributed to the nature of their parent material and
rthe intensity of leaching due to rainfall. The range 

of soils is also wide. This is attributed to the 

differences in their parent material, climate and 

topography. The altitude varies from sea level to 

5200m (Mt. Kenya). The mean annual rainfall also 

varies from 255 to 2030mm (Climatological Statistics 

for East Africa, 1975). Therefore, there are marked 

differences in the organic matter contents of the 

soils. the rate of leaching and the rate of soil 

development from one location to another.

For a long time it has been realised that many 

crops do not grow well on acid soils. This poor 

growth has been attributed to some harmful effects of

certain e ernents or soli conditions. These include 

toyicities of aluminium and/or manganese, 

deficiencies of phosphorus, magnesium. calcium and 

various trace elements such as boron and molybdenum

rh decrease in activities and population
s o 1 i ams (von Ui vkut 1 , 1986).



Until the late 1950s hydrogen ion (H+) was 

enerally believed to be the dominant cation in acid 
toils* The work of Coleman and other’s (Coleman e_t 

1 1, , 1958; Coleman, 1959; Lin and Coleman, 1960;

Uoleman and Thomas, 1967), proved that soluble

iluminium ion rather than hydrogen ion was the 

Jominant cation in the majority of soils with pH less 

than 5.

This soluble aluminium ion is usually toxic to 

nany plant species at high concentration and is 

usually the universal infertility factor in acid 

soils (Adams, 1984). Usually, the main aim of liming 

operations is to increase the soil pH to a

predetermined value and thereby improve the

availability of minerals and decrease the

concentration of toxic elements, such as heavy metals 

and aluminium. aluminium specifically being of 

special interest as it is a potentially toxic element 

ar*d the main source of soil acidity (Hartwell and 

Pember. 1918: Hartwell et a 1 . . 1919; Mirasol. 1920;
Nilsson et a 1 . . 1986).

Upto a point, a high hydrogen ion concentration 
(|ow pH) p,.j se does i vo t dir^ctlv affect crop r < • w ' 

|( B 1 ack . i / ) t However, it 'favours weathering
soil minerals, resulting in the release ul Ulit ! (I 1
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.nt of Ions su as potasil&im.ons and the lex

agneslum, calcium and manganese. In most cases, 
rop growth is directly correlated with aluminium 

aturation or concentration in the soil solution, 

luminium saturation at e 40% is usually considered 

oxic to many plants and poor growth results even for 

luminium tolerant plant species. In less tolerant 

pecies. aluminium saturation of 30% may be 

onsidered toxic (von Uexkul1, 1986: Monrique, 1986).

Rios and Pearson (1964), Adams and Lund (1966), 

leming and Foy (1968) and Lund (1970), have 

ndicated that aluminium in soil solution affects 

oot growth. It is be!ieved that high concentration 

f soluble aluminium rnay cause root injury and 

hosphorus starvation coupled with reduction in 

alcium uptake bv plan's (Wright, 1937; Kerridge et
1971 ).

The importance or field beans (Phaseo1 us 

yj.gar i s L.) the world over is now well established, 

rv seeds and fresh or processed pods of beans are 

terns of human diets both in developing and developed 

ountries (Driifhouts. 1978). The success of the 

eans as a crop has been attributed to their 

('creased importance (Smart, 1976). In terms of

♦
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Dry bean acreage 
the world.during

yield and production in
1978. m

C o n t i n e n t Area harvested 
1000’ ha

Yield
Kg/ha

Production 
1000 MT

A f r i c a 2131 603 1285
North and Central America 2767 794 2198
South America 5271 519 5736
Europe 1501 467 701
Australia 10 794 8
U.S.S.R 22 1865 94

World 25372 580 14202

Source: FAO Production yearbook, 1979
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acreage, yields and production, the world production 

of beans in 1978 indicated some remarkable 

improvement.

In Kenya, field beans (Phaseo1 us vulgaris L.)i
are the most important grain legume (Floor. 1985) and 

serves as an important, staple food crop for the 

majority of the population and also as the major 

source of cheap protein (C.I.A.T., 1981). In

addition, beans are sold in considerable quantities 

for canning industries (van Eijnatten, 1975k  

Together with pulses, beans are the second most 

important group of crops in Kenya after maize 

(Mukunya and Keya. 1975). The total area devoted to
legume production in Kenya is about 520 ,000 hecta res
annually. J f t he3 0 « about 400 . 000 hectares are u n d e r
beans a 1 one. I t has been reported t ha t in 1984 bean
production was a s f o 1 lows: Eastern, 30,977 t. o n s
(125,160 ha) ; Central, 61,231 tons (44, 109 ha); Rift
Valley, 27,623 tons (73,206 ha); Nyanza , 35,910 tons
(50,180 ha) and Western, 49, 180 tons (87,340 ha)
(Anonymous. 1984).

In Kenya beans are cultivated in monoculture or 

in a mixture with other crops such as maize, cotton 
and banana in areas with annual rainfall of 900 
2000mm (blmodal) and at altitude of 1250 - 2000m

♦



6

above sea level. The most dominant soil types found

in these areas are nitosols, derived from basic

parent material and acr i so 1 der i ved from acid parent

mater ia1s and at 1 owe r a 1 t i tude ferralsols and

luvisol s der i ved from basement comp 1 ex rocks,

predominantly gneilsses (Sombroek e_t a]_. , 1982).

The soils differ in their characteristics, but 

generally at higher altitudes have an organic matter

cbntent ranging from about 2.0 to 3.5* while as a
1result of intense leaching their pH values and 

available nutrients are low. At lower altitudes, 

organic matter contents are generally lower, ranging 

from about 1.0 to 2.0%, but pH values and available 

nutrients tend to be higher than those of the soils 

of the higher altitude (Floor, 1985).

The field beans (Phaseo1 us vulgaris L. ) are 

exposed to a large number of contraints such as 

unfavourav 'e soil conditions, pests and diseases. 

These contribute to the large gap between the actual 

and potential yields. In Kenya, Mukunya and Keya 

(1975) gave an average yield of 500 Kg/ha but noted 

that the potential yield could be as high as 1500 

Kg/ha. Average bean yields in Latin America are less 
than 600 Kg/ha compared to three to five tons 

obtained under experimental conditions in the same

♦
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countries. In the United States of America,

monoculture yields of nearly 1400 Kg/ha have been
i
reported (C.I.A.T., 1979: Schwatz and Galvez, 1980).

A major attribute of legume crops is their 

ability to use atmospheric nitrogen (N2 > in symbiotic 

relationship with bacteria (Rice ejt_ aj_. , 1977). To

fully exploit this, legumes must be able to cover a 

wide range of soils and climatic conditions. Legume 

cultivation in tropical areas where shortages of food 

supplies are prevelent, is far below its potential. 

A primary reason for this being that early attempts 

to a p p 1 traditional knowledge of temperate

rhizobium-legume systems to tropical situations met 

with discouraging failures. It is now apparent that 

temperate and tropical systems are quite different 

in many basic respects. Interaction between soil 

types, climatic factors and genetic capabilities of 
tropical rhizobia and legume symbiosis are more 

numerous and complex in tropical than temperate 

systems. When a substantial backlog of in format ion

oh tropical systems is established it may be

possible to use some generalization in cultivation of 
these legumes (Graham and Hubbell, 1975). Until then 

it is adviseable to consider each legume trial a 

Vnique situation. Additional basic information on

♦
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tropical rhizobia and legumes and the influence of 

tropical soils and climate on their symbiotic

association is a critical need.

In Kenya, nodulation of field beans (Phaseo1 us

uu1 gar 1 s L. ) is erratic, but most soils are not
idevoid of Rhi zobium phaseo1i (Keya, 1977). In a

survey carried out by the Department of Soil Science. 

University of Nairobi, less than 10% of the soils

studied appeared to be lacking Rhi zob i urn phaseo1i 

(Keya, et a 1. . 1982). Field experiments in East

Africa have also shown inconsistent yield responses 

of beans to inoculation (De Souza, 1968; Stephen, 

1969; Keya e_t_ aj^ . 1981 and 1982). It has been

suggested that environmental conditions such as 

adaptive factors may drastically affect nodulation of
bdans (Ddbereiner and Campelo, 1977) and that
iunderstanding of the local conditions is therefore 

important (Keya e_t_. a_l_. . 1981).

The harmful effect of soil acidity on legumes 

which is mostly due to high levels of soil aluminium, 

has been recognized for many years (Barbers, 1967; 

Lund, 1970; Sartain and Kamprath, 1975). Recent 

investigations have also differentiated between soil 

PH (i.e. hydrogen ion activity) and factors related 
to acidit nd between the effects of these factors.

I
♦
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such as aluminium ion in soil solution on plant 

growth, bacteria, nodule formation and function 

(Vincent, 1965; Munns, 1968; Franco and Munns, 1982; 

L^e et_ a 1 . , 1984 and Eagles ham et. a 1 . , 1984) .

It is therefore evident that the effect of soil 

pH (hydrogen ion activity) and its related factors, 

particularly the concentration of aluminium ion

species in the soil solution on plant growth, 

bacteria, nodule formation and function in legumes is 

important, yet no work has been done on major acid 

soils in Kenya to systematically evaluate the extent 

to which this soil acidity-related limitation affects 
the above parameters.

The objectives of this study therefore, were:

1. To determine the concentration of aluminium 

ion species present in some Kenya soils in 
relation to soil pH.

2. To observe the effects of nutrient solutionI
acidity (pH) and aluminiurn ion concentration on 

Bhi zobj urn inoculation and root growth of 

Phaeso1 us vulgaris L. ) cv "Rosecoco" grown in 
nutrient solution.

♦
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; 3 . To observe the effect of soil pH and aluminium 
concentration on Rhizobium inoculation and root 

growth of field beans (Phaseolus vulgaris L.) cv 

"Rosecoco'' grown on selected soils and compare 

the results with those obtained from nutrient 

solution (hydroponics).
1

*
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CHAPTER TWO 

LITERATURE REVIEW 

l 2.1 Soil Aluminium

l
2.1.1 Occurence and Importance

Aluminium is the most abundant of the metallic 

elements in the earth’s crust. It is next to oxygen
5. jand silicon as the most common element in the earth’s 

k  crust, comprising more than 8% by weight. It is a 

major component of almost all common inorganic 

particles (exceptions being quartz , sand, chert 

fragments and ferromanganiferrous concretions)

(Mclean, 1965). It occurs most commonly in the 

primary minerals. micas, feldspars and cryolite 

(Na3 AlFg), in the secondary clay minerals, and in 

ores such as bauxite (A100H) (Mclean, 1976). It 

makes up 9.1, 8.2, 2.5, and 0.4% of igneous, shale,

sandstone and limestone rocks, respectively and 

occurs also in many other forms in the soil (Coleman 

§!_• . 1958; Rich. 1960; Rich et. aj_. . 1960;
Jackson, 1965 and Mclean. 1976).

11
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Total aluminium contents of surface soils are 

generally of the same magnitude as that of the 

earth’s crust (Jackson, 1964; Brady, 1974). However 

they are lower in cases where the soils have a 

predominance of sand due to the influence of sandy
' i
parent material or where the soil has lost much of

I 1
its aluminium by intensive weathering.

I
Besides the structural role aluminium plays in

various primary and secondary minerals, it may also

exist and function in several other ways most of

which adversely affect the soil as a plant growth

environment. When aluminium is released from the

structure of minerals by weathering processes, the 
3 +A1 coordinates with 6 OH2 groups. Each OH2 group 

dissocial a H ion in sequence as the pH increases. 
Some of the resulting A 1 ̂ +, AlCOH)^" 1 0ns and

A 1 (0H>2 remain in the soil solution, more may be
adsorbed as monomers to the exchange sites of the 

s°il» and still more may be adsorbed and then 

complexed by soil organic matter. The implication of 

the roles these various forms of aluminium play in 

Affecting the physio-chemical properties of soils and 

their effect on plant growth thereon are very

inportant and are dealt with in the following
sections.



2 . 2 Soil Factors Responsible for High 
Concentration of Aluminium in the soil

The solubility of aluminium and the severity of 

jts toxicity to plants are affected by many soil 

factors, including soil pH, type of predominant clay 

mineral, concentration of other cations, total salt 

concentration and organic matter content (Foy, 1974). 

|n general, aluminium toxicity does not occur in 

soi)s above pH 5.5 (McCart and Kamprath, 1965; Foy, 

1974; Franco and Munns, 1982; Tisdale e_t. aj_- , 1985; 

Chong et_ a 1 . . 1987 and Monrique, 1986), but it is 

common in lower pH values and particularly severe
below pH 5.0 where solubility of aluminium increases

1sharply and more than half the exchange sites may be 

occupied by aluminium (Evans and Kamprath, 1970, 

Mclean, 1976). For example, Foy (1974) reported that 

cotton (Gossyplum sp) roots failed to proliferate in 
subsoil of pH 5.0 or below, growth was stunted and 

the plant wilted during midseason within three to 

four days after the rains. On the other hand, when 

sub-soils were within the pH range of 5.2 to 5.5, 

subsoil rooting occured, yields were not reduced and 

Plants con’ ' withstand drought periods of ten to 

fourteen days without wilting.
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For a given acid soil, lime responses of crops 

are often well correlated with the KC1-exchangeab1e 

aluminium levels (Moschler et_. aj_. , I960; Abruna-

Rodriguez §1 a_l_. , 1970; Kamprath, 1970; Monrique,

1986), but the soil pH at which aluminium becomes 

soluble in toxic concentration is different in 

different soils. Adams and Lund (1966) reported that 

the displaced solution of a Norfolk subsoil (Dominant
lclay - Kaoiinite) contained toxic levels of aluminium 

for cotton at a soil pH of 5.40, but Bladen subsoil 

(Dominant clay - Montmori1 Ionite) did not contain 

toxic levels above pH 4.9. The critical soil pH forl
(primary cotton root penetration was about 5.5 for 

Norfolk subsoil but less than 5.0 for Dickson 

(Dominant clay - Vermicu1ite) and Bladen subsoils. 

Recent field studies by Monrique (1986) also 

demonstrated that certain soils of the tropical 

regions differ in critical pH value, i.e. the maximum 
pH at which a given crop responds to lime.

Adams and Lund (1966) found that the levels of 

exchangeable aluminium which are toxic to plants were

also dii.erent. in different soils being 0 . 1  m.e/lOOg 

for Norfolk and 1.5 m.e/lOOg for Dickson and 2.5 

m.e/100g for Bladen. Thus, aluminium is toxic at a 
higher soil pH level and at lower level of

♦
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S^changeab1e aluminium in Norfolk subsoil, whose

predominant clay mineral is Kaolinite than in Dickson

and Bladen whose maior clay mineral component are

Vermlcu1ite and Montmori1 Ionite respectively. These
investigators concluded that soil pH , exchangeable

aluminium and the degree of aluminium saturation were

not satisfactory indicators of root growth inhibition

in the different soils studied. Studies by Monrique

(1986) supported this conclusion. Richburg and Adams

(1970) concluded that differences in critical pH
3 +values of soils were caused by difference in A1 ion 

activity and by differences in the relationship 

between the pH of soil-water suspension and the pH of 

displaced soil solution.

Organic soils are also known to have lower 

critical pH values for good crop growth than mineral 

soils (Welch and Nelson, 1950). The addition of 

humic acid lowers the pH at which plants are injured 

in certain acid soils (Mattson and Hester, 1933) and 

prevents aluminium toxicity of alfalfa (Medico sat i va) 

in nutrient solution (Brogan, 1967). Hester (.1935) 

found that the detoxification of aluminium by the 

addition of organic matter to acid soils was 

associated with decreased aluminium solubility. 

Evans (1968) reported that aluminium solubility is 
.very low at pH 5.0 in organic soils. Bhumbla and

♦
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1

tfc lean (1965) suggested that the exchange acidityl
displaced at high soil pH values in some soils is due 

to organic-comp 1exed aluminium or hydroxy-aluminium 

polymers. The evidence indicates that the lower 

critical pH values for plant growth in organic soils 

compared with mineral soils is due, at least in part, 

to the formation of aluminium - organic matter 

complexes of lower solubilities (Schnitzer and 

Skinner, 1963; Greene, 1963; Evans, 1968). However, 

there is also the possibility that aluminium is 

detoxified by chelation in water-soluble forms 

(Mclean, 1965; Coleman and Thomas, 1967; Coultier, 

1969).

2.3 Soil pH and its Influence on the Aluminium
1 on Species in Soil Solution

Soil pH is a measure of the activity of ionized 

hydrogen (H+) in the soil solution. It is one of the 

most Indicative measurements of the chemical 

properties of a soil. Whether a soil is acidic, 

neutral or basic has much to do with the solubility 

of various compounds, the relative bondings of ions 
to exchange sites, and the activity of various 

microorganisms. Three pH ranges are particularly 

informative; a pH < 5.5 suggests the likely occurence

♦
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of exchangeable aluminium; and a pH from 7.8 to 8.2 

indicates the presence of calcium carbonate (Mclean, 

1982).

The significance of soil pH is that it can 

indicate something about the percentage base 

saturation, depending on the predominant clay type.
t

Jt can also indicate something about the degree of
+ •dissociation of H ion formation by hydrolysis of 

aluminium. Since the availability of most plant- 

essential elements depend on soil pH, it is an 

indication of the relative availability of the plant 

nutrients. Thus, soil pH is generally both a symptom 

of the soil’s condition and a cause of many of the 

reactions that occur (Mclean, 1982).

Soil pH predominantly affects or influences the 

aluminiu ion species present in the soil solution 

and the information on the reaction at the exchange 

site and on the solubility of aluminium in the soil 

solution and nutrient solution at different pH values 
are given by Mclean (1976) and Pillair-Nair (1978) 

respectively. According to Mclean, when H ion 

concentration in the soil solution increases to a pH 

°f A or below, the hydronium ions (OHg*) formed cause 

the dissolution of Al3+ from the edges of the mineral 

structure. Upon release, aluminium ions become

♦
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sixfold coordinated with oxygen in OH2 groups i.e. A1 
0.5 +(OH2 " *6 * These OH2 groups are essentially

aluminium substituted hydronium ions, and aluminium 

having replaced one hydrogen from each of six 

hydronium ions (0H^) . The aluminium substituted

hydronium ions, called +1 urninohexahydronium ions, are 

often designated as AI.6H2 C13 , or simply as Al^ + 

without the (-0H2)6- These a 1uminohydronium ions 
sequentially dissociate hydrogen ions as base is 

added (pH increases) leaving OH ions in place of thel
OH2 groups.

Al<0H2°'5+>6 -_^ Al(0H2°’5+>5 • (OH0,5') + h L>
A1<0H2°'5 +>4 .(OH0 , 5 _ ) 2 + H+-> A1(0H2°‘5 +>3 .(0H° * 5 “ ) 3 + 
H ->A1 (0H20 '5 +>2 - (0H°‘5_) 4 + H +^  A1 (0H2° ‘5+) . (OH0, 5" ) 5 

+ H*r»- A 1 ( 0H°” 5 ~ ) 6 + H+ .

The a 1uminohexahydronium is a weak acid comparable in 

strength to acetic acid, the dissociation constant of 

the former being 1.08 x 1 0 compared to 1 . 8  x 1© 
for the ' t ter.

Some of the a 1uminohexahydronium ions may remain 
in solution, but most of them are adsorbed on soil 

cation exchange sites from which they are easily 

displaced with ordinary unbuffered salt solution such 
i N KC1, if the pH is below 5.00 . If the pH is

* ♦
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lI

Higher, A 1 (OH) or A 1 (0H >2 is formed either before 

or after the ions are adsorbed to the soil cation 

exchange sites. These ions polymerize as continuous 

layers or discontinuous islands on the interlayer 

surfaces of clay minerals, or they complex with 

reactive groups of soil organic matter, neither of 

which are exchangeable with unbuffered salt solution. 
Since these ions both as monomers and as polymers are 

only partially neutralized, they are acid and hence 

require a base such as lime for neutralization. 

Also, w.._n polymerized on the surface ot clay 

minerals or complexed with organic matter, they are 

less accessible for being quickly neutralized when 

lime is added, and they obstruct the exchange sites 

of the soil for exchange of other cations.

According to Pillair-Nair (1978), the hydrolysis

products of aluminium present in the pH range of 4 to

9 in simple systems such as aluminium hydroxide-water 
jis still uncertain, but it is generally agreed that

■ a ,below pH 4, all the aluminium exists as A 1° and that 

above this pH, hydroxy-Al complexes are expected to 

be formed. Both mono- and polynuclear complexes are 

expected to be formed, and mono and polynuclear 

•pecies have also been reported and the equilibrium

♦
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constant (Kn) of some of these species determined. 

However, there is little agreement on the nature of 

the aluminium species existing above pH 4.

Tisdale et_ a_l_- (1985) reported that in soil
3 +solution at pH value below 4.7 the A1 is the

predominant species. At pH values of 4.7 to 6.5 the
+predominant species is A1 (0H>2 and, at pH of 6.5 to 

8 .0 , A 1 (0H ) 3 is the principal species present in the 

soil solution. Above the pH 8 , A 1 (0H >4 species are

predomir t. This supports earlier findings of

Marion e_t_. a_l_- (1976) and Franco and Munns (1982).

2.4 Soil pH and Root Growth

Plant roots are subjected to a wide variation in 
the pH of the medium within the normal physiological 

pH range. Inherent soil pH is a result of the factors 

that determine soil development, and therefore the 

effects of pH on plant roots are confounded with 

other chemical properties of the soil. For this 
reason, most studies of pH effects on root growth 

have been done in nutrient solutions where pH and 

other variables can be more precisely established and 
maintained (Foy, 1974).

i
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A direct effect of pH on root growth was

Johnson l1942). Three plant species, bermudagrass 

t r.ynadon dactv Ion), tomato (Lvcopersicon escu 1 en turn 

Hill) and lettuce (Lactuca sat 1 va). were grown in 

nutrient solutions in which the pH was varied from 3 

to 9- The pH of each treatment was maintained within 
+ 0.2 of a unit by daily adjustment, frequent 
solution changes and the use of large volumes of 

solution per plant. At pH 3, al1 the species showed 

a complete lack of root growth. The roots of the

seedlings were severely damaged and collapsed soon 

after exposure to this pH. Substantial root growth 

occured at pH 4. Root growth of tomatoes and lettuce 

were about half of that obtained at higher pH values, 

with a marked reduction in root growth occuring at pH 

9; nevertheless, there was still a modest amount of 

growth. It is not clear to what extent reduced 

availability of the metal, micronutrients may have 

been responsible for the reduced growth at high pH 

values since there was a steady decline In growth at

additional calcium in the nutrient solution resulted

•nhancement by calcium was not obtained at pH 6 , 

8uggesting that calcium may offset the harmful effect

in experiments conducted by Arnon and

pH values above 5. At pH values of 4 and 5

a substantial improvement in the growth. This

of 1974; Franco and Munns, 1982).
♦
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f.

Sutton and Hal Isworth (1958) also reported that
+calcium decreases the toxicity of H -ion in nutrient 

solutions. Their results showed that H -ion was much 

more toxic where there was a rapid renewal of the 

solution immediately ad ia cent to the roots. Calcium
■fwas not c. iffective in preventing the H -ion damage 

as it was when the roots were grown in sand culture 

or in agar at comparable pH. Jackson (1967)

suggested that this may be due to an increased in the 

pH immediately adja cent to the roots as a result of 

greater anion uptake. In contrast to a nutrient 

sblution, this layer of high pH would be readily 

dissipated in sand culture or agar. Greater anion 

uptake as compared to cation uptake in acid solutions 

has been reported by Jacobson et_ a_l_. , (1957) for

excised barley (Hordeum vu 1 gare) roots.

Ekdahl (1957) reported that growth of root hairs

was most sensitve to pH changes than was root'
elongation. Increasing the pH from 5.5 up to 7.2

resulted in only a ten percent increase in the rate 
1ayfgof elongation of wheat (Tr i t i cum aes t i vum) roots.

However, it should be noted that pH 5.5 is not an

®specially harsh H -ion environment (Foy, 1974; 

^Franco and Munns, 1982). In contrast, root hair 

§ was decreased by over forty percent over the
same pH range. Root diameter was not affected. The
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I
^ t ance back of the root tip to the first root hair 

a lso affected by the pH of the solution. At pH

I the length of the hairless tip zone was 2 . 6  
> J

L pH 7.2 it was 3.5 mm.

mm

Kerridge (1969; reported that a small reduction 

ly, root elon? 1 ion and root yields occured due to H+- 

He grew wheat plants in nutrient solutions and(pn.Ilgidly maintained the pH at 4.0 and 5.0. The plant 

Ihowed only a negligible difference in dry weight or 

foots produced in 26 days. Root length was slightly 

onger at pH 5.0 than at pH 4.0. Burnstrom (1952) 
nd Chong et_ a 1 . (1987) also reported a small

[eduction in primary root elongation due to increase 

n H+-ion concentration. Although data show that 

foot growth is affected by extremes of pH, root 

growth is only negligibly affected by pH in the range 
bf 4.0 to 8 . 0  if significant amount of calcium ions 

pre available and if excess toxic ions such as 

btumlhium and manganese are not present (Chong et 

ftl-, 1987). It is widely recognized that excess 

EitVels of aluminium and manganese are the major 

pOntrblling factor in poor plant growth in acid soils
4 Jackson, 1967; Lie, 1971; Munns, 1976 and Andrew,
1970).

♦
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2.5 Hydrogen-i on Toxicity

in addition to its competitive effects in ion I
|«orption, H+-ion can be damaging to roots (Foy,

■f§7 4) At pH values below about 4, H -ion causes a 

Ess of previously absorbed ions from the root 

|ssue. Sizeable losses of potassium from roots

Lposed to low pH in short-term experiments have been 

^ported (Fawzy ad., 1954; Jacobson et al . .

b50, 1957, 1960; Nielsen and Overstreet, 1955).

Loilar results were reported for magnesium (Moore 

il., 1961b) and calcium (Jacobson e_t_ a_l_. , 1950;

loore e_t_ a_l_. , 1961b). Low pH also caused a loss of

Inorganic phosphorus, organic phosphorus and soluble 

hit rogen fr jar Iey roots which suggests that H - 

Jons generally increase permeability of the cell 

nembrane and allows cell constituents to leak out. 

M  high temperature, H+-ion was much more damaging to 

jthe tissue than at low temperatures (Jacobson et̂  
fcl- . 1957).

Calcium and other polyvalent cations have been 

I* own protect the root tissue somewhat from the

jinjurious effects of low pH (Fawzy e_t_ aj_. , 1954;

-jpobson, 1960). Apparently H+-ion damage to the 

in the absence of calcium is partially

♦
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reversible (Rains et_ a_l_. , 1964). Thus it appears

that calcium is probably indispensable not only as a 

regulator of selective ion transport but indeed in 

maintaining the integrity of the membranes. H+-ion 

adversely affects both the ion transport mechanism 

and the permeability of cell membranes, and the 

strong interaction between calcium and H+-ion 

suggests a common site of action (Foy, 1974).

2 . 6  Aluminium and Plant Growth

The presence of aluminium in acid soils in 

relatively high concentrations and its deleterious 

effects on plant roots have been thoroughly 

established (Howard and Coleman, 1954; Coleman e_t_ 

a 1 . . 1958; Coleman e_t_ a_l_. , 1959; Lin and Coleman,

1960; Shroop et, aj_. , 1961; Coleman and Thomas, 1967;

Sartain and Kamprath, 1975; Adam, 1984; Alva e_t_ a 1 . . 

1986 and von Uexkull, 1986). However, neither the 

nature of its reaction with root tissue nor the 

levels required for toxicity levels have been clearly 

defined (Foy, 1974). Low aluminium concentrations 

appear to give a beneficial effect on the growth of 

mos+ plants while some can tolerate very high 

concentration in their tissues (Mengel and Kirby, 

1982). The effects of high concentrations of
a luminium in the soil on plants appears to be limited

♦
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to the roots (Adams and Lund, 1966; Brenes and 

Pearson, 1973); subsequent effect on plant growth are 

as a result of reduced water and nutrient uptake.

Characteristic symptoms of aluminium toxicity on 

roots include appearance of a brownish

discolouration, loss of turgidity, thickening and 

distortion of main roots and development of short, 

stubbv lateral buds and few fine feeder roots (von 

Vexku11, 1986).

2.6.1 Beneficial Effects of Aluminium

Although aluminium is generally regarded as a 

non-essential element, during the past sixty years 

various claims have been made for its beneficial 

effects on plants when used at low concentrations. 

Higher plants usually contain about 200 ppm aluminium 

in their dry matter, (Mengel and Kirby, 1982). 

Chenery (1955) found that aluminium is required for 

healthy growth of tea and upto 5000 ppm of aluminium 

may be found on the tea leaves without any in 

effects. Mcleod and Jackson (1965) found that 

aluminium concentration of 0 . 1  to 0 . 2  ppm in nutrient 

solution increased the growth of alfalfa and red 

clover (Tr 1 fo1 turn pratense) seedlings. Aluminium at 
5.0 ppm stimulate the root growth of Deschampt a 
f1exuosa. A 1opecurus pratensi s. Festuca pratengi s

♦



and Lo 1 1 urn pe r erine (Hackett, 1962; 1967). Lee

(1971b) found that aluminium at 1.0 to 5.0 ppm (pH 

3 .7 ) stimulates vegetative growth and in some cases 

the uptake of magnesium and potassium by Irish 

potatoes (So 1anum tubersum). In another study, Lee 

(1971a) found that addition of 20 ppm aluminium (pH 

3.5) decreases overall yield of potato tubers. All 

the decreased yield was in the small and knobby 

potatoes; yields of the larger tubers and the 

specific gravity of the tubers increased. Aluminium 

added at 2.5 ppm (pH 3.5) stimulates root growth of 

aluminium - tolerant cranberry (Vaccinium 

macrocarpon) (Medappa and Dana, 1968).

The mechanism by which small quantities of 

aluminium benefit plant growth are not clear. A 

possible explanation is the increased iron solubility 

in the growth medium resulting from aluminium 

hydrolysis at a lower pH and also it may act as a 

catalytic agent in photosynthesis (Foy, 1974).

2.6.2 Inhibitory Effects of Aluminium

Soluble aluminium is toxic to many plants and is 

a growth-1imiting factor in many acid soils (Adams 

and Pearson, 1967). The problem is particularly 
serious in strongly acid sub-soils that are
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difficult to lime (Adams and Lund, 1966; Adams, 1968; 

and 1969), and it is being intensified by the heavy

use of ac i d-f or m i ri g nitrogen fertilizers such as 

sulphate of Ammonia fertilizer (Abruna e_t a K  , 1958,

Pearson et_ aj_. 1962; Wolcott e_t̂ at. , 1965; Pierre

et a 1.. 1971), and also by addition of non-

nitrocenous fertilizers that displace exchangeable 

aluminium into the soil solution and lower soil pH 

even more (Ragland and Coleman, 1962). Strong sub­

soil acidity, with aluminium at toxic levels, reduces 

root penetration and increases the probability of 

injury by drought, a frequent growth-1 imiting factor 

for crops. In acid soils aluminium is toxic as a 

cation but aluminium (anion) toxicity has also been 

reported in alkaline deposits by Jones (1961).

The damaging effects of aluminium on plants has 

been widely attributed to interference with phosphate 

uptake. Co-precipitation of aluminium and phosphorus 

in compounds of very low solubility certainly would 

reduce phosphorus availability. Similarly,

phosphorus may be immobilized in root tissue after 

absorption. Under some condition aluminium may 

actually stimulate phosphorus uptake by roots 

(Wright, 1943; Ragland and Coleman, 1962), possibly
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through precipitation in root cells, thus creating 

concentration gradient favourable to movement of 

phosphorus from external solution into the roots.

Although aluminium may be intimately related to 

phosphorus uptake and translocation in plants, its 

toxic effect on root is independent of this relation. 

Experiments by (1968), Willihan (1958) and Jones 

(1961) supported this view. Results of split-root 

experiments (Rios and Pearson, 1964) also confirm 

this independence of a 1uminiurn-toxicity and 

phosph is-uptake. Even so, there is ample evidence 

in the literature (Foy and Brown,' 1963; 1964; 

Chiasson, 1964; Munns, 1965b and von Uexkull, 1986) 

that phosphorus-uptake is usually depressed by 

aluminium when all, or a significant portion of the 

root system is exposed to aluminium. In addition, 

the possibility that absorbed aluminium prevents 

normal metabolism of phosphorus-trans1 ocation from 

other parts of the plant cannot be discounted. 

Wright and Donahue (1952) showed that absorbed 

phosphorus accumulate in ropts exposed to soluble 

aluminium, but was translocated normally in the 

absence of aluminium. A further bit of evidence is 
found in a report by Sampson et a 1.. (1965) who
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discovered that exposure of roots of barley to 

aluminium interfered with normal DNA synthesis in 

the roots.

There has been considerable variation in the 

reported concentration of solution aluminium or level 

of exchangeable aluminium required to cause 

toxicity. Certainly, this is partly because of 

genetic differences among test plants in tolerance 

to this element (Foy. 1974). Also, difficulty in 

characterization of the state in which aluminium 

exists in the nutrient solution or soil solution is 

frequently a factor. In general, solution culture 

experiments designed to measure the direct effects of 

aluminium on root growth have shown that even in 
relatively tolerant species toxic symptoms appear at 

very low concentrations. For example, aluminium 

present in culture solutions in concentrations as low 

as 1 ppm retarded root growth of corn, sorghum and 

barley in experiments of Ligon and Pierre (1932). In 

another experiment by Rios and Pearson, (1964) on 

cotton, definite damage occurred at 0.5 ppm aluminium 

and the root quickly died at 1 . 0  ppm.

Frequently, aluminium concentration in the soil 

solution has been found to far exceed the levels 
known to depress root growth in solution culture

♦



(gagland and Coleman, 1959; Brenes and Pearson, 1973; 

jjuwamanya, 1984; Chong et a_l_. , 1987). Yet critical

levels seem to vary from soil to soil. Pierre (1931) 

f0f example, noted that soil solution aluminium 

concentration varied among different soils at the 

same pH, but that there was no clear relationship 

between plant growth and aluminium content of the 

different *oil solutions. Even poor relationships 

may occur between exchangeable aluminium and root 

growth. Adams and Lund (1966) found normal cotton 

penetration of a soil at pH 4.9 having 2.55 

mi 1 1iequiva1ent exchangeable aluminium per lOOg, 

whereas a significant depression in growth occurred 

in Norfolk subsoils at pH 5.4 with only 0.13 

rai 11iequiva1ent exchangeable aluminium per lOOg. 

Although root penetration increased progressively as 
exchangeable aluminium decreased in a given soil, no 

relationship could be discerned when all three soils 
were considered. Neither was there a clear

relationship between root penetration and percent 

saturation of the cation-exchange capacity with 

aluminium. Even when aluminium concentration in the 

soil solution was considered, no critical level could 

be identified that held for all the soils.



Reasoning that toxic effects of aluminium wou 1 d

£,e modified by the presence of other ions in 

solution, Adams and Lund (1966) calculated the molar 

activity of aluminium in the displaced soil solution 

and found the value increased in a reasonable 

consistent manner with decreasing root growth 

regardless of the soil. Similar results were 

demonstrated by Brenes and Pearson (1973) and Alva 

et a 1 . (1986). Alva ejt_ a 1 . (1986) observed that the 

normal aluminium concentration in solution is of 

little value as an index of aluminium toxicity of the 

nutrient or soil solution; second, that wherei
considerable quantities of polymeric aluminium 

species are present in the soil, total aluminium 

concentration in nutrient solution is of little value 

as an index of aluminium toxicity. Thirdly, where 

the effects of aluminium studied in solutions of 

differing ionic strength, the concentration of 

monomeric aluminium in solution is a poor index of 

aluminium toxicity. The best index of aluminium 

toxicity, as measured by root growth, proved to be 

the sum of activities of monomeric aluminium which 

takes -count of aluminium precipitation and 

Polymerization as we 1 1 as the effects of ionic 

strength in assessing aluminium toxicity.
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2.7 Effects or pH and Aluminium on Rhizobia and 
Root Nodulation

Legumes generally grow well at pH values which

restrict the growth of Rh1zob1um (Loneragan and

D0wlin8« 1958) and which restrict the infection and
nodulation when supplied with combined nitrogen. But

it appears that pH is less of a constraint to

rhizobial survival in the soils than is dessication i
or high temperatures (Eaglesham at ai_. , 1984). In

an experiment carried out by Mulongoy e_t. a 1 . (1981)

in soils with low pH (acid soils) in Onne in Nigeria 

(pH 4.6, annual rainfall 2500mm) cowpea rhizobial
4count was 4.3 x 10 /g soil, whereas at Maradi in the

Sahe1-Savannah in Niger Repub 1ic (pH 6 .1 , annua 1
rainfall '600 ram) the count was 4.9 X 1 0^/g soi1 .
Laboratory studies of the ef feet of low pH on
rhizobia from soils such as these have been based on 

growth in synthetic media. However, because rhizobia
I

in their ability to withstand conditions

associated with low pH, the acid tolerance of

rhizobia cannot be predicted with the growth rate of

c d Production characteristics in liquid media at

, Ifh pH (Munns e_t a_l_* « 1979). Slow-growing rhizobia
•neraliy tend to be more tolerant to low pH than 
fast growers though strain to strain differences 

(Graham and Parker, 1964). Some slow-growing
♦
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rhlzobia native to acid soils are acid requiring and 

grow onl > t approximate pH 4.5 (Date and Halliday, 

9̂ 7 9). On the other hand, in a survey of 65 strains 

0f glow-growing rhizobia of mixed origin in liquid 

aedia acidity (pH 4.5 and 4.8) prevented the growth 

of 29 percent of the strains and slowed the growth of 

»ost of the rest. Low phosphate levels limited 

growth of some strains but with less severity than 

did acid. Aluminium (50 y M ) was the most severe 

stress factor, stopping the growth of 40 percent of 

the strains. Tolerance to acidity was not

necessarily correlated with tolerance to aluminium, 

since aluminium increased the lag time or slowed the 

growth rate of almost all of the strains which were 

tolerant to low pH (Keyser and Munns, 1979). The 

adverse effects of acid and aluminium on rhizobial 

growth appears to be bacteriostatic rather than
I

bacteriocidal (Munns and Keyser, 1981). There is 

little information available on the effect of high pH 

on rhizobial growth but the constraints to rhizobial 

survival, nodulation and legume growth pertaining to 

saline soils also apply to saline-alkaline soils 

(Eag1esham et a 1. . 1984). When growing on mineral

nitrogen, most legume species are only slightly 

adversely affected by acidity down to pH 4.0. Indeed

°we species actually grow better at pH 4.0 than in

®Ss acidic condition e.g.
♦
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>

( Andr e w,  1976). Legumes dependent on the root nodule 

symbiosis for nitrogen show a range of responses to 

low pH values below 5.0 (Andrew, 1976; Munns e_t a 1 . .

1 9 7 7) . In a survey carried out on the effect of 

liming eight acid soils of pH 3.4 to 4.2 the critical 

pH for nodule initiation and development in soyabean 

was in the range of 4.5 to 4.8 (Mengel and Kamprath,

1978) . The inhibition of nodulation appears to

result from a combination of low concentration of 

calcium and low pH since it is alleviated by

increasing either the calcium concentration or the pH 

(Munns, 19/7). The lesion in the infection process 

which is induced by calcium deficiency and acidity 

has not been identified (Munns, 1977). The nitrogen­

fixing activity of nodules is also adversely affected 

by acidity in many species (Andrew, 1978; Munns eĵ
, 1977).

The presence of available aluminium in acid 

soils inhibits nodulation directly (Franco and Munns, 

and indirectly by stunting root growth,

reducing the potential number of sites where nodules 

may develop (Kamprath and Foy, 1971) and also tend to 

compound the effects of low levels of calcium by 

 ̂inhibiting its uptake (Andrew, 1978). Hallsworth 

1958) showed that increased aluminium decreased 
elation markedly, while Dobereiner (1974)

UNIVERSITY OF NAIROBI
L I D D  A R Y
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indicated that a 1 urniniurn-toxicity limits nodulation 

and N-fixation more than plant growth. Sartain and 

Kaaprath (1975) found a small number of large and 

apparently ineffective nodules on soyabeans in a 

largely aluminium-saturated soils where under low

aluminium saturation, a large number of small, more
1effective nodules were found. A correlation of the 

mean number of nodule with the levels of available 

aluminium was also observed on twelve soyabean 

cultivars by Andrew (1978). Exposure of nodulated 

roots of Phaseo1 us vu1 gar 1s to aluminium, however, 

had no effect on nodule development or function 

(Franco and Munns, 1982). The inhibitory effect of 

the aluminium-calcium interaction have been found to

vary with soil type. In two soils of higher Ca:A 1
.ratios, mean growth of thirteen soyabean cultivars at 

pH 4.5, although reduced in comparison with the 

plants at pH 6 . was the same whether they were 

relying on mineral or nodule-fixed nitrogen. With
2 x 10 rhizobia per seed as inoculum, nodule number

and weight were the same at pH 4.5 as at pH 6 (Munns, 

1981). These findings indicate that at least for 

soils of this type, improvement of aluminium

tolerance is more likely to be achieved by

■*nipulating the plant rather than the Rhlzob1 urn.



CHAPTER THREE

MATERIALS AND METHODS

3. 1 Soils Investigated 

G1tuamba Soils

Th‘ soils were collected at the Agricultural 

Research Sub-station - Gi tuamba, in Murang’a

District, Central Province. The soils are derived 

from basalt and basaltic conglomerates of the Simbara 

series (KSS, 1977). The station is situated in an 
a rea  with dissected foot ridges (Aberdares), rolling

volcanic uplands, and hills with minor scarps. The
0altitude is 2130m above sea level and the soil

moisture and temperature regimes are udic and mesic

respectively. The area receives an annual rainfall

of 2005mm (bimodal) with the main season falling from

O c to b e r  to November; no month is completely dry. The

mean annual temperature is 13*C with the hottest

months occuring between December and February

according to East African Meteorological Department

(EAMD) (1975). The land is mainly used for growing

•a and pyrethrum. The soil samples were collected

from an area which had been uncultivated for sometime 
^

was under grass. The soils are classified by
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Kenya Soil Survey (KSS, 1977) as Humic Andosols 

according to FAO/Unecso and Oxic Dystrandept 

according to USDA Soi1 Taxonomy.

K1ta1e Soils

The soils were collected at the National

Agricultural Research Station - Kitale in Trans Nzoia
4

District, Rift Valley Province. The soils are 

derived from basement system gneisses and schists 

rich in feldspar, biotite, hornblende and garnet. 

Minor exposures of granite and pegmatitic dykes are 

also found (KSS, 1977). The station is situated in 

an area with slightly undulating uplands (Kitale 

level), the altitude is 1860 m above sea level and 

the soil moisture and temperature regimes are ustic 

and isothermic respectively. The area has an annual 

rainfall of 1193 mm which is spread throughout the 

year but concentrated mainly between the months of 

April and September. The mean annual temperature is 

18.2*C with the months of January, February and March 

being slightly hotter (EAMD, 1974). The vegetation 

origii ly Was moist combretum woodland to bushland 

but is now mainly used for rainfed maize and pasture 

research. The soil samples were collected from an 

wbich had been uncultivated for sometime but

♦
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waS under pasture. The soils are classified (KSS, 

1977) as orthic Ferralsols according to FAO/Unesco 

and Typic Haplustox according to USDA soi1. Taxonomy.

Kabet e Soils

The soils were collected at the Field Station of 

the Faculty of Agriculture. Kabete Campus, University 

of Nairobi. The soils are derived from Limuru and

Quartz Trachyte. The station is situated on broad

interfluves, part of a volcanic ridge landscape. The 

altitude is 1740 m above sea level and the soil

m o i s t u r e  and temperature regimes are ustic and

i s o t h e r m i c  respectively. The area has an alternating 

d r y  and wet season and an absence of large seasonal 

changes of temperatures. The mean annual temperature 

i s  18*C and the precipitation pattern is bimodal with 

annual rainfall of 973mm, the main season falling 

from mid-March to May and secondary one from mid- 

O c to b e r  to December. Between June and October, it is 

r a t h e r  cool, cloudy and almost dry, while the warmest 

time of the year is encountered from mid-October to 

■ i d - M a r c h  (EAMD, 1975). The vegetation and land use 

c o n s i s t  of experimental fields of maize, sunflower, 

P u l s e s ,  tomatoes, Irish potatoes and flowers. The 

*°* * samples were collected from an area which had 
••n uncultivated for sometime and was under grass.

♦



40

s 0 i l s  are classified (KSS, 1977) as H u m i c

.nig according to FAO/Unesco and Oxic Paleustult hito = ° 1 5
I ofCjing to USDA Soil Taxonomy.

3.2 Soil Sampling and Sample Preparation

L  j i Sam \J  n K

Bulk samples of soils (from depths 0 to 15 cm 

md 15 to 30 cm) were collected from three sites in

Kenya. The criteria used to select the three soils 

were; their soil order, varying pH values, contents 

of aluminium. organic matter and cation exchange 

capacity. The soil samples were taken after clearing 

vegetation above. from the top of one wall, at 

intervals of 15 cm from a soil profile pit measuring 

100cm by 2 0 0cm and 1 2 0 cm deep.

The first set of soil samples was taken from a 

Profile pit at Gituamba Agricultural Research Sub­

station. a site had been chosen on the basis that 

had been uncultivated for a considerable period
and
drai 

f rom

was less susceptible to erosion and surface 

nage. The second set of soil sample was taken

Stati0n
a Profile pit at National Agricultural Research 

Kitale. A site was chosen on the basis
that *t had been under pasture for quite sometime and
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U e ^ l o T e

Ir«vi°usl''

was less disturbed compared to other sites 

marked. The third set of soil samples was

I ken from a Profile P*t at the Field Station of the
i+v of Agriculture, Kabete Campus, University of Pacu i

I .f0bi. A site had been chosen on the basis that it

h3d
time

been uncultivated for a considerable period of 

and was under grass.

§3|Elj—Preparation

The soils (except for the pot experiments which 

were carried out in the greenhouse) were air-dried, 

ground in a mortar with a pestle and sieved to pass 

through a 2.00mm sieve. Some of the soil was further 

ground and sieved to pass a 0.5mm sieve. The soils 

were then used for the analysis of soil pH, percent 

organic carbon, percent nitrogen, phosphorus. cation 

exchange capacity (CEC), exchange acidity,

exchangesble aluminium, exchangeable manganese, total 

aluminium, monomeric and polymeric aluminium 

concentration in the soil solution and texture. 

Soils for the pot experiment were air-dried and 

ground but not sieved.
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3 3 Soil_Analysis

cn_i 1 React 1 on ( pH )

Ten grams of soil sieved through a 2.00 mm 

■ieve was mixed with 25 ml of water and IN KC1 

lolution respectively (soil/water and soil/IN KC1

latios: 1:2.5) and shaken for 30 minutes using a

lechanical shaker. It was then left to stand for 30 

linutes. Soil pH was then determined

M  ectrome t r i ca 1 1 y using a pH meter with a glass 

Llectrode at soil/water and soil/IN KC1 as described 

y Slack l1965 ) .
b

brganic Carbon

Organic carbon was determined according to the 

palkley-Black method (1934) as outlined in the 

.International Institute of Tropical Agriculture

Manual ( I ITA. 1974). The organic matter in 0.5g of

Foil sieved through a 0 .5 mm sieve was initially 

using potassium dichromate in excess

c°ncentrated sulphuric acid IH2 SO4 ). The excess

rMromic acid was titrated with Ferrous sulphate
S 0 1 \j £ ;on- For "correction" of percent organic 
Carbon,
by wa lk 1

assuming that the recovery was 77% as found 

ey~Black, the results were multiplied by a
♦
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in 3

^entj0nal factor of 1.33. The percent organic 

was calculated by multiplying the "corrected"tter

percentage of organic carbon by a factor 1.72 (58%

carbon occurs in soil organic matter).

Nitrogen.

Total Nitrogen was determined using Kjeldhal 

method as outlined by Jackson (1958). Total

Nitrogen in l.Og dried soil sieved through a 2.00 

sieve was extracted by using 3.5 ml pheno1 -su1phuric 

acid. 0.5 g of sodium thiosulphate was added to the 

mixture after 15 minutes. After another 15 minutes, 

0.5 g of selenium mixture, 0.5 g potassium sulphate 

and 3.5 ml of concentrated sulphuric was added. After 

the mixture had been digested and cooled, it was 

transferred to a distillation flask. 40 ml of 

saturated sodium hydroxide was then added quickly to 

the distillation flask. The distillate was collected 

n 1% boric acid and then titrated with 0.01 IN 

using a mixed indicator.

mm
of

s *n 8 a 5.0 g soil sample sieved through a 2 . 0 0

 ̂{ e’ soil phosphorus was extracted using 50 ml 
Meh1 i nKn 1 extractant (Double acid composed of 0.05*

mm
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£)HC and 0.025 NH2SQ4 ). The soil was extracted by 

the soil in the extractant for 15 minutesyaking
a mechanical reciprocal shaker. The colour of

filtrate was developed using 8 ml of ascorbic 

dissolved in 200 ml of ammonium molybdate.

using 
the 

acid
| tassium antimony tartrate and 5N sulphuric acid 

Lolution (Mclean, 1982). The amount of phosphorus in 

soil extract was determined coloriraetrically 

ing SP 500 spectrophotometer as outlined by 

Kamprath and Watson (1980).

Cation Exchange Capacity (CEO and Exchangeable
Cations

(a) Five grams of air dried soil sieved through 

a 2.00mm sieve was leached with four, 25 ml portions 

of 1.0 NH^OAc (ammonium acetate) at pH 7.0. The soil 

was then washed with ethyl alcohol to remove excess 

NH^OAc solution. The soil containing the adsorbed 

ammonium ion was then leached with four, 25ml 

Portions of IN KC 1 solution. The ammonium contained 

the leachate was determined by adding magnesium

*lde to the leachate and then distilled. The

st* *llate was adsorbed by boric acid to form 
a minon i 1 im i_n borate. The cation exchange capacity was 

determined by titrating the borate against 0 .1 N
He l <Legger, 1978).
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(b) Exchangeable calcium and magnesium were 

determined from the one normal ammonium acetate 

ie3Cbate by titrating with EDTA (Ethy1ene-diamine

tetraacetic acid). The presence of interferring A1 
3+ ..

3 +

and pe ions wer removed by adding triethanolamine
2 + 2 + 2 + 2 +-olution and Zn Cu , Ni and Fe ions by adding

potassium cyanide solution. The exchangeable calcium

ions were determined first by titrating the leachate 

with EDTA using calcon indicator and the exchangeable 

calcium and magnesium ion were determined from second 

titration using Eriochrome Black indicator. The 

exchangeable magnesium ions were obtained by the 

difference between the two titrations (Ahn, 1975).

Exchangeable potassium and sodium were

determined from the one normal ammonium acetate 

leachate directly using a flame photometer as 

outlined by Jackson (1958). Exchangeable manganese 

was determined from the one normal ammonium acetate 

leachate bv flame emission as outlined by Black 

(i965) using an atomic absorption spectrophotometer.

Acidity

s -0

*Hh

Exchangeable acidity was determined by

8 of soil sample sieved through a 2 . 0 0* ♦
four 25 ml portions of IN KC1

1 each i n g 

mm sieve

solution as
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The exchangeable acidity was

with 0.05N

^chan£eab,le Aluminium

Exchangeable aluminium was extracted from the 

lsojl by leaching 5.0g of soil sieved through a 2 . 0 0  

n,m sieve with four. 25— ml portions of IN KC1

solution and then determined by titrating the

leachate with 0.05N NaOH. After the end point was 

reached, one drop of 0.05N HC1 was added bringing 

back the solution to the original colourless. 10 ml 

of Sodium Fluoride was then added. The final

solution was then titrated with 0.05N HC1 (Ahn, 
1975).

M u m i n j u n  S a t u r a t i o n

Aluminium saturation was determined by 

calculating the sum of exchangeable bases (Ca, Mg. K, 

a and Mn) and exchangeable acidity, and then getting 

Percentage of aluminium saturation as follows: *

* Aluminium Saturation = x 100

♦
T
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c = Exchangeable aluminium in m.e/lOOg and Where =
•p = Total sum of exchangeable bases and acidity

j aluminium, monomeric and polymeric aluminium 
^nfe^TTation in soil solution

Total aluminium was extracted from the soil by 

leaching 5.0g of soil sample sieved through a 2.00 mm 

sieve with four, 25—ml portions of IN KC1 solution. 

The concentration of total aluminium species in the 

leachate was determined colorimetrically using the 

aiuminon method as described by Hsu (1963) and 

Jayman et_ aj_. (1974) on a Beckman Du-8B- 

spectrophotometer.

For the determination of the concentration of 

monomeric and polymeric aluminium species in the 

s°i 1 . a method developed by Blarney et_ aj_. (1984) for 

measuring the concentration of aluminium monomers in 

SC)lution based on the lack of a rapid equilibrium 

between monomeric and polymeric aluminium (Hsu, 1963)

the slow increase in colour intensity (over a 

Period of days) as the aluminium reacts with polymeric 

**u,r>inium species in solution was used. The method
U S 0 e x. vtr»e same procedure as that of Hsu (1963) and

e_t_ a_l_« (1974) but omits the steps involving
' ♦
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addition of HC1 and heating for 30 minutes atthe
, r Colour intensity was read 30 minutes after

80

edition of the aluminon buffer solution.

Polymeric aluminium concentration in the soil 

s o l u t i o n  was determined by subtracting the monomeric 

al umi ni um species concentration from the total

al umi ni um species concentration in the soil as 

d e s c r i b e d  by Blarney ejt a_l_. (1984). Polymeric

al umi ni um concentration = Total aluminium

c o n c e n t r a t i o n  - monomeric aluminium concentration

Soi l  Texture

The soil texture was determined using the 

Bouyoucos Hydrometer method (1957). Hydrogen 

peroxide (H2 O2 ) was used to destroy the organic 

"letter present in the soil.

3.4 Greenhouse Studies

The experiments in the greenhouse were conducted

the Field Station of the Faculty of Agriculture;

ahete Campus, University of Nairobi. The greenhouse 
has a north - south orientation and is partially 

tewashed to increase reflection of the sun’s
♦
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radiation, thereby reducing day temperature

fluctuations. Temperature in the greenhouse was 

thermostatica1 1 y controlled using an air conditioner 

and ranged between 20‘C at night and 25*C during the 

This was monitored daily using a thermometer.day •
The pots and Leonard Jars used in the study were 

pl aced on a Table about one metre above the ground to 

avoid draft of air coming through the lower parts of 

the greenhouse. Field beans t Phaseo1 us vulgaris L. ) 

cv "Rosecoco" was used as the test crop. Rh i zob ia 

phaseo1i inoculant (Multistrain 445 and 446) used was 

prepared by the Nairobi Microbial Resource Centre 

iMIRCEN) project and was recommended for field beans.

effectiveness was assured through quality 

controlled tests. Several experiments which are 

described below were carried out in the greenhouse.

Nutrient Solution Experiments

In these studies, a bulk nitrogen-free nutrient 

s°lution (Hydroponic) was prepared consisting of lOO^M 

a (CaC12 .2H20 ): 500 yM P (KH2P04 ); 10 yM Fe (Fe 

C11rate); 250 yM Mg (MgS04 .7H20 ) ; 1500 yM K
(K2S04). 5 0 0 s (Suiphur) i yM Mn (MnS04 .H20);
2, u
~ B (H3BO3 ); 0.5 yM Zn (ZnS04 .7H20 ); 0.2 yM Cu

I* ♦



50

,CS04.5H2°>’
,n>2„O02 .2H2G.

0.1 yMCo (C0SO4 .7H2 0 ) and 0.1 yM 

as outlined by Samasegaran et a 1.

Mo

(1985) •

3 +A standard solution containing 500 ppm A1 ion

aS prepared b, dissolving 0.5g of electrically 

pr epar ed metallic aluminium sheet in 15 ml of 6N HC1 

in one litre volumetric flask. After the aluminium 

sheet  had dissolved the solution was diluted with 

distilled water to one litre volume and mixed 

t ho roughly (l.l.T.A. Manual, 1974).

Leonard jars (Fig. l) used in these studies were 

constructed as recommended for the Nairobi Microbial 

Resource Centre (MIRCEN) project. Vermiculite grade 

A was used as the medium for sowing the pregerminated 

seeds of field beans (Phaseo1 us vulgaris L. ) cv 

Rosecoco". The Leonard jars for each treatment were 

sterilized in an autoclave for 30 minutes before the 

pregerminated seeds were sown as recommended for the 

IRCEN project. In these studies, two experiments 

6re Carrled out as described below:

♦



Diagram of modified Leonard Jar

♦
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3- t . l - 1
Determination of the level of Aluminium Ion 
in Nutrient Solution which is Toxic to Root 
Growth of Field Bean (Phaseolus vulgaris L. ) 
cv "Rosecoco"

3 +In this experiment, eight aluminium ion (A1 )

concentration levels, namely: 0, 3, 6 , 9, 12, 15, 18

nd 21 parts per million (ppm) in 400 ml standard 

nutrient solution were used as the treatments. The 

experiment was then carried out using a completely 

randomized design (CRD) replicated four times giving 

a total of 32 observations.

The four hundred (400) ml of the standard

nutrient solution containing various aluminium ion 
.3+(A1 ) concentrations as per treatment were poured in

the container which held the liquid in the Leonard 

lars. The prepared jars with the vermiculite and the 

nutrient solution were then sterilized in an autoclave, 

after which one pregerminated bean seed was sown on 

the vermiculite in each jar. After fourteen (14) 

davs< the bean plant shoot was harvested by cutting

the base with a sharp razor blade. The roots were 
then uprooted carefully and the vermiculite washed
off

length

with tap water. The taproot (primary root) 

was then measured using a string and a tape
measUre and then recorded. The shoots and the roots

then dried at 70*C for,24 hours in an oven after
Whlch th • *neir weights were recorded.
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3-a. 1 . 2 Determination of the Effects of Nutrient 
Solution pH and Aluminium Content on Root 
Growth and Rh i zob i urn inoculation on Field 
Bean (Phaseo1 us vulgaris L. ) cv "Rosecoco"

A three factor randomized complete block design 

(RCBD) in four (4) replicates was used in this 

experiment. The first factor consisted of the pH’s 

0f the nutrient solutions (pH 4.0, 5.0 and 6 .8 ). The

second factor consisted of aluminium concentrations 

in nutrient solution (0, 5, 10, 15 and 20 ppm Al) and

the third factor consisted of whether the beans were 

inoculated or not inoculated. These gave a factorial 

combination of 30 treatments (Table 1). The pH’s 

were selected to simulate the pH of the soils being 

studied i.e Gituamba, Kitale and Kabete soils 

respectively in nutrient solution. The aluminium 

concentration levels were arrived at from observations 

bf the experiment in Section 3.4.1.1.

Four hundred (400) millilitres of nutrient

s°lution having different pH values and aluminium

concentration as per above treatment were poured into

beonard jar. The jars were sterilized in an

u*oclave for 30 minutes and then the seeds, which 
had

verm
been pregerminated for one day, were sown on the

lculite at the rate of one seed per Leonard jar.
fior bo sowing some of the pregerminated seeds were



lated at a rate of 8 g of the Rh i zob i um inoculantinocu
lOOg seeds in one millilitre of gum arabic. Thep£f *

Rhlzob*um inoculant (Multistrain 445 and 446) used 
s the one recommended for use on field beans in the 

MlRCEN project. After fourteen (14) days, the shoot 

0f each bean plant was harvested by cutting at the 

base using a sharp razor blade. The roots were then 

c a r e f u l l y  removed by first washing off the

vermiculite with tap water and then pulling them 

gently from the Leonard jars. The number of nodules 

on the root was noted. The taproot length was 

measured using a string and a tape measure and then 

recorded. The shoots and the roots were dried in the 

oven at 70”C for 24 hours and their weights recorded.
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1 : Treatments

pH4/0ppmAI/noninocu1ated seed 

pH4/0ppmA1/inocu1ated seed 

pH4/5ppmA1/non!nocu1ated seed 

pH4/5ppmA1/inocu1ated seed 

pH4/1OppmA1/noninocu1 a ed seed 

pH4/lOppmA1/inocu1 a ted seed 

pH4/15ppmA1/noninocu1ated seed 

pH4/15ppmA1/inocu1ated seed 

pH4/20ppmA1/noninocu1ated seed 

pH4/20ppmA1/inocu1ated seed 

pH5/0ppmA1/noninocu1 ated seed 

pH5/0ppmA1/inocu1ated seed 

pH5/5ppmA1/noninocu1ated seed 

pH5/5ppmAI/inocu1 ated seed 

pH5/lOppmA1/noninocu1ated seed 

pH5/lOppmA1/inocu1ated seed 

pH5/15ppmA1/noninocu 1 ated seed 

pH5/15ppmA1/inocu1ated seed 

pH5/20ppmA1/noninocu1ated seed 

pH5/20ppmA1/ inoculated seed 

PH6 .8/0ppmA1/noninocu1 ated seed 

PH6 .8/0ppmA1/inocu1 ated seed 

PH6 .8/5ppmA1/noninocu1 ated seed 

PH6.8/5ppmAl/inocu1ated seed 

PH6 .8/lOppmA 1 /non i nocurl a ted seed
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26

27
28

29
30

pH6.8/lOppmA1/inocu1ated seed 

pH6.8/15ppmA1/noninocu1 a ted seed 

pH6.8/15ppmA1/inocu1 ated seed 

pH6.8/20ppmA1/noninocu1 ated seed 

pH6.8/20ppmA1/inocu1ated seed

N.B: ppm - parts 
solution

per mill ion of Al 3 + i n nutr ient
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3 4 . 2 Experiment with Soil

Three soil samples from 0 to 15cm and 15 to 30cm

depths we r e  used in the studies. Round plastic pots

,th a top diamet r of 20cm and capacity of 2.5

l i t r e s  were used for growing beans. Two kilogram of 

aCh soil sample (ground but not sieved) were placed 

in t he  pots. In these studies two experiments were 

c a r r i e d  out as described below:

3.4.2.1 Experiment 1

A randomized complete block design with four 

replicates was used in this study. There were twelve 

'12) treatments (Table 2) consisting of a combination 

of soil, depth and whether the seeds were inoculated 

or not inoculated. Prior to sowing, some of the 

were inoculated with Rh i zob i urn phaseo1 i 

inoculant (Multistrain 445 and 446) at the rate of 8 g 

the inoculant per lOOg of seeds in one millilitre
of gum arabic. The seeds were sown as per treatment

a rate of three seeds per pot on the soils wetted 

distilled water and was thinned to one plant per 

Just after emergence (or germination). No 

was applied in the soils in this*e r t H i z e r

® * p e r i m °t. The plants were regularly watered using

*ed water. Just enough water was added to the
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uet it adeauatelv. This was done to avoid

Four weeks after germination of the seed, the 

shoot was harvested by cutting at the base using a

washed off the root and then later removed from the 

plastic pot, care being taken to avoid any root 

breakages or detachment of nodules from the roots. 

The number of nodules on the root on each root was 

counted and recorded. The tap root length was then 

aeasured using a string and a tape measure and then 

recorded. The shoots and the roots were dried in the 

oven at 70*C for 24 hours and their weights
recorded.

Pests and diseases

Dithane M45,

sharp razor blade. The soil was then carefully

♦
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. 2 ‘. TreatmentsT3&1

Gituamba Soi1/0-15cm/noninocu1 ated seed 

 ̂ Gituamba Soi1/0-15cm/inocu1ated seed 

2 Gituamba Soi1/15-30cm/noninocu1 ated seed 

Gituamba Soi1/15-30cm/inocu1ated seed
5 Kita.e Soi1/O-15cm/noninocu1 ated seed

6 Kitale Soi 1/O-15cm/inocu1ated seed

7 Kitale Soi1/15-30cm/noninocu1 ated seed

g Kitale Soi1/15-30cm/inocu1ated seed

9 Kabete Soi 1/O-15cm/noninocu1 ated seed

10 Kabete Soi 1/0-15cm/inocu1 ated seed

11 Kabete Soi1/15-30cm/noninocu1 ated seed

12 Kabete Soi1/15-30cm/inocu1 ated seed

♦
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3.A•2 .2 Expertment 1 1

j h e same operations were carried out in this 

p e r i me n t  and the same amounts of soil were used as

those in Experiment 1 (Section 3.4.2.1) except that

one day before sowing the seeds the soils were

jertilized with triple superphosphate (TSP)

jgrtilizer at a rate of 69 Kg P2 0 5/ha. The

fertilizer was thoroughly mixed with the soil before 

sowing the seeds. After the harvest of the shoots 

and washing and removal of the roots, nodule numbers 

were recorded, tap root length measured and the 

shoots and roots dried in an oven at 70*C for 24 

hours and their weights recorded.

♦
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

4 . 1 Soil Properties

4.1.1 Mechanical Analysis

Table 3 shows some physical properties of the

three soils studied. The depths of the three soils

appear to be uniform with the topsoil (0 - 15cm)

being slightly different from the subsoil (15 - 30cm)

particularly with regard to particle size

distribution. In Gituamba soils (Andosols). sand is

the predominant texture at both depths (40.4 and

2̂.4% at depth 0 - 15cm and 15-30cm respectively)

followed by clay (29.6 and 32.0% at depths 0-15 and

iS'SOcm respet i ve 1 y ) . In Kitale and Kabete soils,

^errasols and Nitosols respectively, clay texture is

Predominant at both depths. There is more silt in

^'tuamba soils than in Kitale and Kabete soils

esPectively. Because of high percent sand and silt

Gituamba soils, it is slightly coarse textured as

"’Pared to Kitale and Kabete soils which have a fine

re* Gituamba soils are clay loam, whereas

e and Kabete soils are .both clayey in texture.
' ♦

■
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shown

The bulk densities of the three soils are also 

in Table 3. Apart from Gituamba soils, the

v$rlability of the bulk densities within the soils is 

This is because the other soils (Kitale and
S IJI31 1 •

Kabete) usually have a deep even profile and
v a r i a b i l i t i e s  are less expected upto the depths 

studied. In the case of Gituamba soils, high organic 

matter contents in the topsoil could be a

contributing factor to the observed low bulk density 

as compared to that of the subsoil. In general, the 

observed particle size distribution, and bulk 

densities are consistent with the properties of the 

three types of soils reported by other workers.

♦
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3. So«e Physical Properties of the three Soils, Gituaiba, 
f,tle Kitale and Kabete

Soil Classification
(FAO/UNESCO)

Depth
(ca)

Hechanical Analysis 
i of Soil

Texture Bulk Density 
(ga/ca

___ 1__
Sand Silt Clay

Cituaiba Huiic Andosol 0-15 40.4 30.3 29.6 Clay loan 0.65

15-30 42.4 25.6 32.0 Clay loan 0.79

Kitale
LOrthic Ferrasol
A

0-15 36.4 4.0 59.6 Clay 0.86

15-30 42.4 2.0 55.6 Clay 0.82

Kabete Huiic Nitosol 0-15 20.8 19.6 59.6 Clay 1.10

15-30 16.4 24.0 59.6 Clay 1.01

' Hydroieter Method

♦
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u i . 2  Soil React Ion

Tab 1 e 4 shows the pH of the three soils studied.

fhp soils exhibit acidic reaction, with Gituamba A|| me
jj pH 5.08 and 4.78 in water and 3.90 for both 

depths in I N KCl solution for depths 0-15 and 15-30 

cm r e s p e c t i v e l y ,  exhibiting the most acidic reaction 

(stongly acid). This is followed by Kitale soil 

which is moderately acid with pH 5.50 for both depths 

in water and 4.40 for both depths in IN KC1 solution 

for depths 0-15 and 15-30 cm respectively. Kabete 

sells, show the least acidic reaction (weakly acid) 

with pH 6.15 and 6.80 in water and 4.70 acid 5.20 in 

IN KC1 solution for depths 0-15 and 15-30 cm 

respectively. The variability of soil pH in water is 

evident in Gituamba and Kabete Soils and also in IN 

KC1 solution in Kabete soils.

The difference between the pH/water and pH IN 
KCl averages about one unit. This difference is 

P®cted because the measurement of pH of soil-water 

Pension is influenced by the presence of soluble
salts ,,Use of a salt, such as IN KCl or 0.01 M CaC12
t«nds mask the variability of the pH caused by
d|,ferences in the salt concentration of the soil

and give a more precise estimate of
i

status of the soil *than that measured in
the
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s°jl-water suspension. The concentration of soluble

salt3
which can influence measurement of pH in soil- 

js assumed to be negligible with respect to thewater
mount of salt added in the solution.

The pH differences observed between the soils 

was expected and was the basis of choosing the three 

soils. They may be attributed to the difference in 

organic matter contents in the soils (Gituamba, 7.90 

and 6.24%C, Kitale 2.19 and 1.32%C and Kabete 2.8 and 

1.4 %̂C for depths 0-15 and 15-30 cm respectively), 

parent material and/or degree of weathering and 

leaching losses due to rain. Rainfall (mean annual, 

2005, 1193 and 973 mm for Gituamba, Kitale and Kabete 

respectively) and organic matter content play a more 

important role in that they contributed more to 

leaching losses of bases and an increase in al urninium 

lon saturation by lowering of soil pH, due to the 

^composition of organic matter in the soil.

The differences in soil pH between the two 
horlzons
where
6-80

sampled was low except for Kabete soils 

s*ight differences were observed (pH 6.15 and
in water and 4.70 and 5.28 in IN KC1 solution

>or
diff

dePths 0-15 and 15-30 cm respectively). The
er®nces observed- for 1*he soil pH between the



tops0
ils and the subsoil could not be actually pinned

on one factor but could probably be due mainly to 

organic matter in the topsoil (2.87 and 1.47%C

for depth 0-15 and 15-30 cm respectively) which after 

decompos i t i on increased the concentration of H+ ions 

in the soil, as such lower pH for the topsoil, 

percentage base saturation could also be a contributing 

f a c t o r .  Due to leaching of bases from the topsoil to 

the subsoils, the subsoils have a higher base 

saturation (91.42%) than the topsoil soil (86.82) and 

f j r  a soil of any organic or mineral composition, the 

pH level increases with an increase in the degree of 

base saturation (Tisdale et. a 1.. 1985). Base

saturation also reflects the degree of leaching.

The higher . v the base saturation flower _ the degree 

°f leaching. So it is apparent from the above base 

saturation values, that the toposils are more leached 
than the subsoils.

♦



Table 4 i Soma Chemical Characteristic! of the throe Soils, Gltuasba, Kitale and Kabete

Soil Depth Soil 
Soil ̂2°

pH (1:2.9) 
Soil/KC1

Organic
Carbon

Total
Nitrogen

Phosphorus*
(ppa)

Exchaneeable cations (a.e/100*)— ECEC CEC*** * Base
(■.e/lOOg) (a.e/lOOg) Saturation)

t k\
Saturation

(ca> - 1 Ca "l Na K A1 ' r
— —: 4

’

Gituaaba 0-15 5.00 3.90 7.97 0.65 0.60 0.55 0.50 0.50 0.70 3.62
» , » «i 
1 1 . 1 1 31.90 7.05 36.58

Gltuaaba 15-30 4.78 3.90 6.24 0.54 0.35 0.55 0.45 0.60 0.40 2.25 9.10 27.60 7.25 36.71
Kitale 0-15 5.50 4.40 2.19 0.15 3.67 6.40 0 .2 0 0.27 0.47 0.90 ' 9.59 14.00 . 52.43 9.38
Kitale 15-30 5.50 • 4.40 1.32 0 .1 1 1 .0 0 5.20 0.80 0.74 0.74 0.79 9.10 1 1 .0 0 63.34 8 .6 8

Kabete 0-15 6.15 4.70 2.87 0.38 2.33 14.70 3.00 0.55 1.59 0.2B 20.25 23.00 86.26 1.38
Kabete 15.30 6.80 5.26 1.47 0.25 1.80 14.60 2 .2 0 0.69 1 .2 0 0.30 19.29 2 1 .0 0 96.89 1.53

Extractant used was double acid (0.05N HC1 ♦ O.02SNH2SO4) 

Extractant used was one norsal aaaoniue acetate INĤOAc) at pH 7.0 

Extractant used vas one nornal aneoniua acetate (M̂ OAc) at pH 7.0H I
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4.1 . 3  Organic Carbon and Total Nitrogen

Tab 1 © 4 shows the percentages of organic matter

total nitrogen in the three soils and within and
j,eir depths. The carbon figures are corrected

yal k 1 ey-B1ack values. The topsoils (0-15 cm) show
higher percentage of organic matter than the si isoils

(15-30 cm) i.e. 7.97 and 6.24, 2.19 and 1.32 and 2.87

and 1.47% C for depths 0-15 and 15-30 cm for

Gituamba, Kitale and Kabete soils respectively.

This is undoubtedly due to addition of organic matter

nainly at the top. The variability of percentages of

organic matter between the soils is possibly due to

unequal amount of plant material added at the top of

the soil and their varying degree of decay and ease •
of incorporation with the soil. The soil depths give

a different but expected pattern of distribution of

organic matter and total nitrogen (C:N

Ratio:Gi tuamba, 12.26:1 and 11.55:1; Kitale 14.6:1

and 12.1 and Kabete 7.55:1 and 5.88:1 for depths 0-15

*nd 15-30 cm r e s p e c t i v e l y ) .  As t h e  p e r c e n t a g e

0rganic matter in the soil decreases, the percentage

°*a* nitrogen in the soil also decreases because for

* undisturbed soils, the amount of nitrogen present 
i n  ̂ue soil depends on the mineralization of organic
®atte for C:N ratios less 20 (Tisdale and Nelson,
1971)

Therefore the higher the amount of organic 
*aU er . ' ♦ln the soil, the higher is the amount of

- 68 -
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present in the soil. For the undisturbed„itr°gen
the C:N ratios is usually high for the topsoil

soi 1s’
the subsoil. This in many cases is partly duethan

to j,igh concentration of NH4 nitrogen and the

general lower amount of carbon (Tisdale and Nelson,

1971)' Otherwise, between the three soils total

nitrogen is deficient in Kitale soils, medium in 

Kabete soils and high in Gituamba soils at both 

depths according to National Agricultural

Laboratories deficiency levels of greater than IX N 

(of soil by weight) for very high, 0.5 to 1. OXN for 

high, 0.2 to 0.5XN for medium, 0.1 to 0.2X N for low

and less than 0. 1XN for very low.

The major factors influencing the organic matter 

content in East African soils are elevation, climate 

and biotic conditions, whereas the minor factors 

delude type of clay, depth and degree of development 

°t the profile (Birch and Friend, 1956). Gituamba, 

^tale and Kabete have altitudes, 2130 m, 1860 m and
198nu m respectively above sea level. Gituamba, 

*lt;ale and Kabete also recieve mean annual rainfalls 

2005, 1 1 9 3 and 973 mm respectively and the mean
annua 1 temperatures for Gituamba, Kitale and Kabete
are l3-0*. 18,2* and 18.0*C respectively. As a rule.
the 0rganic matter content is higher in cooler 
C1imate•® than in warmer one«. Furthermore for any
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riven level of mean annual temperature and type of

*ete
tatl°n» the cor|tent of organic matter rises with

»n increase in effective precipitation. All these

(actors favour Gituamba soils as such, the higher

o r gan

The

ic matter content than Kitale and Kabete soils, 

difference in organic matter coni »nt in Kitale

ntj Kabete soils is small and may be uue to the minor

factor such as the depth and degree of development of

the soil profile between the two soils. The same 
•
factors which influence the level of organic matter 

in these soils apparently also play a major role in 

determining the total nitrogen content in the soils.

4.1.4 Phosphorus

Table 4 shows also the phosphorus contents of 

the three soils studied. The soil phosphorus was 

extracted using Mehlich 1 extractant (Double acid 

composed of 0.05 N HC1 in 0.025 N H2S04). The

Phosphorus levels are low and deficient i.e. 0.60 and 

*•35; 3.67 and 1.00; and 2.33 and 1.80 ppm P for

^uamba, Kitale and Kabete soils and at depths 0-15
q Hi

and 15-30 cm respectively when compared with values 
talned for similar soils by Dr. Keter of the

- a
ment of Soil Science, University of Nairobi

( pQ j,
s°nal communication) Gituamba soils exhibit the

,0west nhnnosphorus levels am»ng the three soils. This
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obably due to high percentage aluminium

Ration in Gituamba soils when compared to Kitale

»nd

is

Kabete soils. Solubility of aluminium phosphate 

very low (solubility product p’Ksp lies between

2g and 32) (Chang and Jackson, 1957). Therefore any 

present a of soluble aluminium in the soil solution 

jH considerably reduce the concentration of 

p h o s p h a t e  in the soil solution, by reacting with it 

to form an insoluble compound which is not available 

Ip the soil solution as such will not be available to 

plants. The variability of phosphorus content within 

the soil depths which show a downward trend i.e. from 

topsoil to the subsoil could be due to decrease in 

organic matter content because according to Tisdale 

£i al_. (1985) there is a positive correlation 

between the organic matter content and the amount of 

Phosphorus present in the soil.

4-1.5 Cation Exchange Capacity and Exchangeable 
Cat ions

The cation exchange capacity (CEC) and

"changeable cation of the three soils and within

e*r sampling depths are shown in Table 4. Gituamba 
s°l|s unave the highest cation exchange capacity
na*ei
15-30
*°i 1 s

 ̂ 31.90 and 27.60 m.e/lOOg for depths 0-15 and

Cm respectively. They are followed by Kabete 
(23.qo and 21.00 m.e/lOOg for depths 0-15 and
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5-30 cm respectively) and then Kitale soils (14.50 

13.50 m.e/lOOg for depths 0-15 and 15-30 cm

,esPeC
tively) The cation exchange capacity for

jtuan>ba an  ̂ Kabete soils compare well with those of 

yatnany* (1984) for similar soils of 32.00 m.e/lOOg 

{or depth 0-30 cmfor Gituamba and 21.00 m.e/lOOg for 

depths 0-23 and 23-83 cm respectively for Kabete 

soils. Kitale soils being Ferralsols, are expected 

to have a CEC value of less than 16.00 m.e/lOOg 

according to von Uexkull (1986) and this agrees well 

with the values obtained here for similar soils.

The topsoils have a high cation exchange

capacity than the subsoils for all the three soils,

although the percentage base saturation for the

•ubsoils are higher than those of the topsoils (7.05

ind 7.25% for Gituamba, 52.43 and 63.34% for Kitale

and 86.26 and 96.89% for Kabete for depths 0-15 and

15.30 cm respectively). The only explanation for

tlle higher CEC observed for the topsoils could be due 
to tne organic matter content in the three soils.
T))| xtopsoils of all the three soils have a higher

*a,'lc matter content than the subsoils i.e. 7.97

d 6,24*c for Gituamba, 2.19 and 1.32% C for Kitale 
*nd j

• and 1.47% C for Kabete for depths 0-15 and
l$>30

Cm respectively.

♦
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magnitude of the cation exchange capacity of

t̂ ree soils, namely, Gituamba, Kitale and Kabete 
the

is mainly controlled by the organic matterjail5
the clay mineralogy and the soil pH. Theconten ’

the organic matter content, the higher thehlflne
exchange capacity (see Table 4), sinceca1*01

rganic matter content supplies most of the cation 

exchange capacity (CEC) of acid and highly weathered 

soils and a rapid decrease in organic matter content 

results in a marked reduction in CEC and nutrient 

h o l d i n g  capacity (von Uexkull, 1986). This is very 

e v i d e n t  among the three soils (see Table 4). The 

clay mineralogy of the three soils also contribute to 

the difference in the cation exchange capacity (CEC). 

This is more evident between Kitale and Kabete soils, 

where we observe that both soils have more or else 

The same amount of clay content (see Table 3) but 

Kabete soils have higher CEC than Kitale soils. This 

s because though both soils have 1 : 1  type of clays, 

Kabete soils have clays which are more crystalline 

have lower content of sesquioxide and hydrous 

^ es of A1 anf Fe than Kitale soils (Sombroek et_
1982).

th
Is

The magnitude of the cation exchange capacity of

s°ils namely, Gituamba, Kitale and Kabete soils 
a i So controlled by the 'soil pH. The lower the♦
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,0ll pH’
the lower the CEC (von Uexkull, 1986). This

is
because the CEC of these soils is pH dependent

iince

clay 
char 8

for

the factors which contribute the CEC i.e. the 

type and organic matter content all have surface 

eS which are pH dependent. This is less evident 

Gituamba so)>s due to the high organic matter

content but is wl- 1 1 exhibited in Kitale and Kabete 

s0jls where lower CEC in Kitale than in Kabete soils 

were observed (see Table 4).

Exchangeable calcium is markedly low for only 

Gituamba soils (0.55 m.e/lOOg for both depths of 0-15 

and 15-30 cm) but agrees with values obtained for 

simi lar  soils by Kenya Soil Survey (KSS, 1977) of 

0.40 m.e/lOOg for depths 0-60 cm. Values for Kitale 

<6.40 and 5.2 m.e/lOOg) and Kabete soils (14.70 and 

1̂ -80 m.e/lOOg) for depths 0-15 and 15-30 cm 

respectively are higher when compared to values 

Stained for similar soils by Kenya Soil Survey (KSS, 

!97?) 0f 3.60 and 2.20 m.e./lOOg for depths 0.23 and 

cm in Kitale respectively and 3.0 and 4.0 

*’e/100g for depths 0-18 and 18-37 cm in Kabete 

esPectively although similar methods were used 

r i n 8 the analysis. Exchangeable magnesium is low 

Gituamba and Kabete soils (see Table 4).
E*chan
three
r°cks

Seable potassium is not deficient in all the 
s°ils and reflects the fact that East African
_ t ^
re often high in this element. Exchangeable
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manganese levels are low and are not toxic according 

t0 the National Agricultural Laboratories deficiency 

levels (1.00 m.e/lOOg). Exchangeable aluminium, 

concentration is markedly high in Gituamba soils 

(3.62 and 3.25 m.e/lOOg) for depths 0-15 and 15-30 cm 

respectively.

Within the soil depths, the variability of 

exchangeable cation is small with exchangeable Ca, 

Na, K and A1 being higher in some topsoils than in 

subsoils. Exchangeable Mn is higher in all the 

topsoils than in the subsoils. The variability of 

exchangeable cations between the soil could be due to

the difference in the soil pH whi ch affect the
weather i ng o f rocks and leaching losses due to
different amount of rainfall received in each area

where the soils were collected. The areas from where 

the soils were collected received a mean annual 

rainfall as follows: 2005, 1193 and 973Mm for

Gituamba, Kitale and Kabete respectively. The

variability of the cations within the soil depths 

c°u 1 d be probably due to the activities of various 

Ions in the soils which in turn also reflect soil pH, 

rainage and minera 1ogica1 nature.*
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4.1.6 Aluminium Saturat1 on

percentage aluminium saturation is also shown in 

jable 4 for the three soils and within their 

samp|ing depths. Highest percentage aluminium 

s a t u r a t i o n  (32.58 and 35.71% A1 for depths 0-15 m 

and 15-30 cm respectively) are observed in Gituam a 

soi)s followed by Kitale (9.38 and 8 .6 8% A1 for 

depths 0-15 cm and 15-30 cm respectively). Very low 

values are observed for Kabete soils (1.38 and 1.55% 

A1 for depths 0-15 cm and 15-30 cm respectively). The 

variability within the soil depths is small and 

percentage saturation is high in the top soils for 

Gituamba and Kitale soils.

Percentage aluminium saturation Indicates the 

present day leaching and is a very * useful 

differentiating parameter between soil types of humid 

Tropics (Young, 1980). High percentage aluminium 

saturation also indicates high degree of leaching of 

bases as such, highly leached soils have low base 

a uration. The difference in percentage aluminium 

Saturation between the th^ee soil could be explained 

* this fact. The areas from which the three soils
W p p

> collected received different amount of rainfall 
Gituamba receiving the highest annual rainfall

(2005 followed by Kittle (mean annual rainfall
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103> and Kabete (mean annual rainfal 973). So

lnfall which is responsible for leaching of bases

, j be an answer for the large difference in coul°
percentage aluminium saturation between the three

soils* The type of clay present in the three soils

c0uld also explain the large difference in per ;entage 

jluminium saturation. Gituamba soils is mainly 

composed of volcanic ash (al lophane) and amorphous 

hydrous oxide of aluminium and iron. Kitale soils is 

composed of Kaolinite, sesquioxide and hydrous oxides 

of aluminium and iron. Kabete soil is composed 

aainly of kaolinite though there are traces of 

hydrous oxide of aluminium and iron. Gituamba soil 

therefore contains a higher concentration of 

aluminium and Jfoy’i oxide than either Kitale or 

Kabete soil because of the nature of the type of clay 

«lneral present and the concentration of aluminium 

present. Kitale soils have higher

c°ncentrat i on of aluminium oxide than Kabete soils 

-lnce it has high concentration of sesquioxides and 

*luminium oxide than Kabete soil. The pH of the
sol 1s could also be responsible (von Vexkull, 1986)
f or the difference in percentage aluminium 

Uration. The lower the soil pH, the more soluble 

aluminium in the soil solution, therefore, since
Gltuamba soils have lower pH than Kitale and Kabete
*°lls i t  ♦should have high percentage aluminium
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S3tu

»l S°
h3ve

ration as indicated in Table 4. Kitale soils 

having lower pH than Kabete soils is expected to 

a high aluminium saturation than Kabete soil and

thj S a g r e e  with the values obtained in Table 4. The 

vari'bility of percentage aluminium saturation within 

tf,e soil depths could probably be due to activities 

0f various ions in the soils which in turn also 

reflect soil pH, drainage and m i ne r a 1 og i ca 1 nature.

4.1 . 7  Distribution of Aluminium ion species in 
the Soil

The distribution of total, monomeric and

polymeric aluminium ion species among the three soils

and within their depths is shown in Table 5. The

distribution of Exchangeable aluminium ion species in

the soils and within their depths is shown on Table
Total aluminium ion species is the sum of

Polymeric and monomeric aluminium ion species in the

s°t 1 and was extracted by using IN KC1 solution.
Thp monomeric aluminium ion species are the

8ubstituted aluminium hydronium ions called

*’uminohexahydronium ions often designated as

or simple as A1 (Mclean, 1976). These

Uininohyd ron i urn ions sequentially dissociate H ion 
as b Se is added (pH increase) leaving OH ion in
Place of the OH2 group. Sî me of the a 1 urni no-hexahyd-
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f of'ium
ions may remain in solution, but most of them

„hlch

adsorbed on the soil cation exchange sites from 

they are easily displaced with ordinary

buffered salt solution such as IN KC1 if the pH ison

b«l°w
+ +

5 . If the pH is higher, 0H-A1 or (OH^Al is

formed either before or after ions ire adsorbed to 

tbe soil cation exchange site. These ions polymerize

i S
continuous layers or continuous islands on the

surfaces of clay minerals. These polymerised

aluminohydronium ions constitute the polymeric 

aluminium ion species (Mclean, 1976). The polymeric 

aluminium ion species is determined by determining 

first the total aluminium and monomeric aluminium ion 

concentration as described in section 3.3. The 

difference between the total concentration of 

aluminium and monomeric aluminium ion concentration 

constitutes the concentration of polymeric aluminium 

Species. Exchangeable aluminium ion species is the 

*luminium ion which is adsorbed on the soil cation 

exchange sites and which is easily displaced by 
Ur'bufferecj salts such as IN KC1 and determined by 

*trating the extract with 0.05N NaOH and then 0.05
HC ] as described in section 3.3.

°'15
KCl)

Gituamba soil pH (in water) of 5.08 and 4.78 at 

and 15-30 cm depths respectively and pH (in IN 

3.90 at each of the depths, have the highest
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nce"c°

sP eC

tration of total, monomeric and polymeric ion

les

wlth

i.

among the three soils followed by Kitale soil 

pH (in water) of 5.50 and pH (in IN KC1) of

aq at each of the depths i.e. 0-15 and 15-30 cm

respectively. Kabete soils have the least

ncentration of both total, monomeric, polymeric and 

uchangeable aluminium ion species. Within the soil 

depths, the variability of total, monomeric and 

exchangeable aluminium ion concentration is small for 

,11 the soils. Slightly higher variabilities are 

only observed for the polymeric aluminium ion species 

within the soil depths of Gituamba and Kabete soils. 

InGituamba, the topsoil has 0.48 m.e/lOOg polymeric 

aluminium ion species concentration whereas the 

subsoils has 0.06 m.e/lOOg. For Kabete, the topsoil 

has 0.18 m.e/lOOg whereas the subsoil has 0.28 

••e/100g of polymeric aluminium ion species 

Concentration. Although the variability of total 

■onomeric and exchangeable aluminium ion species is 

i.e. total aluminium: 4.32 and 4.06 m.e/lOOg 

,0r Gituamba, 0.59 and 0.63 m.e/lOOg for Kitale and
°-26

l$-30
• 00

and 0.30 m.e/lOOg for Kabete for depths 0-15 and 

Cm respectively; monomeric aluminium: 3.84 and 

ra’e/i00g for Gituamba, 0.35 and 0.32 m.e/lOOg
f Of

»l

^tale and 0.08 and 0.02 m.e/lOOg for Kabete at
Pths n and 15-30 cm respectively; Exchangeable

 ̂ • ♦Ufn: 3.65 and 3.25 m.e/lOOg for Gituamba, 0.90
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. 0.79 t1\0

,1008

m.e/lOOg for Kitale and 0 . 28 and 0 . 30
for Kabete for depths 0-15 and 15-30 cm

„.P«‘“ VelY- it can be seen that for the total

>luml"lu,n i on species concentration, the topso i1 of

fiituamba so i 1 has higher concentration than t he

ubso 1 1 whereas for Kita! * and Kabete, the reverse is 
For the monomeric aluminium ion species, thetrue.

concentration is higher for the subsoil in Gituamba 

s0lls but higher in the topsoils for Kitale and 

Kabete soils. Concentration of exchangeable

aluminium is higher in the topsoils for all the three

soils studied.
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Table 5: Concentration of aluminium ion species in 
the three soils, Gituamba, Kitale and 
Kabete

Soil Depth

(cm)

Aluminium ion species ( m. e. / 1 0 0a )

Total A 1 * Monomeric A1 Po1ymer ic

G i t u a m b a 0-15 4. 32 3. 84 0. 48

15-30 4.06 4. 00 0.06

Kitale 0-15 0. 59 0. 35 0.24

15-30 0. 63 0. 32 0.30

Kabete 0-15 0 . 26 0 . 08 0 . 18

15-30 0.30 0 . 02 0.28

ft Total aluminium was determined by extracting the soil 
with IN KC1 followed by colorimetric measurement using 
the aluminon method

♦



The variability observed of total, monomeric, 

0\ymeric and exchangeable aluminium ion species 

among the three soils could be attributed to the soil

pH. organic matter content and the type of
predominant clay present in each of the soils. 

Leaching losses ue to different amounts of rainfall 

r e c e i v e d  in each area where the soils were collected 

could also be a contributing factor. According to 

p0y (1974), Juo and Kamprath (1979) and von Uexkull 

(1986), the solubility of aluminium in soil solution 

Is controlled by the soil pH, the type of predominant 

clay, organic matter content, the concentration of

other cation and the total salt concentration. 

According to Mclean (1976), Sartain and Kamprath 

(1975), Alva et_ a_l_. (1986) and von Uexkull (1986),

at high or intermediate pH, exchangeable aluminium is 

held tightly to the negative charges of the layer 

silicates and sesquioxides coated systems as A1(0H)++ 

0r A 1 (OH) 2 < but as pH drops below 5.0 exchangeable 

sluminium ion increased markedly as does the 

aluminium ion concentration in the soil solution, 

could be one of the explanations for the
d i f ferences in the concentration of aluminiun ion 

Pecies in the soil solution between the three soils

shown in Table 5. The type of predominant clay 
airiera i1 present the three 'soils could also be a

♦

r*buting factor for the differences in aluminium



*

84

concentration between the soils. Gituamba soils,

AndoSol are mainly composed of volcanic ash

aluminium and iron. Kabete soils, a Nitosol are 

cofflp°s e d mainly of 1:1 type of clay which is more 
c r y s t a l l i n e .  Therefore, because of the nature of the 

type of clay mineral present in the three soils, 

Gituamba soils are expected to have a high

concentration of aluminium ion species followed by 

Kitale soils. Very little aluminium ion species is 

expected to be found in Kabete soil. This agrees 

with the results found in this study (see Table 5) 

also explains the differences in the

concentration of aluminium ion species between the 
W e e  soils.

The amount of organic matter present in the

three soils (see Table 4) could also explain the

Werence observed in the concentration of aluminium

*°n species between the three soils. The addition of

humic acid through the decay of organic matter lowers 
to ann extent the soil pH and as a result may increase 
the solubility of a 1uminiurn *ion species in the soil
*0|uti n- The differences in the amount of rainfall

iron. Kitale soils, a Ferrasol are

0mp°s e d mainly of 1:1 type of clay whioh is 

„ c t a l lined, sesquioxides and hydro s oxides

less

of
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„;ved in each area where the soils were collected recei
annual rainfall are 2005, 1193 and 973 mm forimean

C[tuamba,  Kitale and Kabete, respectively) could also 

Dlain the differences observed in aluminium iong X K

spec'es conentration between the three soils. 

Alum nium ion species is less mobile when compared to 

other cations in the soil and is therefore usually 

ri0t leached in the soils as much as other cations. 

So in areas with more rainfall aluminium ion species 

Is usually found in considerable quantities in soil 

solution compared with areas with less rainfall and 

where leaching is less pronounced. Therefore, more 

aluminium ion species is expected to be found in 

Gituamba than in Kitale or Kabete soils. More 

aluminium is also expected to be found in Kitale than 

in Kabete soils. This agrees with the findings in 

this study (see Table 5). The concentration of other 

cations and the total salt concentration could also 

have contributed to the differences in the 

concentration of aluminium ion species in the soil 

solution of the three soils studied but their 

c°ntributions were less compared to those discussed 
abo ve .

The distribution of polymeric and monomeric 

*uminium ion species in t;he soil solution is 
Predominant1y affected by the soil pH (Mclean, 1976).



re 1 ease, aluminium ion becomes s i xf o l d-

dinated with oxygen on OH2 groups, i.e. becomes
Up°n 

co°r
a1(0H2) 6 + + + . These OH2 groups are essentially 

lu^inium-substituted hydronium ion, the aluminium

haVjng replaced one hydrogen from each of six

ions COM )• The aluminium substitutedhydronium
hydronium ion, called a 1 ummohydronium ions are often

3+ 3 +designated AI.6 H2 O or simply A1 without the (-

0H2>6* The a 1 umino-hydronium ions sequentially

dissociate hydrogen as pH increases leaving OH ions

in place of the OH2 groups. Some of these

aluminohydronium ions may remain in solution but most

jf them are adsorbed at the soil cation exchange site

from which they are easily displaced with ordinary

unbuffered salt solution such as IN KC 1 if the pH is

below 5.00. If the pH is higher, A 1 ( 0 H > 2 + or

A1 (OH)2 is formed either before or after the ions

are adsorbed to the soil cation exchange sites.

These ions polymerize as cantinuous layers or

discontinuous islands on the interlayer surface of

c,aV minerals, or they complex with reactive groups

soil organic matter, neither of which are

9xchangeab 1 e with unbuffered salt solution. Since

êse ions both as monomers and as polymers are only
f*artlaiiy neutralized, they are acid and hence 
reiui:
Thl<

re a base, such as lime for neutralization. 
c°uld be the reason for the difference in the



87

tration of monomeric and polymeric aluminium

jon j p e c  i e s within the soil depths and between the

studied (see pH in Table 4). It should also besol 1s
tad t h a t  according to Mclean (1975) the polymerized

no
»1 um

the

inohexahydronium ion species on the surface of 

clay mineral or organic matter are much less

cces s  ible for neutralization with lime and obstruct 

exchange sites of the soil for exchange of other 

c a t i o ns .  The variability of concentration of

aluminium ion species within the soil depths are 

small (although there are a few exceptions as shown 

above) and could probably be due to controlling 

f a c t o r s  which influence the activities of the various 

ions in the soil which in turn reflects, the soil pH, 

age, drainage and m i nera 1 og i ca 1 nature.

4.2 Nutrient Solution Experiments

4.2.1 Effects of nutrient solution 
aluminium content on the 
growth of field beans (Phaseo1 us 
vulgaris) cv "Rosecoco"

P l a t e  1 shows t h e  effect of increasing 

concentration of aluminium on the growth of field 

6ans (Phaseo1 us vulgaris L. ) cv "Rosecoco" grown in 

Orient solutions pH 6.80. It is evident from Plate 

that there was a reduction*in root proliferation as1
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V

ate 1: Effect of aluminium ion concentration in
nutrient solution on the roots and shoot 
growth of field bean C Phaseo1 us vulgaris 
L.) cv "Rosecoco". The concentration of 
a 1 um'in i urn in nutrient solution i.e. 0, 3,
6, 9, 12, 15, 18 and 21 ppm increases from
left to r i ght
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the concentration of aluminium in the nutrient

iuti°n increased. This is not very evident on the

shoo* but it can be seen that at the highest

1 uminiuin concentration of 21 ppm very li'tle shoot 

rowth was observed. Table 6 (see append! 1) shows 

t̂ e effect of increasing aluminium concentration on 

the taproot length, root, shoot and pooled shoot and 

root dry matter weights of field beans (Phaseo 1 us 

uni flar 1 s L. ) cv "Rosecoco" grown in nutrient

s o l u t i o n .  The length of the taproot, shoot and 

pooled shoot and root dry matter weights decreased 

significantly (P = 0.01) as the concentration of 

aluminium in the nutrient solution increased. Fig. 

2a, b, and c show the the effect of nutrient solution 

aluminium content on the length of the taproot 

(taproot elongation), shoot and pooled shoot and root 

dry matter weights. There was a high negative 

correlation (r = -0.91) between the aluminium content 

the nutrient solution and the length of the 

taProot root. A negative correlation also existed 

etween the aluminiun content in nutrient solution
and the shoot dry matter weight (r = -0.79) and

*°0*ecl shoot root dry matter weight (r = -0.76),

though this was not as high as was the case with 
the ytaProot length (taproot elongation). The high 

Ve correlation between the aluminium content in
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he nutrient solution and the length of the taproot 

hoWS that the taproot elongation is the

•j-gble 6: Effect of Aluminium Content in Nutrient Solution on the
Growth of Field Beans (Phaeso1 us vulgaris L. ) cv "Rosecoco"

C o n c e n t r a t i o n

of A! <PPM> 
at pH 6.8

Mean 
Taproot 
length 
(cm
plant )

TMean
Root
dry
matter 
weight 
(g plant )

Mean
Shoot
dry
matter 
weight 
(g plant )

TMean 
Pooled 
shoot and 
dry matter 
weight 
(g plant )

0 34.25 0. 54 0. 79 1.34

3 32.75 0. 29 0.57 0.87
6 32.50 0. 47 0. 47 0.94
9 30.75 0. 40 0.56 0.95

12 25. 75 0.56 0.57 1.03
15 19. 50 0.35 0.57 0.92
18 18. 50 0.37 0. 44 0.82
21 1.75 0. 17 0.11 0. 27

S.E 1.890 - - -
C.vx 15. 39 11.00 8.55 12.31
F * * * NS # «
r -0. 91 -0.50 -0. 79 -0. 76

M. . T implies the 
(x + O.S)17" 
variance. What

means in question were derived 
transformation during the 
is presented is re-transformed

after
analysis of 
data

2 * # Si gnif icant
♦

at P = 0.01

*** Significant at P = 0.001 
NS = Not significant
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$oS'
affected part of the field beans (Phaseo1 us

L.) cv "Rosecoco" when the level o f

, minium in the nutrient solution becomes toxic to3 *
he plant. This also means that it shows the highest 

negative response as the concentration of aluminium 

in the nutrient solution becomes toxic. The shoot 

and the pooled shoot and root dry matter were also 

af f e c t e d  negatively as the concentration of aluminium 

in the nutrient solution increased. This shows that 

the shoot and the whole field bean plant was affected 

negatively as the concentration of aluminium in the 

nutrient solution increases but not as much as the 

taproot elongation. In fact, above 12 ppm A1 in the 

nutrient solution, there was an over 43.0% reduction 

on taproot length as compared to 28.8 and 41.0% for 

shoot and pooled shoot and root dry matter 

W8lghts at the same concentration respectively. From 

hese observations it can be stated that for the 

beans ( Phaeso 1 us vu 1 garis L. ) cv "Rosecoco" at

®® • eluminium concentration above 12 ppm would be 
c°nsiderecj tox i c.

The 
*1 Ufn ini
2 .

beneficial and inhibitory effects of 

Um on plant growth are reviewed in section
6 . Symptoms of the- beneficial effect of aluminium

on Plant growth are well discussed by Chenery (1955),

ar>d Kirby (1982), and Franco and Munns (1982). 

°f inhibitory effects of aluminium on plant
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rowth are also well discussed by Adams and Lunds 

(l966). Brenes and Pearson (1973), Foy (1974), 

Sartain and Kamprath (1975), Franco and Munns (1982), 

Adams (1984), Alva el aj_. (1986), and von Uexkull 

(1986). According to Franco and Munns (1982), in the 

presence of adequate amount of phosphorus in the 

nutrient solution, aluminium has no effect on root 

weight, but decrease taproot elongation and shoot 

growth of field beans (Phaseo 1 us vulgaris L. ) grown 

*n nutrient solution. Franco and Munns (1982) in 

their study, observed that nodulated field beans 

(Phaseo1 us vulgaris L. ) plant grew equal ly wel 1 at 10 

and 1000 ppm phosphorus and aluminium had no effect 

on root weight but decreased taproot elongation and 

shoot growth and both shoot and root weights were 

greater at pH 4.8 than at pH 4.5. In addition, they 

found that low levels of aluminium in solution 

simulated taproot elongation, t ere was a change in
root morphology, taproot lengti and root weights
increased but total root length decreased indicati
that

m g

low levels of aluminium was on formation and/or
e i 0n

8&tion of laterals. They became stunted as
s®rved in alfalfa (Helyer, 1978). At severely 

tc> x i c  a  1Aluminium concentration, even primary roots
-* ♦

stunted, and thickened, an observation whichaecome
was

made in this study when the concentration of
Omi  ̂i urn exceeded 12 ppm A1 in the nut r i ent
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solution. Results obtained in this study agree with 

those Franco and Munns (1982). The high

significant difference (P = 0.01) observed on the 

weights of pooled shoot and root dry matter weights 

as t h e  concentration of aluminium in the nutrient 

s o l u t i o n  increased could be due to the shoot dry 

matter weight since the pooled shoot and root dry 

matter weight is a summation of the two plant 

portions but it does give a tentative picture of the 

effect of different concentrations of aluminium in 

nutrient solution on the dield bean plant which is 

also supported by Plate 1.

♦



y = 39.08-1.38*
fr2 -n Ril

Aluminium concentration (in ppm).

*9- 2a: Estimated linear regression between aluminium
ion concentrates in nutrient solution and 
taproot length (cm plant--!) of field beans 
(Phaseolus vulgaris L.) cv "Rosecoco"





y =1- 22-O.OBx 
(r2 = 0.56)

9* 2c: Estimated linear regression between aluminium
ion concentration in nutrient solution and 
pooled shoot and root dry matter weight (g plant-1) 
of field beans (Phaseolus vulgaris L.) cv "Rosecoco

♦
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4.2.2 Effect of nutrient solution acidity CpH) 
and aluminium content on taproot 
elongation, root growth and Rhi zobi urn 
inoculation of field beans (Phaseo1 us 
vulgaris L.) cv "Rosecoco"

The effect of nutrient solution acidity and 

aluminium concentration on the taproot length, root 

dry matter weight and Rh i zob i urn inoculation of field 

besns is shown in Tables 7a, 7b and 7c respectively 

Table 7a (see appendix I la) shows the effect of 

nutrient solution acidity (pH) and aluminium content 

on the length of taproot of the bean plant. From the 

table, it can be seen that aluminium concentration in 

the nutrient solution significantly (P = 0.001)

affected the length of the taproot since there was a 

decrease on the taproot length from 28.58 cm plant 1 

** 0 ppm A 1 to 13.81 cm z . 10 ppm Al. Further

decrease in length was observed after this

c°r'centrat i on of aluminium (10 ppm Al). This

ePresent an over 50 percent reduction in taproot

l*ngth from the initial length of 28.58 at 0 ppm Al. 
^is Was consistent with results found in section
<l.2. i which show that above 12 ppm Al. there was over 
43%

reduction on the taproot length of the field 

Inoculation of the field bean seed prior to

after pregerminating for 24 hours also 
Cant1y (P = 0.001) affected the length of the
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t apr oo t  since there was a decrease in taproot length 

n inoculation of the bean seed (18.68 and 16.07 cm 

plant  1 for the non-inocu1ated and inoculated seeds 

r e s p e c t i v e l y ) .  Interaction of Rh i zob i um inoculation 

and aluminium concentration in the nutrient solution 

is a l s o  significant (P = 0.05).

The negative effect of inoculation on taproot

length could be attributed to the fast growing

Rhizob ium Phaseo1i inoculant used (Multistrain 445

and 446) which has an acidifying effect (MIRCEN,

1988) and this would decrease pH of nutrient solution

within the vicinity of the pregerminated seeds and

this would delay the germination of the bean plant

and hence a decrease in the taproot length. This

would also account for the observed significant

nteraction between aluminium content in the nutrient

*°lution and Rh i zob i um inoculation. Nutrient

°*ution acidity was also observed to have

I ®n*f*cantly (P = 0.05) affected the taproot length 
with twtne highest length being obtained at pH 4.0 
118. - 1cm plant ) followed by pH 6.8 (17.86 cm
Plant'̂  ̂ - l' and then pH 5.0 ^16.03 cm plant ). This
C°U|cj *not be explained although it is known that

t**nium ion is usually more toxic in certain forms 
lc* are usually controlled by the pH of the
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5ol «t i o n '

Tab>e 7a '■ Effects of nutrient solution acidity (pH), 
aluminium content and Rhi zobium
Inocuj^tion on mean Taproot length (cm 
plant ) of field beans (Phaseo1 us 
vulgaris) cv "Rosecoco"

Aluninium
Content (ppm) 4.0

pH
5.0 6.8 No

Inoculation’
Ni Mean

Taproot 1 ength (cm plant 1)

0 29.75 27.63 28.63 30.75 26. 42 28.58

5 24.25 17.00 26.75 24. 17 21.17 22.67

10 16. 19 13.25 12.00 16.63 11.00 13. 81
15 10. 88 11.63 12. 13 11.67 11.42 11.54

20 10. 06 12. 13 10.06 10.17 10. 33 10. 25

Mean

Inoculation N0 20.55 16.90 18.58 18.68

£ __  N1 15.90 15. 15 17.15 16.07

Mean 18. 23 16.03 17.86

C,V 1 19.60%
S.E.
S.E.
S.E.

S.E.

S.E.

S.E.
N.B

(Xl (Aluminium levels) = +0.72
(X) (PH levels) = +0.56

(X) (inoculation) = +0.46

(X) (Aluminium levels vs pH levels) =i
A> (Aluminium levels vs Inoculation) 

(X> (pH level vs Inoculation) = +0.56 

 ̂ ~ Non-inocu1ated

+ 1.25 

= +1.02

InocuI a ted



Table 7b: Effect of nutrient solution acidity (pH), aluminium content 
and Rhizobium ^noculation on the mean root dry matter 
weight (g plant ) of field beans (Phaseo1 us vulgaris L.) cv 
"Rosecoco"

Aluminium pH Inoculation
C o n t e n t  ( p p m ) 4.0 5.0 6.8 N0 Ni

Root dry matter weight tg plant *)

0 0. 26 0. 20 0.27 0.25 0.23 ■ 0.24

5 0. 20 0.21 0. 26 0. 25 0.20 0.22
10 0.21 0. 19 0.24 0. 21 0.21 0.21
15 0.24 0. 19 0.22 0.24 0.20 0.22
20 0. 23 0.21 0.25 0.23 0.23 0.23

Mean

Inoculation N0 0. 23 0.23 0. 25 0.24

Nl
0.23 0. 17 0.25 0.22

Mean 0.23 0.20 0. 25

c.v 27.2C ,
S.E (X) (Aluminium 1 eve 1s) = 0.01
S.E (X) (pH levels) = 0.01
S.E (X) (inoculation) = 0.01
S.E (X) (Aluminium levels vs pH level) =0.01
S.E (X) (pH levels vs inoculation) = 0.01
n.b No s non-inocu1ated

l♦

N1 = Inoculated
*

1 nocu 1 ated
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Table 7c: Effect of nutrient solution acidity, aluminium content and
Rhizobium inoculation on the mean number of nodules formed 
per plant on the root of field beans (Phaseolus vulgaris L. ) 
cv "Rosecoco"

pH Inocu1 at ion

Aluminium 
Content (ppm)

4.0 5.0 6. 8 ^  -1ules (Plant )
N L Mean

No. of root nod -

0 8.5 0 13. 12 0 14. 42 7.20

5 5.5 0 6.62 0 8.08 4.04

10 1.87 0 2. 75 0 3. 08 1.54

15 2. 12 7 4.37 0 9. 00 4.50

20 2.50 1.75 4.00 0 5.5 2. 75

Mean

Inoculation Nq 0 0 0 0

Ni 8.2 3.5 12. 35 8.01

Mean 4. 1 1.75 6. 17

S.E
S.E

S.E

S.E
S.E
S.E

* . B ,

(X) (Aluminium levels) = 0.22

*X) (pH 1 eve 1s) = 0.17

(Inoculation) = 0.14

*X) (Aluminium levels vs Inoculation)

** (pH levels vs Inoculation) = 0.24

(Aluminium vs pH) = 0.38

** Nq = Non-inoculated ’
♦

1̂ - Inoculated

0. 34

2)
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nutr

on
from

Table 7b (see appendix lib) shows the effect of 

jent solution acidity and aluminium concentration 

the root dry matter weight of the bean plant, 

the table, it can be seen that the root dry

,atter weight increase significantly (P = 0.01) from

pH 5.00 (0.20g plant ), followed by pH 4.0 (0.23g

plant *> and then to pH 6.8 (0.25g plant 1), but it 

-an be generally stated from the above observation 

that as the nutrient solution acidity decrease, the 

root dry matter weight increase. This is consistent 

with findings of Foy (1974) and Franco and Munns 

11982). According to Franco and Munns (1982), field 

beans grown in nutrient solution with adequate 

amounts of phosphorus i.e. between 10 and 1000 ppm, 

(he shoot and root dry matter weights were greater at 

pH 4.8 than at pH 4.5. The significant difference (P 

0.05) observed in the root dry matter weight when
there was an interaction between soil acidity and

Ir)oculation could be a .tributed to the acidifying 

fect of the Rh i zob i urn moculant used ( Mu 1 t i s t r a i n,
445 and 446) which is acidifying and might have 

0wered the pH around the pregerminated seed thereby 

de‘aying its germination thus a reduction in root dry 

I*r weight (i.e. 0.22 and 0.24g plant 1 for the 

ClJlated and non-i nocu 1 at̂ ed seeds respectively).
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Table 7c (see appendix lie) shows the effect of 

nutrient solution acidity and aluminium content on 

tf,e number of nodules formed on the root of each bean 

plant. Nutrient solution acidity affect

significantly (P = 0.001) the number of nodules 

formed on the root of each plant since different 

nodules number were obtained at different pH’s. At 

pH 6.8, 5.0 and 4.0 the mean number of nodules on the

roots per plant were 6.17, 1.75 and 4.10

respectively. The concentration of aluminium in the 

nutrient solution also affected significantly 

(P = 0.05) the nodules formed on the root of the

field bean plant since there was a reduction in the 

number of nodules formed on the root per plant as the 

concentrat ion of aluminium increased. Inoculation of 

the bean seed also significantly (P = 0.001) affected 

the number of nodules formed on the root per bean 

Plant. No nodules were formed where the bean seeds

Were not inoculated with Rh i zob i urn inoculant whereas

n inoculation of the bean seed, the mean number of 

nodules formed on the roots per plant was 8.01.

Effect iveness of the nodules was not one of the
âctor s considered in this study and the number of
nodules presented here are for both effective and
non-®ffective nodules. The highest mean number of
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nodules per plant on the root of the bean plant was 

13.12 at pH 6.8 and Opptn Al. This was considerably 

low compared to 216 nodules per plant formed on the 

r o o t  of field bean grown under similar conditions by 

Anyango (1984), although she used a different field 

bean cultivar (Canadian Wonder). According to 

A n y a n g o  (1984) field bean (Phaseo1 us vu 1 gar i s L. ) 

s h o w a very poor response to inoculation. Results 

from this experiment therefore indicates that the 

field bean cultivar Rosecoco show a much poor 

response to inoculation than cultivar Canadian 

Wonder. This could be the reason for the low nodule 

counts on the root of field bean cultivar used.

Nutrient solution acidity could be the major 

factor inhibiting nodulation of the beans since it 

was observed that it has a high significant effect
(P 0.001), (see appendix 11c) o the number of

nodules formed on the roots per bean plant. At Oppm 
A I’ we observe a reduction in the mean number per 

P'ants from 13.12 at pH 6.8 to 0 at pH 5.0. An
i ncrease at pH 4.0 of 8.5 is also observed. This is
cons
who

Pe

istent with findings of Franco and Munns (1982) 

observed that a drop of pH 5.5 to 5.0 resulted in 

^crease in the number of nodules from 60 nodules 
r Plant to 10 and no further decrease 'was observed

at
PH 4.5. Even though aluminium in solution ca n
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inhibit formation of a few nodules formed at low pH. 

this effect would have little biological significance 

wften compared to the effect of low pH, although 

a c c o r d i n g  to Eaglesham et_. a_l_. (1984) aluminium above

50 m is the most severe stress strain factor stopping 

the growth of most strains of Rh i zob i urn in acidic 

media. The inhibition of nodulation in the present 

study could not be explained by manganese toxicity, 

since more manganese was adsorbed from solution at 

high pH and the amount added to the nutrient solution 

m) was below toxic levels according to Nairobi 

Microbial Resource Centre (M1RCEN). Manganese

toxicity may explain failure of beans to nodulate in 

some acid soils (Dobereiner, 1966) but is less 

widespread than acidity and aluminium toxicity in 

tropi ca 1 soils.

0m sensitive step in inoculation is infection.
but acidity can also inhibit root colonization

'Graham and Parker, 1964; Vincent, 1965; Munns, 1968; 

nc* Munns and Keyser, 1981). The Rh 1 zob 1 urn strain 

*ed (Multistrain 445 and 446) was able to grow well
at

6 f f

PH 6.8 to 4.0. Quality control tests on the
©ct iveness of the inoculant used. Rh i zob i urn strain

‘Us
hot

and 446 Multistrain) was also confirmed (Result 

Pr©sented here) to ensure good noduhation. These
QbSe rVations imply that poor rhizobial growth itself
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c»n not exP la*n poor nodulation at low pH’s (4.0 and 

, q) m Nutrient solution acidity might merely delay 

n0dLilation since according to Munns and Keyser (1981) 

the adverse effect of soil acidity and aluminium on 

rhizobial growth appear to be bacteriostatic rather 

than bacteriocidal. With time more nodules might 

have been formed. This explain the high significant 

effect (P = 0.001) observed between the interaction 

of nutrient solution acidity (pH) and inoculation. 

It may also explain the low nodule counts per plant 

root observed in this study contrary to that of 

Anyango ( 1984 ) .

From Table 7c, it was observed that the effect 

°f nutrient solution aluminium content on the number 

nodules on the roots per plant was not as 

sensitive as the nutrient solution acidity although 

â ove 5ppm A1 the number of nodules on the pla it root
Wa cs restricted. The presence of available aluminium 

n nutrient solution inhibit nodulation directly 

franco and Munns, 1982) through bacteriostatic 

°ts (Munns and Keyser, 1981). This could be the
rgac _

°n for the significant effect (P = 0.05) observed
b*tv,een
Uni 1 n i um

PresenCe

the interaction of nutrient solution
♦

content and inoculation on the number of 
formed on the root of each '• plant. The 
of available aluminium might also inhibit



107

peculation indirectly by stunting root growth, 

reducing the potential number of sites where nodules 

>ay develop (Kamprath and Foy, 1971) and also tend 

*0 compound the effect of low levels of calcium by 

inhibiting its uptake (Andrew, 1978) and this could 

t,e the reason for the significant effect (P = 0.05)

observed between the nutrient solution aluminium 

content and the number of nodules per plant on the 

root of the beans.

Tolerance to acidity is not necessarily 

correlated with tolerance to aluminium, since 

aluminium increases the lag time or slows the growth 

rate of almost al 1 of the strains of Rh i zob 1 urn which 

are tolerant to low pH (Keyser and Munns, 1979). 

This could have been the reason why there was no 

significant difference between the interaction of 

nutrient solution ; cidity and aluminium content on 

number of noduli-s formed per plant on the root of 

bean (Phaeso1 us vulgaris L. ) cv "Rosecoco".

4  ̂ Soil Experiment

The effect of the three soil types, namely
SitUamba (an Andosol), Kitale (Ferralsol) and Kabete

Hit,

L
•osoi) at 0-15 and 15-30 cm depths and Rh i zob iurn
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inoculation on the taproot length, root dry matter 

ight and the number of nodules formed on the roots 

per bean plant were studied.

4.3.1 The Effects of Soil. Depth and Rh i zob i urn 
Inoculation on Taproot Length of Field 
Beans

The effect of the soil, sampling depth and 

Rhizob i urn inoculation on the length of the taproot of 

the field bean cultivar is shown in Tables 8a and 8b 

(see appendices Ilia and I lib). Tables 8a and 8b 

show the effect of these variables and their 

interactions on the length of the taproot when the 

soil was not fertilized and when fertilized with 

t r i p l e  superphosphate (TSP) fertilizer at the rate of 

kg P2 0 5/ha respectively. The increase in taproot 

*ength among the three soils was not significant 

(Table 8a). Within Gituamba soil, the taproot length 

lncreased significantly (P = 0.05). High taproot 

en?ths were obtained at the depth of 0-15 cm (3.31 

® Plant *) than at depth 15-30 cm (2.69 cm) plant 

After fertilization (Table 8b) the taproot
' ®rig t w among the three soils increased significantly
(p s

°-0l) with the.highes^t length being obtained in
G i ^ _
| am*3a (3.24 cm plant ) followed by Kabete (2.87

C* PI 
f er 11

ant *) and the Kitale (2.53 cm plant *) . After
1 i2ation, inoculation of the bean seed increased
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tie length of the taproot significantly (P = 0.05) in 

Kabete soils with highest length being obtained when

W3.S inoculated (3.01 and 2.64 cm plant 1 for

inocu 1 a ted and non-inocu1ated bean seed

respectively). Looking at Table 8a and 8b we observe 

the effect of phosphate fertilizer on the length of 

t aproot  of the bean plant between the three soils, at 

different depths and Rh i zob i um

♦
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Table 8a: Effect of soil, depth and Rhizobiua inoculation of field 
beans (Phaseolus vulgarj^ L .) cv ’ Rosecoco’ on aean 
taproot length (ca plant ) for three soils (No Fertilizer
was added on the soil).

Gituaaba Soil 
Soil Depth (ci)

Kitale Soil 
Soil Depth (ca)

Kabete Soil 
Soil Depth (ca)

0-15 15-30 0-15 15-30 0-15 15-30

Taproot length 
(ci plant ) dean

Taproot leng|h 
(ca plant ) Mean

Taproot length 
(ci plant ) Mean

Inoculation
N0 3.54 2.46 3.00 3.15 3.42 3.28 3.21 3.14 3.18

"l 3.09 2.93 3.01 3.12 3.22 3.17 3.54 3.33 3.43

Nean for 
depth 3.31 2.69 3.13 3.32 3.38 3.23

Nean for 
Soil 3.00 , 3.23 3.30

Means -of 4 plants each grown in a pot and harvested 14 days after 
planting

2 C.V = 9.84%

S-E (X) (between the soils) = 0.08

S-E IX) (inoculation within the soil) = 0.11

S-E (X) (Depth within the soil) -  0.11

(X) (Inoculation and depth interaction with the soil) - 0.16 

 ̂ N0 : Non-inoculated 

**1 : Inoculated *



111

fjble soil, depth and Rhizoblua Inoculation of field beans
(Phase l̂us vulgaris L . ) cv "Rosecoco" on lean taproot length (cn 
plant ) for three soils.

(Triple Superpohosphate (TSP) was added on the soil at the rate of 
69kg P205/ha

Gituaoba Soil Kitale Soil Kabete Soil

Soil Depth (c«) 
0-15 15-30 
Taproot length 
(ci plant ) Hean

Soil Depth (ca) 
0-15 15-30 
Taproot length 
<c* plant *) Mean

Soil Depth (c») 
0-15 15-30 

Taproot length 
(ca plant ) Mean

Inoculation Ng 3.27 3.42 3.35 2.66 2.67 2.66 2.59 2.68 2.64

Nt 3.23 3.01 3.12 2.33 2.47 2.40 3.47 2.73 3.01

Kean for depth 3.25 3.22 2.50 2.57 3.03 2.70

Mean for soil 3.24 2.53 2.87

11 Heans of 4 plants each grown in a pot and harvested 14 days after planting 

21 C.V = 16.08*

S.E (X) (between soils) = 0.12

<X) ( i n o c u l a t i o n  w i t h i n  the soil) = 0.16 

S-E (X) (depth an d  i n o c u l a t i o n  i n t e r a c t i o n  w i t h i n  the soil) = 0.. J 

**0 ■ Non-ino c u l a t e d 
N1 : Inoculated
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gelation. The variability of the length of the 

tapr0°t on fertilisation with TSP is small within the 

three soils. Increase in length is observed in 

(jituamba soils at both depths and on inoculation 

3fter fertilization whereas a decrease in length is 

observed in Kitale and Kabete soils at both depths 

and on inoculation after fertilization of the soil.

These observations made from Tables 8a and 8b

can be explained by looking at the soil texture and

bulk density in Table 3 and percent organic carbon,

phosphorus concentration, cation exchange capacity,

per cent soil Nitrogen in Table 4 and total,

monomeric and polymeric aluminium ion concentration

*n Table 5. In Gituamba soils, a significant

difference (P = 0.05) is observed on the taproot

length within the two soil depths before

*rtilizatior On fertilization, the soil depths do

not significantly affect the length of the taproot of 
the

"oted
be f

bean plant. From this observation it can be 

that the difference in taproot length observed

re fertilization with phosphate fertilizer could 

f to difference in phosphorus content in the two
'0il dePths , but the amounts of phosphorus in the two

dePths i.e. 0-15 and 15-30 cm are 0.65 and 0.35 
p respectively which are very lowi. Therefore 

§r>ificant effect cannot be explained. The



t difference ( P 0.01) observed on thelfican

Ith

brti

0f the taproot between the three soils after 

lizer could be explained by looking at some of

pjrameters stated above in Tables 4 and 5 and not

Ljing the pH. The possible explanation for

d i f f e r e n c e  in taproot length between Gituamba, 

Ljfi Kabete soil on P-f e r t i 1 i za t i on could be due 

d i f f e r e n c e  in organic matter and soil percent 

■nn -content (see Table 4). Before P-

tilization, there was no significant difference on 

taproot length between the three soils but after 

ilization, the taproot length became longer in 

-iTiba soils than in Kabete and Kitale soils. The 

r®* °f addition of phosphate fertilizer in 

P1"8 soils could be the reduction of toxic levels 

^uminium ion (see Table 4 ) through a process 

r*d to as "liming with phosphate" in apparently
tile SL ' 1s of Gituamba. Also the addition of
phate *fertilizer would increase nitrogen 

“<-ion in organic matter and this would 

taproot elongation in Gituamba soils since
* a S

: °re organic matter than Kabete or Kitale
Acc°rdine
ePts

g to Munnvar and Wa1 1 urn (1977) working

in Columbia. addition of phosphate
ssed

Nitrogen mineralization and evolution of
%

c ° m p a

41
red to plots not treated with phosphate.

So
°bserved significant mineralization of
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carbon and Nitrogen interaction. They concluded that 

avai 13.t> 1 e phosphorus was a rate - limiting factor for 

org a n i c  matter mineralization in Andepts and this 

could affect plant performance. The difference in 

t a p r o o t  length between Kitale and Kabete soils after 

p-ferti1ization could be due to the difference in 

their cation exchange capacity and available 

e x c h a n g e a b l e  bases. Apparently before P- 

f e r t i  1 ization. phosphorus is the limiting factor on 

taproot elongation but after its addition the taproot 

growth would be determined by cation exchange 

capacity and exchangeable bases available since from 

Table 4 most exchangeable bases are not deficient in 

both soils but are present in different concentration 

in both soils.

The decrease in taproot elongation or length on 

^'fertilization in Kabete and Kitale soils cou d be
due to mineralization o.f organic matter on adoition

Phosphate which could result in a decrease in

ation exchange capacity, since organic matter in the 
soi i . ,dlso contributes to the cation exchange capacity, 

during the mineralization of organic matter on* I so

add i t i°n of phosphate fertilizer according to Munnevar
and ^allum ( 1977), CC>2 is evolved. This will
lsSo lVe in soil solution to form carbonic acid. On
l°ni2at f°n, it will release H ion and this will
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a decrease in soil pH. A decrease in soil 

affect the availability of some essential 

either through their precipitation or 

through the physiological effect of the pH on the 

bean plant root which will make them not absorbeable 

into the roots.

4.3.2 The Effects of Soil, Depth and Rh i zob i urn 
Inoculation on the Root Dry Matter Weight 
of Field Beans (Phaseo1 i vu1gsris L. ) cv 
"Rosecoco"

result in 

pH w1 1 1
glement s

The effect of the soil, sampling depth and 

Rhizob i urn inoculation on the root dry matter weight 

of field beans is shown in Tables 9a and 9b (see 

appendices 1 Va and IVb). Tables 9a and 9b show the 

affects of the three soil variables and their 

interaction on the root dry matter weight when the 

s°il was not fertilized and when fertilized with TSP 

*ertilizer at the ra'e of 6Skg respectively,

r̂om Table 9a we observe that the increase in root 

matter weight among the three soils was

r Ibificant (P = 0.01) with high root dry matter

Pght being obtained in Kitale ( 0 . & 6 g plant * )
foil-' _1°wed by Gituamba (0.2Bg plant ) and then Kabete
(0,2o„ -1| 6 plant ). Within,Kita1e soil, there was a
8 i g n ,• < .t ‘leant (P = 0.01) effect of inoculation of the
3ean s©ed on root dry matter weight (0.56 and 

for the inoculated and non-inocu1ated

0. 36g 

bean
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seeds respectively). An increase in root dry matter 

ight was also significant (P = 0.05) within Kitale 

0il with highest root dry matter weight being 

gained in the topsoil (0.55 and 0.37g plant * ) for 

depths 0-15 and 15-30 cm respectively). Interaction 

between the soil depth and inoculation within Kitale 

so i l  was also significant (P = 0.05). Table 9b shows 

the effect of phosphate fertilization on the root 

matter dry weight. There was a significant (P = 

0.01) increase in root dry matter between the three 

soils with the highest root dry matter weight being 

obtained in Gituamba soils (3.37g plant 1) followed 

by Kabete (1.08g plant *) and then Kitale (1.02g 

plant *). After fertilization, there was also a 

significant (P = 0.01) increase on the root dry

matter weight within Gituamba soils with the highest 

root dry matter weight being obtained in the topsoil 

(3.97 and 2.77g pli it for depths 0-15 and 15-30 cm 

respecti ve 1 y ) .

From Tables 9a and 9b we can see the effect of P- 

j*rtl 1 i zat i on on the root growth of field bean plant.
There an obvious increase in root growth on P-
- r t* 1 i *1 Nation since an increase in root dry matter
Weight Is observed in all ^the soils with the maximum
increase being observed in Gituamba soil (from 0.28
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Table 9a: Effect of soil, depth and Rhlzoblun inoculation of field beans (Phaseolus
vulgaris L ,) cv "Rosecoco" on the lean root dry latter weight (g p l ant )  for 
three soils (The soil was not fertilized)

Gituaiba soil 
Soil depth (ca)

Kitale soil 
Soil depth (ca)

Kabete soil 
Soil depth (ca)

0-15 15-30 
Root dry latter^ 

weight (g plant ) Bean

0-15 15-30 
Root dry natter  ̂
weight (p plant ) Mean

0-15 15-30 
Root dry natter ^  
weight (p plant Mean

Inoculation Ng 0.23 0.34 0.28 0.37 0.35 0.36 0.17 0.25 0.21

"l 0.32 0.24 0.28 0.73 0.40 0.56 0.23 0.21 0.22

Kean for depth 0.28 0.29 0.55 0.37 0.20 0.23

Bean for soil 0.28 0.46 0.22

i) lieans for 4 plants each grown in a pot; harvested 14 days after planting 

S.E (X) (between the soils) = 0.4 

S.E (X) (inoculation within the soil) = 0.06 

S.E (X) (depth within the soil) = 0.06

S-E (X) (in raction of inoculation and depth within the soil) = 0.09 

"0 ' H°n-inoculated 

*1: Inoculated
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u e 9b: E f f e c t  of s o i l ,  depth and R h l z o b i u i  i n o c u l a t i o n  o f  f i e l d  beans1 ( Phaseolus
v u l g a r i s  L . ) cv 'R os e coc o" on le a n  r o o t  d r y  u t t e r  weight (f p la n t  l ) f o r  t h r e e  
s o i l s .  The s o i l s  were f e r t i l i z e d  w i th  T r i p l e  Superp hos pha te  (T S P )  f e r t i l i z e r  
a t  t he  r a t e  o f  69 kg P j t V h a

G l t u a a b a  s o i l  
S o i l  d e pth  Ice) 

0 - 1 5  15 -3 0

K i t a l e  s o i l  
S o i l  d e pth  ( c i )  

0 - 1 5  15 -3 0

Kabete s o i l  
S o i l  depth ( n )  

0 - 1 5  15 -3 0

R o o t  d r y  u t t e r  
we ig h t 
(g p l a n t  l ) Kean

Roo t d r y  u t t e r  
weight 
(g p l a n t  a Kean

Root d r y  u t t e r
weight
(g p l a n t  > Kean

Inoculation Nq 3 . 6 7 2 . 5 3 3 . 1 0 0 . 9 7 1 . 0 2 0 . 9 9 1 . 3 6 1 . 0 4 1 . 2 0

" 1 4 . 2 8 3 .0 2 3 .6 5 1 .  L I 0 .9 9 1 . 0 5 0 . 9 1  0 .9 9 0 . 9 5

Dean for depth 3 . 9 7 2 . 7 7 1 . 0 4 1 . 0 0 1 . 1 4 1 . 0 2

Sean for s o ils 3 . 3 7 1 . 0 2 1 . 0 6

IS 1) Keans of 4 p l a n t s  each grown i n  a p o t ;  h a r ve s te d  14 days a f t e r  p l a n t i n g

S . E  ( I )  (between t he  s o i l s )  = 0 . 2 3  

S . E  ( I )  ( i n o c u l a t i o n  w i t h i n  the  s o i l s )  -  0 . 3 2  

S . E  ( I )  (d e pt h s  w i t h i n  the s o i l s )  -  0 . 3 2

E - E  ( I )  ( i n t e r a c t i o n  of i n o c u l a t i o n  and depth w i t h i n  the  s o i l )  = 0.46  

^  Hq = N o n - i n o c u l a t e d  

**1 = In o c u la te d

♦
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(

3.37 g plant 1), Kabete (0.22 to 1.08g p l a n t 1) and 

then Kitale (0.46 to 1.02g plant 1). The increase is 

conSiderable and supports a historical fact that good 

supply of phosphate always increases root growth 
(Tlsdale and Nelson, 1971).

The observed significant difference on the root 

growth of the field bean plant when the soils were 

n0t fertilized can be explained by looking at the 

soli pH, which affect nutrient availability and 

solubility in soil solution; percent organic matter 

Ip the soil which contributes to cation exchange 

capacity as such soil fertility and water relations 

In the soil; soil Nitrogen which is an essential 

plant nutrient; cation exchange capacity, which 

affects the soil fertility; soil solution aluminium 

content which affect the soil pH, cation exchange 

.capacity and is toxic in high concentration and last 

not least, phosphorus concentration in the soil 

!°lution which is also an essential plant nutrient 

ind which is important for the root growth (see 

4 and 5 )̂  The above mentioned parameters

u*d also be the cause of the significant difference 
on thee root growth observed within Kitale soils.

- 119 -

L
♦
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On P-ferti1Ization, apart from the significant 

difference (P = 0.01) observed on root dry matter 

weight among the three soils all the other

jgnlficant differences observed become

insignif leant. From this observation and the

concentrat i on of phosphorus as shown In Table 4, it 

can be stated that phosphate is the main limiting 

factor on root growth among the three soils studied. 

Also from this observation it can be stated that the 

high root dry matter weight obtained in Kltale soil 

when the soil had not been fertilized was because it 

had a relatively high content of phosphorus (though 

relatively low) in its topsoil, (3.67 ppm P) than in 

the other soils. This fact can also be 

elucidated by looking at the root dry matter weight 

within Kitale soils, where the topsoil had a root dry 

matter weight of 0.55 compared to 0.37g plant 1 in 

the subsoil. The difference in the root growth 

between Gituaraba and Kabete soils when the soil had 

Rot been fertilized could be due to the higher total 

nitrogen and organic matter content in Gituamba
sol is than in Kabete soils since all the other
fact0rs favour the Kabete soils than Gituamba soils
»n<i Vet Gituamba soils had a high root dry matter 

■*iht than Kabete soils (0.28 and 0.22g plant 1 for
Gi t u

an>ba and Kabete respectively) an indication that
• ♦

°°t growth occured in Gituamba soils than in

■HIYPRSITY OP NAIROBI 
LIBRARY
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Kjbete soils. The soil texture (clay loam and clay 

r Gituamba and Kabete respectively) could also 

,cCOUnt for the observed difference in root growth. 

The clay loam soils of Gituamba are more porous (low 

bulk density of 0.65 and 0.79g/cm for depths 0-15 and 

j5-30 cm respecti ely) as such do not restrict root

growth much when c impared to the clay soil of Kabete
-3(bulk density 1.10 and l.Olg/cm for depths 0-15 and 

15-30 cm respectively). The significant difference 

(P = 0.01) observed in root growth within Kltale

soils on Rh 1 zob i urn inoculation (0.36 and 0.56g plant 

1 for the non-inocu1ated and inoculated seed 

respectively) could be due to the effectiveness of 

the nodules formed on the root of the bean plant 

because when the nodules were separate from the roots 

when being counted, over 50% of the nodules on 

dissection, had a pinkish coloration, an indication 

that they could possibly fix nitrogen. The possible 

teason for the interaction observed within Kitale 

*oll between the soil depths and Inoculation on the

f0ot; growth of field bean could be due to the

^°sphate content in the soil. According to van

reven (1958), although species and cultivars 
differ in their nutritional needs, legumes have a
1 & t i >. flve‘y high phosphorus requirement for optimum 
r̂°wth o• Some require significantly more phosphate to 

°Ptimum yield when Relying on symblotica11y
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fixed nitrogen in comparison to when supplied with 

utilizer (Cassman e_t a_l_. , 1981). The high root dry

,tter weight (0.73 and 0.40g plant 1 for depths 0-15 

jnd 15-30 cm respectively) observed for the topsoil 

could be due to the relatively high phospha e content 

in the soil (3.67 and 1.00 ppm P for depths 0-15 and 

15-30 respectively).

Addition of phosphate fertilizer has a 

significant influence on the root growth as stated 

e a r l i e r  and this is supported by looking at Tables 9a 

and 9b. From Table 9a we can see that based on the 

Information on Table 4 and 5 for Gituamba soils, the 

limiting factor on root growth is probably the soil 

pH and aluminium content in the soil solution. The 

same may apply for Kabete and Kitale but not as much 

ss for Gituamba soils. Addition of Triple 

superphosphate (TSP) fertilizer does not affect the 

,o11 PH, because TSP fertilizer is neither acidifying 

n°r basic in character. But it is added to the three 

°**s> it considerably reduce the concentration of 

°ta* aluminium (see Table 11) in Gituamba soil than 

Vitale and Kabete soils. It can be stated here

ne process often referred to as "liming by 
Ph°»Phat nIe is more defined here than before.
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The significant difference (P = 0.01) observed 

the root growth among the three soils on p- 

^ftillzatlon could therefore be explained by looking 

jt the organic matter content In the three soils 

ĥlch Is high in Gltuamba soils than In Kitale and 

,,abete oils (see Table 4). According to Munevar and 

gal 1 um (1971) addition of phosphate onto the soil 

favours nitrogen mineralization and this could be 

good for the plant growth. Therefore the addition of 

phosphate probably favoured nitrogen mineralization 

from organic matter more in Gltuamba soil and this 

was good for the root growth.

The difference in soil nitrogen content could 

also be a reason for the difference in root growth 

between the three soils but since Gltuamba soils had 

,ore soil nitrogen (see Table 4) than Kitale and 

Kabete soils, more growth was obtained in the former 

soils. The porosity of the soil could also affect 

lhe rate of root growth. The higher is the soil bulk

•nsity, the more difficult it is for the root to 
P*netrate and proliferate in the soil. Gltuamba soil 

v n8 a lower bulk density than Kitale and Kabete 

therefore did have more root growth and this‘oils
too,

°ould explain the difference in the root dry 

w®ight between the three soils when the soil 

Utilized. Between Kitale and Kabete soils the

er
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P1
|.

OSSible reason for the difference In the root growth 

root dry matter weight, could be due to the

dlfference *n the fertility of the two soils. Kabete 
sol] is more fertile (higher CEC) than Kitale soil 

Kabete soils also have higher organic matter, 

nitrogen content and exchangeable ases than Kitale 

s0U (Table 4). This could account for the 

difference in root dry matter weight between the two 

soils. The significant difference in the root dry 

aatter weight within Gituamba soils at the two soil 

depths could be due to the difference in organic 

aattsr content (7.97 and 6.24XC for depths 0-15 and 

i5-3Q cm respectively) and the amount of soil

nitrogen present in the soil (0.65 and 0.54XN for 

depths 0-15 and 15-30 cm respectively.

4.3.3 The Effects of Soil, Depth and Rhlzob1 urn 
Inoculation on the Number of Nodules 
Formed on the Root of Field Beans 
(Phaseo1 us vulgaris L. ) cv "Rosecoco"

The effects of the soil, sampling depth and

inoculation on the number of nodules formed 
on ne root per plant of the field beans (Phaseo1 us

L. ) "Rosecoco" is shown on Tables 10a and
10b (see appendices Va and Vb). Tables 10a and 10b
*hov/ the effects of these variables and their
^ract,‘on on the number of nodules formed on the

P 0 p - ^P'ant, when the soil was not fertilized and
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ên fertilized with Triple Superphosphate (TSP) at 

rate of 69kg P2 0 5 /ha respectively. Table 10a 

jfi0WS that the number of nodules formed on the root 

r plant was affected significantly (P = 0.001)

ginong the three soils since different numbers of

podLJ 1 £ s were formed on the root of each plant.

H i g h e s t mean number of nodules was obtained in Kabete

sol 1s (9.94 nodules per plant 1) foil owed by Kitale

sol 1 s (9.49 nodu1es per plant *) and then Gituamba

so i 1 s (8.00 nodules per p 1 ant *). Within Kabete

s o i l s ,  the mean number of nodules per plant increased 

significantly (P = 0.01) from 9.08 before inoculation 

to 10.81 after inoculation of the beans during 

planting. Table 10b shows the effect of the three 

variables and their interaction when the soil had 

seen fertilized prior to planting the seeds. The 

“ean number of nodules on the roots per plant of the 

beans plant increased s i gni f i cant 1 y (P = 0.01) from 

26,2° in Gituamba to 102.02 in Kitale and then to 

in Kabete soils. No significant difference 

is observed within the soils.

Ph0
From T a b l e s  10a and 10b we o b s e r v e  t he  e f f e c t  of  

8Phate f e r t i l i z a t i o n  on t h e  number  of n o d u l e s

0r«ied
euiti

on the roots per plant of the field bean
v»r. The increase in the mean number of nodules

»r, the root per plant after* phosphate fertilization
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8.00 to 26.00 in Gituamba, 9.49 to 102.02 In

Kabete so*ls before and after phosphate fertilization 

fgSpectively show the effect of phosphorus on nodule 

urination. According to .ctalder (1952) and Diener 

(1950) nodule development equires adequate phosphorus 

3n(j nodules accumulate at high phosphorus content 

than root content (Mosse ei a_l_. . 1976), although

indications are that phosphorus definitely limits 

nodulation indirectly by limiting legume growth 

rather than the infection process per se (Andrew,

1978; Zaroug and Munns, 1979). So the low number of 

nodules formed on the root per plant of field bean 

before fertilization could be attributed to the low 

phosphorus content (see Table 4) in the three soils 

“hich is offset by addition of phosphate fertilizer 

and this is consistent with the findings of Franco 

*nd Munns (1982) who found that in solution culture 

different phosphorus levels, highest number of 

n°dules were produced on the root of common bean

^ tale and 9.94 to 160.71 nodules per plant 1 in

Ivulgaris L.) at the highest phosphorus
levels.

♦
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Iil)l« 10*: E f f e c t s  o f  s o i l ,  dept h and R h l z o b i u a  I n o c u l a t i o n  of f i e l d  beans (Phas eol us
v u l g a r i s  L . ) cv 'R o s e c o c o *  on l e a n  nuaber o f  nod ul es  on the  r o o t  per p l a n t  
on the t h r e e  s o i l s  (The s o i l  n o t  f e r t i l i z e d )

G i t u a a b a  S o i l  
S o i l  d e pth  <ca>

K i t a l e  S o i l  
S o i l  d e pt h  (ca )

Ka bete S o i l  
S o i l  depth (c a )

0 - 1 5 15 -3 0 0 - 1 5 15 -3 0 0 - 1 5  15 -3 0

Nodu le
( p l a n t

Nuaber
* )

Nean Nodule Nuaber 
( p l a n t  l )

Kean Nodule Nuaber 
( p l a n t " 1 ) Mean

I n o c u l a t i o n  Nq 1 1 . 5 3 5.0 5 8 . 3 1 8 . 9 2 1 0 . 7 0 9 . 8 1 9 . 3 0  8 .8 6 9 . 0 8

» 1 8 .5 5 7 . 5 8 8 . 0 6 8 . 7 3 9 . 4 3 9 . 0 9 1 1 . 5 3  10 .0 9 1 0 . 8 1

lean f o r  d e p t h 1 0 .0 4 6 . 3 2 8 . 8 2 1 0 . 1 6 1 0 . 4 1  9 . 4 7

lean f o r  s o i l s 8 . 0 0 9 . 4 9 9 .9 4

£•* *  2 5 .8 7 *

£■£(!) (between the  s o i l s )  1 0 .0 8

^  W  ( In o c u la tio n  w i t h i n  the s o i l )  = O . l t

M i l )  (depths w i t h i n  t he  s o i l )  s 0 . 1 1

(*> ( i n t e r a c t i o n  of i n o c u l a t i o n  and s o i l  dept h w i t h i n  the  s o i l )  1 0 . 1 6

* The leans a re  f o r  *  p l a n t s  each growing in  a pot and h a r v e s te d  14 days a f t e r  
p l a n t i n g .

: **0 '  non-inoculated

•*1 * inoculated 

3) TkThe data pres e nted here was t r a n s f o n e d  d u r in g  the a n a l y s i s  o f  v a r ia n c e  us in g 
1/2

* *  t r a n s f o r m a t i o n .

♦
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. U  iO b :  E f f e c t  of s o i l ,  depth and R h l z o b l u a  i n o c u l a t i o n  o f  f i e l d  beans ( P h a s e d u s
v u l t a r i s  L . ) cv "Rosecoco * on the  aean n u ib e r  o f  nodules on the  r o o t s  per 
p l a n t  on the t h r e e  s o i l s  (The s o i l  was f e r t i l i z e d  a t  the  r a t e  o f  69kg 
P̂ /ha)

G itu a a b a  S o i l  
S o i l  Depth (ca l

K i t a l e  S o i l  
S o i l  Depth (c a )

Ka bete S o i l  
S o i l  Depth (c a )

0 - 1 5 5- 30 0 - 1 5 15 -3 0 0 - 1 5  15-30

Nodule N u ib e r  
( p l a n t  ) Mean

Nodule Muaber 
( p l a n t  ) Mean

Nodule Muaber 
( p l a n t  l ) dean

In o c u la tio n  Nq 36.94 2 3 . 7 0 3 0 .3 2 6 6 . 5 7 1 1 4 . 7 8 9 0 . 6 7 1 9 2 .8 2  13 3 .8 0 1 6 2 .3 1

" l 2 2 .8 1 2 1 . 3 7 2 2 .0 9 10 6 .5 4 1 2 0 . 2 2 1 1 3 . 3 8 1 4 4 . 2 0  1 7 4 . 3 0 1 5 9 . 1 1

Dean f o r  d e p t h 2 9 .8 7 2 2 .5 3 86.5 5 1 1 7 . 5 0 1 6 7 . 5 1  1 5 3 .9 1

lean f o r  s o i l s 2 6 .2 0 1 0 2 .0 2 1 6 0 . 7 1

C.I * 20.93%

5E (1) (between the s o i l s )  s 0 . 1 2  

^  (1) ( i n o c u l a t i o n  w i t h i n  the s o i l )  *  0 . 1 6  

SE (X> (depths w i t h i n  the  s o i l )  *  0 . 1 6

E ( i n t e r a c t i o n  of i n o c u l a t i o n  and depth w i t h i n  the  s o i l )  = 0 . 2 3

* 1) Means fo r  4 p l a n t s  each growing In a p o t and h a r v e s t e d  14  days a f t e r  p l a n t i n g

* 0  *  n o n -in o c u la t e d

**1 *  in o cu la te d 

3) Tk
he data pres ented  here  was t r a n s f o r M d  d u r in g  t he  a n a l y s i s  of v a r i a n c e  us in g 

' 1/2
t r a n s f o r m a t i o n .

♦
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Field beans (Phaseo1 us vu1 gar 1s L.) are 

tensively grown without N-ferti1izer, where N-

Ration is needed under adverse soil conditions.

UeSponse to inoculation in field trials has been

extremely variable due to many poorly understood

limiting factors, especially in acid soi s (Tisdale

gt a_}_ 1985). The study of factors that limit

nodulation and plant growth in soils is sometimes

impeded by the complexity of soil. So, by looking at

Table 10a and 10b, the significant difference

observed in the number of nodules formed on the roots

per plant of the field bean between the three soils

can only be postulated. Soil pH could be a possible

reason for the difference in the number of nodules

formed on the roots per plant between the three

soils. According to Graham and Parker (1964), slow

Roving rhizobia strains are in general more tolerant

•to low pH than fast growers, although strain to

‘train differences exist. Rhl zobl urn inoculant used

'Multistrain 445 and 446) is a fast-growing rhizobia

therefore might be less tolerant to low soil pH

Gituamba soils than in Kitale and Kabete soils. 
The

sinCe
this

6 *

same might apply for Kitale and Kabete soils, 

they have different soil pH (see Table 4) and 

®tght affect the Rh1zob1um inoculant used
*>th

1uri
u8h it was able to grow well at pH 6.8 to 4.5 

® the quality control tests. The bacteriostatic
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ffect of the soil acidity on the rhizobia could also

. the possible reason for the difference in the je
uinber of nodules formed on the roots of the bean

between the three soils. Aluminiumplant
concentration in the soil solution between the three 

1 s (see Table 5) could also be the possible reason

/or the difference in the number of nodules formed

on the roots between the soils because according to 

Hunns and Keyser (1981) higher aluminium ion 

concentration adversely affects rhizobial growth 

through the bacteriostatic effect just like the soil 

a c i d i t y .  Therefore the difference in aluminium 

content between the three soils could be the cause of 

the difference in number of nodules formed on roots 

per plant.

The significant difference (P = 0.01) observed 

on the number of nodules formed on the root per plant 

“ithln Kabete soil when no fertilizer was added could 

*** due to Rh 1 zob 1 urn inoculation (9.08 and 10.81 

’’°dules plant 1 for the non-inocu 1 ated and Inoculated
6eans respect i ve1y ).
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fab'e 11 : Total concentration of aluminium in the 
three soils and at different depths 28 
days after fertilizing the soil with TSP 
(Triple Superphosphate) fertilizer at the 
rate of 150kg TSP/ha

Soi 1 Depth 
(cm)

Aluminium 
Concentrat 1 on 
(m.e/lOOg soil)

Gltuamba 0-15 2. 20

Gituamba 15-30 2.60

Kitale 0-15 0. 34

Kitale 15-30 0. 20

Kabete 0-15 0. 24

Kabete 15-30 0. 30

♦
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4.4 Comparison of nutrient solution with soil 
exper Intents

Soil experiments involving plants are usually 

difficult to interprete due to the complex 

interactions which do occur within the soils. 

Nutrient solutions are usually prepared to simulate 

the soil conditions and these are used to explain 

s o m e  of the soil reactions. In the present study, pH 

and aluminium content in the soil were simulated in a 

nutrient solution study in order to explain their 

effects on taproot elongation, root growth and number 

of nodules formed on the root of the field beans 

(Phaseo 1 us vulgaris L. ) cv "Rosecoco".

It was difficult to observe the effect of pH and 

aluminium content in the soils before the addition of 

Phosphate fertilizer since phosphorus was very

Uniting and masked any other effect of soil

-Editions on the above mentioned parameters except 

,0r the number of nodules formed on the roots of the 

plant. After the addition of phosphate

Utilizer, the amount of organic matter and nitrogen 
lr> the

cont
Thls
foot

soil became the most limiting factors and thus 

r°lled the taproot elongation and root growth. 

Was not so with the number of nodules on the 
the field bean cuj^tivar since before and
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after the addition of phosphate fertilizer, the 

highest number of nodules were found in the soil with 

the highest pH and lowest aluminium concentration i.e. 

Kabete soil followed by Kltale and then Gltuamba. 

Therefore, the only comparison which could be made in 

this study between the soil and nu rient solution 

experiments was on the effect of pH and aluminium 

content on the number of nodules formed on the root 

of field bean cultivar "Rosecoco" after Rhlzoblum 

inoculation. The number of nodules formed on the 

root of field beans cultivar is lower in the nutrient 

solution than in the soil experiment even though 

their pH values were similar i.e. at nutrient 

solution pH 6.8 and aluminium concentration is 0 ppm 

*1* the mean number of nodules formed on the root per 

bean plant was 13.12 whereas in Kabete soils at depth 

15-30 cm and pH (water) 6.8 and total aluminium 

concentration of 27 ppm Al, the mean number of 

nodules on the root per plant was 153.91. Toxicity 

levels of aluminium in nutrient and the soil solution
41 c0° vary. 5 ppm Al is considered toxic for nodule

®r*ation in nutrient solution whereas in the soil

®*ution, 27 ppm Al (Kabete soils, depth 15-30 cm) 
do0s Hot appear to be toxic at all.

♦



CHAPTER FIVE

CONCLUSIONS

All the three soils showed acidic reactions. 

Gltuamba soils had the highest acidity followed by 

Kltale and then Kabete. The difference in acidity 

between the three soils was most likely due to 

leathering and/or leaching losses due to the rainfall 

received in the sites where the soils were collected, 

crncentrat ion of aluminium and the organic matter 

content in the soils. Distribution of all forms of 

aluminium ion species between and within the soils 

«as pH-dependent, with the highest concentration 

being found where the pH was low.

Aluminium concentration in the nutrient solution 

Oppressed taproot elongation whereas nutrient 

,fllution acidity suppressed both the taproot

t|°r'gation and root growth as measured by root dry 

*tter weight of field beans (Phaseo 1 us Vulgaris L)

Rosecoco". Both nutrient solution acidity and
l̂uni .niUm content suppressed nodule formation as



podule formation by stunting root growth. Therefore, 

ttie highest number of nodules was formed where the pH 

aS high and aluminium content low. Inoculation of 

the beans prior to sowing reduced the length of the 

tap root. This was most likely due to the acidifying 

effect of the Rhi2 0bi urn ino ulant used (Mu 11 i strains 

445 and 446) which caused a delay in seed 

germ i ra t i on.

In all the three soils studied, phosphorus 

content was limiting and suppressed taproot

elongation and root growth as measured by root dry 

matter weight. No difference was observed in the 

taproot length among the three soils before 

phosphate- f er t i 1 i zat i on whereas for the root 

growth, highest root dry matter weights were obtained 

in the soils having the highest phosphorus levels 

.(Kitale soils). After phospha te-f er t i 1 i zat i on a 

general increase in taproot length and root growth 

obtained for all the soils. A difference in 

•r°wth among the soils was obtained for both the 

taProot length and root growth as measured by root

ry matter weight, with the highest growth being 
ofct
»n<j 
»T1(J

alned in soils having the highest organic matter 

s°il nitrogen content, namely, highest in Gitamba
Iow e s t in Ki ta 1 e soils (Kabete being

l " t ermed iate) . Therefore, after phosphate
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tferti1ization, organic matter and soil nitrogen 

c0ntent became the limiting factors for both taproot 

>nd root growth.

Soil pH and aluminium content became limiting 

only in nodule formation, with the soils having the 

highest pH and low aluminium content (Kabete, Kitale 

and Gituamba soils respectively) having the highest 

number of nodules formed on the root of field beans 

(Phaseo 1 us Vulgaris L) cv "Rosecoco” regardless of 

phosphate status of the soils. However, there was an 

Increase in the number of nodules formed after 

phosphate fertilization in all the soils, (with 

highest still in Kabete and lowest in Gituamba) an 

indication that phosphorus is necessary for nodule 

format i on.

N u t r i e n t  s o l u t i o n  a c i d i t y  s u p p r e s s e d  t a p r o o t  

elongation and r o o t  g r o w t h  as measured by r o o t  d r y  

,atter  w e i g h t .  N u t r i e n t  s o l u t i o n  a l u m i n i u m  c o n t e n t  

Oppressed t a p r o o t  e l o n g a t i o n  and n o d u l e  f o r m a t i o n .  

^ H e n t  s o l u t i o n  a c i d i t y  and a l u m i n i u m  c o n t e n t  

SuPPressed n o d u l e  f o r m a t i o n  as measured by t h e  number

nodules f or med on t h e  r o o t  of  t h e  bean p l a n t .  No 

n°du l,le was formed when the beans were not inoculated
>n
Ph0

the nutrient solution study. In the soil before
sPhate f e r t i 1i z a t i i n  p h o s p h o r u s  c o n t e n t  i

i



limiting and suppresses both the taproot elongation 

root growth. After P-f er t i 1 i za t i on organic 

natter and soil nitrogen content become limiting and 

jgtermined both taproot elongation and root growth. 

Regardless of phosphate fertilization, soil pH and 

jluininium content determined the nodule formation 

tflth am increase in the number of nodules formed on 

the roots when phosphorus is added. Therefore, 

comparison could only be made between the soil and 

nutrient soil experiment on the effect of pH and 

aluminium content on nodule formation where it was 

observed that nodulation was poorer in the nutrient 

solution than in the soil.

*
- 137 -

♦



\

REFERENCES

^bruna, F. , Pearson, R.W. and Elkins, C.B. 1958.

Quantitative evaluation of soil reaction 

and base status changes resulting from 

field application of res.'dually acid- 

forming nitrogen fertilizer. Soil Sci. 

Soc. Amer. Proc. 22:539-542

- 138 -

Abruna-Rodriques F. , Vincent-Chand1er, J., Pearson,

R.W. and Silva, S. 1970. Effect of factors 

relating to soil acidity on yields and 

foliar composition of Crops growing on *

typ i ca1 soils of hum i d tropics. 1

T obacco. Soil Sci. Soc. Amer. Proc

34:629-635.

1968. Response of co t ton to lime

in Field experiments. Auburn Univ.Agr. Exp

Sta. Bui 1 376.

*danis» F. 1969. Response of Corn to lime in Field 

experiments on Alabama soils Auburn Univ. 

Agri. Exp. Sta. Bull 391.

♦



1

Adams F. 1984. Crop response to lime In the southern 

United States of America. pp211-265. J_n

F. Adams (ed) Soil Acidity and Liming 2nd 

ed. Soil Sci. Soc. Amer. Madison, Wis.

A d a m s ,  F. and Lund, Z.F. 1966. Effect of chemical 

activity of soil solution aluminium on

cotton root penetration of acid subsoils. 

Soil Sci. 101:193-198.

Adams, F and Pearson, R.W. 1967. Crop response to 

lime in the Southern United States and 

Puerto Rico. J_n Soil Acidity and Liming, ed 

R.W. Pearson and Fred Adams pp 161-206. 

Agron 12-Madison-Wis.

Mn, P.M. 1975. Analytical methods used in the 

Department of Soil Science II. Laboratory 

determination of organic carbon, CEC, base 

saturation and texture. Tech. Comm. 1:22 

pp University of Nairobi.

*Va» A.K. 1986. Effects of phosphorus additions on 

aluminium in solutions. Comm, in soil

sci. plant Anal, 19(12) 1281-1297.
»

♦

- 139 -

.



\

A1va ’

Andrew, C

Andrew,

*n°nymous

K., Blarney, F.P.C., Edward, D.G. and

Asher, C.J. 1986. An evaluation of 

alumlnimum indices to predict alumlnimum 

toxicity to plants in nutrient solutions. 

Comm. in soil Sci. °lant Anal., 17(12) 

1271- 1280.

S. 1976. Effect of calcium, pH and nitrogen 

on the growth and chemical composition of 

some tropical and temperate pasture 

legumes.I. Nodulation and growth. Aust. 

J. Agri. Res.27:611-623.

.S. 1978. Legumes and acid soils. jji

Limitations and Potentials for Biological 

Nitrogen fixation in the Tropics. edited 

by J. Dobereiner, R.H. Burris and A. 

Hoilaender. pp 135-160. Plenum Press. New 

York.

1984. Ministry of Agriculture. Annual 

Reports for Eastern, Central, Rift Valley,

140 -

Nyanza and Western Provinces, Kenya



^nyango,

Arnon,

Barber,

Bhumb 1 a,

Blrch,

\

- 141 -

B., 1984. Assessment of filtermud as a

carrier for Legume seed lnoculants. Msc. 

Thesis. University of Nairobi.

. I., and Johnson, C.M. 1942. Influence of 

hydrogen ion concentration on the growth of 

higher plants under controlled conditions. 

Plant Physiol. 17:525-539.

R.G. 1967. Liming materials and practices. 

In soil Acidity and Liming. ed. R.W. 

Pearson and Fred Adams. pp.125-160. Agron 

12 Madison. Wis.

D.R. and Mclean, E.O. 1965. Aluminium 

in soils: IV. Changes in pH dependent

acidity, cation exchange capacity and 

extractable aluminium with additions of 

lime to acid surface soils. Soil Sci. 

Amer. Pro. 29:370-374.

•F., and Friend, M.T. 1956. The organic 

matter and Nitrogen status of East African 

soils. J. Soil Sci. 7, 156 -167.

♦



142 -

gjack, C.A. 1965. Methods of soil analysis. Part II 

ed. C.A. Black Agron. 9. Madison.

Wisconsin. American Society of Agronomy,

pp 1372 - 1376.

Black, C.A. 1967. Soil Plant Relationships. 2nd ed. 

Wi1ey. New York.

Blarney, F.P.C., Edwards, D.G. and Asher, C.J. 1983.

Effects of aluminium, OH:A 1 and P:A1 molar 

ratios, and ionic strength on soyabean root 

elongation in solution culture. Soil Sci. 

136: 197-207.

Bouyoucos, G.H. 1951. Estimation of the colloidal 

materials in soil. Agron. J. 43.434-438.

Srady, N.C. 1974. The Nature and Properties 

of Soils. 8th Ed. The Macmillan Co. pp 19- 

39.

renes, E. and Pearson, R.W. 1973. Root response of 

three graminae species to soil acidity in 

an Oxisol and an Utisol. Soil Sci. 

116:295-302.

♦



grogan,

gurnstrom

Cassman,

Chang and

Cent ra 1

ra 1

l

- 143 -

• C. 1967. The effect of humic acid on 

aluminium toxicity. Trans 8th Int. Congr. 

Soil Sci. (Bucharest)3:227-234.

H. 1952. Studies on growth and metabc 1 ism

of roots. VIII. Calcium as a gi iwth

factor. Physiol. Plant. 5 : 391-402.

K.G., Whitney, A.S. and Fox, R.L. 1981. 

Phosphorus requirements of soyabean and 

cowpea as affected by mode of N nutrition. 

Agron J. 73. 17-22.

Jackson 1957. Solubility products of Iron 

phosphate Soil. Sci.Soc. Amer Proc. 21:265.

International de Agricultura Tropica 

(C.I.A.T.) 1979. Bean Production 

programmes. Ann Rept. Central 

International de Agricultura Tropical. 

Ca1i. Co 1umb ia.

International de Agricultura 

(C.I.A.T) 1981. The potential 

beans in East Africa. Proc. 

Workshop, Lilongwe, Malawi pp

Tropica 1 

of field 

Reg iona1 

9-14 May,
1980.



I
144

Chenery, M. , 1955. A preliminary study of aluminium

on tea bush. PI. Soil 6: 174-200.

Chiasson, T.C. 1964. Effects of N.P. Ca and Mg 

treatments on yield of barley varieties 

gro 'n on acid soils. Can. J. Plant Sci. 

44:525-530.

Chong, K. Wynne, J.C., Elkan, G.H., and Schneewers,

T.J. 1987. Effects of soil acidity and 

aluminimum content on Rh1zob1 urn

inoculation, growth and Nitrogen fixation 

of peanuts and other grain Legumes. Trop 

Agric. (Trinidad) Vo 1. 64(2) 97-103.

Climatological Statistics of East Africa, 1975. East 

Africa Meteorological Dept., Kenya. Ann. 

Rept. Part 1.

C°leman, N.T., Kamprath, E.J. and Weed, S.B. 1958. 

Liming. Adv. Agron. 10:475-522.

C°1 eman, N.T., Weed, S.B. and Mclraken, R.J. 1959.

Cation exchange capacities and exchangeable 

cations in Piedmont soils of North Carolina 
Soil Sci. Soc. Am. Proc. 23:146-149.

..

♦



r

Coleman,

CoUl tier,

Date, R.

de Souza,

Diene r,

G r e i n e r

- 145 -

N.T. and Thomas, G.W. 1967. The basic

chemistry of soil acidity. J_n Pearson, R.W. 

and Adams F (eds). Soil acidity and liming. 

American Society of Agronomy, Madison. U.S.A.

B.S. 1969. The chemistry of lydrogen on 

aluminium ions in soils, clay minerals and 

resins. Soil Fert. 32:215-223.

A. and Halliday, J. 1979. Selecting

Rh i zoblum for acid infertile soils of the 

tropics. Nature 277: 62-64.

D.I. A. 1968. Legume nodulation and 

nitrogen fixation studies in Kenya. East 

Afr. Agric. For. J., 34: 299-305.

T. 1950. uber die Bedingungen. der 

Wurze1kno11chenbi1 dung bei Pi sum

Satlum. Phytopathologische Zeitschrift 16: 

129-170.

, J., 1974. Interference of plant and soil

factors in soyabean nodulation in tropical 

and sub-tropical regions. J_n Proceeding of 

a Workshop on Soyabeans for Tropical and 

Sub-tropical Conditions. Intsoy series. 
No.2. pp87-96. Unî v. Illinois.
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ANOVA: For the effect of nutrient solution aluminium
content on the length of taproot (cm) of field beans 
(Phaseo1 us Vulgaris L ) cv "Rosecoco"

Appendix I

Source of variation df SS MS F

Tota' 31 3667.22

Trea ment 7 3321.47 474.49 39.99#*

Error 24 345.75 14.40

CV = 15.39%

ANOVA: for the effect of nutrient solution aluminium concentratior

on the shoot dry weight (g) of field beans (Phareo1 us 

Vu1 gar i s L. ) cv "Rosecoco".

Sources of variation df SS MS F

Total 31 0. 46

T reatment 7 0.28 0. 04 5.63# #

Error 23 0. 17 0. 007

CV 8.55%
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ANOVA: For the effect of 
concentration on root 
(Phaseolus Vulgaris L.

nutrient solution 
dry weight (g) of 
) cv " Rosecoco"

aluminium 
field beans

Sources of variation df SS MS F

Tota 1 31 1.39

Treatment 7 0. 45 0 . 064 0.17NS

Error 24 0.94 0 . 038

ANOVA. For the effect of nutrlent so 1u tion a 1 urn i n i um

content on the pooled shoot and root dry matter

weight of field beans (Phaseolus vulgaris L.) cv

" Rosecoco" •
(Transformation ( g + o. c ,l/25) was used during the

analysis of the data)

Source o f var iation df SS MS F

Total 31
/

1.014

Treatment 7 0.51 0.073 3.52#*

Error 24 0. 50 0. 020

CV =12.31%

NB: #» = significantly different at P=0.01

NS = Not significantly different

♦
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ANOVA. For the effect of nutrient solution acidity (pH), aluminium 
content and Rh i zob1 urn inoculation on the Taproot 
length (cm) of field bean (Phaseo1 us Vu1 gar 1s L.) cv 

" Rosecoco".

Append i x I I a

source of variation df SS MS F

Total 119 8175.15
Rep 1i cate 3 149.37 49.791
A 4 6026.72 1506.679 131.83* * *
P 2 111.30 55.652 4.87* *
AXP 8 399.57 49.946 4.37* * *
N 1 204.10 204.102 17.86* * *
AXN 4 152.95 38.237 3. 34*
PXN 2 63. 65 31.527 2.76NS
AXPXN 8 73. 74 9.217 < INS
Error 87 994.34 11.430

NB:

1. A = Aluminium levels

P = pH 1 eve 1s

N = I nocu1 at i on

2. * = Significantly different at P = 0.05
# # # = Significantly different at P = 0. 001
NS Not significantly different
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ANOVA : For the effect of nutrient solution acidity (pH),
aluminium content and Rhizoblum Inoculation on root 
dry matter weight (g plant 1) of field beans (Phaseo1 us 
Vulgaris L ) cv " Rosecoco".

Appendix I I b

Source of Variation df SS MS F

Total 119 0.54

Rep 1i cate 3 0.07

T reatment 29 0.14 0.005 1.31NS

A 4 0. 01 0. 003 < INS

P 2 0.05 0. 268 7.18**

AXP 8 0. 02 0.002 < INS

N 1 0. 01 0. 010 2. 8NS

AXN 4 0. 01 0. 003 < INS

PXN 2 0. 03 0. 137 3.66*

AXPXN 8 0.01 0. 001 < INS

Error 87 0. 32 0.004

NB:

1. A = Aluminium level

P = pH level
N = i nocu1 at ion

2. # * = s i gni f i cant 1y different at P = 0.01
* = si gni ficant1y different at P = 0.05

NS = Not significantly different

♦
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ANOVA : For the effects of nutrient solution acidity (pH)
aluminium content and Rhizobium inoculation on the 
number of nodules formed per plant on the root of field 
bean (Phaseo1 us Vulgaris L.) cv " Rosecoco"

Sources of variation df SS MS F

Total 119 247.81 •

Rep 1i cates 3 6.53 2. 176
Treatments 29 140.97 4. 861 4.22* *

A 4 11.75 2.939 2. 55*

P 2 14.08 7.040 6.11***

AXP 8 16.93 2. 117 1.84NS

N 1 57.41 57.406 49.79***

AXN 4 11.75 2.939 2.55*

PXN 2 14.08 7. 040 6.11***

AXPXN 8 14.96 1.869 1.62NS

Error 87 100.31 1. 153

CM = 62.59%

NB:

*1. A Aluminium levels

P pH levels

N inocu1 at i on

2. * = s i gni f icant 1 y d i f ferent at P = 0.05
* * = s i gni f i cant 1y different at P = 0.01

* * x = s i gni f icant 1y d i f f erent at P = 0.001
NS = not significantly different

3. Ana lysis of variance <was done after the original data was

transformed using (x + 1) 1/2 transformation

♦
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ANOVA For the effect of the soils, depth and Rh1zob1um 
inocualtion on the length of the taproot (cm) of field 
beans (Phaseo1 us Vu1 gar 1 us L. ) cv" Rosecoco" in the three 
soils when no fertilizer was added on the soil.

Append lx Ilia

Source of variation df SS MS F

Total 47 -
Rep 1i cates 3 0. 33 0. 110
Treatments 11 1.90 0. 173 1.72NS
Between soils 2 0. 29 0. 144 1.43NS

Within soil SQ 3 1.03 0. 345 3. 44*
N 1 0. 19 0. 189 1.88NS
D 1 0.62 0.621 6. 19*

NXD 1 0.22 0. 226 2.25NS

Within soil S, 3 0. 21 0. 072 < INS
N 1 0.05 0. 051 < 1 NS
D 1 0.14 0. 138 1.38NS

NXD 1 0. 25 0. 258 < INS

Within soil So 3 0.36 0. 121 1.20NS
N 1 0.26 0. 263 2.63NS
D 1 0. 08 0. 080 < INS

NXD 1 0.07 0.019 < INS
Error 33 3. 31 0. 100

NB:

1. s0

Si

s2
N

D

2 . * 

NS

Gi tumba soi1 

K i ta1e soil 

Kabete soi1 

i nocu1 at i on 

soi1 depth

significantly different at P=0.05 

not significantly different

♦
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Append i x It Ib

ANOVA: for the effect of the soil , depth and Rhizobium inoculation
on the length of the taproot (cm) of field beans (Phaseolus
Vu1 gar is L . ) c v"Rosecoco" in the three soils when the soil
was ferti1ized with TSP ferti1izer at a rate of
69kg P205/ha

source of variation df SS MS F

Total 47
Rep 1i cates 3 0.56
Treatment 11 6.75 0.614 2.88a a
Between soils 2 7.44 3. 721 17.47a a

Within soils SQ 3 0.30 0. 101 < INS
N 1 0. 81 0. 181 < INS
D 1 0.00 0. 002 < INS

NXD 1 0. 12 0. 121 < INS

Within soils Si 3 0.28 0. 094 < INS
N 1 0. 25 0. 255 1.20NS
D 1 0. 16 0. 162 < INS

NXD 1 0. 01 0. 119 < INS

Within soil So 3 2. 17 0. 729 2. 42a
N 1 1. 10 1. 103 5. 18a
D 1 0.63 0.632 2.97ns

NXD 1 0. 45 0. 452 2.12ns
Error 33 7.03 0. 213

NB:
1. SQ = Gituamba sol 1

Si = Kitale soil
S2 - Kabete soil

N = inoculation

D

2 . # *  

*

NS

soil depth

significantly different at p = O.Ol 

significantly different at p = 0.05 

not significantly different

♦
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ANOVA for the effect of the soil depth and Rhlzobium
inoculation on root dry matter weight (g) of field 
beans (Phaseo1 us Vulgaris L. ) cv" Rosecoco" for the thre 
soils when no fertilizer was added on the soil.

Appendix IVa

Source of variation df SS MS F

Totr.l
Rep icates

47
3 0. 16

Tre tment 11 0.95 0. 086 4.26 * *
Bet een soils 2 0.51 0. 255 12. 58**

Within soils SD 3 0.04 0. 012 < INS
N 1 0. 00 0.000 < 1 NS

NXD 1 0. 04 0. 036 1.78NS

Within soils Si 3 0. 39 0. 129 6.38**
N 1 0. 17 0. 166 8.18**
D 1 0. 13 0. 128 6. 30*

NXD 1 0. 09 0. 094 4.66*

Within soils So 3 0.01 0. 005 < INS
N 1 0. 00 0. 000 < 1 NS
D 1 0. 00 0. 004 < INS

NXD

Error

1

33

0. 01 

0.64

0. 010 < INS

NB:

1 . S0

Si

s2
N

D

* 

NS

2. * *

G i tuamba soil 

Ki ta1e soil 

Kabete soi1 

Inocu1 at i on 

soi1 depth
significantly different at P = 0.01 

significantly different at P = 0.05 

not significantly different

♦
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Appendix IVb

ANOVA: for the effect of the soil 9 Depth and Rh i zob i urn
inoculation on the root dry matter weight (g) of field
beans (Phaseolus Vulgaris L. ) cv "Rosecoco" for the three
soils when TSP fertilizer was added on the soi1 at the
rate of 69kg P2 0 5/ha

Source of variation df SS MS F

Total 47
Rep 1i cates 3 9.37
Treatments 11 65.20 (5.927) 7.09#*
Between soils 2 57.70 28.851 34.51**

Within soils SQ 3 7.00 2.333 2.79NS
N 1 1.21 1.215 1.4NS
D 1 5.77 5.772 6.90* *

NXD 1 0. 01 0. 013 < 1 NS

Within soils Si 3 0.05 0.017 < INS
N 1 0. 01 0. 012 < 1 NS
D 1 0.00 0. 006 < INS

NXD 1 0.03 0.032 < 1 NS

Within soils S o 3 0. 45 0. 149 < INS
N 1 0. 24 0. 242 < INS
D 1 0. 15 0. 154 < INS

NXD 1 0. 15 0. 154 < 1 NS

Error 33 27.59 0. 836

NB:

1 . So = G i tuamba soil
- Si = Kitale soil

s 2 Kabete soil

N i nocu1 at i on

D So i1 depth

2. # # = s i gn i f i cant 1y d i f ferent at P =0.01

# = s i gn i f i cant 1y different at P = 0.05

NS = not significantly different.

♦
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ANOVA for the effect of the soil, depth and Rhizob1um inoculation 
on the number of nodules formed on the root per plant of 
field beans (Phaseo1 us Vulgaris L) CV "Rosecoco" for the 
three soils when no fertilizer was added on the soil.

Appendix Va

Source of variation df SS MS F
Total 47
Rep 1i cates 3 0. 04
Treatments 11 464.82 42.256 5 .51**
Between soils 2 300.15 150.077 19' . 60**
Within soil SD 3 0. 000 0. 000 < INS

N 1 0. 000 0. 000 < 1 NS
D 1 0. 00 0. 000 < INS

NXD 1 0. 00 0.000 < 1 NS
Within soil Si 3 0.62 0. 208 < INS

N 1 0. 17 0. 166 < 1 NS
D 1 0. 45 0.451 < INS

NXD 1 0. 00 0.006 < 1 NS
Within Soil So 3 164.04 54.681 70.54**

N 1 163.88 163.881 211.41**
D 1 0. 02 0. 016 < INS

NXD 1 0. 14 0. 145 < INS
Error 33 25.58 0.775

NB:

So S Gituamba soi1

Si = Kita1e soil

s2 = Kabete soil

N s Inocu1 at i on

D = soi1 depth
* * * = s i gn i f i cant 1y di fferent at P = 0.01

* = s i gn i f i cant 1y di f ferent at P = 0.05

NS = not significantly different.

3. analysis of variance was^gne after the original data was
transformed using (x +1)1 transformation

♦
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ANOVA : for the effect of the soils, depth and Rhizoblum
inoculation on the number of nodules on the root per 
plant of field beans (Phaseolus Vulgaris L) cv 
"Rosecoco" for the three soils when TSP fertilizer was 
added on the soil at the rate of 69kg P2 0 5 /ha.

Appendix Vb

Source of variation df SS MS F

Total 47
Rep 1i cate 3 26.57
treatment 11 515.34 46.849 7.93* *
Betweeni soils 2 472.02 236.009 39.96* *

Within soils SQ 3 5.01 1.669 < INS
N 1 2. 98 2. 984 < INS
D 1 1.32 1.324 < INS

NXD 1 0. 70 6.699 < INS

Within soils Si 3 20.00 6.668 <1.13NS
N 1 6. 71 6. 711 1.14NS
D 1 8. 86 8. 862 1.50NS

NXD 1 4. 43 4.432 < INS

Within soil S2 3 18. 31 6. 103 1.03NS
N 1 0.47 0. 466 < INS
D 1 2. 45 2. 446 < INS

NXD 1 15.40 15.396 2.61NS

Error 33 194.90 5.906

NB:

1 . So = Gi tuamba soi1

Si = K i ta1e soil

s2 Kabete soil

N i nocu1 at i on

D soi1 depth

2. # * = s i gni f i cant 1y di f ferent at P =0.01

# = s i gni fleant 1y different at P = 0.05

NS = not significantly different.
3. Analysis of variance done after the original data was

transformed using (x)1 transformation.

*SV*V
Op ̂ 1*0*♦


