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Table 5: Regression equations of extractable ions from fresh versus laboratory prepared soil samples from, Tshiombho irrigation
scheme, Dal water farm Syferkuil experimental farm, and Magoebaskloef Pine trees farm.

Dal water farm

Syferkuil-experimental farm

Magoebaskloef-Pine-tree farm

lon Tshiombho-Irrigation Scheme

Intercept Slope R® Intercept Slope R® Intercept Slope R® Intercept Slope R®
Ca 16.815 1.9980* 0.3410* 9.1250 0.9622 0.9262 0.2011 0.9251 0.9822 6.312 0.8312 0.8961
Mg 56.526 1.4513 0.0067* 29.333 0.8261 0.8049™° 14.244 0.9517 0.7145 22.131 0.6974 0.604
K 1.5254 0.7333 0.47* 10.77 0.6883 0.6447 0.8543 0.9492™° 0.9608 24.878 0.620 0.7802
PO4-P | 0.6704 0.8105 0.2284* 1.5261 0.8156 0.8991 0.285 1.0507 0.8252 3.3799 0.0443* 0.0029*

*Significant differences (P<0.05) between soil series for intercepts or slopes indicated by an asterisk.

NS=not significant at P<0.05
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ABSTRACT

Drying, grinding and sieving are commonly employed to facilitate the
handling, storage of soil samples on which chemical, biological, and physical
analyses are to be performed. These laboratory protocols have the potential to alter
soil chemical characteristics and may result in unrealistic estimates of in situ

chemical processes.

The effect of laboratory soil sample preparation on level of extractable Ca,
Mg, K, and P was determined. The analyses were done on laboratory prepared soil
samples and compared with the characteristics of fresh soil samples (field-moist) for
the same soils that were sampled in pairs of 20 per location of the four locations.
Samples were collected at Tshiombho irrigation scheme, Dal water farm,

Magoebaskloef pine tree farm and Syferkuil experimental farm.

The results indicated that soil samples should be kept at their field moist status
until experimental procedures are done. Concentration of most extractable ions for
the two preparation methods correlated closely. However, grinding and air-drying
increased P concentration by 1.3 to 1.55 times, and decreased the concentration of K
by 2 to 2.5 times and this is caused by soil moisture depletion. According to the
results, there should be different preparation methods for different extractable ions,
Ca and Mg can be continued analysed on laboratory prepared soil samples but soil
pH, K and P should be analysed on fresh soil samples. If such is not done, then the
effects should be considered when interpreting the results for fertilizer

recommendations.





KEYNOTE ADDRESS

In reviewing soil analysis, many fixed impressions were encountered.
Opinions were freely given, often by persons unqualified to do so. While others in
position of authority expressed views that were without foundation. Persons with an
in-depth knowledge of this in South Africa are rare birds indeed. There has to be

reason why personal influence is given such prominence.

The present thesis should not be seen as a crusade levelled against those who
hold with a different approach. Free thoughts and vigorous debate are facets of our
society and must extend unfettered into the scientific fields. A cross-flow of
information and antagonism, but anything at all, rather mutual respect. There are
many examples of entrenched and cherished ideas being proved false; this thesis is a

real progress.

Personalised and associated problems, while making no material contribution
in the field of soil chemistry, play a commanding role. In many instances, this
influence could not be divorced from science, although an attempt was made to view
individual contributions objectively throughout the investigation. Unfortunately the
ripples of this unsavoury situation have apparently spread beyond the confines of soil
chemist’s interest.

In selecting soil chemistry as a field of study some problems of this nature
were foreseen-a field noted for sensitivity to criticism unlikely to take kindly to an
outside interference. The attempt to explain some aspects of this investigation stems
from a chance encountered with a former classmate. | wish to establish a status of
parity (equality) as to my motivation. For the rest, a criticism of the document,
destructive, constructive, or otherwise, is invited. All misconceptions will gladly be

restructured.

A variety of books and articles in soil chemistry and soil fertility were
investigated. This was because of the rare publications that exist and because of the

fact that no library (amongst visited) contained a comprehensive coverage of the





subject. Some of the material investigated was omitted because it was difficult to

evaluate materials without valid reference.

This research enjoyed no official status and consequently | never had an
opportunity to attend Soil Science conferences either abroad or within the country and
much information remained beyond reach. What most helped me to sustain myself
while busy with research is that | was appointed as the Research Assistant in Soil
Science Discipline, and | would like to forward many thanks to Prof P.S. Fouché
(Director of School of Agric. and Env. Science) and the staff of Soil Science. The
research findings were restricted to the limits placed on the scope of this investigation

by my capacity as the researcher.

The research project was not supported, but lately funded or sponsored by
NRF (National Research foundation), contributions of Soil science Discipline of the
University of Limpopo and my own (pocket) funds in attempt to retain objectivity.
Libraries of Soil Science Institutes and Universities were visited to collect as much
information about the subject as possible. The promoter (Prof. P.S. Fouché) placed no
restrictions on the investigation, nor was any attempt made to influence the approach

developed or resolution of finding the findings, thanks Prof.

A fact, which does not seem to be generally appreciated or taken into account,
is that soil is a variable, open system. The outcome of any formal soil analysis
continues unabated on both national and international levels and seems coupled with a
widespread lack of understanding of its values and limitations in relation to the
applicability in present day agriculture; this study was undertaken, although this
objective is more suited to an official enquiry. It was considered an appropriate
occasion to make a contribution towards a more meaningful appreciation of the actual

issues involved in soil analysis/testing in South Africa.

Why has soil analysis remained a controversial issue? The inability to provide
a single international acceptable explanation of advanced principles of soil analysis
holds the answer to the problem. Fortunately it is not necessary either to define soil

analysis or to develop a formal system of soil testing to produce crops.

Vi





The real motives of the responsible for furthering a soil analysis must be
reconciled to the interests of agriculture in South Africa. The ability to side step issues
or establishes a comprehensive was not taken as a measure of success. In this
connection a quotation from Aldous Huxley in his work “Proper Studies” seems

relevant: “facts do not cease to exist because they are ignored”.

To satisfy those who were preoccupied with “negative criticism” and the lack
of constructive contributions-a few recommendations are included. It is placed on
record that in entering this forum where to date “the angels feared to tread” this matter
was not “rushed”, the investigation was thoroughly done day and night in order to be

sure that I am documenting relevant material.

I am also inclined to abuse the fact that the soil is buffered and reasonably
tolerant to mismanagement. Should any reader find a need to criticize any part of this
document, such criticisms are warmly welcomed with contacts. These are the findings

of this investigation and the matter rests here.
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CHAPTER 1: BACKGROUND

1. INTRODUCTION

1.1.  General

Routine soil testing of soil samples invariably begins with an air-drying step and is
followed by some form of pulverization. Analysis of dried, ground, and sieved soils allows
for convenient sample handling and greater reproducibility of results in comparison with
analysis of fresh (field moist) soils (Munter, 1988). Sample preparation steps, although
often taken for granted, have frequently been shown to significantly affect analytical results
(Elk and Gelderman, 1988; Munter, 1988; Soltanpour, P. N., Khan, A., and Lindsay, W. L.
1976) and also create biases affecting interpretation thereof (Luebs, R.E., Stanfort, G.,
Scott, A.D., 1956). It is therefore critical that standardized sample handling and extraction

procedures be used by soil testing laboratories (Tucker, 1985).

Many factors affect the analytical results of a nutrient extraction procedure. These factors
range from most basic principles of laboratory operation such as equipments, shaking
speed, cleaningness, quality control, temperature, size or shape or the extracting vessel, and
soil solution contact time) (Thomas, 1982). Soil solution composition is an important
indicator of nutrient bioavailability; it is the medium from which higher terrestrial plants
obtain inorganic nutrients (Barber, 1981). Characterization of soil solutions from fresh

(field moist) soil samples presents methodological problems.

Where a large number of samples are analyzed using automated or mass production
procedure, contamination of laboratory equipment can be a significant source of analytical
error. For instance, ions adsorbed by extraction flasks or sample bottles in contact with

extracted solution may be a source of contamination for subsequent analyses using the





same containers (Munter, 1988). Because of this potential for contamination, many
laboratories rinse glassware with either dilute acid solution or with aluminium chloride
(AICI5) solution (Tucker, 1985). Rinsing glassware with a cleaning solution is particularly
important when analyzing for micronutrients and trace metals, provided that the acid is not

one of the analytes.

1.2.  Objectives

The objectives of the study were to answer four questions regarding soil testing in the

laboratory.

1.2.1. What type of correlation does exist between the extractable ions (Ca, Mg, K and P)
in fresh and laboratory prepared soil samples?

1.2.2. What effect does drying soils (air-drying) or changes in moisture content have upon
extractable ions (Ca, Mg, K and P)?

1.2.3. To determine what factors contribute to the change in level of extractable ions in
laboratory prepared soil samples and how do those factors affect them? (Soil pH
and CEC (Cation Exchange Capacity) included among factors).

1.2.4. Check if the particle size (soil texture) has an effect on change in level of

extractable ions (Ca, Mg, K and P) during laboratory preparation of soil samples.

1.3.  Justification of research objectives

Data from a limited number of researchers indicated that air-drying and grinding have an
effect on particle size and changes the status of nutrients in the soil (Hesse, 1972). At
present there are no published sources that indicate how the level of extractable cations is

affected when pre-treatment procedures are followed in the laboratory prior to soil analysis.





The pH of the soil has a great influence on the availability of nutrients in the soil (Brown,
1943). Information is highly needed to assess the likely extent and high significance of the
effects of pH changes, drying, grinding, and sieving on the change in level of this
extractable cations (Ca, Mg, K and P). Of utmost significance, fertilizer recommendations
on South African soils are mostly directed by N, P, K, and pH of the soil (Woodruff, 1978).
Over the years, the studies related to this have been ignored while the old documented
information is put into practice, and furthermore little has been studied, although more on
micronutrients. Much of the information contained was not clear and whilst other
information has been misleading. No attempt has ever been made to marshall the
information collected into a model that might be predictive. It is anticipated that this study
will remedy somewhat the misconceptions and errors that have crept into and overtaken the
record. A study of soil analysis and fertilizer recommendation habits now proves

illuminating.

There are significant differences in behaviors between the oxidation and reduction
reactions, microbial activities, disruptions, etc. that occur in the first place. When they are
many, there is considerable interaction involved, and many of the scenarios are not so well
documented. There may be long gaps between fresh soil samples and laboratory prepared
soil samples. The Soil Scientists, Agronomists and soil testing laboratories/ agricultural
sectors will really benefit from this study because the findings will provide a scientific
basis for maximum understanding of the effects of air-drying, grinding and sieving (soil

preparation) and pH on the change in extractable Ca, Mg, K and P level of the soil.





CHAPTER 2: LITERATURE REVIEW

2.1. INTRODUCTION

2.1.1. Concepts and orientation

Soil sample preparation affects extractability of both soil constituents through changes in
inorganic constituents caused by drying, and both through alteration of soil particles as a
result of grinding. However little is known on what actually happens, during drying, for
example, AI** may move from clay lattice to the exchange sites (Mathers, A.C., Weed,
S.B., and Coleman, N.T., 1955). Exchangeable K* may increase by AI** replacing K in the
nonexchangeable sites of soil minerals (Cater, D.L., Harward, M.E., and Young, J.L.,
1963). Air-drying also may increase the solubility and oxidizing ability of soil organic

matter (Raveh & Avnimelech, 1978).

Changes caused by drying in the chemistry of P, usually associated with changes in organic
matter, are well documented (Gilliam & Richter, 1985). Soil grinding causes physical
breakdown of micro-aggregates. Phosphorus mineralization rates (and thus P extractability)
have been shown to increase with decreasing particle size (Waring & Bremner, 1964;

Sollins, P., Spycher, G., and Glassman, C.A., 1984).

The Soil working group in the North central state laboratory of USA conducted a study on
the effects of temperature, shaking speed and extracting vessels type on Potassium (K) and
Phosphorus (P) levels from soils, using the standard procedure of the region (Soltanpour et
al., 1976). No significant differences were found in extractable P and K levels as a result of
shaking, flask size, or shape. An increase in temperature has shown to significantly
increase extractable P levels using Bray 1 procedure (Diamond, 1995). Similarly,

Soltanpour et al., (1976) found significant effects of extraction ratio (soil: solution), shaker





speed, shaker type (rotary vs. reciprocal), and extracting vessels shape (Erlenmeyer flask
vs. square bottles) on extractable microelements (Fe and Mn). Shaker speed also affects the
extraction of Zn from soils but not the exchangeable bases. No effect of temperature during
shaking was found on the extraction of K by 1IN CH3;COONH,; (Ammonium acetate) and

even Ca and Mg (Munter, 1988).

Soil pH is the most indicative measurement 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 and
the relative bonding of ions to various microorganisms. The H* ions are dissociated
according to the principle of hydrogen exchangeability by hydrolysis (Coleman et al.,
1964). H" ions are displaced by the cations of salts contained in soils. Salts also displace

I**, which upon hydrolysis increase the H* ions in solution (Chang &

exchangeable A
Thomas, 1963; Coleman et al., 1964). The result in both cases is a lower pH. The salts may
be residues from microbial decomposition of organic matter. The research focused on
extractable Ca, Mg, K P, and soil pH because those properties mostly account for soil

infertility and affect plant nutrition.

2.2. RESULTS OF PREVIOUS STUDIES

2.2.1. Physical Effects

2.2.1.1. Drying

The drying process increases cementation of soil aggregates, hence producing only a
partial dispersion during the analysis. The latter results in a particle size distribution that
indicates a sandier (lighter) texture than is usually produced. However, (Tan, 1995), have
not reached uniform agreement on the relative merit of performing particle size distribution

analysis on samples in their natural moist state.





Flocculation of soils is affected by drying. Moist soils are easier to disperse than dried
soils. Dried samples settle faster after shaking with water and they are easier to filter than
moist soils. Drying of some soils has been shown to cause irreversible aggregation

(Kubota, 1972).

In as much as the quantities of phosphate extracted by various soil test reagents are used to
determine whether or not fertilizer phosphate applications are required, an adsorption
isotherms are used by some workers to determine the amount of phosphate that should be
applied (e.g., Ozanne and Shaw, 1968; Fox and Kamprath, 1970). The effect of air-drying
on such parameters seems an important topic for further research. Moist soil is a delicately
poised system in a remarkable stable state of nonequilibrium. Air-drying brings about
instant and major changes toward overall equilibrium and converts some portions of the

soil into highly unstable or reactive (high-entropy) soil material.

Raveh and Avnimelech, (1978) attributed increased solubility of organic matter to the
breakdown of hydrogen bonds within the organic structure and increased acidity to
exposure of fresh organic surfaces. Some of the solubilized organic compounds
undoubtedly come from cells of microorganisms as they succumb to desiccation. As drying
proceeds, the surface tension of surface-oriented water may literally tear apart molecular
and cell structures as contracting stress forces parallel to the surface reach thousands of

atmospheres (Cohen, 1973).

Contamination in grinding: This is the most important methods of homogenizing the soil,
but according to Tan, (1995), during the process of crushing and grinding, some

contamination from the apparatus occurs due to abrasion with the soil sample. Crushing





generally results in less abrasion of the apparatus than does grinding. Hardened steel
grinders are very susceptible to abrasion, even by soil minerals that are less hard than
quartz. Porcelain mortars and ball mills are unsuited for grinding materials for quantitative
analysis because they are clayey material which can be easily/abrasively weathered. Agate
mortars have been found to be more suitable for this purpose because they are made of

SiO, which is very resistant to abrasion (Hesse, 1972).

Contamination in sieving: Brass and copper screens are used in sieving soils because of
their resistance to corrosion and rusting. However, some abrasion of the brass or Cu during
sieving may take place, causing the sample to become contaminated with the metal (Cline,
1945). Because this kind of contamination is seldom serious in routine macro analysis,
brass and Cu sieves are usually satisfactory. However, in an analysis of trace elements,
their use would be the reason for some errors. In such an analysis, silk bolting cloth may be

used for screening.

2.2.1.2. Storage

Storage of soil samples (prepared samples): The ideal container for a soil sample is a
screw capped jar, which should be clearly labeled with the laboratory number and the
degree of fineness of the sample: for example 4631/0.5 mm (Hesse, 1972). If a large
number of samples is to be kept it will be found more convenient to store the bottles on
racks in strict numerical order rather than to attempt some other system, such as classifying
according to district or kind of analyses required. As labels are liable to be lost or defaced,

each bottle should contain a plastic disc bearing the laboratory number.





Owing to expense many laboratories find it impossible to use glass jars and samples are
stored in wooden boxes, waxed cartons or paper bags. Such containers, however, should be
avoided if possible in order to reduce the risk of contamination. Of recent years plastic
containers (being cheaper and less breakable than glass) have become popular for storing
soil samples. However, investigations made in USA (Munter, 1988) have revealed that
collection and storage of soil samples in plastic containers can result in certain fundamental
changes in clay minerals. Samples were collected from Mississippi in plastic bags and in
waxed cartons; subsequent X-ray analysis showed differences in the clay minerals
according to the type of container used. The matter was investigated and the effect of the
plastic container confirmed. The effect of such phenomenon upon properties like cation

exchange could be important.

Whatever the container, soils will undergo changes during storage and some of these
changes are important when considering analytical results. So far unconsidered are the
changes which occur when soils are stored in a moist state. In practice this concerns the
time elapsing between sampling and preparing a soil, as moist storage for long periods is

done only for specific reasons. i.e. researches

A change with perhaps the most important effects is in the microbial population. Stotzky
and co-workers (1962) found that the greatest microbial changes in a moist soil occurred in
the soils sampled from the top 15 cm when all the organisms except actinomycetes
considerably decrease in number. In soils sampled from deeper horizons (15-45 cm) similar
changes occur except that denitrifyers and fungi increase in number. Changes in soil with
drying appear to be conditioned not only by time of drying, temperature, humidity, and

light, but also by the length of storage time after drying. While air-drying pushes a soil





towards equilibrium, it is not safe to assume that once dried it can be kept in a stable state.

It continues to change during dry storage (Waksman, 1927).

Waksman (1927) pointed out that the longer a soil is kept dried, the more the
microorganisms are stimulated on rewetting. Exchangeable Mn increased in Hawaiian soils
with drying and also with incubation time after drying (Fujimoto and Sherman, 1945). It
seems likely that some of the surface stress forces induced by drying soils will persist in
their effects during dry storage. Perhaps continued increases in organic matter solubility
may be visualized as analogous to deterioration of the stretched rubber band. Kept under

tension, the rubber breaks down with time; if relaxed, it remains sound for years.

Determination of moisture content: Except for special purposes, knowledge of the
moisture content of an air-dried soil is of little interest in itself, but the determination is
necessary for the calculation of most other analytical results. Various methods exist for
determining soil moisture, but for the soil analytical chemist the standard procedure of
determining the loss in weight when a sample is oven-dried is the most suitable. The
determination is made using small, non-corrosible metal tins and the temperature control of
the oven should be as accurate as possible (Hesse, 1972). Approximately 5 g of soil is
weighed into a tared tin and then dried in an electric oven at a temperature of 105-110 °C

for 8 hours. After cooling in desiccators, the loss in weight is determined.

If a soil is stored for some time before being further analyzed it is advisable to redetermine
its moisture content. When analyzing a fresh, wet soil, it is imperative to weigh the sample

for moisture determination at the same time as for the analysis in question.





Oxidation of the sample: Considerable heat is generated locally during, and in the
presence of air an appreciable amount of oxidation of soil constituents may occur. This is
particularly critical in soils containing ferrous compounds, which are quickly oxidized into

the ferric state (Tan, 1995).

2.2.2. CHEMICAL EFFECTS

2.2.2.1. Soil pH

If the water content of soil falls below wilting point the pH fluctuates and the electrical
resistance of a dry soil is so great that a pH meter may give incorrect readings; a soil must
not be too dry when its pH is measured. Thus, as previously mentioned, it is really the pH
value of soil-water system that is measured and the relative proportions of the components
of this system will affect the pH results. Generally, the higher the proportions of water the

higher the pH value will tend to be (Hurberty and Haas, 1940).

As soils normally contain salts to a greater or less extent, the suspension is strictly a system
of soil particles in salt solution, and one effect of diluting the system is to reduce the salt
concentration. If much CO, were absorbed in the soil, dilution would raise the pH value

and a considerable rise would occur if the soil contained much exchangeable sodium.

A further complication in measuring soil pH is the fact that the pH value of a soil paste will
be different from that of its supernatant liquid, due to a hydrogen ion gradient. If a small
charged particle of soil is in water suspension, a different cloud of exchangeable ions
around it (the electric double layer) will neutralize its charge. As salts are also present their
ions will mingle with the exchangeable ions and tend to reduce the double layer (Tan,

1995).
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The higher the valency of the salt ions and the greater their concentration the more the
double layer will be reduced and the pH at the particle surface will approach that of the
bulk of solution. Thus one way of obtaining the same pH value in the supernatant liquid as
for the soil paste is to add an excess of salt, usually KCI (potassium chloride), to destroy
the electric double layer. Although steps can be taken to standardize the variables of water
content and salt concentration, the measurement of soil pH remains somewhat arbitrary

(Tan, 1998).

Different analysts have adopted different soil-water ratios from 1:1 to 1:10 but the most
convenient ratio is that obtained in the saturated soil paste. This takes into account the
textural differences between soils; for example, a peaty soil needs a greater amount of
water added in order to measure its pH than does a sandy soil. Moreover, the saturated soil
paste must often be prepared in any case for other measurements, either on the paste itself
or on its extract. According to the purpose of measurement it may be useful to obtain the
pH value of a soil in potassium chloride solution as well as in water. As explained, this
standardizes the salt effect and it may also help to minimize errors due to the liquid

junction potential if electrometric methods are being used (Hesse, 1972).

It is possible to reduce the salt effect by leaching the soil before measuring pH but apart
from the tediousness of the procedure, the result would be artificial and would not
correspond to field conditions. Very occasionally it is desirable to eliminate the effect of
carbon dioxide absorbed in a soil when measuring the pH. With soils of pH less than 6 the
carbon dioxide concentration is of little consequence, but neutral, calcareous soils are very

sensitive to changes in carbon dioxide content (Tan, 1995).
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As pointed out by Reed and Cummings (1945) the necessity for considering the carbon
dioxide effect depends upon the purpose of analysis. In plant nutrition studies the effect of
carbon dioxide upon pH values is important and should be taken into account, whereas for
soil classification it is preferable to standardize the CO, concentration for reproducibility.
The fluctuation of pH values of soils in the field is due partly to changes in CO,

concentration, particularly in poorly buffered soils.

Whitney and Gardner (1943) found that pH is a straight-line function of a logarithm of CO,
pressure at constant moisture and that at constant carbon dioxide pressure, pH values
decrease with dilution of suspension. These workers studied the effect of CO, upon soil pH
measurement by aspirating the soil suspension with a gas of constant carbon dioxide
content. Known amounts of CO, were passed into the tank of an air compressor, which was
then filled with air to the desired pressure. Gas mixture was analysed before use and the

CO, pressure calculated; the method of doing this was that of Johnston and Walker (1925).

Soil suspensions were equilibrated at 25°C by bubbling the gas mixture through water and
then through the suspension. At high CO, pressures, soil suspension equilibrium was

obtained with 2-3 days and with low carbon dioxide pressure, 5-7 days were required.

Factors affecting measurement of soil pH: Because the soil pH measurements vary
widely with the method of preparation of a given soil, the details of the preparation
procedure must be carefully specified with any soil pH data. In the preparation of the soil
system, the principal variables that affect the pH measurement are the soil water content,

drying of the soil sample in the preparation, the content of soluble salts, and the content of
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CO; as influenced by season or drying, the amount of grinding given the soil, and the field

variation from core to core (which is best handled by composite sampling).

Oxidation-reduction: Soils containing oxidized Mn, Mn (I1), or Mn (1V), will oxidize Cr
(111) to the Cr (IV) anion with Mn acting as the electron acceptor (Barlett and James, 1979).
Drying greatly lowers the ability of a soil sample to oxidize Cr. Few dried and stored
laboratory samples will oxidize any Cr at all. Yet almost any fresh moist aerobic field
samples with a pH above 6 will oxidize Cr (111) (Barlett and James, 1979). Thus, the Cr
oxidation test is a useful tool with which to characterize redox changes that occur in soils
as a result of drying and storing. Barlett and James (1980) measured in terms of effects on
Cr (I11) oxidation, how much acidity added to a moist soil would be equivalent to drying

the soil.

Effect of soil water content: In general, the more dilute the soil suspension, the higher the
soil pH value found, whether the soil is acid or alkaline (Jackson, 1958). Measurement of
soil pH is at similar proportions affected by the suspension effect factor. The pH of a soil
suspension (soil and water mixed thoroughly) is usually lower than the pH of the
supernatant produced when the water is separated from the soil by centrifugation or
gravitational forces. The H* concentration is higher at the clay surfaces than in the bulk
solution. In a soil suspension, the electrode registers the H* ions both in the solution and at
the surface of the clay. When pH measurements are performed in the supernatant solution,
the electrode measures only the H* ion concentration of the bulk solution. The difference in
results is called the suspension effect.

Redox potential of the soil: Definition of the condition of the soil: Use of this equation,

[Eox = E° — RT/nF In (Ox)/(Red)] or [Eres = E° + RT/nF In (Ox)/(Red)] clearly
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demonstrates the importance to the magnitude of soil redox potential of the ratio, oxidized
state/reduced state of each oxidation-reduction couple, such as ferrous/ferric for iron,
manganese/manganic for manganese (the reason that hydrogen ions react with various soil
oxidation-reduction system such as Mn**/MnQ,: Mn** + 2H,0 MnO; + 4H" + 2e in
which H" must be taken to the second power because the ratio of H* produced to electrons

liberated 4/2 or 2), OH/0.50, for oxygen (Jackson, 1958).

Soil Fe, Mn, S,, and numerous other ions at equilibrium in the soil each have some finite
ratio of valence states and (or) molecular species in solution to give the redox potential
existing in the soil. The more abundant and active oxidants (such as O, of the soil air, or
more particularly the ratio "OH/0.50,, 1/20, +H,O —» 2 "OH) and reductants (organic
matter, sulfides, etc.) present in soil to interact to determine the soil oxidation potential.
Because the oxidation status of a soil changes very rapidly with its exposure to air or
displacement of the soil air by water, the undisturbed soil, preferably in situ should be used

(Quispel, 1947).

Soluble salts: The presence of neutral salts affects pH readings by influencing ionic
activities and gives rise to what are known as ‘activity errors’. These errors can be
significant if a small amount of dilute solution is being measured when potassium chloride
from the salt bridge causes changes in activity. The same effect will be obtained when

dealing with saline soils (Hesse, 1972).

The salt effect is overcome, or rather standardized, by taking measurement in potassium
chloride solution rather than water. Usually pH values in potassium chloride solution are

lower than in water; but for certain kinds of soil, for example strongly weathered oxic
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horizons, the converse is true and the effect is one of the diagnostics for these soils (Soil

classification 7" approximation, 1960, p.53).

2.2.2.2. Phosphorus

Drying can cause changes in P fixation, which is related to changes in Al and Fe chemistry.
Drying soils, particularly at high temperatures, may sometimes increase dilute-acid soluble
or water-soluble phosphorus, which perhaps occurs in conjunction with a decrease in the

soil pH.

Inorganic soil phosphorus (Orthophosphate ions-H,PO4 and HPOy,)

Inorganic P availability in alkaline soils: In high pH soils the availability (solubility) of
phosphorus is determined largely by the solubility of various formed Ca-phosphate
compounds. In alkaline soils, mostly calcium compounds cause phosphate precipitation.
Such soils are plentifully supplied with exchangeable Ca and in most cases with CaCOs.
Available phosphate will react with both the Ca ion and its carbonate, thus at high pH
value, phosphorus reacts with Ca and Mg in the soil to form insoluble compounds and in
this forms the phosphorus is not available and is said to be fixed (Jackson, 1956).

The reactions can be illustrated as follows:
3Ca®* + 2P0O,* —»Ca3 (PO4)2 |
(Insoluble)
3CaC03 + 2P04* —>Ca; (PO,); J 3CO; |
(Insoluble)

The tricalciumphosphate formed is insoluble and precipitates out of the solution.
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2.2.2.3. Potassium

Rich (1968) reviewed effects of drying on nonexchangeable K. Generally soils containing
2:1 clay minerals (lllite and Vermiculite) released K to the exchangeable form on air-
drying if the soils are initially low in exchangeable K (Luebs et al., 1956; Rich, 1968).
Clays high in exchangeable K tend to fix K on drying. The effects are slowly reversible
when water is restored. Rich (1968) suggested that water loss from a clay surface causes
protons from HsO" ions to associate with OH groups in the silicate structure, thereby
lowering the negative charge. It was further found on the same soil, that the effects of

drying on pH were extremely variable.

A. Effects of drying on the fixation of potassium

In one study, Martin, J.C., Overstreet, R., and Hoagland, D.R., (1945), reported that in
view of the highly significant amounts fixed in the moist state, it cannot be concluded that
drying is indispensable to fixation. This fact is in conflict with theories explaining
potassium fixation on the basis of lattice shrinkage induced by drying (Page and Baver,
1940) and with theories attributing the fixation to the destruction of the ionic double layer
on drying (Gorbunov, 1956). The increased fixation of potassium in a nonreplaceable form
on drying the soil may be attributed either to the loss of water or to increase in salt

concentration in the liquid phase during the drying process, or to both factors.

B. Factors affecting K fixation
Q) K concentration
An increase in K concentration is likely to increase K fixation because more K goes
into the exchange complex by mass action (Shaviv, A., Mohsin, M., Pratt, P.F., and

Mattigod, S.V., 1985).
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(i) Wetting and drying
The K fixation is strongly influenced by wetting and drying of soils. Fixation occurs
when initial level of exchangeable and soluble K is high and release occurs when the
level of such K is low. Thus, the process of drying favors attainment of equilibrium in
distribution of K in soils (Shaviv et al., 1985).

(iif)  Soil pH
Increase in soil pH, leads to higher fixation of K. But all the soil may not exhibit this
phenomenon (Shaviv et al., 1985).

(iv)  Temperature

Higher temperature favors dehydration and contraction of crystal lattice resulting in higher

K fixation (Mathers et al., 1955).
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CHAPTER 3: MATERIALS AND METHODS

3.1. Sampling procedure

3.1.1. Soil samples

Soil samples were collected at Tzaneen (Dal water farm), Venda (Tshiombho irrigation
scheme), (UNILIM) University of Limpopo (Syferkuil experimental farm) and
Magoebaskloef (Magoebaskloof pine trees farm). All these areas lie entirely within the
Limpopo Province of South Africa. The areas were selected because of their climates and
types of soils. Dal water farm and Magoebaskloof pine tree farm have sub-humid climate

while Tshiombho irrigation scheme and Syferkuil experimental farm have sub-arid climate.

Soil sampled at Tshiombho irrigation scheme are Bonheim, Shortlands, Clovelly, Inhoek,
Griffin, Sterkspruit and Bloemdal soil forms and Hutton soils sampled at Syferkuil
experimental farm. At Magoebaskloef pine tree farm, Hutton and Griffin soils were
sampled, and at Dal water farm, Tukulu, Clovelly, and Hutton soils were sampled. Dal
water farm and Syferkuil experimental farm receive dominantly summer rainfalls while
Tshiombho irrigation scheme and Magoebaskloef pine tree farm receive both summer and

winter rainfalls in annually.

Twenty paired samples were randomly collected at various depths on each of the four
locations. One set of the samples from each pair was air-dried for 20 days (these are
referred to as laboratory prepared soil samples). The other set was stored in polyethylene
plastic bags at cold temperature of below 15° C to avoid the loss of moisture and
preparation of microbial activities, wherein after the large aggregates were separated with a

spatula before extraction; they are termed fresh soil samples (Gilliam and Richter, 1985).
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After gross samples have been collected, care was taken to avoid contamination, and to
prevent the occurrence of further chemical reactions. The samples were kept as much as
possible in their original condition, to maintain the properties and identity of samples at all

stages of sample preparation.

3.2. Laboratory Analysis
3.2.1. Physical handling and preparations
3.2.1.1. Fresh samples

Because the soil samples are not allowed to stay moist for extended periods of time, the
samples were passed through a 2-mm sieve so as to remove coarse fragments. Thereafter
soil samples were stored fresh in polyethylene plastic bags for less than 3 days prior to
analysis. This was done to prevent unnecessary biological and chemical activities from

occurring in the samples.

3.2.1.2. Laboratory prepared soil samples

A second pair of soil samples were subjected to air-drying, and further ground and mixed.
Crushing was done with clean hands giving a greater care not to break the individual soil
minerals during the process. The purpose of crushing was to reduce heterogeneity and
provide maximum surface area for physical and chemical reactions. After crushing,
samples were mixed thoroughly for uniformity and this is an essential part of

homogenizing the sample after the crushing or grinding operation.

The samples were passed through 2-mm sieve (Robinson, 1930; Jackson, 1958; Soil survey

staff, 1972). The fraction that passed through the 2-mm sieve was collected and stored. It is
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believed that the soil fraction <2-mm represents the total soil volume (more accurately)
than the sieve fractions.

3.2.1.3. Grinding and Sieving

Sieving: Soils were sieved to remove stones and plant debris and to mix thoroughly in
order to obtain a representative sample. All three types of sieving were adopted for sieving
soil samples depending on the soil’s physical characteristics of stones, concretions and

plant debris contained.

Mechanical sieving: Using the mechanical sieve the soils were passed through rubber
rollers where soil particles are broken up. The soil passes through a 2-mm mesh, was
collected in the outlet section of the sieve, and then transferred into the original soil
container. This type of sieving is suitable for the majority of advisory samples but samples
with large stones were sieved manually as the stones would tear and scar the rubber rollers.
When using the sieve the dust extraction unit was always switched on. N.B. this dust unit
was serviced and cleaned regularly. The roller was at times adjustment or replacement
when excessive soil was going to the waste during the sieving. The area surrounding the

sieve was cleaned regularly to avoid sample contamination (Byrne, 1979).

Manual sieving: With this method, the soil were rolled manually with a metal roller and
then sieved through a mechanically vibrating 2-mm mesh. This method is much slower
than the mechanical sieve and is usually reserved for soil survey samples, stony samples,
and peat compost. In this case also the sieved soils were returned to the original soil
container. The dust extraction unit was switched on at all times and extreme care was taken

to avoid sample contamination (Byrne, 1979).

20





Sieving through a hand sieve: For very small samples that are thoroughly dried, this
method was used and also samples where total recovery was necessary to be measured
accurately. The sieve used is a 2-mm mesh brass sieve of about 30-cm diameter. (Byrne,

1979; Cline, 1945).

3.2.2. Chemical analysis
In the whole processes of soil analysis, weighing boats were thoroughly cleaned after
weighing every sample and all glass ware also washed with hot water and rinsed 3 times to

avoid cross contamination.

3.2.2.1. Phosphorus

For P extraction the Bray 1 method was used and Phosphorus determined by
Spectrophotometer in both fresh and laboratory prepared soil samples (Barnard et al., 1990;
Bray and Kurtz, 1945). This method estimates the relative bioavailability of inorganic
ortho-phosphate (PO4-P) in soils acid to neutral pH, using an acid solution (hydrochloric)
containing ammonium fluoride. The orthophosphate ion reacts with ammonium molybdate
under acidic conditions to form a complex. The blue complex is formed and is absorbed by
light at 660 nm. The method is shown to be well correlated to crop response on neutral to
acidic soils. The absorbance is proportional to the concentration of orthophosphate in the

sample. The method has a detection limit of approximately 0.1 mg/Kg (soil basis).

This procedure is used as an index of available phosphorus in soils by extracting easily
acid-soluble forms of P. 6.67g of soil was placed in an extracting bottle and 50 ml Bray 1
solution was added. The bottle was sealed and the contents were shaken on reciprocating

shaker for 60 seconds. 2 drops of flocculant solution were added and re-shook. The
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solution was filtered immediately through Whatman no 40 filter paper. After collecting the
filtrate, 2 ml ammonium molybdate and a few drops of the ANSA solution were added and
allowed colour to develop for 10 minutes. The solution was transferred to a curvet and

measured the percentage transmittance with spectrophotometer.

3.2.2.2. Exchangeable bases

Plant available exchangeable bases (Ca, Mg and K) were extracted by 1mol/dm?
Ammonium acetate of pH 7 and an atomic absorption spectrophotometer (AAS) used for
absorbance measurement (Barnard et al.,, 1990; CSTPA, 1974). The amount of soil
exchangeable K*, Ca?*, and Mg?®* residing on the soil colloid exchange sites were
determined by displacement with ammonium acetate solution buffered to pH 7. Generally
these cations are associated with the exchange capacity of the soil. This was in exception to
soils that have high soluble salts and are saline which required a special pre-analysis
treatment. The method has a detection limit of 1 mg/Kg or 0.1 meq 100g/m (on soil basis)

doesn’t correct for calcium and magnesium extracted as free carbonates or gypsum.

The method is used to determine the exchangeable bases with neutral ammonium acetate
solution. Five grams of soil was weighed and placed in extracting bottle and 50 ml NH,Oac
solution was added to the soil and shook horizontally on a reciprocating shaker at 180
oscillations per minute for 15 minutes. The extract was filtered through Whatman no 40
filter paper and the filtrate was collected but discarding the first few drops. 5 ml of
Lanthanum chloride was also added to the filtrate. The solution containing lanthanum
chloride in the 100 ml volumetric flasks was filled to volume with H,O. The AAS was then

used to determine the absorbance of elements Ca, K, Mg in the filtrate.
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3.2.2.3. Soil pH

The Orion soil pH was determined by glass electrode using buffer solutions of pH 4 and pH
7. The method involves a glass, H" sensing (indicator) electrode paired with a reference
electrode attached to a suitable meter for measuring electromotive force (emf), which has
been shown to be proportional to pH. The glass electrode has cation exchange properties
and a particularly high degree of sensitivity to H" ions compared with other ions in a
solution. Although glass electrodes sensitive to other cations are available, the normal glass
electrode obtained for pH measurements is capable of quite accurate results even when H*
concentrations are low (high pH) and concentrations of other cations such as Mg?®*, Ca**

and K" are relatively high.

The pH meter was calibrated with the commercial buffer solution at a given temperature.
Twenty grams of soil was weighed and placed in a beaker and 50 ml de-ionized water was
added to it. The contents were stirred with glass rod and allowed to stand for ten minutes.
Stirred again and allowed standing for ten minutes again. The pH was determined with the

electrode positioned in the supernatant solution

3.2.2.4. Cation Exchange Capacity

Cation exchange capacity (CEC) was determined by the method of CSTPA, 1974 and
McLean, 1982. The method of determining the CEC of soils is simple in principles, and
many variations, which ideally give the same results, are possible. In practice, because the
soil is such a complex colloidal system, the results obtained by different methods may vary
considerably; the nature of the replacing cation and the pH at which the replacement takes

place are mainly responsible for such apparent discrepancies. The Ca** and Mg, as
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replacing cations give somewhat higher values for the CEC than do NH;" or Na*; while the

value found at pH 8.0 is higher than that found at pH 7.0 (Byrne, 1979).

10 grams of soil was weighed into a screw-capped jar and 50ml of 1M sodium acetate was
added to it. The contents are then shaken on a reciprocating shaker for 15 minutes. After
shaking, the solution was filtered through whatman No. 40 and discarded the filtrate.
Another 50ml of sodium acetate was added, shaken and filter again. The sample was
washed with four successive 50ml portions of 99% methanol and returned sample to the jar
and 50 ml of ammonium acetate was added and shaken it on a mechanical shaker for 15
minutes. The solution was filter but saving the filtrate and filtered with two further 50ml
portions of ammonium acetate solution. The filtrate was transferred quantitatively to a

200ml volumetric flask and made up to volume with ammonium acetate.

3.2.2.5. Particle Size Analysis

Particle  sizes were analyzed according to the method of CSTPA
(1974) and McLean (1982). The hydrometer method was used to determine the particle size
distribution in the soil. The hydrometer was calibrated so that the corrected reading gives
the grams of soil material in suspension. The sand settles to be bottom of the cylinder
within 40 seconds, therefore, the 40 seconds hydrometer reading actually gives the amount
of silt and sample is obtained by subtracting the corrected hydrometer reading from the

corrected hydrometer reading from the total weight of the sample.

Dividing the weight of sand by the weight of the sample and multiplying by 100 calculated
the percentage sand. At the end of two hours, the silt in addition to the sand has settled out

of suspension. The corrected hydrometer reading at the end of two hours represented the
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grams of clay in the sample. The percentage silt is obtained by differences between Sand

percentages and clay percentages (Reed and Jacobs, 1964).

50 grams (fine textured) or 100 grams (coarse textured) of air-dry soil was weighed and
transferred into the 250ml Erlenmeyer flask, using a funnel. 100ml of distilled water and
250ml of 10% Calgon (Sodium hexametaphosphate) solution were added and the jar was
sealed and shook for 15 minutes. The stopper was removed and side of flask was washed
with a jet from a wash bottle. The contents were transferred into dispersed cup, and filled to
2/3 full with distilled water and stirred for 2 minutes. The sample was transferred into a

Bouyoucos cylinder.

Carefully lowered (not dropping) the soil hydrometer into the suspension and distilled
water were added to the mark, 1130ml for a 50.0 gram sample or 1205ml for a 100.0 gram
sample. Hydrometer was removed. The base of the cylinder was held with one hand, placed
in the palm of the other hand over the open end to seal it, and rotated end over end several
time. Gently the palm was replaced on bench top and immediately noted time to the
seconds. After 20 seconds, the hydrometer was carefully lowered into the suspension and it
was steadied to suppress up and down movement and drifting. Readings at 40 seconds (top
of meniscus) were recorded. Hydrometer was removed and measured the suspension
temperature. A second hydrometer reading was taken and temperature read after 5 hours.
The %sand, %silt and % clay in the sample were calculated and using the textural triangle,

the textural class was determined.

Sodium hexametaphosphate: Sodium replaces cations (e.g. Calcium) on the surface of the

clay, which precipitates as a metaphosphate. On the negative charge of clay particle, the
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presence of sodium causes the clay particle to disperse by repelling each other. Most soils
in their natural condition tend to be aggregated. Sodium hexametaphosphate and stirrer,
breaks down the aggregates dispersion techniques to enable the soil separates (sand, silt

and clay particles) to become separated and free in the suspension (Reed and Jacobs, 1964).

3.4. Statistical data analysis
3.4.1. Pearson correlation
Laboratory analyzed data was subject to analysis for correlation using Microsoft Excel ™
worksheet and SAS software® (SAS Institute Inc. Cary, NC) and r value (correlation
coefficient) was computed.

r= (x=x)y-y)

(n-1).SxSy

The x and y scatter plots were drawn and linear regression equation (y = a + bx) was also

computed, where a is the true intercept and b is the true slope.

b=(X1—X )y1=Y)*+... #(Xa=X)(Ya—Y)

(X1 = X )24 ( Xn — X )?
a=y-bx
R? (Coefficient of determination), which was also computed, indicated the measure of the
percentage of variation in the values of the dependent variable that was explained by the

change in the independent variable.

The x and y are the values of ‘prepared’ and “fresh’ (field moist) soil samples and x and y
are the means, n is the sample size and Sy and Sy are the standard deviation of the sample

respectively.
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Partial Analysis of Variance (ANOVA) table for linear regression of fresh and
laboratory prepared soil samples

SOURCE DF SS MS F

Regression 1 [Z(x-X)(y-V)]? SS/DF MS regression
S(x=X) MS residual

Residual n-2  Total SS-Total Reg SS/DF

Total nl  X(y-v)
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CHAPTER 4: RESULTS AND DISCUSSION

4.1. Soils

The areas chosen for this study had different soil characteristics (Tables 1-4). Syferkuil
experimental farm soils have pH values around neutrality to alkalinity with sandy loam
textures whereas Tshiombho irrigation scheme soil profiles are more acidic and contain
much higher percentage of clay (dark clay soils). Soils collected form Dal water farm are
mixed (soils are different in most characteristics and collected from various profiles and
depths), and similarly to the ones collected from Magoebaskloef Pine tree farm, with pH

values ranging from acidic to alkaline.

Soils used in this study, represented Bonheim, Bloemdal, Clovelly, Griffin, Hutton, Inhoek,
Shortlands, Sterkspruit and Tukulu soil forms and are typical soil types which are tested
and used for Agricultural production in South Africa and other countries. Soils analyzed in
this study were sampled from variety of depths, others from topsoil, and others from

subsoil (Tables 1-4).

4.2.  Extractable Cations

(@) Potassium and Phosphorus

The relationship between P in two treatments and K in those treatments again, as
determined in 20-coupled samples, is shown in figures 1-4 for K and figures 5-8 for P.
Probabilities of treatment effects according to an ANOVA for P and K are represented in
tables” 10p and 10k respectively. Despite this, little is known of the effects of sample
preparation on entire soil chemical properties. Of the major plant nutrients, only potassium

has been shown to be significantly affected by drying (Fig. 1-4).
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Whether there is a release or fixation of K upon drying appears to be determined by clay
mineralogy and exchangeable K levels. Changes in available K are affected by drying
induced changes in clay while not changed by drying. Luebs et al., (1956) found that plant
available K" was far better correlated with exchangeable K* of field-moist than air-dried
soil. During the drying of soil samples, K may be fixed or released form the fixed form.
The reaction that occurs depends upon the level of exchangeable K and on the type of clay
minerals present. Therefore, the result of K determination may be affected considerably by
the method of treating or drying the samples. Fixed potassium; this refers to entrapment of
potassium ions in the crystal structure of Illitic type clays or micas. Alternate wetting and

drying of 2:1 type clay minerals may aid in slow release of fixed potassium.

It is known that at low pH values, Fe, Al and Mn are ions dominating the soil from the
work of Tan, (1995). According to the results of this study, there is a clear indication that
after drying, where the pH value drops to acidity (Table 1-4), and phosphorus reacted with
Fe, Al and Mn in the soil and as they combine with phosphate, they form insoluble
compounds of Al, Fe, and perhaps Mn. The resulting compounds may be precipitated from
solution or adsorbed on the surface of iron and aluminium oxides or on clay particles. As
clay becomes more acidic they turn to contain more adsorbed Al and Fe. Hence in acid
soils the products of P fixation are largely complex phosphate of iron and aluminium. In

this forms the phosphorus is not available and is also said to be fixed.

Increased Mn solubility and exchangeability is a major effect of soil drying (Barlett and
James, 1979; Fujimoto and Sherman, 1945; Kelly and McGeorge, 1913; Nelson, 1977).
The Mn probably is released by reduction through disruption and partial oxidation of soil

organic matter.
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In the soils of Tshiombho Irrigation scheme, Table 1, soils might have absorbed heat, as
they were very dark in colour, though they were not on the sun or on heated area. The
results witness this with an observed increased fixation. In giving support to this, Shaviv et
al., 1985, reported that K fixation is strongly influenced by wetting and drying of soils.
Fixation occurs when initial level of exchangeable and soluble K is high and release occurs
when the level of such K is low. Thus, the process of drying/minimizing moisture favors

attainment of equilibrium in distribution of K in soils.

Phosphorus and potassium were as much as +10% and £30 % respectively affected
(increased or decreased) than initial values for air-dried soils in soil ph ranging from 3.77
to 6.55 and from 7.41 to 8.32. A marked significant difference in K of 16.79 mg/Kg
between the air-dried soils and moist soils from Tshiombho irrigation scheme was observed
for all soils (Fig. 2). Air-drying increased acidity and fixation by as much as 30.24 %. The
statistical difference existed among overall regression equations for Tshiombho irrigation
scheme, Magoebaskloef pine tree farm, Dal water farm, and Syferkuil experimental farm

(Fig. 1-4).

Air-drying has been reported to increase, decrease, or not affect the amount of ‘available’
phosphate that can be extracted from soils with various reagents (Wiklander and Koutler-
Andersson, 1996; Gosh and Wiklander, 1968; Barlett and James, 1980). Similarly, this
current study found that rewetting previously air-dried soil samples caused increases in

phosphate extractability in some soils and decreased in others (Fig. 5-8).
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Air-drying had two major effects on the reactions of phosphate in the soils studied. Firstly,
it increased the extractability of native soil phosphate and secondly it increased the
capacity of soil samples to adsorb added phosphate (Fig. 5-8). Both soil parameters studied
were increased by differing amounts (Tables 1-4). The phosphate, which is rendered more
extractable upon drying, is associated with organic matter —Fe and —Al complexes that also
appeared to become more extractable following drying (Haynes and Swift, 1985). The

increased in phosphate capacity could not, however, be related to any measured soil

property.

In this study, it was further found that the effect of air-drying on phosphates was highly
variable among soil types (Hutton, Clovelly and Tukulu in Fig. 7 and 8). Increase in
phosphate due to air-drying largely occurred in the Dal water farm soils dominated by good
agricultural soils from the Hutton, Clovelly and Tukulu soil forms. The Hutton type of soils
from Syferkuil experimental farm showed a very little change in phosphorus with drying

(Fig. 7). They are dominated by soils from Stella family of low-lying slope.

The effect of pre-treatment on K and P involves a suite of chemical and biological
processes that lead to changes in the surface chemical properties of a soil. In one
experiment conducted by Comfort et al., (1991), the H" was released to solution (i.e. the

pH decreased) as the amount of SO, adsorbed to the surface increased.

The output of this study run counter to accept wisdom that P and K proceed via ligand

exchange with the stoichiometric release of OH". It may be that the exchange of Mg?* for

Al and Fe results in hydrolysis of H,O that releases H" into solution.

31





This observation is supportive to the commonly held idea and documented information that
soils fix more K and P at lower and higher pH values (Shaviv et al., 1985). The pH of these

soils is more acidic to medium acidic.

Air-drying of soil samples resulted in relative increases and decreases of P, in soil pH
measured in water depending on the original (in situ) soil pH and soil type. This
observation is consistent with the hypothesis that Al and Fe undergo transformation to
more insoluble forms upon drying which reduces the amount of Fe and Al available for

hydrolysis of water and release of H* (Comfort et al., 1991).

Reviewing table 4, Hutton soils are still showing to be stable except where no statistical
relationship was shown between P in fresh soils and laboratory prepared soil samples in
Fig. 5. The non-relationship is caused by acidification of soils after laboratory preparation
which led to fixation of P as the pH of one sample among dropped to about 3.77, closer to

minimum soil pH level.
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Syterlaul experimental farm, K
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Dal water farm, K
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Figure 1, 2, 3 and 4: The relationship between concentrations of extractable K (ppm) from
Fresh and Laboratory prepared soil samples in individual areas
indicated.
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Magoebaskloef pine tree farm, P
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Syferlaul experimental farm, P
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Dal water farm, P
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Figure 5, 6, 7, and 8: The relationship between concentrations of extractable P (ppm)
from Fresh and Laboratory prepared soil samples in individual areas indicated.
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(b) Calcium and Magnesium

When the soil samples are kept moist the transformation to less soluble Fe and Al solids is
avoided and the Ca ion (from CaCl; in the soil) displaces a larger quantity of Al and Fe into
solution. This displaced Al and Fe hydrolyzes H,0O, thus resulting in a lower pH value

(increased [H]), (Hesse, 1972).

The results as shown by Fig. 10 showed no statistical relationship between Mg measured in
fresh soil samples and laboratory prepared soil samples of acid soils of Tshiombho
irrigation scheme. In comparison to the soils sampled at Syferkuil experimental farm, it is
shown that Hutton soils are more stable in terms of chemical reaction when original pH is
closer to neutrality. There are many different represented profiles (7 soil forms represented

as profiles) profiles sampled at Tshiombho irrigation scheme.

A comparative examination of the values between the laboratory prepared soil samples and
fresh reveals that, for soil samples dried prior to analysis, Mg and Ca, may either increase
or decrease but statistically the difference is none. This non-significant increase or decrease

is dependent on the amount of clay and soil pH of the soil (Table 1-4).

The regression values of this are presented in table 5. Although statistically no difference,
the correlation was moderate to strong (R?=0.7145, 0.8049 and 0.604) in Syferkuil, Dal,
and Magoebaskloef respectively. The Tshiombho irrigation scheme Mg and Ca content
were in exception. The acidity of the soil affected the soil differently leading to fluctuating

values and resulting in no correlation with R? value of 0.0067.
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This is indicative to that the effect of laboratory preparation on acid soils cannot be
ignored/avoided. Otherwise fertilizer recommendations based on this will continue to be

misleading.

My suggestion is that though Mg still remains available even after air-drying; | believe they
are changed to a different form that differs from the initial stage. In the presence of Sulphur
compounds and Manganese compounds after drying, the reaction will be high to change the
initial form of Mg (Barlett and James, 1980). In soils already with high pH values, Mg
increase upon drying (Table 2,3,4 and 12) while decrease in soils with low pH upon drying,
(Table 1 and 12). This was shown with soils sampled from the sub-soils as the held more
clay content than the topsoils. These result turn to agree with the study of Gilliam and
Richter, (1985) which conclude that reaction of Mg with other compounds is not different

from the way Ca reacts with them.

Soils differ in the quality of adsorbed cations they contain per unit weight. The
milliequivalent of adsorbed cations per 100 mg is called the cation exchange capacity. The
higher the clay and humus content of a soil the greater the cation exchange capacity (Reed
and Jacobs, 1964). However, Harada and Wada (1974) reported that air-drying of Andosols
resulted in slight but significant increases in both CEC (Cation exchange capacity) and
AEC (anion exchange capacity). This Drying might be expected to change activities of Ca

and Mg (Barlett and James, 1980).

38





Magoebaskloef pine tree farm, Mg
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Syferkuil experimental farm, Mg
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Dal water farm, Mg
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Figure 9, 10, 11, & 12: The relationship between concentrations of extractable Mg (ppm)
from Fresh and Laboratory prepared soil samples in individual areas indicated
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4.3.  Soil pH and Cation Exchange Capacity

Using Tables 1-4, the relationship between soil pH of two treatments is presented.

Soil texture, CEC and pH were the most important and significant variables in modeling
the behavior of analyzed extractable ions during air drying as a function of various soil
parameters. It is possible that changes in specific surface area or mineralogy may have
occurred but it was not possible to measure these parameters on the fresh moist
(unprepared) soil samples. Soil pH values ranged from more acidic to more alkaline in

overall soils with the extractable soil K and P levels on the lower side of expected fertility.

In the current study, there has been an observed small but consistent decrease in soil pH
caused by drying, and was also witnessed by other workers (Mortland and Raman, 1968;
Raveh and Avnimelech, 1978; Barlett and James, 1980). This decrease has been attributed
to increasing hydrolysis of water molecules (associated with exchangeable cations held on
clay surfaces) causing an increase in their proton-donating abilities (Mortland and Raman,
1968) or the breaking of hydrogen bonds within the soil organic matter resulting in the
exposure of new acidic groups (Raveh and Avnimelech, 1978). A decrease in pH would
tend to increase the adsorption capacity of the soil (Bowden et al., 1980) but the very small

change observed in this study is likely to have a major effect.

If the water content of a soil falls below wilting point the pH fluctuates and the electrical
resistance of a dry soil is so great that a pH meter may give incorrect readings; a soil must
not be too dry when its pH is measured. Thus, as previously mentioned, it is really the pH
value of a soil-water system that is measured and the relative proportions of the
components of this system will affect the pH results. Generally, the higher the proportions

of water the higher the pH value will tend to be (Hurberty and Haas, 1940).
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Barlett and James (1980) found that increasing the time of storage for dried soils tended to
increase acidity and the solubility of soil organic matter. Results from the current study
indicated that chemical properties of the surface horizons were most affected by air-drying,
compared to soils from B horizons (Tables 1, Table 2 samples 1-10, Table 3, and Table 4
samples 1-7 and 17-20). In Table 1, pH of fresh samples ranged from 5.61 to 6.90 while for
prepared samples ranged from 4.46 to 6.07. Table 2, the pH of surface horizons were
lowered with an average value from 2.94 to 2.12 while in the lower lying horizon there was

no clear difference.

Another interesting observation is that air-dried soils had lower pH values and previously
mentioned than the corresponding point for the moist soils and yet K decrease was greater
for air-dried soils, of Tshiombho irrigation scheme (Fig. 2). When water was used to
measure pH on air-dried soils, the pH was less than that of the moist soils (Table 1-4)
possibly due to release of H* from the formation of new solid phases or possibly due to

mineralization of organic matter.

More chemical reaction in soils of Tshiombho irrigation scheme is catalyzed by high clay
content and organic matter, this also influenced acidity as soils dried (soil moisture
declined). These confirm also the findings by (Tan, 1998), that soils with high clay content

and CEC are more reactive than those with less clay.

According to the study, CEC results in Table 1 of Tshiombho irrigation scheme, indicated
that Illite is the type of mineral found in that soils (CEC ranged between 10 and 40

mEqg/100g). Since lllite contains interlayer potassium, the unit layers are bonded more

42





strongly that those of Smectite. Therefore, the intermicellar spaces of Illite do not expand
upon addition of water. It has been indicated by Tan (1998), that when CEC is about 30
mEQq/100g, plasticity, swelling and shrink-swell capacity are less tense in lIllite than in

Smectite.

The more soil accumulates lot of clay content, the less reliable it becomes in terms of
chemical reaction upon removal (sampling) from its original place. Table 3 and 4 compared
with all soils in table 1 reflects this). Potassium is a very sensitive element when soils are

prepared prior to analysis in the laboratory.

4.4. Drying effect

Van Schuylenborgh (1954) made an investigation into the effects upon the physical
characteristics of soil when it is dried. Drying soils at elevated temperatures has been found
to affect results of particle size analysis. Using a tropical mountain forest soil, which was
subject to excessive rainfall, Van Schuylenborgh found that drying affected the results of
mechanical and consistency analyses. Mechanical analyses were made with and without
prior oxidation of organic matter on wet and air-dried soil samples. The overall effect of
organic matter was to change a clay soil to a loamy soil and the same effect was illustrated
by differences in water-holding capacity and plasticity. The effect was not of drying upon
organic matter. It was suggested that the effect is an irreversible dehydration causing

cementation of clay particles, which are not dispersed.

This current study obtained similar results with a fine clay soils in Tables 1 and 4 though
the temperature was not as high as reported by Van Schuylenborgh. Drying caused

irreversible changes resulting in clay textures being analyzed as sandy textures (particles
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strongly held to each other). Nevo and Hagin (1966) found that changes occurring in a soil
during the first 3 months of dry storage were independent of microorganisms. The major

factor involved was a change in the physical structure of the organic fraction.
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CHAPTER 5: CONCLUSION

5.1. Introduction

5.1.1. Background and information

The material contained herein materially advances our knowledge of soil analysis. For a
true evaluation of a particular constituent in a soil as encountered in the field, special
techniques must be used whereby the soil is sampled and analyzed immediately or within
short space-time. Accordingly, study of this part, must inevitably lead to the reexamination
of what defines the soil composition (original chemical and physical characteristics). The
first step was to establish definitively what affect the level of extractable ions during soil
sample preparation, and here it was possible to correct some earlier confusion by studying

thoroughly around the soil pH factor, clay content, preparations procedure and CEC.

The goal/objective of this study seems to be easy but is a major future determinant in Soil
Science and agriculture with all it entails (the survival of agriculture depends on
adaptability in this model rather than on power). The laboratory prepared soil samples with
its peculiar change in characteristics, and interest in preparation procedure, can be very
dangerous to the future of agriculture and the economy at large since fertilizer
recommendations are based on its results and maximum production be expected out of that.
It’s therefore that, as soon as possible a careful study of the situation be done, and all the
principals thereto, in order to assist the overall situation by providing morel information, or
at the very least to better prepare the next study that is more detailed and put everything on

the ground (involving planting crops) compared to this.

Moreover, this semi intensive study of the period is very illuminating. Somewhere between

there is an indication that the sample original characteristic has been corrupted, this has
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fascinating implications, and it may make this truly unique for that it has been so long soil
analysis for research purposes and agricultural production being made on laboratory
prepared soil samples. | simply do not have sufficiently detailed accounts of it but it is

observed all over soil analysis laboratories.

5.2. Conclusion

The mechanisms underlying these soil chemical changes are not easily understood, but a
combination of microbial lysis, aggregate breakdown, and disruption of organic matter
coatings appear to be important (Barlett and James, 1965). The results have important
implications for analytical procedures (soil preparation) that involve soil drying prior to
extraction, and for attempts to relate such measurements to seasonal patterns of soil P
availability and furthermore, more information is needed on the chemical composition of
this potentially bioavailable fraction. From a practical viewpoint, it seems likely that the
air-drying for a longer time of a range of soils will increase variability in soil test values
and certainly the reliability of estimates of the phosphate requirements of soils when

calculated from adsorption isotherms.

Microbes-related changes should be at a minimum in moist soil. Provided that it is
recognized that there will be a flush of bioactivity temperatures, storage at low but above
freezing temperatures is a good method for long-term soil storage. For short-term storages,
the simplest method is to keep soil samples close to field capacity moisture, or slightly
below, inside thin polyethylene bags. The soil will remain aerobic because such bags are
permeable to both CO, and O, (Barlett and James, 1965). Since they are also permeable to

a water vapor, some drying will occur unless bags are kept at 100 % humidity.
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Pre-treatment of soil, with more specific reference to drying, resulted in:

v

v

Immediate changes in altering surface chemical properties.

Characteristics of a dried soil sample continue to change during dry storage.
Behavior of a dried sample immediately after adding water to it differs from that of
the continuously moist soil, often in a predictable manner.

For many laboratory purposes, pretreatments or air-drying/oven drying still may be
the preferred procedure so long as the problems involved are understood and
confronted.

Unfortunately, there is not any entirely convenient, simple, or suitable alternative to
drying soil samples.

Freezing has been reported by Barlett & James (1980) to be disruptive to soil
organic matter structure, though perhaps not as much so as drying.

It is impossible to totally avoid change in soil respiration and redox status when a
soil sample is moved abruptly from field conditions to laboratory conditions
Analysis should be carried out either immediately on sampling or after a period of
equilibrium under laboratory conditions, but not in between, when the most rapid
changes are taking place.

Sieving and mixing in order to obtain a representative sample for analysis is a
formidable problem.

Elk et al., (1988) recommended adding water and making slurry from which an

aliquot is taken.
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v Volume, using measuring spoons or pipettes may meter out soil samples, but there
are no ways to avoid moisture determination if results are to be based on soil dry
weight.

Many of the changes caused by drying appeared to be associated with increased acidity.
One of the most noticeable effects of air-drying soils is the increase in yellow or amber
colour in solution extracts. The colour is related to the amount of organic matter made
soluble by drying. It was suspected that there is also the indication of iron (II) being

oxidized to iron (I11).

The results of this study as supported by other workers, i.e. VIok (1954) indicated that
drying is the major process that has power to change most things in chemical reaction as air
can also be a catalyst of some chemical processes. It is therefore that moisture should be
conserved in the sample at original state as possible to avoid the tempering unless is too

much to approach 1: 2.5 water and soil ration.

Measurement of the pH of soil samples at field moist condition may be considered the most
valid in terms of the existing soil biological environment. The way things appear, it clearly
indicate that majority of laboratories has adopted analysis of soil samples on air-dried
samples and taken it as a standard method. There are many reasons to believe that drying
process hastens certain soil chemical reactions and that dried samples therefore are more

nearly at equilibrium.

Other possible results from drying at high temperatures are chemical changes in the
oxidation status of the elements and microbiological reactions. The degree to which such

changes occur varies with temperature and time of drying
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5.3. Recommendations

This study recommends that the soil tests/soil analysis of soil pH, P, and K be done on
fresh soil, on arrival in the laboratory. If many samples are brought to the laboratory,
storage time should be as minimal as possible. This should be emphasised mostly on soils
with low pH, high clay content and high organic matter content and may be to the larger
extend a relative amount of moisture that can be catalyse microbial reactions. Soils with
less clay content though are no much harm to the situation but should also be monitored
with an eagle eye. To all these, Hutton soils with less organic matter and clay, are in
exception, on condition one is sure of those contents of clay and related characteristics,

CEC and pH.

To accelerate the drying process, samples may be placed in a forced draft to moving air,
but not in heated air. The temperature must not exceed 20°C (room temperature) because
drying at elevated temperatures may cause drastic changes in the physical and chemical
characteristics of the sample. Where many samples need to be analyzed and cannot be done
within short space of time, it is advisable for the laboratory workers to store samples in
screw capped jars on a rack in strict numerical order rather than to attempt some other
system, such as classifying according to areas sampled or date or kind of analyses required

with labels suitable.

Moist soils should just be analyzed without storing them for any length of time. Storing a
soil in a moist state is, in effect, incubating it, but without temperature or moisture control
and possibly with a build-up of carbon dioxide at the expense of oxygen. As such treatment
will result in many complicated reactions it is most undesirable to keep a soil in moist state

for any length of time for the purpose of general analysis.
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A further recommendation is to study the relationship of all soil chemical characteristics
with physical characteristics on laboratory prepared soil samples and fresh soil samples.
Another study to put the findings of this research on the ground and see how much can be
lost (value for money) per production on fertilizer recommended on these two treatments.

But myself will do this study in person (no one should conduct it without prior consultation

with me).
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ADDENDUM 1

Table 1: Tshiombho irrigation scheme

Sample Soil pH Fhkkkkkkk | kkkkkkk | kkkkkk | Text. | *** | Moisture | Soil Colour falaiai

No. Fresh Prep. Soil form | Sampled | Climate | Class | Clay % falakieied CEC

Sample | Sample | ********* | horizon | **FxEE | HEkk % weight me/100g
samé:)tling
1 5.61 4.46 Bonheim Ap CL 37.12 L 10YR2/2 | 37.98
2 6.21 4.79 Shortlands Ap (é SCL | 29.12 ; 25YR5/6 | 19.13
3 594 [457 |[Clovelly | Ap 2 |sCL | 3312 10YR4/2 | 28.35
4 6.20 4.78 Clovelly Ap O |sCL |2112 2.5Y4/4 23.82
5 6.30 4.58 Inhoek Ap SCL | 26.56 10YR3/3 | 25.15
6 6.19 4.85 Griffin Ap i SCL | 22.56 s 10YR3/4 | 24.92
7 6.55 5.12 Griffin Ap % SCL | 22.56 ; 7.5YR4/2 | 23.68
8 6.03 4.83 Shortlands Ap ;JS SCL | 25.12 5YR3/4 23.35
9 5.82 5.26 Shortlands | Ap S SCL | 21.12 5YR3/4 23.52
10 6.63 554 | Shortlands | Ap SCL | 2256 25Y4/4 | 21.76
11 6.01 5.76 Bonheim Ap SCL | 24.00 2.5Y3/2 30.10
12 6.70 6.00 Sterkspruit | Ap 8 SL 18.56 & | 10YR4/3 | 26.32
13 6.90 6.07 Bonheim Ap ?; SL 18.56 o 10YR4/3 | 22.16
pY)

14 6.83 5.75 Bonheim Ap o SL 18.56 5YR3/3 21.85
15 6.25 5.89 Bonheim Ap SCL | 22.56 2.5Y3/3 18.85
16 6.38 5.60 Shortlands Ap SL 18.56 7.5Y3/5 21.68
17 6.31 5.50 Clovelly Ap o SL 18.56 L 7.5YR4/3 | 25.31
18 6.15 517 Bonheim Ap % SCL | 25.44 ; 25YR2/2 | 26.72
19 6.37 5.70 Inhoek Ap ;JS SCL | 25.44 10YR2/3 | 25.31
20 6.23 5.62 Bloemdal Ap S SCL | 21.44 7.5YR3/2 | 28.69

SCL=Sandy Clay Loam ****S|_=Sandy Loam****CL=Clay Loam
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Table 2: Dal water farm

Sample Soil pH Fhkkdkkk | Akkkkkk | kkkkkxk | Text. | *** | Moisture | Soil Colour falaiaied
No. Fresh Prep. | Soil form | Sampled | Climate | Class | Clay % falakaieie CEC
Sample | Sample | ******** | horizon | **xEEE | Akkx % weight me/100g
sam?)tling
1 6.54 6.35 Hutton Ap o | SL 15.6 10YR2/2 | 20.13
2 5.38 5.65 Hutton Ap % SL 17.6 2.5YR5/6 | 18.01
3 6.17 5.82 Hutton Ap g SL 14.6 § 10YR4/2 | 26.74
4 7.17 6.67 Hutton Ap O |S 8.08 2.5Y4/4 22.99
5 8.32 7.77 Hutton Ap LS 13.6 10YR3/3 | 27.96
6 6.54 6.08 Hutton Ap SL 17.6 10YR3/4 | 24.37
7 7.08 7.15 Tukulu Orthic A é S 7.58 © 7.5YR4/2 | 18.78
8 6.35 6.16 Tukulu Orthic A E S 8.08 3 5YR3/4 15.39
9 699 | 627 | Tukulu | Orthic A B 958 SYR3/4 | 18.87
10 7.25 720 | Tukulu Orthic A ° LS 13.6 25Y4/4 | 28.71
11 620 |535 | Clovely | YBAB LS 16.6 25Y3/2 |27.75
12 6.44 5.60 Clovelly | YBAB (£ SC 36.6 10YR4/3 | 29.14
13 580 |558 | Clovely | YBAB g SL 13.6 © 10YR4/3 | 19.92
14 788 | 766 | Clovely | YBAB % SL/LS | 116 © [5YR3/3 | 18.22
15 8.40 8.95 Clovelly | YBAB O | SL 17.6 2.5Y3/3 26.43
16 7.38 7.22 Clovelly YBAB SCL 15.6 7.5Y3/5 24.4
17 6.56 5.72 Clovelly | YBAB n SCL 21.6 7.5YRA4/3 | 24.20
18 |772 |760 |Clovly |YBAB | & |LS |116| . |25YR2/2|19.76
19 477 456 |Clovely | YBAB E SCL |216 3 10YR2/3 | 24.54
20 7.35 6.87 Clovelly | YBAB % SCL 23.6 75YR3/2 | 27.21

SCL=Sandy Clay Loam **SL=Sandy Loam**CL=Clay Loam**
YBAB=Yellow Brown Apedal B
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Table 3: Syferkuil experimental farm

Sample Soil pH Fhkkdkkk | Rkkkdkkk | kkkdkekx | Text. | *** | Moisture | Soil Colour | ****
No. Fresh Prep. | Soil form | Sampled | Climate | Class | Clay % falaiaiaied CEC
Sample | Sample | ******** | horizon | ****** | *xkx % weight me/100g
sam?)tling
1 7.04 7.20 Hutton Ap SL 17.76 10R5/4 27.32
2 7.27 7.41 Hutton Ap 0 LS 13.76 - 7.5R3/4 29.62
3 7.18 7.09 Hutton Ap % SL 16.48 8 10R3/6 34.95
4 8.60 8.26 Hutton Ap 5 SL 11.76 7.5R4/8 31.72
5 8.46 7.86 Hutton Ap v SL 14.48 7.5R3/4 30.13
6 7.43 7.42 Hutton Ap SL 15.76 10R5/4 30.75
7 7.10 7.06 Hutton Ap »n | SL 16.48 ~ | 10R5/6 28.32
8 7.69 7.51 Hutton Ap § SL 17.76 8 2.5YR4/6 | 29.74
9 7.70 7.56 Hutton Ap D [sC 17.76 2.5YR4/6 | 30.98
10 7.27 7.16 Hutton Ap ~ SL 15.76 7.5R4/8 28.56
11 774 | 765 | Hutton Ap SL | 15.76 75R4/6 | 29.77
12 7.79 7.81 | Hutton Ap % SL | 19.76 75R3/4 | 28.59
13 7.42 7.44 | Hutton Ap g SL | 15.76 ~ 75R3/4 | 29.78
14 788 | 7.77 | Hutton Ap g LS | 13.76 © [10R3/6 | 30.27
15 ND ND ND ND ND | ND ND ND
16 8.65 8.20 Hutton Ap LS 11.76 10R3/6 26.20
17 788 | 7.70 | Hutton Ap & sL [15.76 25YR5/6 | 29.96
18 8.01 7.79 Hutton Ap ?; SL 13.76 - 7.5R3/4 28.63
19 8.03 7.76 Hutton Ap g SL 11.76 8 7.5R4/8 27.33
20 7.71 7.53 Hutton Ap SL 16.48 10R5/6 30.08

SL=Sandy Loam **LS=Loamy Sand**ND=Not Done**
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Table 4: Magoebaskloef Pine trees farm

Sample Soil pH Fhkkdkkk | Rkkkdkkk | kkkdkekx | Text. | *** | Moisture | Soil Colour | ****

No. Fresh Prep. | Soil form | Sampled | Climate | Class | Clay % falaiaiaied CEC

Sample | Sample | ******** | horizon | ****** | *xkx % weight me/100g
sam?)tling

1 5.92 5.54 Hutton | Top soil o | SCL [21.12 75R3/4 | 33.54
2 601 | 557 | Hutton | Top soil % SCL | 30.12 75R4/4 | 29.63
3 4.66 4.53 Hutton Top soil g CL 37.14 g 10R3/6 26.13
4 5.60 5.38 Hutton | Top soil O [sL |1856 10R5/4 27.96
5 4.62 4.52 Hutton Top soil SL 17.60 2.5YR4/6 | 18.80
6 5.52 5.37 Hutton | Top soil S 9.58 2.5YR5/6 | 21.88
7 5.90 5.69 Hutton | Top soil § SL | 19.76 o | 75R3/6 | 22.57
8 606 |602 | Hutton | Top soil T [sL [1176 S [5YRa/8 | 2943
9 7.21 7.00 Hutton | Sub soil % sL |[17.76 75R4/8 | 23.81
10 7.18 7.16 Griffin YBAB CL 36.42 5YR6/6 39.87
11 7.66 7.52 Griffin | YBAB CL |3714 5YR5/8 | 30.08
12 7.96 7.94 Griffin YBAB (£ SCL | 22.56 5YR6/6 31.23
13 7.93 7.89 Griffin | YBAB g CL | 3862 g 10YR5/4 | 38.11
14 |761 [762 |Griffin | YBAB S [scL 210 < [75YR6/8 | 27.05
15 5.12 5.02 Griffin | YBAB O |scL | 2256 7.5YR6/6 | 25.02
16 7.31 7.19 Hutton | RAB SL 19.08 10R3/6 22.17
17 4.11 4.01 Hutton | Top soil o» | St 15.60 7.5R3/4 | 19.92
18 4.01 3.77 Griffin | Top soil % SCL | 23.60 o 7.5YR6/6 | 17.46
19 692 |6.70 | Hutton | Top soil g S 758 S [10R4/6 | 28.49
20 7.33 7.28 Griffin | Top soil o | CL |36.42 7.5YR6/6 | 29.49

SCL=Sandy Clay Loam**SL=Sandy Loam**CL=Clay Loam** RAB=Red Apedal B
YBAB=Yellow Brown Apedal B** S=Sand
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ADDENDUM 2

Descriptive statistics

Table 6. Tshiombho Irrigation scheme soils

P pH K Mg

Description Fresh Prepared | Fresh Prepared | Fresh Prepared | Fresh Prepared

samples | samples | samples | samples | samples | samples | samples | samples
N 20 20 20 20 20 20 20 20
Sum (3x) 65.290 64.010 125.61 | 105.84 -1006 | -1413.5 [819.17 | 214.53
Lo 95 % CI 3.2451 3.1891 6.1275 | 5.0506 -57.050 | -76.983 | 27.139 |9.9487
Mean (x) 3.2645 3.2005 6.2805 | 5.2920 -50.30 [ -70.672 |40.958 |10.727
Up 95 % CI 3.2839 3.2119 6.4335 | 5.5334 -43.550 | -64.362 | 54.778 | 11.505
Standard 0.0414 0.0244 0.3268 | 0.5158 14.423 | 13.483 29.528 | 1.6624
Deviation (SD)
SE Mean 9.247E- | 5.452E-03 | 0.0731 | 0.1153 3.225 3.0149 6.6027 | 0.3717

03
Coefficient 1.2668 0.7618 5.2036 | 9.7473 28.673 | 19.078 72.093 | 15.497
Variation (C.V.)
Minimum 3.200 3.180 5.6100 | 4.4600 -64.00 | -81.850 | 6.766 7.990
Median 3.2550 3.1900 6.2400 | 5.3800 -56.00 |-74.195 |37.572 |10.720
Maximum 3.3300 3.2600 6.900 6.0700 -10.00 [-22.630 |86.825 | 14.750
Variance 1.710E- | 5.945E-04 | 0.1068 | 0.2661 208.01 | 181.79 871.92 | 2.7634

03
Confidence 3.275 3.20 6.2805 | 5.2920 -50.30 | -70.67 40.95 10.72
Interval, 95% +0.0181 | +£0.0107 | £0.143 | £0.2261 | £6.321 | +5.909 +12.94 | +0.728
level (0.05)

Table 7. Magoebaskloef Pine tree farm

Description P pH K Mg

Fresh Prepared | Fresh | Prepared | Fresh | Prepared | Fresh | Prepared

samples | samples | samples | samples | samples | samples | samples | samples
N 20 20 20 20 20 20 20 20
Sum (>x) 64.680 65.870 124.64 | 121.72 1691.6 | 1925.8 1889.0 | 2074.0
Lo 95 % CI 3.2032 3.2561 5.6299 |5.4643 72.004 | 78.371 86.787 |95.160
Mean (x) 3.2340 3.2935 6.2320 | 6.0860 84.581 | 96.288 94.448 |103.70
Up 95 % CI 3.2648 3.3309 6.8341 | 6.7077 97.158 |114.21 102.11 | 112.24
Standard 0.0657 0.080 1.2864 | 1.3285 26.873 | 38.284 16.369 | 18.242
Deviation (SD)
SE Mean 0.0147 0.0179 0.2877 | 0.2971 6.0091 | 8.5606 3.6602 | 4.0790
Coefficient 2.0324 2.4276 20.642 | 21.828 31.772 | 39.760 17.331 | 17.591
Variation (C.V.)
Minimum 3.180 3.190 4.0100 | 3.7700 64.50 11.95 68.090 | 70.870
Median 3.220 3.2750 6.0350 | 5.8550 74.740 ]90.915 92.480 |103.55
Maximum 3.50 3.50 7.9600 | 7.9400 183.40 | 223.40 123.40 | 140.60
Variance 4.320E-03 | 6.392E-03 | 1.6549 | 1.7648 722.18 | 1465.7 267.95 | 332.77
Confidence 3.234 3.2935 6.232 6.086 84.58 96.29 94.45 103.70
Interval, 95% +0.0288 | £0.0350 | +0.564 | +0.5822 | +16.78 | +£11.78 +7.174 | £7.995
level (0.05)
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Table 8. Dal water farm

Description P pH K Mg

Fresh Prepared | Fresh Prepared | Fresh Prepared | Fresh Prepared

samples | samples | samples | samples | samples | samples | samples | samples
N 20 20 20 20 20 20 20 20
Sum > x) 136.74 130.23 136.29 130.23 1011.4 1156.4 3389 3392.3
Lo 95 % CI 6.4171 6.0234 6.3798 6.0234 37.689 42.796 159.76 159.10
Mean (X) 6.8370 6.5115 6.8145 6.5115 50.568 57.818 169.45 169.62
Up 95 % CI 7.2569 6.9996 7.2492 6.9996 63.446 72.841 179.14 180.14
Standard 0.8971 1.0430 0.9288 1.0430 27.516 32.098 20.699 22.481
Deviation (SD)
SE Mean 0.2006 0.2332 0.2077 0.2332 6.1528 7.1772 4.6285 5.0269
Coefficient 13.122 16.017 13.630 16.017 54.415 55.514 12.216 13.254
Variation(C.V.)
Minimum 4,770 4.560 4.7700 4.5600 23.540 18.150 138.31 135.33
Median 6.775 6.310 6.7750 6.3100 42.400 51.565 170.94 166.0
Maximum 8.400 8.950 8.400 8.9500 117.88 14751 209.50 217.2
Variance 0.8049 1.0878 0.8627 1.0878 757.15 1030.3 428.46 505.39
Confidence 6.837 6.5115 6.8145 6.5115 50.568 57.819 169.45 169.62
Interval, 95 % +0.3932 | £0.4571 | £0.4071 | £0.4571 | £12.059 | £14.067 | £9.072 +9.853
level (0.05)

Table 9. Syferkuil experimental farm

Description P pH K Mg

Fresh Prepared | Fresh Prepared | Fresh Prepared | Fresh Prepared

samples | samples | samples | samples | samples | samples | samples | samples
N 19 19 19 19 19 19 19 19
Sum (>x) 87.410 88.350 146.85 144.18 2152.6 2254.7 6352.6 6390.8
Lo 95 % CI 4.3548 4.4376 7.4978 7.4269 92.771 95.262 329.83 332.34
Mean (X) 4.6005 4.6500 7.7289 7.5884 113.30 118.67 334.35 336.36
Up 95 % CI 4.8462 4.8624 7.9601 7.7500 133.82 142.08 338.86 340.37
Standard 0.5097 0.4407 0.4796 0.3351 42.583 48.566 9.3683 8.3210
Deviation (SD)
SE Mean 0.1169 0.1011 0.1100 0.0769 9.7692 11.142 2.1492 1.9090
C.V. 11.080 9.4776 6.2058 4.4166 37.586 40.925 2.8020 2.4739
Minimum 3.6400 3.7800 7.0400 7.0600 59.880 59.880 306.73 320.02
Median 4.5000 4.5800 7.7100 7.5600 112.97 111.95 336.20 338.52
Maximum 5.2500 5.2200 8.6500 8.2600 179.34 205.89 349.50 351.23
Variance 0.2598 0.1942 0.2301 0.1123 1813.3 2358.7 87.764 69.240
Confidence 4.6005 4.6500 7.7289 7.5884 113.30 118.67 334.35 336.35
Interval, 95 +0.2292 | £0.1982 | £0.2157 | £0.1507 | £19.147 | £21.837 | £4.2124 | £3.7415
%level (0.05)
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ADDENDUM 3

Table 10: Chemical analysis data for K in all areas of study

Sample Tshiombho Dal water farm Syferkuil Magoebaskloef
No. Irrigation scheme experimental pine trees farm
farm

XXXXXX | Prepared | Fresh Prepared | Fresh | Prepared | Fresh | Prepared | Fresh
1 -78.79 -62 39.71| 53.72 128.29 | 123.18 11.95 74.2
2 -72.66 -48 106.54 | 90.37 64.985 | 62.943 113 | 94.69
3 -78.79 -59 99 | 93.61 109.91 | 97.659 128.1 | 116.3
4 -78.79 -64 70.97 | 24.62 74.175 | 81.323 223.4 | 1834
5 -72.66 -61 18.15 | 25.69 63.965 | 61.922 73.13 71.2
6 -73.68 -59 68.81 35.4 69.07 | 72.133 116.3 | 92.53
7 -80.83 -58 44.02 | 61.27 74.175 | 76.217 118.4 | 102.2
8 -68.59 -57 18.15 | 25.69 89.491 | 90.512 97.92 | 76.36
9 -74.71 -53 33.24 | 33.24 77.238 | 73.154 79.59 | 73.13
10 -76.75 -61 39.71 | 2354 59.88 | 59.88 89.3| 75.28
11 -22.63 -10 50.49 56.9 150.75 | 112.97 89.3 74.2
12 -53.26 -34 742 | 76.36 205.89 | 179.34 83.91 | 69.89
13 -74.71 -41 34.32 | 27.85 181.39 | 172.19 76.36 | 70.97
14 -81.85 -61 22.46 | 48.33 121.14 | 121.14 9253 | 77.44
15 -72.66 -51 54.8 | 25.69 | ND ND 105.5 | 90.37
16 -55.31 -55 72.05 | 52.64 111.95 | 122.16 77.44 64.5
17 -78.79 -44 52.64 | 27.88 200.78 | 179.34 94.69 | 67.74
18 -70.62 -50 45.1 | 36.47 167.09 | 171.17 79.59 64.5
19 -74.71 -20 147.51 | 117.88 152.79 | 147.69 92.53 | 82.83
20 -72.66 -58 64.5 74.2 151.77 | 147.69 82.83 | 69.89
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Table 11: Chemical analysis data for P in all areas of study

Sample No. | Tshiombho Dal water farm Syferkuil Magoebaskloef
Irrigation scheme experimental pine trees farm
farm

XXXXXXX | Prepared | Fresh Prepared | Fresh | Prepared | Fresh | Prepared | Fresh
1 3.18 3.2 6.35 6.54 4.47 4.47 3.28 3.24
2 3.19 3.24 5.65 5.83 3.78 3.64 3.26 3.22
3 3.18 3.21 5.82 6.17 4.41 4.17 3.26 3.24
4 3.18 3.31 6.67 7.17 4.33 4.5 3.33 3.25
5 3.25 3.33 7.77 8.32 4.3 3.94 3.27 3.21
6 3.19 3.26 6.08 6.54 4.48 4.38 3.28 3.21
7 3.19 3.32 7.15 7.08 4.58 4.64 3.45 3.22
8 3.19 3.32 6.16 6.35 4.67 4.59 3.22 3.22
9 3.19 3.25 6.27 6.99 4.31 4.45 3.27 3.19
10 3.18 3.22 7.2 7.25 3.94 3.76 3.29 3.2
11 3.24 3.32 5.35 6.2 5.19 5.13 3.26 3.24
12 3.26 33 5.6 6.44 4.32 4.31 3.22 3.2
13 3.19 3.22 5.58 5.8 4.96 5.15 3.28 3.25
14 3.18 3.23 7.66 7.88 5.22 5.25 3.19 3.2
15 3.19 3.28 8.95 8.4 | ND ND 3.26 35
16 3.19 3.28 7.22 7.38 5.08 4.45 3.42 3.18
17 3.22 3.24 5.72 6.56 5.15 5.17 3.21 3.21
18 3.2 3.28 7.6 7.72 5.18 5 35 3.24
19 3.2 3.24 4.56 4.77 4.96 5.21 3.34 3.23
20 3.22 3.24 6.87 7.35 5.02 5.2 3.28 3.23
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Table 12: Chemical analysis data for Mg in all areas of study

Sample Tshiombho Dal water farm Syferkuil Magoebaskloef
No. Irrigation scheme experimental pine trees farm
farm

XXXXXX | Prepared | Fresh Prepared | Fresh | Prepared | Fresh | Prepared | Fresh
1 10.76 | 53.972 161.61 | 161.6 344.87 | 339.09 128.9 | 123.4
2 7.99 | 45991 173.57 | 181.54 321.18 | 326.96 1245 | 121.9
3 10.68 | 82.0265 168.43 | 169.65 339.67 | 327.53 104.6 | 100.6
4 10.78 | 15.0263 158.97 | 147.09 343.14 | 346.61 106.2 | 106.2
5 10.38 73.62 161.81 | 172.62 337.36 | 336.2 70.87 | 69.85
6 12.15 | 46.0221 174.92 | 168.43 338.52 | 336.78 102.5 | 90.62
7 8.736 68.12 143.84 | 153.3 339.09 | 340.25 107.3 | 94.34
8 11.64 80.62 135.33 | 138.31 340.25 | 341.98 96.43 | 90.39
9 11.24 | 85.012 147.63 | 151.41 342.56 | 340.83 107.1 | 107.6
10 8.713 | 29.152 147.9 | 147.36 325.8 | 324.64 109.9 | 1229
11 8.806 | 14.526 167.08 181 320.02 | 306.73 119.9 | 95.27
12 8.946 | 23.412 217.2 | 195.73 351.23 | 3495 126.4 | 100.6
13 10.223 | 12.326 164.92 | 175.73 333.89 | 329.27 98.98 | 88.07
14 10.432 | 47.826 159.79 | 172.22 331.58 | 330.42 1406 | 97.13
15 14.75 15.68 209.5 | 206.26 | ND ND 95.03 | 82.26
16 115 | 86.825 172.49 | 172.76 326.38 | 332.16 86.21 | 78.08
17 11.54 | 10.126 169.38 | 152.63 344.87 | 339.09 79.94 73.2
18 13.73 | 12.726 152.49 | 141.14 339.09 | 336.78 75.06 | 68.09
19 10.967 9.395 197.88 | 190.72 337.94 | 333.89 92.94 | 88.53
20 10.572 6.766 207.61 | 209.5 333.31 | 333.89 100.6 | 89.93
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ADDENDUM 4

Table 13p

ANOV A tables for the linear regressions of Fresh and lab. Prepared soil samples

P-Magoebaskloef pine tree farm

SOURCE DF SS MS F
Regression 1 9.83453 9.83453 897.20**
Residual 19 0.20827 0.01096

Total 20 10.0428

P-Tshiombho irrigation scheme

SOURCE DF SS MS F
Regression 1 10.1564 10.1564 7546.94**
Residual 19 0.02557 0.00135

Total 20 10.1820

P-Syferkuil experimental farm

SOURCE DF SS MS F
Regression 1 23.9545 23.9545  520.28**
Residual 18 0.82875 0.04604

Total 19 24.7833

P- Dal water farm

SOURCE DF SS MS F
Regression 1 57.5171 57.5171 476.43**
Residual 19 2.29379 0.12073

Total 20 59.8109
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Table 13k

ANOV A tables for the linear regressions of Fresh and lab. Prepared soil samples (Cont...)

K- Magoebaskloef pine tree farm

SOURCE DF SS MS F
Regression 1 17071.8 17071.8 93.67*
Residual 19 3462.98 182.262

Total 20 20534.8

K- Tshiombho irrigation scheme

SOURCE DF SS MS F
Regression 1 4266.08 4266.08 38.68**
Residual 19 2095.73 110.302

Total 20 6361.81

K- Syferkuil experimental farm

SOURCE DF SS MS F
Regression 1 43074.7 43074.7 440.75**
Residual 18 1759.15 97.7305

Total 19 44833.9

K- Dal water farm

SOURCE DF SS MS F
Regression 1 11614.5 11614.5  42.38*

Residual 19
Total 20

5206.53 274.028
16821.1
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Table 13Mg

ANOVA tables for the linear regressions of Fresh and lab. Prepared soil samples (Cont...)

Mpg- Magoebaskloef pine tree farm

SOURCE DF SS MS F
Regression 1 113925 113925 98.66**
Residual 19 2194.08 115.478

Total 20 13586.6

Me- Tshiombho irrigation scheme

SOURCE DF SS MS F
Regression 1 722572 722572 0.79"°
Residual 19 17441.6 917.976

Total 20 18164.1

Me- Syferkuil experimental farm

SOURCE DF SS MS F
Regression 1 107325 107325 4262.84**
Residual 18 453.185 25.1769

Total 19 107779

Mg-Dal water farm

SOURCE DF SS MS F
Regression 1 33686.1 33686.1  355.46**

Residual 19
Total 20

1800.58 94.7673
35486
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