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ABSTRACT 

Soil conditioner effects on soil erosion, soil structure and crop performance 
By Richard T. Brandsma 

Previous work has suggested that soil conditioners can provide environmentally 
beneficial aids to agriculture and soil conservation. To investigate this further, studies 

were carried out on soil conditioner effects on soil erosion, soil structure and crop 

performance. The main soil conditioner investigated was an anionic, hydrophilic 

conditioner based on ammoniurn-laureth-sulphate. Several objectives were established, 
in order to test the hypothesis that ammonium-laureth-sulphate can establish treatment 

effects by decreasing soil erosion and improving soil structure and crop performance. 
Subsequently, initial attempts were made to elucidate the mode of action. 

The field experiments were established on loamy sand soil (Bridgnorth series) at the 
Hilton Experimental Site, east Shropshire and on sandy silt loam soil (Salwick series) at 
the Plant and Environment Research Unit at Compton Park, Wolverhampton. The main 
soil conditioner applied was 'Agri-SC' at manufacturer recommended application rates 
and three other soil conditioners were used for some comparative studies. 

Following applications of ammonium-laureth-sulphate to bare and cropped plots, effects 

on the topsoil (0-5 cm) included significantly decreased bulk-densities, soil moisture 

contents and splash erosion and significantly increased soil porosity and infiltration 

rates. Other effects included decreased runoff and erosion rates from 100 slopes and 

penetrometer resistance and increased aggregate stability and drainage capacities. 
Responses in a winter wheat crop (cv. Beaver) included apparent suppressed seedling 

emergence, followed by apparent enhanced growth and development. Initial laboratory 

studies indicated conditioner treatment altered cation exchange capacities, mineral and 
elemental compositions and provided evidence for chemical interparticle bonds. ' 

The soil conditioner appeared to function through a mechanism involving several 
stages. Upon application, the charged polymer molecules were electrostatically attracted 
to clay or silt particles and their attached ions. It is postulated that ammonium ions 

could then replace Ca and possibly Mg and Na, causing the polymer molecules to 
adhere to soil particles. This might be associated with mineral deposition. The laureth 
polymer strings could thus bridge individual particles and increase internal aggregate 
stability. This mechanism may be relevant for further understanding of the mode of 
action of other hydrophilic, polymer-based soil conditioners. 
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

Chemical soil conditioners are most commonly marketed as polymerised organic 
compounds, with high resistance to decomposition and often many charged sites. They 
bind soil particles through similar chemical linkages as natural soil organic compounds. 
Their basic mode of action influences soil properties, such as bulk-density, water 
movement and aeration, hence soil conditioners have become well known for their 

effects on soil structure and water management. The most important aspect of soil 
conditioning is its effects on the aggregating and stabilising action of soil particles. This 
function has been broadly recognised since the invention of the first chemical soil 
conditioner in the 1950s and several other conditioners have subsequently been 

marketed, in anticipation of benefits to agriculture and soil conservation. However, not 
all conditioners proved effective and most of the successful ones were often too 

expensive for general agricultural use. 

Recent research into soil conditioners has improved application techniques and lowered 

application rates. New types of polymers have been developed, which are applicable for 

soil structural improvements at lower costs. The remaining interest is encouraged by the 
increasing concern for better environmental conditions, in terms of preventing soil 
degradation and erosion, and more productive agriculture. 

The research reported in this thesis was conducted to examine the hypothesis that a 
recently developed anionic soil conditioner can improve soil structure and crop 
performance and decrease soil erosion, thereby providing an environmentally beneficial 

aid to agriculture and soil conservation. During the studies, a series of field and 
laboratory experiments have been conducted to assess the effects of the soil conditioner 
'Agri-SC on soil properties, soil conditions and the performance of winter wheat and to 
compare some of these effects with those obtained using other modem conditioners. 
Subsequently, initial attempts to elucidate the mode of action were made. Research into 
the 'Agri-SC' conditioner has to date only been published by a few workers and the 
findings have so far been mixed in terms of effectiveness and recommendation. 



1.2 Literature Review 

1.2.1 A Historical Perspective 

In 1951, the Monsanto Company Ltd., U. S. A., introduced the first chemical polymers to 

the agricultural market, sold under the trade name 'Krilium' as garden and greenhouse 
soil conditioners. The products proved quite effective and considerable interest arose in 

their potential. Their possible contribution to agriculture was expected to be comparable 
to liming agents and fertilisers. Many other companies started investigations and 

produced similar chemicals. Quastel (1954) reviewed 74 papers and stated: "The advent 

of synthetic soil conditioners heralds a new phase in agricultural science... It is perhaps 
too early yet to assess the true value of synthetic soil conditioners in agricultural 
practice, for the first results were only disclosed at a conference at the end of 1951 and 
published in June 1952. Yet the interest in these new agricultural chemicals has been 

made so manifest by the many popular articles concerning them and by the marketing of 
a great variety of products purporting to act as soil conditioners, that a review of this 

subject at this early stage seems desirable". Nevertheless, soil conditioners did not prove 

popular and many companies found them unprofitable and discontinued production. 
Upto that time, many scientists, mainly from the U. S. A., had conducted initial research 

with several soil conditioners. Many initial studies were published in a special issue of 
'Soil Science' (Bear, 1952) and by Martin (1953), Sherwood & Engibous (1953) and 
Chepil (1954). 

In the mid-1960s, interest was revived in similar chemicals for a variety of uses, the 

greatest of which was control of wind and water erosion. In the 1970s, four major 
symposia on soil conditioners were organised in the U. S. A. and Belgium. The 

proceedings were edited by De Boodt (1972a), Stewart (1975), De Boodt & Gabriels 
(1976) and Emerson et al. (1978), which together include over 80 papers. More soil 
conditioners were marketed and their use broadened. Research was established in a 
number of countries, to assess the use and effectiveness of various chemicals as soil 
conditioners. Azzam (1980) extensively reviewed the subject, quoting over 500 

references and the journal 'Soil Science' released a second special issue monitoring 
progress to date (Douglas, 1986), followed by a third (Tate, 1994). Levy (1996) wrote a 
32 page chapter on the subject. Next to the continuing output of research papers on soil 
conditioners, these recent key publications clearly indicate the active research interest in 
this field. 
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Research in chemical soil conditioning has been extensively reported, including studies 
in the U. S. A. (Wallace & Wallace, 1983), Australia (Khoury et al., 1978), Belgium (De 
Boodt & Gabriels, 1976), Canada (Holmes & Toth, 1957), Egypt (Tayel & Wahba, 
1986), Germany (Neururer & Genead, 1991), Malaysia (Joseph, 1972), Israel (Agassi & 
Ben-Hur, 1992), Japan (Okuda et al., 1956), Kenya (Fox & Bryan, 1992), Nigeria (De 
Vleeschauwer et aL, 1978), Peru (Flores, 1972), Russia (Ryaboklyach et al., 1963), 
Saudi Arabia (Verplancke et al., 1990), the United Kingdom (Carr & Greenland, 1972) 

and Venezuela (Pla, 1975). De Boodt (1975) reviewed the global use of soil 
conditioners and also discussed investigations in France, Indonesia and Tunisia. By far, 

most published research originates from the U. S. A., Belgium, Israel and the United 
Kingdom. 

Soil conditioning has been defined as "upgrading a poorly-structured soil to one with 
suitably sized aggregates through proper tillage and subsequent stabilisation of this tilth 
by the application of conditioning materials, either naturally or synthetically based" (De 

Boodt, 1979). It is often called physical soil conditioning, as emphasis is put on the 
improvement of the water and air economy in the soil, aggregate stability and aggregate 
forming processes (De Boodt, 1976). For this study, soil conditioning is regarded as the 

application of chemical, polymer-based soil conditioners to soils to provide a beneficial 

aid to agriculture and soil conservation. 

It is generally agreed that addition of synthetic polymers to soils can result in several 

physical improvements, including promoting aggregate stability, increased pore space 

and water infiltration and preventing soil crusting. Soil aeration, drainage, microbial 

activity and soil fertility can thus be improved. Consequently, these improvements can 

contribute to better soil management, in terms of preventing erosion, establishing more 
efficient water utilisation and promoting earlier seed emergence and growth of stronger 

plants with more extensive root systems (De Boodt, 1972b, 1976; Ben-Hur et A, 1990; 
Agassi & Ben-Hur, 1992; Bryan, 1992). Furthermore, a more friable soil can be 

obtained, which is easier to cultivate, decreases energy requirements for tillage and 
encourages earlier crop maturity and less plant disease related to poor soil aeration. Next 
to the well established soil conservation merits of chemical soil conditioning, studies 
into these soil structural benefits for agriculture have been reported by an increasing 

number of authors (De Vleeschauwer et aL, 1978; Cook & Nelson, 1986; Verplancke et 
aL, 1990; Levy et al., 199 1). 
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At this time of writing, there is a long list of physically and chemically active materials 
that can be added to the soil for the purpose of improving its physical condition, 
including the synthetic polymers. Extensive research has been conducted into several, 
including hydrolysed polyacrylonitrile (HPAN or C. R. D. - 18 9), vinyl acetate maleic acid 
(VAMA or C. R. D. -186), polyacrylamide (PAM), ureaformaldehyde (UF), 

polyvinylalcohol (PVA), carboxy methyl cellulose (CMC), isobutylene maleic acid 
(IBMA), polybutadieen (BUT) and bitumen. All these materials have proved effective 
for erosion control and soil structural improvements, but the effects strongly depend on 
the soil physical conditions at the time of application, i. e. soil structure, percentage 
aggregation, soil porosity and soil moisture content (De Boodt, 1979). The chemicals 
work by interacting with soil components and successful improvements are far more 
complex to achieve than, for example, nutrient improvements by applying fertilisers or 
pH adjustments by adding liming agents. 

Although effective, product costs and application techniques have often prevented 
general agricultural use. For instance, the failure to use polyvinylalcohol (PVA) 

commercially arose mainly from difficulties in handling. An aqueous solution of PVA 

of high molecular weight is viscous and it is difficult to spray a solution more 
concentrated than 2% with a convential spraying machine; it is necessary to heat the 

water to about 90 OC and to add the PVA slowly with stirring, for which few farms are 
equipped (Page, 1980). Therefore, most soil conditioners have been used in research or 
high value projects, such as wind erosion protection for valuable crops, soil stabilisers in 

construction works, water harvesters in and regions and in desert reclamation projects 
(De Boodt, 1990). The remaining interest in soil conditioners can be linked to an 
increasing concern for better environmental conditions, in terms of preventing soil 
degradation and pollution caused by surface erosion and runoff into lakes and streams. 
Recent research has created more suitable polymers, improved application techniques 
and lowered their application rates. New types have been developed, which are 
applicable for soil structural improvements at lower costs, such as new classes of 
polyacrylamide (Wallace & Wallace, 1986a, 1990; Lentz & Scjka, 1994a), 
methacrylatcs (Mostaghimi et al., 1994), phosphogypsum, (Agassi et al., 1990) and 
ammonium-laureth-sulphate (Fullen et al., 1993a). Furthermore, research has focused 
on the effectiveness of polymer treatment for improving soil physical conditions when 
the polymers are more economically applied, for example with irrigation water (Ben- 
Hur et al., 1989; Verplancke et al., 1990; Levy et aL, 1991; Lentz & Scjka, 1994b). 
New application techniques have also been developed, such as a tractor-mounted device 
for the application of cold bitumen or a circulating spraying bar with controlable nozzles 
(Neururer & Genead, 199 1). 
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Despite these improvements, soil conditioner effectiveness depends to a large extent on 
the type and conditions of the soil and the cultivations associated with the growth of 
crops, hence it is difficult to predict. Bryan (1992) concluded: "the range of conditioners 
and soil samples involved produced complex results, which could only be fully 

explained by more prolonged testing". Therefore, further research is needed to 
determine under which circumstances conditioners are most effective and how to make 
them more widely used in agriculture. Afterall, however scientifically interesting 

chemical soil conditioning might be, it will never become an accepted part of 
agricultural technology when the costs are not economically justified. 

In the introduction to the latest review of this field, reflecting the current accepted state 
of this science, it was mentioned that new polymers have again created new possibilities 
(Lentz & Sojka, 1994a). The authors focussed narrowly on a new low-rate irrigation 

water treatment strategy using polyacrylamides (PAMs) and it was mentioned that this 
use could have important environmental, soil conservation and irrigation efficiency 
benefits. Together, these may finally make certain synthetic conditioners economically 
feasible for general agricultural practice. The potential environmental improvement 

could provide an entirely new motivation for soil conditioner use. Levy (1996) also 
stated that of the polymers currently available and under study, anionic PAM has been 
found to be the most effective and has the longest residual effects, although 
phosphogypsurn and synthetic polysaccharide are also promising. 

1.2.2 Theoretical Aspects of Soil Conditioning 

Many synthetic soil conditioners are currently available on the market. The chemical 
materials include inorganic salts, mainly calcium salts and silicates, high molecular 
organic chemicals and foams. De Boodt (1979) described the basic mode of action of 
chemical soil conditioners as being analogous to polysaccharides in soil organic matter 
or sesquioxides naturally present in soils. However, as stressed by workers in the 1950s, 

soil conditioners supplement, but do not replace, organic matter. The synthetic 
conditioners can be efficient for the modification of physical structure, but do not act as 
a reservoir of plant nutrients (Sherwood & Engibous, 1953). The conditioners react with 
soil particles, mainly clays and silts, and cause them to flocculate, forming larger 

particles or soil aggregates. Synthetic soil conditioners show a much higher resistance to 
decomposition than natural materials and are therefore more suitable for long term 
physical soil improvements. The theory behind the aggregating and stabilising action of 
soil conditioners and the adhesion and adsorption phenomena involved has been studied 
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in detail and it is now widely agreed that adhesion and subsequent particle aggregation 
are the main factors in the process of soil conditioning. 

By far, most of the synthetic soil conditioners marketed and researched are based on 
polymer structures. De Boodt (1979) divided these polymer-based soil conditioners in 

two main groups, based on their chemical structure and subsequent mode of action. He 
discriminated between soil conditioners soluble and emulsifiable in water (Fig. 1.2.1). 

Conditioners from the first group have an hydrophilic effect on soils by attracting water 
into the soil; members of the latter group have an hydrophobic effect. Hydrophilic soil 

conditioners, such as polyacrylamide, polyvinyl alcohol or sodium polyacrylate, are 
used in dealing with water-repellent soils. If a soil has low infiltration capacities, 
causing excess water erosion and surface crusting, hydrophilic chemicals can absorb 

more water into the soil and thus improve drainage and decrease ponding or runoff. The 
'Agri-SC' soil conditioner used in this project is also part of this group. 

'Agri-SC is a hydrophilic, anionic conditioner made up from 48% ammonium-laureth- 
sulphate and 52% inert ingredients. It is marketed by Four Star Services Inc. from 

Blufflon, Indiana, U. S. A. The generic group of ammonium-laureth-sulphates is a class 
of surfactants, compounds of which are multiple ether derivatives of lauryl alcohol, 
found in natural coconut oil. One species of this group has been shown effective as a 

soil conditioner and is used in 'Agri-SC'. 'Agri-SC' serves as a non-toxic, biodegradable 

soil treatment and is not considered a plant food. The producer's recommended 
application rate is 297 ml/ha (4 fluid ounces per acre) annually on sandy soils and up to 
594 ml/ha (8 oz/ac) twice a year on heavy clay soils. These recommendations are 

mainly based on long-term company trials, as published work on the conditioner has so 
far been scarce (see Section 1.2.5). 'Agri-SC can be applied any time of year, but 

preferred times are in the autumn after harvest or in the spring before planting. It may be 

applied by any conventional farm spraying method and can be surface applied. 'Agri-SC' 
is believed to be compatible with most liquid fertilisers, insecticides, fungicides and pre- 
emergent herbicides, but a compatibility test is advised prior to mixing in bulk spray 
tanks. 'Agri-SC' merits particular attention as a soil conditioner as it is part of the latest 

generation of low cost conditioners, which are potentially technically and economically 
viable for agriculture and soil conservation. It costs about $12/ha (Wha) for an 

application rate of 297 ml/ha. The chemical formula of the active ingredient is: 

C12H25 (C2H40)n S04 NH4+ 
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and the molecular structure is: 

HH0H 
I1 11 J., H 

H25CI2[0-C-C-],, O-S-0-N- H+ 

HH0H 

Hydrophobic soil conditioners, such as bentonite, bitumen, or polyvinyl acetate, are 
used in circumstances where water is lost from the soil by capillarity and evaporation or 
where water needs to be prevented from leaching, as in water harvesting or irrigation 

projects in semi-arid areas. They form a water repellant, impermeable layer on the soil, 
which conserves water in the profile and repells surface water. Some of these 
hydrophobic polymers can be made cross-linked. In the presence of water, cross-linked 
polymers swell and this can add considerably to the soil water-holding capacity. Cross- 
linked polymers that absorb water do not interact with soil, as they are insoluble 
(Azzam, 1980). 

The structural fonnulae of the soil conditioners as such are no indication of how much a 

soil might change its behaviour towards water after treatment. The formulae do not 
show the exact steric configuration of groups like CH2. which repel water and those 

such as C=O, COO, NH3 and OH, which attract it. Consequently, the 
hydrophobic/hydrophilic ratio of a particular soil conditioner must be assessed by 

measurement of the contact angle of the dissolved or emulsified conditioner with the 

soil particles at the soil/water interface. Water-repellent soils are commonly 
characterised by an angle of contact with the soil solution of 80-900 (Gabriels, 1972; De 
Boodt, 1979). 
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Figure 1.2.1: Examples of structural formulaes of polymer-based soil conditioners. 
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Within these two main groups, soil conditioners can be anionic, cationic or non-ionic, 
based on the kind of ions attached to the polymer strings. This ionic property determines 
the nature of chemical linkages involved in the process of soil conditioning. Charged 

conditioners, anionic or cationic, have the property of making either a direct electrostatic 
linkage with the negatively charged clay surfaces or an electrostatic linkage with the 
adsorbed divalent or trivalent cations on the clay particles (Greenland, 1972; Schamp et 
A 1975; De Boodt, 1979). Their behaviour is more complex than uncharged polymers, 
because their shape and other properties are more strongly influenced by pH and 
electrolyte concentration, which in turn determine the extent of dissociation of the 
ionisable groups present and their interactions with the solvent molecules (Bolt & 
Koenigs, 1972). 

Positively charged polymers (polycations) are adsorbed largely through electrostatic 
interactions between the cationic groups of the polymer and the negatively charged sites 
at the clay surfaces. Less adsorption occurs with negatively charged polymers 
(polyanions), due to initial charge repulsion between the polymer and clay surface, but 
this adsorption depends on the dehydration of clays (Theng, 1982). Negative adsorption 
by like-charged surfaces is also possible and hydrous oxides of iron and aluminium may 
be involved in this adsorption (Greenland, 1972). Furthermore, anionic polyelectrolytes 
can be attracted by positively charged cations already adsorbed by the soil particles. 
Non-ionic conditioners can make linkages with soil particles either through hydrogen 
bonds or 'van der Waals' forces. Examples are the hydrogen bridges either of the OH 

groups on the edges of the clays with the NH2 groups of the conditioners or the OH 

groups of the conditioners with the oxygen on the soil particles (De Boodt, 1979; 
Wallace et A, 1986; Chamberlain, 1988). Possible bonds and a comparison of their 

relative strengths are presented in Table 1.2.2. 

Theng (1982) stressed that uncharged polymers can more easily enter the interlayer 

space of expanding 2: 1 type layer silicates. The adsorption of uncharged polymers onto 
a clay surface generally leads to the desorption of water molecules from the surface. The 

entropy so gained provides the driving force for adsorption. Greenland (1972) stated 
that, since the adsorption of polyelectrolytes on oppositely charged surfaces is usually 
strong, the net surface-segment energy is large and charged polymers collapse onto the 
charged surface. Where parts of the polymer are uncharged, the mechanisms operating 
in the adsorption of non-ionic polymers will become important. 
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Table 1.2.2: Comparison of some bond strengths. 

------------------------------------------------------------------------------------------------ --- 
Ionic bonds Li F 238.9 kCal/mol 

CS 1 134.9 kCaVmol 

Partial ionic bonds CH 87.3 kCal/mol 
0H 110.2 kCal/moI 
F--H 147.5 kCal/moI 

Single covalent bonds CC 58.6 kCal/mol 
HH 103.4 kCal/mol 
NN 23.0 kCal/mol 

Hydrogen bonds F-- H ..... F 6.7 kCal/mol 
0 -- H ..... 0 4.5 kCal/moI 
N--H ..... N 1.3 kCaVmol 

'Van der Waals' bonds about I kCal/bond 

(Taken from Hallsworth, 1976) 

Next to the ionic properties of a polymer, the interactions between a polymer and the 

soil are very dependent on the surface characteristics of the soil particles, the origin of 
the charge and charge density, as well as the exchangeable ion influencing the process. 
Following on from this, an improved soil conditioning action would be achieved if it 

was possible to modify the soil conditions prior to adding conditioners, in such a way as 
to cover the sites of clay mineral platelets with charged ions. Shanmuganathan & Oades 
(1982) studied the modification of soil physical properties by addition of iron 

polyelectrolytes and found improved flocculation of clays, development of 
microaggregates and an increase in transmissive pores. They reported that the processes 
could be enhanced and stabilised by subsequent addition of suitable polymers. 
Hallsworth (1976) mentioned that the magnitude of the charge on the adsorbed 
component need not be identical with the charge deficit or excess on that part of the 

surface on which it is adsorbed. When the adsorbed ion is of greater charge than the 
deficit at the adsorption site, the resultant positive charge can in turn serve as an 
adsorption site for a negatively charged grouping. 
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In a meniscus between two soil particles, thousands to millions of polymer molecules 
will contribute to make an adhesive bond (Theng, 1982). The strength of this bond is 
dependent on the strength of the interfacial interaction and the cohesive strength, i. e. 
polymer-surface interaction and polymer-polymer interaction. In order to obtain stable 
aggregates, these bonds should possess mechanical strength and water stability (Harris 

et al., 1966). The water soluble polymers must also be made insoluble in the soil by 

adsorption or chemical reaction. De Boodt (1972b) stated that the binding action of soil 
conditioners depends on the mode of migration of the active micelles, as well as on their 

size and stability. In attempting to control soil particles in order to achieve a solid link, 

three aspects were found important: 

1) the parameters determining the mobility of the micelles (migration of the micelles 
towards the meniscus is necessary to form a good link between soil particles), 

2) the parameters determining the geometry of the solid link between the soil particles 
after the liquid of the carrier material has evaporated, 

3) the properties of the chemical substances which make up the link, i. e. their cohesive 
strength and adhesion capacity to soil particles. 

An essential point is that in order to migrate, the waterdrop in which the micelles are 

situated must hit a moist soil, so this waterdrop is no longer attracted to the soil particles 
but to the suction from the meniscus which is present where two soil particles come in 

contact. With the waterdrop as a carrier, the micelles are thus drawn into the meniscus. 
Through subsequent evaporation or drainage of soil moisture, the micelles gradually 
become more concentrated, where upon the active material coagulates and links the 

adjacent soil particles together (De Boodt, 1972a). 

The binding with polymers cannot only occur on the outside of aggregates, but also 
inside pores. The intra-aggregate accessibility of polymers is related to soil porosity. 
organic as well as chemical polymers have a height of a few millimeters and a length of 

a fraction up to several pm. When cross-linked, the dimensions are an order of 
magnitude greater. For single polymers, the dimensions are the same order as the pore 
sizes. Macro-molecule polymers, -1-100 nm when coiled and -100-1000 nm when 
stretched, can enter the pores and can be adsorbed onto separated soil colloid surfaces, 
domains or clay-humus complexes (De Boodt, 1972a, 1990). Even with a low surface 
cover, the gain in stability can be marked. Once a segment of a macro-molecule polymer 
is adsorbed, the further segments will also adhere to the surface of the same particle or 
to the surface of the neighbouring particle. ýuch an adsorption is capable of interparticle 
bonding and hence the length of the polymer chain is of considerable importance. This 

chain length can be enlarged by using 'heavier' polymers or by stretching the polymers to 

reach a maximum of contact points. The flexibility of a polymer will also influence its 
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ability to accomodate to a particle surface. In conclusion, the effectiveness of a soil 
conditioner in stabilising micro- or macro-aggregates and preventing major swelling of 
clays is controlled by two phenomena. They are the ability to penetrate the pores of the 

aggregates and the ability to be adsorbed on edges, surfaces or inner sites of soil 
particles to promote interparticle linkages (Wallace & Wallace, 1990). It is probable that 

a certain amount of reorganisation occurs after a polymer molecule has initially 

adsorbed on a particle surface. Peterson & Kwei (1961) fonnulated the adsorption of 
polyvinylacetate as a three stage process, namely: 
a) polymer coil in solution 
b) polymer coil on surface with few segment-surface contacts 
c) adsorbed polymer with most segments in contact with the surface. 
The change from stage b) to c) has been termed the 'contraction reaction'. Where the 
individual segment-surface interaction energies are small, the initially adsorbed polymer 
will have much freedom of movement at the surface. The adjustment to the most stable 
configuration may occur rather slowly, particularly with the large polymers. Where the 

polymer is attached initially to more than one particle, the contraction reaction may 
draw them physically closer together and hence improve soil aggregation (Greenland, 
1972). 

Following De Boodt's definition of soil conditioning (see page 3), the process consists 
of two sub-processes. Firstly, the individual soil units are attracted to form aggregates 
(the process of flocculation). Then, these created aggregates are being kept together by 

chemical binding for a long period of time (the process of stabilisation) (Emerson, 1956; 

De Boodt, 1990). Different soil conditioners can affect these processes differently. For 

example, clay sedimentation and flocculation experiments by Ruehrwein & Ward 
(1953) with a cationic and an anionic polyelectrolyte showed that the polycations were 
very effective flocculating agents by electrostatically binding particles together. The 

polyanions used were not effective in this initial binding process, but they were effective 
stabilising agents for the flocculated particles, because they operated by bridging the 

aggregates together with polymer-molecule bonds. However, Theng (1982) considered 
polyanions to be more effective as flocculants because of their large 'grappling distance', 

whereas uncharged polymers are better suited as soil stabilisers, because they can spread 
over adjacent clay/soil particle surfaces like a'coat of paint'. 

The processes involved in soil conditioning are rather complex and controversy over 
modes of operation can be expected. Greenland (1972) emphasized that especially the 
fixation of anionic polymers on clays seems difficult to explain. He reported four ways 
in which anionic polymers can fix to clay minerals: hydrogen bonding, anionic polymers 
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that have cationic charges at low pH that fix to negative sites on clays, fixation of the 
anionic charges to the cationic charges on edges of clays and sharing of polyvalent 
mineral cations with the negative charges of clays and polyanions. Schamp et al. (1975) 

reported practically no adsorption of polyanions to clays, several observations by 
Wallace et al. (1986) indicated how anionic polymers are attached to anionic clay and 
Harris et al. (1966) reported the fixation of anionic polymers to cationic edges on clays. 

Laws (1954) studied the effects of soil texture on the aggregation capacity of a vinyl 
acetate maleic acid conditioner (VAMA). Aggregation increased with clay contents at 
low concentrations and with sand contents, but decreased with silt contents. The effects 
of soil type on duration of soil structural responses to conditioners were investigated by 
Jacobson & Swanson (1958). They also proved that sand, clay and organic matter, and 
not silt, are the materials that govern response to soil conditioners. The soils with finer 

texture and higher organic matter concentrations had the most durable responses. In 

general, studies have shown that soils with a high clay content, which compact or crust 
badly or otherwise exhibit undesirable physical conditions, have responded best to 
treatments with chemical soil conditioners, although some degree of structural response 
to treatments has been obtained on soils of every textural class. Other investigators have 

confirmed that the clay fraction plays a very important role in the physical behaviour of 
soils under conditioner treatment. For example, Schamp et aL (1975) showed that 

adsorption, mechanical strength and water stability were very dependent on the amount 
of clay. It was demonstrated that only a small change in clay content can have an 
enormous effect on the stability index of treated soils. In one experiment, I kg of dune 

sand was treated with 0.1% polyacrylamide in water solution, mixed and dried. 
Aggregation was obtained, but was very poor: when put in water the aggregates slaked 
immediately. However, when 1% of kaolinite was mixed with the sand, the aggregates 
produced were water-stable. The clay was now adsorbing the polymer molecules, 
preventing them from dissolving in water and thus from aggregate slaking on wetting. 

The mineralogy of clays present in treated soils also seem to determine whether an 
anionic or a cationic polymer will be most effective. Studies into the mechanisms of 
aggregation by Ruehrwein & Ward (1953) demonstrated that the polycations used were 
adsorbed on the faces of montmorillonite layers, probably by means of cation exchange. 
However, since the lattice montmorillonite layers have no sites for anion adsorption, 
polyanions would not adsorb thereon. Measurements on kaolinite did, however, show 
adsorption of anionic polyanions, although this was a very slow process. Schamp et al. 
(1975) reported sodium montmorillonite to adsorb as much polymer as its own weight, 
whereas for illites the amounts were at least a factor of 10 less. The adsorption of 
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polyvinylacetate on pure clay minerals was also studied by Schamp & Huilebroeck 
(1972) and the difference between the various clay minerals used was clearly shown by 
kinetic measurements. The adsorption was practically immediate on montmorillonite, 
reaching a plateau after 15 minutes, whereas on a kaolinite clay there was a rapid start, 
followed by a much slower rise, continuing even after 20 hours. Furthermore, on 
kaolinite and illite there was a sharp decrease in the amount adsorbed with increasing 

molecular weight, whereas on montmorillonite the adsorbed amount increased with 
molecular weight. The differences were explained by considering two different kinds of 
adsorption: an immediate adsorption on the external surfaces of the clay and a much 
slower penetration in the cavities of the various clay aggregates. The presence of ions in 

the soil, as attached to clay or silt particles and organic matter, is also considered to play 
a major part in the modes of action involved. Mortensen & Aldrich (1955) proved that 
the binding action of some conditioner materials was reduced by the presence of high 

ratios of exchangeable sodium and potassium. Mortensen & Martin (1956) found a 
highly significant conditioner-fertiliser interaction, suggesting that conditioner 
effectiveness is affected by the presence of fertiliser salts. 

Wallace et al. (1986) tested a large number of polymers and found a positive 

relationship between chain length and aggregation. This was agreed by Schamp et al. 
(1975) and Williams et al. (1966) in laboratory and field experiments on the behaviour 

of polyvinylalcohol. Shaviv et al. (1987) indicated that water carried polymers with 

molecular weights > 75,000 deeper into the soil than it carried smaller molecules with 
weights of 20,000 or 30,000. The smaller molecules did, however, allow more 

molecules to penetrate into the aggregates and, although total conditioning depth was 

smaller, stabilisation was somewhat better in upper layers. Carr & Greenland (1972) 

noted that polyvinylalcohol (PVA) with a molecular weight of 15,000 was able to 

penetrate the aggregates to a greater extent than PVAs of molecular weight 70,000 and 
100,000, respectively. They advised that, as the key to efficient conditioning seems to be 

the distribution of polymers between binding sites in aggregates, a combination of low 

and high molecular weight polymers would be ideal for effective soil conditioning. 

The issue of polymer penetrability is strongly related to the soil pore size distribution. 
Pores in a natural soil may be roughly divided into macropores (inter-aggregate pores) 
and micropores (intra-aggregate pores). The action of soil conditioner macromolecules 
upon these soil pores can be very different and their mobility decreases with both 
decreasing pore size and decreasing moisture contents. Consequently, macromolecules 
may be unevenly distributed in soil and in extreme situations their approach to 
adsorbing sites may be blocked (Shaviv et aL, 1987). If the structural system in soils is 
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considered to consist of individual particles clustered in domains (> 5 Vm), in turn 

clustered in micro-aggregates (> 100 Vm) and these form aggregates, the pores which 
are most desirable to stabilise are those between domains and micro-aggregates. For 

this, the effects of polymer size, shape, flexibility and charge on their ability to diffuse 
in porous systems may be as important as their influence on the adsorption behaviour of 
the polymer (Greenland, 1972). Thus, the effectiveness of very high molecular weight 
polymers may be limited by their difficulty in diffusing through soil micropores. 
However, smaller, uncharged polymers, which are also able to be adsorbed and form 
interparticle bonds, should disperse more easily and so be more effective in increasing 

the strength and stability of soil aggregates. Therefore, there should be an optimum size 
where the best compromise between an ability to form interparticle bonds and to move 
in a microporous system is attained. The experiments carried out by Williams et al. 
(1966) demonstrated the influence of the pore size distribution on the process of soil 
conditioning. In their experiments, they applied the same amounts of polyvinylalcohol 
(PVA) to the same soils, drained under different suctions. Among the suctions applied, a 
better aggregation and a greater stability was obtained with the soil samples drained at 
30-100 cm suction. The pores with a diameter of 10-15 pm were empty and hence could 
allow the PVA molecules to penetrate. The stabilising effect was much greater than 

when the finer or coarser pores were empty before treatment commenced. Carr & 
Greenland (1972) also found that addition of polyvinylalcohol or polyvinylacetate (as 
low as 0.02%) could dramatically improve stability, providing application was 
performed when soil moisture tension was -30-100 cm suction. 

Montgomery & Hibbard (1955) correlated the structure of polymers with soil 
conditioning activity, as measured by their ability to form water stable aggregates and 
increase percolation of drainage water. Following their definition of a polymer (a group 
of active sites connected by means of a polymer skeleton having in itself no soil 
conditioning activity), the activity of conditioners will be a function of the ratio of the 

active to the active plus the inactive portions of the molecule. They found a strong 
correlation between this functionality factor and the soil conditioning activity of a large 

number of conditioners. In addition to the functionality factor, the activity of the 

polymer was believed to be a function of many other factors, which can be expressed by 

the equation: 

A=f (aF, M, G, D,.. ) l(l) 
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where: 
A= relative soil conditioning activity; 
a= empirical constant depending on the type of active group; 
F= functionality factor; 
M molecular weight; 
G geometric factors, such as branching and crosslinking; 
D distribution of the active groups of the polymer molecule. 

From other studies, there is evidence that factors such as electrical charges (Greenland, 
1972), polymer concentrations (Shaviv et al., 1987) and the concentration of electrolytes 
in the soil solution (Vasyliev & Malygina, 1976; Shanmuganathan & Oades, 1982) are 
also important contributors to polymer activity. Ruehrwein & Ward (1953) showed that 

polymer concentration is only important up until the saturation amount of the adsorption 
sites has been reached. After that, more polymer is not absorbed, even in the presence of 
a many-fold excess. A study into the aggregate stability of conditioner treated soils in 
England also found no advantage gained from dressings > 0.05% for a CRD-186 

conditioner (Pringle & Williamson, 1956). This shows the importance of studying the 

soil type involved before applying the conditioner, in order to make the application more 
economically beneficial. 

Independent of the way polymers are applied (solutions, emulsions or powder), the 

reactions with soil particles occur rather quickly (De Boodt, 1990). The limited 

possibilities for movement or migration of applied polymers, once in contact with the 

soil, is a major concern for integral application. Mobility is inversely related to the 

molecular weights and there is a critical value > 50,000, when the polymers are cross- 
linked or become cross-linked in contact with the clay particle (De Boodt, 1990). 
Therefore, the sites where the soil conditioners contact soils, being the surfaces or the 
inner parts of the soil particles, are of considerable importance for aggregate stability. 
As it must be economical, small quantities must be used and they must contact the 

strategic points in the aggregates immediately. Nadler et al. (1992) conducted laboratory 

experiments into possible desorption reactions of polyacrylamide conditioners from soil, 
but very little or no desorption occurred during their tests. It was postulated that 

adsorption is virtually irreversible, because the polymers are of large molecular size, 
long chained, flexible and multisegmented. After being adsorbed, there is little 

possibility that all segments of the polymers are simultaneously detached from the 

particle surface and moved into solution. Ephsteyn et al. (1987) also stated that the 
mobility of polymers through soil is expected to be very low after adsorption has 

occurred and even further restricted if the soil is dried. Thus, to become optimally 
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effective, the soil conditioner must first either be mechanically mixed with the soil or 

carried into the soil by ample percolating water. Several authors reported on the 
importance of proper incorporation of the chemical into the topsoil, especially on 

sloping soils, by ploughing, disking or rototilling (Martin et al., 1952; De Boodt, 1979; 
Fox & Bryan, 1992). The extent and depth of treatment effectiveness also depends on 
the polymer distribution, which is related to the amount of water used to distribute the 

chemical (Pearson & Jamison, 1953; Shaviv et al., 1987) and to the soil moisture 

contents at the time of application (Williams et al., 1966; Gabriels & De Boodt, 1975). 

Sadones et al. (1976) also found the initial soil water content at the moment of polymer 
treatment to be important. The drier the soil, the better the water stability after treatment. 
Furthermore, they stressed the influence of the type of surfactant involved. When 

applying cationic surfactants with hydrophobic properties in combination with the 

polymer, the water stability of the upper layer increased, whereas the application of 

combinations of polymer with less adsorbed surfactants (i. e. non-ionic or anionic) 

resulted in a better and deeper stabilisation. 

As indicated in the literature, the influence of soil particle size distribution, soil 
moisture and organic matter contents, as well as the quantities, the electrical charges and 
molecular weights and structures of the polymers involved all contribute to successful 
soil conditioning. Still, it is difficult to predict the behaviour of polymers introduced to 

soil particles. To assess the interaction likely to occur, it is necessary to know rather 

precisely the details of the chemical constitution, size, shape and flexibility of the 

polymer and of the surface constitution of the soil particles and their initial state of 
organisation. In most instances, little, if any, of this necessary information is available. 
Moreover, in addition to the various chemical and physical characteristics of polymers 
discussed above, the detailed distribution of functional groups along the backbone of the 

polymer has marked effects on their properties, as has the interaction of hydrous oxides 
of silicon, aluminiurn and iron with organic compounds and the accessibility of surface 
sites. There are still many complexities to be unravelled before the interaction of 

polymers with soil particles is fully understood and before types and quantities of 
material applied are derived from the undesirable physical conditions which are to be 

released. The variety of polymer chemicals, however, provides an opportunity to seek 
materials which will alter soil properties in desired ways and once the characteristics 
required of the polymer are decided, it should be possible to mass-produce the polymer 
with the necessary properties. 
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1.2.3 Soil Conditioner Effects 

1.2.3.1 Introduction 

A well established physical condition is a major objective in almost every use of soil. 
For example, wind and water erosion must be minimised, soil must be held in place 
until vegetative covers are established on erodible areas, water must be harvested in 

semi-arid regions, percolation losses to ground water must be controlled in agriculture 
based on flooding and irrigation and soil physical conditions must be optimised for plant 
growth. Addition of chemical soil conditioners to soils have resulted in a number of 
physical improvements. Various publications discuss their ability to increase aggregate 
stability, soil pore space and water infiltration and prevent soil crusting, runoff and 

erosion. They are also said to be able to establish a more friable tilth that is easier to 

cultivate and allow soils to dry more quickly after rain or irrigation, so that they can be 

worked sooner (De Boodt, 1979). These physical improvements can translate into 
beneficial agricultural effects, such as stronger, larger plants with more extensive root 
systems, earlier seed emergence and crop maturity, more efficient water utilisation, 
easier weed removal, more response to fertilisers and to new crop varieties, less plant 
disease related to poor soil aeration and decreased energy requirements for tillage 
(Wallace & Wallace, 1990). The high variability in reported effectiveness of soil 

conditioners in the 1950s arose largely from superficial trials of soil conditioners, 

without identification of the problems which they might have been expected to cure 
(Gardner, 1972). For example, if poor infiltration, leading to soil and water runoff, 
occurs in soils because of restrictive layers at some depth in the profile, correction of 
surface porosity conditions will be ineffective in curing the erosion problem. In such a 

case, it will not be failure of the soil conditioner but failure to use it appropriately at the 

seat of the problem. 

The results of many published experiments have demonstrated that the most noticable 
effects occurred on fine textured or crusted soils (Pearson & Jamison, 1953; Sherwood 
& Engibous, 1953; Pla, 1975). Furthermore, the more clay and silt present, the higher 

the concentration of polymer needed to preserve aggregate stability (Wallace, 1987). 
Research conducted into chemical soil properties, such as cation exchange capacity or 
soil pH, showed no alterations as a result of treatment with soil conditioners (Mortensen 
& Martin, 1956; De Vleeschauwer et al., 1978; McGuire et al., 1978). As with most 
applications, the conditioner concentration used was probably too low to affect these 

chemical soil properties. An exception to this is the use of phosphogypsurn, as this can 
cause soil phosphorus and calcium levels to rise, resulting in the displacement of other 
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exchangeable nutrient cations, such as magnesium and potassium (Van der Watt & 
Claassens, 1990). It has been shown that the effectiveness of soil conditioners can be 
improved by making them either light or dark-coloured, in order to change the 
temperature regime of certain soils, i. e. to reduce excessive water evaporation rates or to 

enhance seedling emergence. Research into the effects of coloured soil conditioners 
upon soil temperature has been reported from Belgium (De Boodt, 1979), Egypt (Tayel 
& Wahba, 1986), Nigeria (De Vleeschauwer et al., 1978) and Saudi Arabia (Verplancke 

et al., 1990). Furthermore, polymers are not considered phytotoxic, as their large 

molecules cannot enter plant roots (Schamp, 1976; Wallace & Wallace, 1990). It 

appears from the literature that treatments with soil conditioners can be made during any 
season of the year, providing the soil is workable. However, a farmer may prefer to 

make treatments during normal seedbed preparation in spring or autumn. Surface 

treatments are restricted to the time of planting. In rainy periods, soil slaking can occur 
before proper incorporation and adsorption has been achieved and during winter frosts, 

optimum penetration of soil conditioners can be prevented. 

Problems arise when trying to assess what 'effective' soil conditioning actually is. Most 
literature reports the effects of conditioner treatment as measured by soil and crop 

responses. However, any consideration of the process of soil conditioning must involve 

a study of the adsorption of the bonding substance on the surface of bonded particles. 
Few workers have tried to study these adhesion and adsorption phenomena. They 

discussed the type of chemical linkages created (such as hydrogen bridging, cationic 
bonds or 'van der Waals' forces) and the influence of polymer chain length, molecular 
weights, ionic properties and active groups per polymer unit (Montgomery & Hibbard, 
1955; De Boodt, 1972a; Greenland, 1972; Wallace et aL, 1986). To compare the effects 
of various soil conditioners, it is important to understand their modes of action and to 
know the exact amount of 'active' ingredients used. However, for many workers, it is 

often very difficult to access all chemical data to compare the modes of action of the 

various soil conditioners used in their experiments. Another problem in assessing the 

way soil conditioners actually work, is the need to relate findings to soil moisture 
contents, clay concentrations, organic matter contents and soil porosities. These soil 
properties should either remain constant or be set at a known level to study their 
influence. Furthermore, it is very difficult to measure the degree of incorporation of soil 
conditioners in the soil, hence difficulty can arise in determining the 'active' soil zone. 
Some studies have been reported resolving this problem by labelling polymers with 
radioactive tracers (Martin, 1953; Pearson & Jamison 1953; Peterson & Kwei, 1961; 
Nadler & Letey, 1989), but it is a technique which is not readily available to many 
laboratories. 

19 



Several soil conditioning activities have been assessed in an attempt to evaluate 
'effective' soil conditioning. The literature reports: 
1) measurements of water stability of aggregates, using either wet-sieving techniques or 

detachability against simulated rainfall (Laws, 1954; Ephsteyn & Revut, 1974), 
2) determination of water percolation rates (Montgomery & Hibbard, 1955), 
3) measurements of erosion rates (Gabriels et al., 1974), 
4) assessments of oxygen absortion rates, using manometric apparatus (Hedrick & 

Mowry, 1952; Quastel, 1954), 

5) measurements of soil shear strength (Rubio et al., 1989) and 
6) various crop measurements (Doyle & Hamlyn, 1960; Wallace, 1987) as a means to 

express the achieved soil conditions. As the formation and stabilisation of aggregates is 

widely seen as the primary aim of soil conditioners, it appears that tests assessing the 

actual stability of the aggregates are the most direct way to express 'effective' soil 
conditioning activity. 

1.2.3.2 Soil Structure and Stability 

To improve the structural condition of a soil requires in essence that the small individual 

soil particles are caused to clump together into aggregates sufficiently stable to 

withstand raindrop action, cultivation pressures and the action of water draining through 
the soil (Ekem, 1950; Emerson, 1959). However, improving soil conditions by 
increasing organic contents is a long-term strategy and measures which can be effective 
in a shorter time are much needed. It is not sufficient simply to bring particles together 

under the influence of salt solutions or polyelectrolytes, as would occur in flocculation, 
for the agent responsible could be translocated by subsequent leaching. Whilst 
flocculation may well be the start of the aggregation process, some additional process is 

required to cement the particles together. Therefore, the effects of chemical soil 
conditioners on soil structure have been studied extensively, in both field trials and 
laboratory experiments. In the 1950s, Martin et al. (1952), Low (1954), Quastel (1954) 
& McIntyre (1958) discussed the basic phenomena involved and the possibilities of 
polymers contributing to soil structural amendments. Ben-Hur & Letey (1989) noted 
that polymers on soil surfaces cemented primary particles together, enabling them to 
better resist droplet impact and so minimise soil structural deterioration. Shainberg; et al. 
(1990,1992) found that polyacrylamide (PAM) treated aggregates were better able to 

resist breakdown by water drop impact than non-treated aggregates. However, on soils 
with exchangeable sodium percentages from 13 to 30%, Levy et al. (1995) found PAM 

treated surface aggregates were not sufficiently stable to withstand drop impact and, 
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consequently, allowed a surface seal to form. Lentz & Sojka (1994b, 1996) reported 
nearly eliminated irrigation-induced erosion and a strengthened soil structure as a result 
of adding PAM to irrigation water. 

To date, it has been shown conclusively that the various chemical soil conditioners can 
increase soil aggregate stability and this is the first requisite for a good physical 
condition. The aggregates must be able to survive the destructive effects of rain and 
tillage machinery to be of value. As a result of increased aggregate stability, a number of 
other important soil characteristics are changed. These include aggregate size 
distribution, microbiological activity, rate of water evaporation, infiltration rate, aeration 
and surface crusting. However, it is sometimes reported that due to the improved soil 

physical condition, the decomposition of native organic matter has been more rapid 
(Doyle & Hamlyn, 1960). Recently, some experimental evidence suggested that 

aggregate fracturing can reduce soil conditioner effectiveness. This damage can happen 
by severe rainfall or desiccation and breaking of treated soil clods, exposing untreated 
soil surfaces. Then, clay could disperse and clog pores, to form a seal which impeded 
infiltration (Malik & Letey, 1991). When a polymer-treated surface was exposed to 
droplet impact, Ben-Hur et aL (1989) found lower final infiltration rates than when the 

surface was protected from impact energy. 

The formation of a soil surface seal, especially due to the action of raindrops, but also as 

a result of sprinkler irrigation, is a common feature of many soils, particularly in semi- 

and regions. The surface condition of a crust developed on conditioner treated soil is 

often clearly different from that of an untreated soil. Van der Watt & Claassens (1990) 

used scanning electron micrographs in which the smoothness of the crust on untreated 

soil was apparent, while microstructure and roughness could be seen on crusts formed 

on treated soils. Cross-sectional views of the upper 0-2 mrn of the crusts also showed 
vertical structural differences between treated and untreated soils, with a greater degree 

of compaction evident on untreated soil. 

1.2.3.3 Soil and Water Conservation 

As often reported, polymeric soil conditioners can contribute to soil conservation. 
Polymer application to erodible fields can improve water penetration, create more water- 

stable aggregates and increase crust resistance to slaking. These materials can also 

encourage plant growth, by protecting seeds and seedlings, maintaining aggregate 
stability and increasing soil moisture. Once permanent vegetation is established, erosion 
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potential is strongly decreased. Many studies have determined the effectiveness of 
polymers to decrease soil erosion by water and wind (Weeks & Colter, 1952; Chisci, 
1979; Wallace & Wallace, 1986b; Agassi et A, 1990; Levy et A, 1991; Fox & Bryan, 
1992 and Ben-Hur, 1994). However, often conditioner application did not provide 
permanent results and it can therefore not be seen as the sole solution to land 
degradation. Optimal use is proposed in combination with revegetation. Agassi & Ben- 
Hur (1992) found that products such as phosphogypsurn. and polyacrylamide were very 

efficient in erosion control on a wide range of soil types and denuded slopes, but the 

establishment of natural vegetation was said to be essential for long term soil protection. 

The improvement of erosion-preventive stability of soil in irrigation furrows was 

studied by Kouznetsov & Grygoriev (1976). The application of a hydrolysed 

polyacrylonitrile (HPAN) soil conditioner resulted in a surface protective film, which 
lowered the suspended load quantity and elevated the size of roughness protrusions in 

furrows. The intensity of soil loss in furrows treated with the polymer was 9-10 times 
lower than in the untreated furrows and admissible irrigational water discharge 

increased on soils treated with the polymer by 5-12 times that of the control. The 

discharge in polymer treated furrows was now only limited by the possibility of 

overfilling the furrows. Lentz & Sojka (1994b, 1996) and Sojka & Lentz (1996) 

reported the positive effects of polyacrylamide (PAM) in controlling furrow irrigation- 

induced erosion on highly erodible Idaho silt loam soils. Over a range of application 

rates of at least 0.7 kg/ha PAM and a mean of 1.3 kg/ha, treatments reduced furrow 

sediment loss by an average of 94% (80-99%). Dry and solution applications controlled 

erosion about equally and the PAM applications were economical and effective 

methods. Lentz et al. (1992) hypothesised that PAM increased the cohesive forces 

between soil particles in a thin soil surface layer of treated furrows. This makes surface 

soil more resistant to shear forces exerted by flowing water and decreases the rate of soil 
transport along the wetted perimeter. In similar research, Trout et al. (1995) noted that 

water-applied PAM provided the additional benefit of flocculating sediments in the 
flowing water, which reduced their transportability and increased their tendency to 
deposit in the furrow. Lentz et al. (1993) reported that anionic PAM was more effective 
than cationic forms for reducing furrow erosion of U. S. Portneuf silt loam soils. 

In laboratory experiments, Ben-Hur et aL (1990) demonstrated that the application of a 

cationic polymer to soil can sometimes increase soil erosion. It was stated that, although 
the polymer promoted flocculation, which prevents fine particles sealing the soil surface 

and reducing the infiltration rate, the aggregates formed were more subject to transport 
by a thin sheet of water. Gabriels et aL (1974) found stabilised aggregates < 2.86 mm. 
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diameter to be prone to splash erosion initially and transported by runoff afterwards, 
which contributed considerably to measured soil loss. However, the process of runoff 
generation commenced later, because fewer unstable aggregates were slaking and 
clogging pores, so that soil infiltrability stayed higher for longer. 

Rickard (1979) noted that efficient soil stabilisation against wind erosion can be 

achieved by applying soil conditioners to the surface and believed it a suitable means to 

control erosion, because they do not complicate crop management. The effects of soil 
conditioners on wind erosion have also been studied by Simpson & Haines (1958). On a 
very sandy soil, VAMA and HPAN treatments reduced wind erosion. After two months, 
all treated plots were above the level of the control area, the maximum difference being 

as much as 2 inches. Chepil (1954) reported that, although VAMA also produced 
substantial increases in the proportion of water stable aggregates in a sandy soil, the 

aggregates produced were still liable to erosion by wind and in some soils wind erosion 
was even increased by application of both VAMA and HPAN. 

Armbrust & Lyles (1975) established the following criteria for viable surface soil 

stabilisers: 
1) 100% of the soil surface must be covered, 
2) the stabiliser must have no adverse effects on plant growth or emergence, 
3) prevention of erosion initially and reduction of erosion for at least two months, 
4) be easy to apply without special equipment, 
5) the cost must be low enough for profitable use. 
From their field and laboratory tests on 34 various materials (including resins, latex 

products, powders, polymers, plant byproducts and asphalt), five polymers and one 
resin-in-water emulsion were found to meet all these requirements. This clearly showed 
the potential of polymers above the other conditioning materials (either naturally or 
synthetically based) used for soil conservation purposes. 

Control of soil erosion is a major field for the use of soil conditioners and their costs 

should be considered in connection with the importance of using these materials. 
Although it is difficult to express the damage caused by soil erosion in monetary terms, 

preventative measures should be cost effective on all severely eroded arable fields, 

which can make soil conditioners more economically viable. Furthermore, there are a 

number of situations where erosion forms a direct special hazard and the use of soil 

conditioners will prove cost effective immediately. A good example is provided by the 

problem of protecting newly established waterways and terrace outlets. During the 

period between construction and the establishment of vegetation cover, these structures 
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are particularly vulnerable and soil conditioners could give considerable protection. 
Road cuts and fills and canal banks also present problems of holding the soil in place 
until a protective vegetation cover has established. Protecting building sites for new 
urban areas or industry during construction forms another important application of soil 
conditioners (De Boodt, 1992). 

1.2.3.4 Soil - Water Relations 

Warrior & Pollard (1959) filled soil columns with conditioner-treated soils and found 

rates of water percolation increased markedly: from over 20 minutes for untreated soils 
to 2-3 minutes in treated soils to infiltrate 50 ml of water. Soil treatments with 
polyacrylamide by Shainberg et A (1990) increased the final infiltration rate of loess 

soils from 2.0 to 23.5 mm/h and the total intake of an 80 mrn storm from 12.3 to 64.2 

mm/h. Van der Watt & Claassens (1990) used phosphogypsum to increase final 

infiltration rate from 10.1 to 30.0 mm/h on undisturbed plots of argillic soil. Smith et al. 
(1990) reported a seven-fold improvement in infiltration following polyacrylamide 
application. Nelson (1987) and Ferreira et al. (1994) also measured increased water 
infiltration after field incorporation of granular polyacrylamide. It should be noted, 
however, that all the reported increased permeabilities only occurred in the soil zones to 

which the material had actually been added. Thus, if conditioners are mixed in a 

restrictive layer, the rate of water movement through the entire profile might well be 

increased and so the internal soil drainage will be improved. However, if restricting 

zones exist below the layer in which the material is mixed, there would be little or no 
improvement in profile permeability (Pearson & Jamison, 1953; Gardner, 1972). Often, 

soil aeration is also improved by soil conditioners through the same mechanism that 

produces better permeability. The addition of soil conditioners to medium or fine 

textured soils usually increases total pore space, which results in better soil aeration. In 

terms of water availability, it is important to know the size range, of the pores 
represented by this increase. Pearson & Jamison (1953) applied 'Krilium' to a clay soil 

and noted that mainly the macropores were appreciably affected. As a result, drainage 
became freer and a larger portion of the soil mass was occupied by air. However, as 
treatment had not affected the small pores, an increase in the available waterholding 
capacity of the soil did not occur. A reduction in water availability was found by 

Sherwood & Engibous (1953) and Doyle & Harnlyn (1960), as a result of increased 

drainage. Khoury et al. (1978) found soil conditioners increased pore diameters, from a 
D50 pore size of 62 pm for untreated soil to 95 pm on treated soils, which adversely 
affected soil water retention. This inverse relation between pore size and water retention 
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in soils and that at a given suction water is selectively drawn from the relatively large 

pores are well-established principles (Wild, 1993). 

Within an irrigated field, local runoff can accumulate in depressions which leads to poor 
water distribution and significant decreases in crop yield and irrigation efficiency (Levy 

et al., 1991). Applications of dilute polymer solutions to irrigated fields, either direct 

with irrigation water or applied to soils beforehand, can be effective in alleviating 

permeability or crusting problems and so lower runoff rates and total irrigation 

requirements (DeMent et al., 1955; Shaviv et al., 1987; Wallace & Wallace, 1987; 
Mitchell, 1986,1987; Van der Watt & Claassens, 1990). Warrior & Pollard (1959) 

studied the action of synthetic soil conditioners in water-logged soils, a situation which 

can occur when land is irrigated. They found the aggregating action of both HPAN and 
VAMA was substantially maintained and the increase in pore space and water uptake 

was only slightly diminished. 

Most soil conditioners are also capable of reducing evaporation rates from various soils. 
Hydrophobic conditioners can form a water repellant surface layer and thus conserve 

soil water. However, hydrophilic soil conditioners can also decrease soil moisture losses 

by evaporation, as they can increase the large pores in the surface treated zone, which 

slows capillary movement to the surface (Pearson & Jamison, 1953). Furthermore, 

Gabriels (1972) noted that hydrophobic conditioners not only block evaporation rates by 

actually sealing the surface, but also by creating a higher contact angle between small 

soil particles and soil water. The higher contact angle causes water repellancy and thus, 

no capillary water can enter the small pores between soil aggregates. 

1.2.3.5 Soil Conditioners, Plant Performance and Crop Yield 

Normal seedbed preparation under favourable moisture conditions results in good soil 

structure. This loose, porous tilth is temporary in most soils, disappearing rapidly with 

rainfall, irrigation or compaction. Proper incorporation of a soil conditioner during 

seedbed preparation can stabilise this good tilth against slaking and subsequent 

structural deterioration, although the soil will never be any better than it was at 

cultivation (Pearson & Jamison, 1953). It is widely agreed that changes in soil structure 
have marked effects on nutrient and water uptake, root development and subsequent 
plant growth. Furthermore, soil conditioners are not sufficiently concentrated to be 
fertilisers and should not be considered as replacements for the nutrients necessary for 

plant growth. The improved plant growth, often reported on soil conditioner treated 
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soils, is therefore believed to be only indirectly influenced by conditioners, through the 

effects of physical changes upon such relationships as bulk density, porosity, 
permeability, aeration, moisture contents and the availability of nutrients already present 
in the soil (Martin et aL, 1952; Sherwood & Engibous, 1953; Wester, 1955; Doyle & 
Hamlyn, 1960). However, a physical improvement of the soil, which is reflected by 
improved plant growth under a variety of climatic conditions, is complex. For example, 
the effects of soil conditioners can be very different in relation to soil moisture content, 
initial aggregate sizes, ions present and pH. Nonetheless, positive effects of soil 
conditioning on crop performance are frequently reported. 

Most beneficial effects of soil conditioners on plant performance are often immediately 

noticed in studies of early plant emergence, as many authors report prevention of soil 
crusting over seed rows and improved permeability and subsequent enhanced seedling 
emergence and growth (Hedrick & Mowry, 1952; DeMent et al., 1955; Pringle & 
Williamson, 1956; Carr & Greenland, 1975; Cook & Nelson, 1986; Wallace, 1987; 
Rubio et al., 1989). However, the persistance of the improved soil structure is uncertain. 
Laboratory studies by Hedrick & Mowry (1952) indicated that synthetic polymers are 
quite resistant to bacterial attack, but this might not be true for organic materials. Page 
(1980) studied the effects of two organic soil conditioners (Natrosol' and 'Cellulose 
Xanthate') on crust strength and found marked decreases due to application. However, 

the persistance of both substances, in terms of their influence on aggregate stability, was 
very short (only 8-11 weeks), indicating that both were very rapidly biologically 
degraded. They did not consider this a serious disadvantage, as the sole purpose of the 

soil conditioning was to aid seedling emergence, but for longer term crop aids, these 

products are not useful. In another study, alfalfa emergence increased as polyacrylamide 
(PAM) rates increased from 0 to 67 kg/ha (Cook & Nelson, 1986). They also found that 

sweetcom emerged better where 22 kg PAM/ha were applied to field plots. Wallace 
(1987) reported that a surface application of 2.2 kg PAM/ha (applied in 11 mm of water) 
increased the emergence and seedling weight of tomato and lettuce grown in sandy 
loams and clay loams in southern California. Helalia & Letey (1989) also found the 

emergence of tomato and cotton increased when anionic PAM was applied. 

Tissue analyses of plants growing on different soils showed small, if any, changes in 

nutrient uptake due to conditioner treatments (Hedrick & Mowry, 1952; Quastel, 1954; 
Martin, 1953; Holmes & Toth, 1957). MacIntire et aL (1954) examined the chemical 
effects of a HPAN soil conditioner on plant composition and uptake, through 760 

analyses of greenhouse crops from eight soils and found that in most cases the 

conditioner caused significant decreases in calcium and magnesium contents and 
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substantial increases in potassium and sodium contents in successive crops. They 

suggested the conditioner induced ionic exchanges in soil and so caused differential 

cation migrations into the above-ground crop growth. However, the conditioner did not 
increase growth. Mortensen & Martin (1956) studied the performance of oats and found 
that plants growing on HPAN and VAMA treated soils had significantly less nitrogen 
contents in their leaf tissues, which was attributed to better soil structure and drainage, 

allowing greater nitrate leaching. Haise et A (1955) also found nitrogen deficiency 

symptoms in beet leaves growing on HPAN and VAMA treated soils and attributed this 
to increased leaching. 

Improved plant performances resulting from a soil conditioner treatment can be caused 
by excessive root proliferation, due to less compacted soils (Troeh & Thompson, 1993). 
Danneels et al. (1992a, b) described the potential of laboratory rhizotron studies to 

measure the influence of soil conditioner treatments upon root growth. Hedrick & 
Mowry (1952) reported faster plant growth, earlier maturity and increased root growth 
due to a VAMA treatment. Simpson & Haines (1958) noticed that the time of wilting of 
carrot and radish plants under drought conditions in a sandy soil was delayed by 14 to 
16 days due to HPAN treatment. Improvement in crop quality can especially be 

expected in early, fast growing, succulent vegetable crops. Martin et al. (1952) found 

conditioner treatment did not affect the total yield of carrots, but grading of them did 

reveal very significant increases in marketable quality. Another positive aspect of soil 
conditioning is that treated soils can be worked earlier in spring. The increased soil 
temperatures at this time and the other benefits of physical modification usually result in 

more rapid development of young plants. Where time of harvest is geared to market 
conditions, this increased growth can be of economic significance (Sherwood & 
Engibous, 1953). 

Improvement of the physical properties of soil by soil conditioning practices can 
increase final yields. In field experiments on sandy soils, Simpson & Haines (1958) 
found applications of HPAN and VAMA increased radish and carrot yields by 60 and 
80%, respectively. Similar results were obtained by Johnstone et al. (1957), 
investigating sweet potatoes on clay soils, where the yield was significantly increased 
for at least one year by conditioners. Doyle & Hamlyn (1960) found VAMA 

applications resulted in increased tomato yields, which were highly significantly 
correlated to the percentage water-stable aggregates > 0.25 cm. created on the same soil 
(r = 0.57, p<0.01). Significantly increased yields of tomatoes and ryegrass were 
harvested in pot experiments with soils treated with polyvinylalcohol and 
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polyvinyl acetate (Carr & Greenland, 1975). De Boodt (1979) reported a 68% increase in 

carrot yields on a clayey soil treated with polyacrylamide in the Belgian Ardennes. 

In modem agriculture, maximum economic yields are of concern and improvements in 

soil structure can enable more benefits from improved crop varieties, improved fertility 

and increased control of other management factors. In fact, physical soil improvement is 

often regarded as the principal remaining limit yet to be overcome (Hillel, 1972; Troeh 
& Thompson, 1993). This also shows that maximum response to soil conditioners is 

only obtained when the total management practice is otherwise excellent; the philosophy 
of Liebig's 'Law of the Minimum! . An analogy is the 'weakest link in a chain' concept: 
the controlling factor in plant growth is that one that is mostly limited and 
improvements in other growth limiting factors will not enhance the plant. 

It has often been reported that treatment costs with the various conditioners now 

available can be prohibitive for general agricultural use (De Boodt, 1976; Wallace & 

Wallace, 1990; Lentz & Sojka, 1994a). It appears that, with the extra costs required for 

proper incorporation of the soil conditioners, their use in the field with ordinary crops 
for the improvement of structure in the entire plough layer may be economically 
impracticable. However, next to the continuing research into new types and application 
techniques, there seems a possibility these materials could be used to advantage in very 

small amounts applied to the soil surface to prevent crusting and sealing. Other practical 

applications may be the use of these materials in narrow bands immediately above the 

seeds in the case of row crops, the use of localised applications around plants and trees 
in drip irrigation projects and the pre-treatment of plantpits. These procedures would 
decrease the amounts of material required and obtain maximum benefits in the 
immediate vicinity of the plant. Table 1.2.3 is taken from De Boodt (1992) and provides 
some of the costs per unit of area for the applications of several soil conditioners, 

realising it is rather difficult to predict accurately the expenditure at application time. 
Although the value of the improvements are not costed in this table, and therefore it is 

difficult to evaluate these application costs, the data indicates that it can be economical 
to use rather inexpensive soil conditioners, such as bitumen emulsions, poly(urea- 
formaldehyde) and polyvinyl actetate for general vegetable cropping. All the plantpit 
treatments can be justified for fruit trees and bitumen and poly(urea-formaldehyde) 

plantpit treatments can also be justified for forest trees planted to prevent erosion. 
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Furthermore, soil conditioners should be cost effective in fields with high value crops or 
when applied in difficult cropping areas. Crops such as watermelons, cucumbers, 
tomatoes and spinach grown on Egyptian reclaimed desert, treated with soil 
conditioners, were marketed two to three weeks earlier than the same crops grown on 
Nile alluvial soils (De Boodt, 1992). The price advantage of these early crops provided a 
return three to four times greater than the cost of purchasing and applying the 
conditioners. Even better returns were obtained for fruit crops. The growth of guafa. 
trees in Egyptian desert soils showed 20% significantly better (P < 0.05) shoot growth 
on trees when a surface soil area of 2.5 m2 around each tree had been treated with a 
bitumen emulsion at 100 g/M2. Optimum application rates for poly(urea- formaldehyde) 

were 150 g/M2 and these results were also significant (P < 0.05; De Boodt, 1990). 

De Boodt (1992) believed that soil conditioners will play an important role in future 

agriculture. He calculated that between 1958 and 1986, the area of arable land 

worldwide has been increased by 150 million ha, representing about 10% of the total 
land which was arable in 1992. During the same period, world population increased by 
1.2 billion, or about 30%. World population is expected to reach 6 billion by the year 
2000 and to feed this population, world food supplies must increase by 50% in about 15 

years. Also, it was estimated that 72% of increased food production will come from 
intensification of agriculture on soils already in cultivation and about 28% from 
bringing additional land into cultivation (De Boodt, 1992). The latter would necessitate 
the development of virgin lands for agricultural crops and grassland. Despite the 
increased demands on our soils in the near future, there are still problems of land being 

sterilised by the construction of roads and buildings (this land is often highly fertile) and 
the consequences of desertification, erosion, salinisation and general misuse. Most of 
the best agricultural soils are already producing food and it has been reported that there 

are four ways in which the increased demands can be met (Wild, 1988). These are: 
1) increase in soil fertility from the use of more fertilisers and better soil management; 
2) introduction of improved plant varieties; 
3) increase in available cultivated land; 

4) efficiency in water use and improved irrigation practices. 

There are many indications that soil physical conditioning will have a very important 

role in future agriculture and it is clear that soil conditioners can play a role in three of 
the four ways listed above. Appropriate use of soil conditioners, when the compounds 
are carefully selected for specific problems and applied under the optimum conditions, 
will maintain better structured soils when under intense cultivation or irrigation. It will 
benefit soil stabilisation against erosion, slaking and crusting. 
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1.2.4 Case Studies of Soil Conditioner Contributions to Soil Conservation and 
Land Rehabilitation 

As stated earlier, soil conditioners can have beneficial effects on soil conservation, by 
improving soil structure and reducing erodibility. Applying soil conditioners, therefore, 
seems an appropriate and useful way to contribute to soil conservation and land 

rehabilitation schemes. For example, in the U. S. A., two recent farm bills, the Food 
Security Act (1985) and the Food, Agriculture, Conservation and Trade Act (1990) 

require farmers to protect erodible cropland with proper soil conservation practices to 

access Federal farrn benefits (Esseks & Kraft, 1991). Applying soil conditioners can be 

an efficient and effective means of contributing to these programmes. Some other 
economically justified examples of using soil conditioners for soil conservation and land 

rehabilitation purposes are given by the case studies listed below. 

1) Rehabilitation of humid tropical soils. 
Tropical soil is often exposed to intense rains and suffers from decreased aggregate 
stability and increased bulk density. Consequently, water intake and storage are reduced, 
while surface runoff and erosion increases. Tillage operations and keeping soil around 
growing plants is difficult. It is very important to increase infiltration rates and the 

amount of water stored in the subsoil and Azzam. (1980) showed that polyacrylamide 

could be effective. 

2) Reclamation of sandy soils in and zones. 
Sandy soils in and regions can be very deficient in humus and/or clays, although the 

physical properties of arable lands are strongly dependent on both. Provided good 
management of fertiliser and irrigation water, sandy desert soils have high potential for 

crop production and soil conditioner applications on these apedal sands can contribute 
to soil stabilisation. The polymers can induce artificial aggregation, promote the growth 
of soil bacteria and diminish high levels of water seepage and evaporation through 
lining soil pores and binding clay domains (Azzarn, 1980; Verplancke et al., 1990). 
improving soil conditions by applying suitable amendments is one means of improving 

water use efficiency and thereby unlock larger areas of good cultivable land. In many 
and regions, adding organic materials is the only known way to improve the physical 
properties and the water holding capacity of soils, but because of the high temperatures, 
organic matter decomposes very rapidly and therefore needs to be added frequently at 
high cost (Joseph, 1972). The use of synthetic materials for these areas has been tested 
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in several experiments and more stabilised sandy soils as a result of chemical soil 
conditioning have been observed by Joseph (1972), Verplancke et al. (1990), Bryan 
(1992) and Verplancke (1992). 

3) Reclamation of saline and alkali soils. 
The usually high content of exchangeable sodium in saline soils causes aggregate 
disintegration, with all the subsequent problems of poor infiltration and drainage. 
Reclamation requires the removal by leaching of a portion of the sodium, but since 
water movement in dispersed soil is usually very slow, the process is severely 
handicapped and may be quite expensive (De Boodt, 1976). Thus, a material that could 
restore good structure to these soils would have a wide application in and regions, even 
though the improvement in structure could prove temporary. Allison (1952) found both 
HPAN and VAMA conditioners were quite effective in producing water stable 
aggregates and increasing water infiltration and permeability on several soils from the 

western states of the U. S. A. Results from his study showed the conditioners caused a 
very large increase in infiltration in both non saline-alkali and saline-alkali soils during 

the first irrigation after treatment. After eight irrigations, there was still a marked effect, 
although the total intake was much lower, and much more salt and exchangeable sodium 
had been removed from the surface soil in the conditioner treated plots than in the 

untreated ones. Flores (1972) investigated a bituminous emulsion on salt accumulations 
in irrigated valleys in Peru and found it possible to increase the hydraulic conductivity 

of these soils by 7-9 fold, because the hydrophobic soil material was more stable to 

water flow. This greatly helped the leaching of excess salts. On treated soils, the 
bituminous emulsion fixed the soil particles so tightly together that clay swelling was 
largely impeded. Furthermore, salt was fixed between the soil particles and the 
bituminous micelles, so soluble salt decreased and allowed increased plant growth. 

4) Increased efficiency of soil conservation. 
In Western and Central Java, Indonesia, farmers have major problems growing crops 
and conserving soil and fertilisers on slopes > 11 %, under rains of 3000-6000 mm/yr. 
Strip treatments of 50 cm with a bitumen emulsion every 3-7 metres (depending on the 

slope steepness) can be an economically justified system appropriate for the scheme of 
small farmholding. The treated strips, after a few showers, caused the formation of 
banks of small terraces between two successive stabilised strips. These terraces are able 
to block erosion or at least reduce it to 10% of the pre-treated value. Such treatment 

costs the equivalent of the increase in yield obtained in three crops of leguminous plants 
(De Boodt, 1976). 
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5) Increase in efficiency of water-use in rice cultures. 
In Central Java, Indonesia, huge amounts of water are needed to cultivate wet rice fields 
(sawah's) on the slopes of the Merapi mountain. The soil is derived from fertile volcanic 
ash with very low water retention capacities. Hence, as water is the limiting factor, the 
area under cultivation is small. To remediate this poor physical condition, trials have 
been carried out in which the topsoil was temporarily removed to add a layer of bitumen 

emulsion at 40 cm depth. As a result, the rice field percolated only half the amount of 
water compared to the situation before treatment. At the same time, the area on which 
rice can be cultivated increased, the fertile elements were kept in the root zone and 
hence the yield doubled. Such a treatment costs the equivalent of four rice yields, while 
the effects are long lasting (De Boodt, 1976). 

1.2.5 Research into the 'Agri-SC' Soil Conditioner 

Research into the soil conditioner 'Agri-SC' has only been published by a few workers 

and the findings are mixed in terms of effectiveness and recommendation. The work by 
Fullen et al. (1993a, b, 1994,1995) reported on the first results obtained at the 
University of Wolverhampton and showed that the soil conditioner could cause soil 
structural changes and decrease the erodibility of loamy sand soils of the Bridgnorth 

series in east Shropshire. The effectiveness of the soil conditioner for soil conservation 

purposes has also been succesfully assessed in tests on subtropical Chinese Ultisols and 
Aridisols. Following this initial research, more studies have now been published on 
work c6nducted at the University of Wolverhampton with 'Agri-SC' (Brandsma et al., 
1995,1996a, b; Appendix IV) and the research has been highlighted in articles in 

international magazines (Appendix V). The published studies also report the effects of 
the conditioner in terms of erosion control and soil structural amelioration of loamy 

sand soils and add research findings obtained on other soil types, studying soil density, 

porosity, moisture contents, aggregate stability, infiltration rates and crop performance. 

In the United States, more studies have been conducted evaluating the soil amending 
characteristics of 'Agri-SC, but the results were inconclusive. Fitch et al. (1989) studied 
structural changes on silt loam soils in Illinois and concluded there were no significant 
differences between control and 'Agri-SC treated soils. Smith (1984) found no 
significant differences between 'Agri-SC treated and control soil moisture values on 
Mississippi silt loarns. A third study on the effects of 'Agri-SC by Malik & Malik 
(1987) indicated no significant differences between treated and control plots for seed 
cotton yields or the physico-chemical properties of a Pakistani silt loam soil. A more 
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detailed and discussed overview of these published digests will be given in the general 
discussion of this thesis (Chapter 7). 

1.3 Aims and Development of the Research Programme 

Research into the effects of the 'Agri-SC' soil conditioner on soil responses has been in 

progress at the University of Wolverhampton since March 1988 and results have been 

reported in several B. Sc. dissertations (Pritchard, 1988; Padfield, 1992; Cookson, 1993) 

and in the literature (Fullen et A, 1993a, b, 1994,1995). These original experiments 
examined the effects of 'Agri-SC' on soil erosion and structure on loamy sand soils 
(Bridgnorth series) at the Hilton Experimental Site, Shropshire. The investigations 

reported commenced in October 1993 and continued and developed the initial work, 
providing the first Ph. D. research programme into the effects of 'Agri-SC' treatments on 
soil and plant systems. 

Several objectives have been examined in this thesis in order to study the hypothesis 

that an anionic soil conditioner can improve soil structure and crop performance and 
decrease soil erosion, thereby providing an environmentally beneficial aid to agriculture 
and soil conservation. The first objective was to further examine some of the original 
findings by continuing the work at Hilton with investigations into the effects of 'Agri- 

SC' treatments on tray and plot runoff and erosion rates and soil splash. The results are 
reported in Chapter 3. A second objective was to extend the initial soil structural 
investigations to other soil types and to compare some of the effects found with those 

obtained using other soil conditioners, to quantify the relative effectiveness of 'Agri-SC'. 

This research comprises ten different investigations and is reported in Chapter 4. The 

main field site for this research was the Plant and Environment Research Unit at 
Compton Park, West Midlands, where soil characteristics and infiltration capacities in 

rolled and unrolled plots of sandy silt loam soils (Salwick series) have been studied. The 

third objective was to examine the effects of 'Agri-SC' soil conditioner applications on 
the productivity of winter wheat, with particular reference to growth responses and final 

yield (Chapter 5). The final objective was to attempt to elucidate the mode of action of 
'Agri-SC' in bringing about the chemical interactions of the investigated responses 
(Chapter 6). 
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CHAPTER 2: MATERIALS AND METHODS 

This chapter details the materials and analytical methods used during the project. The 

experimental work consisted of field, greenhouse and laboratory experiments. The field 

experiments were carried out at two University experimental sites, including the Hilton 
Experimental Site, located 16 kin west of Wolverhampton in east Shropshire, and the 
Plant and Environment Research Unit at Compton Park, based three kin west of 
Wolverhampton town centre. Greenhouse experiments were also conducted at Compton 
Park. 

FIELD TECHNIQUES 

2.1 Soil Conditioner Treatments 

The 'Agri-SC soil conditioner was supplied as a solution, with recommended 

application rates of 297 ml/ha (4 fluid ounces per acre) annually on sandy soils and up 
to 594 ml/ha (8 oz/ac) twice a year on heavy clay soils. 'Agri-SC was applied to the 
field and pot experiments in various concentrations, ranging from 297 ml/ha on loamy 

sand soil to an application of 1189 ml/ha on sandy silt loam soil for the field 

experiments and up to 8000 ml/ha for the greenhouse pot experiments. The soil 

conditioners used in the comparative studies (Sections 4.6 and 4.8) were applied 

according to distributor's recommendations ('Kiwi Green! at 50 I/ha, 'SoilTex! at 125 I/ha 

and 'Humus' at 2.4 1/ha). In all experiments, control areas received just water treatment, 
to remove possible structural settling differences. Each conditioner application was 
prepared in the laboratory by pipetting and diluting the required amount for the area and 
application rate. The final application was made up in the field by diluting in sufficient 
water (to function as carrier) and applied using a watering can in the smaller 
experiments or a knapsack sprayer in the large field experiments. 

The Sections headed 'Experimental Design' in the next four chapters report the 

application rates used in each experiment and the amounts of water used to apply the 

conditioner. For the field experiments conducted at the Plant and Environment Research 
Unit at Compton Park, the amount of water needed to provide one spray cover at 
constant walking speed was calculated incorporating several factors, using the formula: 
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600 x flow rate (1/min) 
Volume needed (1/ha) = ------------------------------------------------------- 

spray nozzle width (m) x walking speed (km/hr) 

This total application was then divided by the area per plot, to obtain the volume needed 
to spray each plot once. In 1993, the flow rate of the sprayer was measured as 0.7 I/min, 

the spray width was 0.5 m wide at arm length height and the walking speed was 1.17 
km/hr. This required 718 litres of water per hectare or 1.38 1 per plot area of 19.2 M2. In 
1994, the figures were 0.9 (different nozzle), 0.5 and 1.17 respectively. This required 
923 litres of water per hectare or 1.77 I/plot area. Plot preparation consisted of raking 
the soil before and after treatments, to create a loose, penetrable tilth and to effectively 
incorporate the conditioner. 

2.2 Soil Descriptions 

Five main arable soils from the West Midlands were used during the investigations. The 
Soil Survey of England and Wales (1983) described these soils as follows: 

* Bridgnorth series (554a) 

Soil type: Typical brown sands. 
Geology: Permo-Triassic and Carboniferous reddish sandstone. 
Soil and site characteristics: Well drained sandy and coarse loamy soils over soft 
sandstone. Occasional deeper soils. Risk of water and wind erosion. 
Cropping and land use: Cereals and potatoes, horticulture and food crops; some 
permanent grassland and woodland on steep slopes. 
Areal: 585 kM2 or 0.38% 

* Salwick series (5 72m) 
Soil type: Stagnogleyic argillic brown earths. 
Geology: Reddish till and glaciofluvial drift. 

Soil and site characteristics: Deep reddish fine loamy soils with slowly permeable 
subsoils and slight seasonal waterlogging. Some deep well drained coarse loamy soils. 
Some fine loamy soils affected by ground water. 
Cropping and land use: Cereals, sugar beet and potatoes; some short term grassland. 
Area': 467 km2 or 0.30% 

I Percentage area is related to the total surface area of England and Wales, including principal urban and 
industrial areas and inland water. 
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* Newport I series (5 51 d) 

Soil type: Typical brown sands. 
Geology: Glaciofluvial drift. 

Soil and site characteristics: Deep well drained sandy and coarse loamy soils. Some 

sandy soils affected by groundwater. Risk of wind and water erosion. 
Cropping and land use: Cereals, sugar beet and potatoes; dairying on short term 

grassland in Cheshire and Wales. 

Area': 1056 km2 or 0.69% 

* Worcester series (43 1) 
Soil type: Typical argillic pelosols. 
Geology: Permo-Triassic reddish mudstone. 
Soil and site characteristics: Slowly permeable non-calcareous and calcareous reddish 
clayey soils over mudstone, shallow on steeper slopes. Associated with similar non- 
calcareous fine loamy over clayey soils. Slight risk of water erosion. 
Cropping and land use: Permanent and short term grassland with dairying and stock 
rearing; some winter cereals in drier districts. 

Areal: 925 km. 2 or 0.61% 

* Evesham 2 series (411 b) 

Soil type: Typical calcarcous pelosols. 
Geology: Jurassic and Crctaceous clay. 
Soil and site characteristics: Slowly permeable calcareous clayey soils. Some slowly 

permeable seasonally waterlogged non-calcareous clayey and fine loamy or fine silty 
over clayey soils. Landslips and associated irregular terrain locally. 

Cropping and land use: Winter cereals and short term grassland with stock rearing in 
drier lowlands; much dairying on permanent grassland in moist lowlands. 

Areal: 1119 km2 or 0.73% 

Analysis of the soil particle size distribution of the soils was carried out using 20 

samples per soil type. These samples were sieved through 2.0 mm, and 1.0 mm sieves 
producing particle size ranges > 2.0 mm, 1.0-2.0 mm. and < 1.0 mm. The < 1.0 mm. size 
fraction was further analysed using the laser granulometer (Section 2.9) and the organic 
matter content was determined using the loss-on-ignition method (Section 2.8). Using 

these data, the soils were classified as follows: 
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* Bridgnorth series: Loamy sand soil [typical texture: sand (2000 - 60 pm) 79.8%, 

silt (60 -2 gm) 14.8% and clay (< 2 gm) 5.4% (Fullen, 1985)2; 

soil organic matter content 1.0% by weight]. 
Salwick series: Sandy silt loam soil [typical texture: sand (2000 - 60 gm) 41.4%, 

silt (60 -2 gm) 51.3% and clay (< 2 gm) 7.3%; soil organic 
matter content 2.7% by weight]. 

* Newport I series: Sandy loam soil [typical texture: sand (2000 - 60 gm) 59.7%, 

silt (60 -2 gm) 32.0% and clay (< 2 gm) 8.3%; soil organic 
matter content 1.7% by weight]. 

* Worcester series: Silt loam soil [typical texture: sand (2000 - 60 [im) 6.5%, silt 
(60 -2 gm) 77.4% and clay (< 2 gm) 16.1 %; soil organic 
matter content 4.9% by weight]. 

* Evesham 2 series: Silt loam soil [typical texture: sand (2000 - 60 tLm) 3.5%, silt 
(60 -2 gm) 76.7% and clay (< 2 gm) 19.8%; soil organic 
matter content 4.3% by weight]. 

Graphs displaying the full particle size distribution of the soils examined are presented 
in Appendix II. 

2.3 Soil Erosion and Runoff Measurements 

At the Hilton experimental site, soil erosion by water was monitored by measuring 

runoff and erosion rates for the experiments described in Sections 3.1 and 3.3. Runoff 

was measured in the field by decanting the collected water carefully into measuring 
beakers. Erosion was measured in the laboratory by air-drying and weighing the 

sediment collected. The sediment collected in the tray gutters and in the concrete outlets 
of the central runoff plots was included by brushing it into the collecting systems prior 
to each measurement, as it had been eroded from the plots. When the amount of eroded 
soil was too large to transport, weight was determined on-site using an industrial 

weighing balance. A bulk sample was subsequently removed, for moisture 
determination in the laboratory, so total dry sediment weights could be calculated. 

Splash erosion was measured in the experiment described in Section 3.2. Before 

collecting the bottles, the funnels were sprayed with water to include all splashed 
particles. The bottles were emptied in the laboratory and trapped fauna removed using a 

2The texture of Bridgnorth series soil was determined by Fullen (1985) and those data have been reported 
here. 
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2.0 mm sieve, then the splashed particles were dried and weighed. Wooden posts (50 cm 
high) were initially inserted into the splash erosion blocks to measure the height and 
weight of rain splashed soil particles. The posts were painted with 'Polyguard' plastic 
paint to aid measurements and seven height zones of each 5 cm high were indicated. 
Splash erosion was measured by carefully brushing off and weighing the particles per 
height zone and by recording the maximum splash height. 

2.4 Penetrometer Readings 

The resistance to cone penetration is a measurement of the soil's shear strength. The use 
of the penetrometer to measure cone resistance is the most widely used technique for 

assessing soil strength in situ at set regular depths (Bradford, 1986). The resistance of 
soil profiles was measured using a Bush Digital Penetrometer, with a probe area of 
1.308 CM2. The cone resistance was measured using a strain gauged transducer and 
readings taken by a photo-electric cell system. Readings were obtained at seven depth 
intervals of 3.5 cm, to a final soil depth of 24.5 cm, and results obtained in kg per probe 
area were converted to values in kg/CM2. 

For the experiment described in Section 4.6, crust strength readings were taken with a 
small hand-held penetrometer (Soil Pocket Penetrometer VvT 24950, manufactured by 
Wykeham-Farrance of Slough). It measured the force required for the small cone to 
break through the top soil layer. 

2.5 Water Infiltration Measurements 

Water infiltration rates were measured using double-ringed flooding infiltrometers. 

Each inflItrometer consisted of an outer (25 cm diameter) and an inner ring (11 cm 
diameter), both cut out of PVC drain-pipes. Water in the outer ring maintained a 
saturated buffer zone, helping to reduce lateral water seepage from the inner ring 
(Bouwer, 1986). Each pair of rings was carefully inserted into the soil to -5 cm depth, 

positioned on randomly chosen locations within each plot. Water was poured into the 

outer ring on a small plastic sheet to prevent soil pore slaking and the system was 
checked for leaks. When both inner and outer ring surrounding soil remained dry, the 

system was fully filled with water; the inner ring up to an indicated water level. Once 

the topsoil was saturated, the measurements commenced and every 15 minutes the drop 
in water level in the inner ring was measured with a ruler and the water then 
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replenished. The water level in the outer ring was topped up regularly to remain the 

constant head on the system. The water drop in the inner ring varied from 18 to 2 cm, 
during infiltration periods with steady state infiltration generally achieved after two 
hours. Infiltration capacity readings continued for three to four hours per location and 
infiltration rate was calculated by: 

Drop in water level (mm) x 60 
Infiltration rate (mm/hr) = ----------------------------------- 2(2) 

Time interval (min) 

2.6 Water Drainage Measurements 

The drainage water from the experiment described in Section 4.4 could continuously 
flow through the 0.27 M3 Soil filled building tubs (0.45 x 0.70 x 0.85 m) via a drainage 

pipe into 14 1 capacity buckets. These were wrapped in plastic bags to prevent rain 

entering. Readings were taken regularly by decanting the water into measuring cylinders 

on site. 

For the pots used in the experiment described in Section 4.5, the excess water drained 
freely via a funnel into II plastic bottles. These leachates were collected on several 
occasions to conduct analyses of cation concentrations (Section 2.14). All bottles, filters 

and sample containers used were thoroughly rinsed in deionised water before use. 

2.7 Precipitation Data 

The University's experimental site at Hilton, cast -Shropshire, has a meteorological 

station. Amongst the various parameters measured, precipitation is measured using 
British Meteorological Office Mark Il standard rain gauges. The monthly amounts of 
precipitation during the research period are reported in Fig. 2.7.1. The Plant and 
Environment Research Unit at Compton Park is also equipped with a meteorological 

station and the precipitation data recorded during the experiments conducted there are 
reported in Fig. 2.7.2. The average values also given in both figures are based on long- 

term readings (n = 35 years) at Harper Adams Agricultural College in Newport, 
Shropshire . 
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LABORATORY TECHNIQUES - ANALYSES OF SOIL 
PROPERTIES 

2.8 Soil Organic Matter Measurements 

Soil organic matter content was determined by igniting oven-dried samples in a muffle 
furnace at 375 'C for 16 hours (Ball, 1964). This temperature ensures the depletion of 
carbon and hydrogen present in organic matter and reduces errors associated with the 
loss of carbonates and volatile minerals, which can occur at higher temperatures (eg: 
550 OC as suggested by Grimshaw (1989) or 850 'C as suggested by Bascomb (1982)). 
Furthermore, results are likely to be more accurate compared to those gained using the 
higher temperatures, because clays retain their structural water by heating at 375 'C, but 
losses occur at temperatures > 500 'C (Grimshaw, 1989). However, slightly incomplete 

combustion might have occurred at 375 'C. 

Samples of -10 g of air-dried, < 2.0 mm sieved soil were weighed into clean, dry and 
weighed porcelain crucibles. The weight of soil added to each crucible was recorded. 
The crucibles were then placed into an oven overnight at 105 'C to dry the sample. The 

samples were cooled in a dessicator, re-weighed and the oven-dry weight of the samples 
recorded. They were then placed into the muffle furnace. After ignition, the samples 
were again placed in a dessicator and weighed when cool. Percentage organic matter 
was calculated as below: 

Mass of oven-dry soil (g) - Mass of ignited soil (g) 

organic matter(%)= 100 x ----------------------------------------------------------- 2(3) 
Mass of oven-dry soil (g) 

Chemical removal oforganic matter was conducted for the measurements described in 
Section 2.9, as removal by loss-on-ignition might also affect some physical properties of 
the soil under investigation. Chemical treatment with hydrogen peroxide oxidises only 
the colloidal organic matter, which it volatilises and leaves mineral soil particles behind 

(Day, 1965). 

Approximately 4g of air-dried, < 2.0 mm sieved soil was placed in 100 ml beakers and 
treated with -15 nil 30% hydrogen peroxide (H202). Once the initial vigorous 

effervescence had stopped, the beakers were placed on hot plates set at 80 'C to quicken 
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the oxidation process (a temperature greater then 70 'C is necessary to decompose the 
hydrogen peroxide). Care was taken to avoid the loss of material from the beaker by 

excess frothing. Small amounts of ethanol were sprayed into the foam if this occurred. 
When the initial volume of H202 had evaporated, a little more was added until 
effervescence had totally ceased. It was then considered that no more organic matter 
was present and all the remaining liquid was evaporated. The dry sample was then 

removed from the beaker by scraping it out and ground down using a pestle and a 
mortar to obtain the individual primary particles (Gale & Hoare, 1991). 

2.9 Soil Particle Size Determinations 

The particle size distribution of soils was analysed using a Malvern Mastersizer X laser 

granulometer. This technique was preferred over the pipette method because of the 

reproducibility and rapidity of laser-diffraction techniques. The technique produces 
results comparable with pipette analyses, with a tendency to underestimate clay contents 
(Loizeau et al., 1994). However, a comparison of the two techniques on the particle 
distribution of a loamy sand soil showed only small differences. A mean clay content of 
4.95% (n = 50 samples) was found using a laser granulometer and a mean clay content 
of 5.4% (n = 20) was obtained as determined by pipette analysis (Fullen & Brandsma, 
1995). 

Samples were prepared by oxidising soil organic matter with hydrogen peroxide 
(Section 2.8). Analysis of the samples was carried out by making a paste using -2 g of 
<I mm soil fraction, three drops of Calgon solution (made up by adding 40.0 g of 

sodium hexametaphosphate to I litre of distilled water) to break down the electrostatic 
bonds between the individual particles and distilled water. As yet no published pr9tocol 

exists for sample pre-treatment regarding exact sample size, the amount of water and the 

amount of calgon needed to make the sample paste. Therefore, the method used was one 

recommended by the manufacturers. To prepare for sample analysis, three drops of 
Calgon were also put in the granulometer water chamber where samples were received. 
The paste was then added to the water chamber until an optical density of around II- 
14% was achieved, for optimum analysis. During analysis, ultrasonic sound dispersion 

further broke down possible inter-particle bonds. Two lenses were used to cover the 

range of sizes in the finely textured soils analysed: the 4-2000 Pra lens to cover the 
larger particles and the 0.1-80 pin for accurate analyses of the clay and silt fraction. 

Reported results from each sample were an average of three readings. The results from 
both lenses were blended together using the machine's software package and then 
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corrected to take account of the previous sieving results, giving a complete particle size 
distribution in the range 0.1-2000 ýtm. 

2.10 Soil Moisture Measurements 

For the experiments described in Sections 4.1 and 4.6, soil was sampled in 5 cm deep, 

220 CM3 cylindrical bulk density tins. The total soil sample was removed from the tin, 

weighed, placed in aluminium. foil trays and oven-dried at 105 *C overnight. The next 

morning, samples were cooled to room temperature and re-weighed. Soil moisture 

content was then calculated as below: 

Mass of initial sample (g) - Mass of oven-dry sample (g) 

Soil moisture 100 x ----------------------------------------------------------- 2(4) 
Mass of oven-dry sample (g) 

For the measurements described in Section 2.14, the soil used was subsampled and 

moisture content was determined using the thermogravimetric method described by 

Bascomb (1982). A clean, dry, porcelain crucible was weighed and the weight recorded. 
Approximately 10 g of air-dried soil was placed into the crucible and the weight 

recorded. The crucible and soil were placed in an oven at 105 'C overnight, then cooled 
in a dessicator and re-weighed. Moisture content was calculated using the above 
formula. This procedure was replicated twice and the mean moisture value of the 

subsamples was then used to express final total results on an oven-dry basis. 

2.11 Soil Density and Porosity Determinations 

Topsoil was sampled as described in Section 2.10, in 5 cm. deep, 220 CM3 cylindrical 
bulk density tins. Soil samples were placed in aluminiurn foil trays and oven-dried at 
105 OC overnight. They were then cooled, weighed and bulk density determined using 

the following formula: 

Mass of oven-dry soil (g) 
Bulk density (g/CM3) = ----------------------------- 2(5) 

Field volume (CM3) 
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Soil was then gently ground using a pestle and a mortar and passed through a 2.0 mm 
sieve to separate the coarse and fine-earth fractions. The weight and volume of the 

coarse fraction were subsequently determined. This volume was measured by adding the 

coarse fraction to a 250 ml measuring cylinder with a recorded water level and then 

measuring the rise in water level in CM3. The bulk-density of the fine-earth was 
calculated by: 

Bulk density of the Mass of oven-dry soil (g) - Mass of coarse fraction (g) 
fine-earth (g/CM3) = ---------------------------------------------------------- 2(6) 

Field volume (CM3) - Volume coarse fraction (cm3) 

Particle density (specific gravity) was measured by adding a known mass of fine-earth 

soil (-25 g) to a known volume of water in a 100 ml measuring cylinder. The rise in the 

water level was then extracted by pipette, measured and related to the initial soil weight. 
This procedure was repeated 10 times, mean values determined and the particle density 

calculated by: 

Mass of fine-earth 
Particle density (g/CM3) = -------------------------------------------- 2(7) 

Volume of water displacement (CM3) 

Total soil porosity was then calculated ftom measured particle density and bulk density 

values by: 

Bulk density (g/CM3) 

Total soil porosity (%) = 100 x (I - ---------------------------- 2(8) 
Particle density (g/CM3) 

All methods are described by Smith & Thomasson (1982) and Rowell (1994). 

2.12 Aggregate Stability Determinations 

Both tests described here were used as a direct analysis of aggregate stability. These 

techniques were preferred to the wet-sieving technique, also commonly applied as a 
water stability test and mainly described by Yoder (1936). The shaking of aggregates, 
whilst completely immersed in water, is seen as questionable. It appears a rather 
artificial circumstance for soils and seems more suited to study mechanical stability of 
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soils against abrasive treatment. Furthermore, on immersing aggregates in water, the 

entrapped air can already cause disruption by forcefully escaping and disintegrating 

aggregates. 

2.12.1 The Water Drop Test 

The prepared soil conditioner solutions (Section 4.7.2) were applied to three I kg bulk 

samples of loamy sand soil in plastic containers. The containers were then sealed and 
incubated for four weeks at 40 OC, as described by Fullen et aL (1993 a). After air-drying 
the soil (it was found that aggregates formed after drying soils in the oven at higher 

temperatures were too hard and hence dificult to disperse), it was gently sieved to 

separate out the naturally formed aggregates in the 4.0-5.6 mm. size range. Previous 

results had shown these aggregate sizes to discriminate treatments well. The aggregates 

were placed on aI mm gauze and exposed to the impact of waterdrops of distilled 

water, falling from a burette from I metrc height. The drop speed was kept constant and 
the water level topped up regularly, so similar sized drops were released throughout the 

experiment. The number of drops necessary to fully rupture each aggregate was then 

counted. 

2.12.2 The Rainfall Simulator 

The soil was collected from the plots described in Section 4.62 on 20 September 1995 

and again on 12 October, for a repeat run of the experiment. Soil was air-dried in the 
laboratory and sieved to select the 4.0-5.6 mm, size fraction. This fraction was carefully 

scrutinised to remove small stones. The aggregates left in this size range, around 10-15 

g, were weighed, then evenly spread on I mm. sieves and placed in random groups of 
two under a rainfall simulator, using the same model as Bowyer-Bower & Burt (1989) 

and Robinson & Naghizadeh (1992). The simulator consisted of a perspex. plate, 1.0 by 

0.5 m in size and containing 19 rows of 33 drop formers (627 in total), working under a 
constant head of tap water. Water supply was maintained constant via a manometer 
board, the drops fell from 1.45 m height and the rainfall intensity was -30 mm. /hr. 
Actual intensity produced per session was checked by collecting the simulated rain in a 
standard Mark II rain gauge inbetween the two sieves. Each set of sieves was exposed 
for 15 minutes (simulating an intense summer thunderstorm in the U. K. ) and the 

particles dispersed and washed through the sieves were collected in trays underneath the 

sieves. This fraction was separated from the water washed through and air-dried before 
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being re-weighed. The percentage water stable aggregates was calculated as: 

Water stable Initial mass of all soil aggregates (g) - Mass of aggregates lost (g) 

aggregates (%) = 100 x ------------------------------------------------------------------- 2(9) 
Initial mass of all soil aggregates (g) 

Based on the measured rainfall intensity per run, an averaged value was calculated and 
all erodibility results per run were adjusted to this overall average rainfall. 

The pot soil from the experiment described in Section 4.5 was also assessed for 

aggregate stability, using the rainfall simulator. This time, 2.8-4.0 mm. diameter 

aggregates were sieved and used, as there were insufficient larger aggregates per total 

pot soil mass in the sandier soils. About 40 g of each sample was then exposed and the 

rainfall intensity was set at an average of -60 mm/hr, as the argillic soils required a 
more intense rain storm for dispersion. 

2.13 Scanning Electron Microscope Observations 

Soil aggregates were collected from the 4.0-5.6 mm size fraction of the sandy silt loarn 

soil from Compton Park and the samples prepared by immersing the aggregates in an 
'Agri-SC' solution of either I or 100% for 15 minutes. A distilled water treatment of 
aggregates was incorporated as a control. The samples were subsequently oven-dried at 
40 OC overnight. Completely dry samples are necessary because the microscope works 
under vacuum. The aggregates were mounted on aluminium. stubs using sticky tape and 
silver dag. Once mounted, the samples were gold coated using an Emscope SC 500 for 
12 minutes. This is essential to create conductivity in non-metal objects, so that the high 

energy of the electron beam can flow to earth via the coated surface and does not lead to 

particle charging, which in turn can result in unstable images. A Philips Scanning 
Electron Microscope SEM 515 was set up using the highest possible accelerating 
voltage of 30 kV for the electron beam and the magnification varied between 500- 
1500x. Polaroid photographs were taken of the most interesting images using the 

attached camera. 

A second session of scans took place on a CamScan SV2 Scanning Electron 
Microscope, which had Energy Dispersive X-ray (EDAX) equipment attached to 

analyse the elemental composition of selected areas. This time, the samples had to be 

prepared differently to avoid high gold and silver peaks in the analyser images. 
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Therefore, aggregates were mounted on carbon stubs, stabilised with carbon dag and 

sprayed with anti-static spray before placing them in the vacuum chamber. The X-rays 

were able to pick up all elements heavier than sodium and the energy levels of the 

exited elements were analysed by a PC-based X-ray micro-analysis system (Link 
Systems, PCXA/1). 

2.14 Soil Extractions 

Soil extractions were conducted using the sandy silt loam soil from Compton Park and 
five different extractants: distilled water, 0.02% 'Agri-SC' solution (vol. /vol., based on 

solution as originally supplied), 0.1%'Agri-SC' solution, 1%'Agri-SC' solution and 1 ff 

ammonium-acetate, buffered at pH 7. The IM solution of ammonium acetate was made 
by dissolving 77.08 g of Analar grade NH40Ac in 300 ml distilled water. This was then 

made up to I litre (Rowell, 1994). The soil was sieved to separate the < 2.0 mm. fraction 

and this fraction was then air-dried at room temperature for 72 hours. When carrying out 

soil extractions, the use of air-dried soils is essential as oven-drying soils can alter their 
basic chemistry, which can produce inaccurate results (Grimshaw, 1989). Although 

some slight changes in chemistry can also occur after air-drying, it is considered 

advantageous to the use of Tresh! soil, as it allows standardisation of results. The air- 
dried soil used in the extractions was subsampled to determine moisture content (see 

Section 2.10) and final results were expressed on an uniform oven-dry basis. Soil 

extractions were carried out with 10 replicates of exactly 10.0 g soil. Samples were 

added to 100 ml of extractant in a 250 ml conical flask and shaken on a bench shaker for 

15 minutes at 175 rpm. Then, the contents of the flasks were transferred to 250 ml 

nalgene centrifuge bottles and centrifuged for 5 minutes at 2000 rpm. This cleared the 

aliquot, which was then carefully decanted and filtered through Whatman No. 42 filter 

papers and collected in 100 ml volunietric flasks. All glassware and filters used were 
thoroughly rinsed in distilled water before use. 

2.15 Atomic Absorption Measurements 

The concentration of four major cations (calcium, magnesium, sodium and potassium) 

was determined using an Unicarn 929 Atomic Absorption Spectrometer. To set the 

spectrometer up correctly, stock solutions with known amounts of the cations were 
prepared and working standards of a range of concentrations were firstly analysed to 

create the necessary calibration curve. Lanthanurn chloride was required at a 
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concentration of 800 ppm, as addition to the calcium and magnesium stocks to prevent 
interference from aluminium and silica. Concentrated HCI and 10% H2SO4 were added 
to all working standards at concentrations of 1% v/v as preservatives. Working 
standards were made up in the range of 0-5 ppm for calcium, 0-2.5 ppm for magnesium, 
0-5 pprn for sodium and 0-10 pprn for potassium. Stock standards were made up as 
follows: 

Stock solutionfor Ca at 100 ppm in 1000 mL 
Dissolve 0.2497 g dry CaC03 in about 200 ml water containing 5 ml concentrated HCI. 
Heat to drive off C02, cool and make up to I litre. 

Stock solutionforMg at 100ppm in 1000 mL 
Dissolve 1.0136 g dry MgS04.7H20 in water containing 1 ml H2S04. Dilute to I litre. 

Stock solutionforK at 100ppm in 1000 mL 
Dissolve 0.1907 g dry KCI in water and make up to I litre. 

Stock solution for Na at 100 ppm in 1000 ml. 
Dissolve 0.2542 g dry NaCl in water and make up to 1 litre. 

Stock solution for LaC13 at 5000 ppm in 500 ml. 
Dissolve 6.6837 g LaC13.7H20 in water containing I mi 2 MHCl and dilute to 500 mi. 

After the analyses of all solutions, duplicated blanks with only the extractant solution 
were also run. Calibration graphs were constructed for each element using the 
absorbance readings from the working standards after correcting for the 0 ppm standard. 
Blank values were similarly subtracted from the absorbance readings of the samples 
before the concentrations in ppm were read off the calibration graphs. To express the 
values obtained in a percentage of oven-dry soil, the following formula was used: 

C (ppm) x solution volume (ml) x dilution 
Ca, Mg, K, Na (%) = ------------------------------------------------ 2(10) 

104 x sample weight (g) 

where C (ppm) is the reading from the calibration graph and in which the air-dry sample 
weight is adjusted to the oven-dry weight. All methods used are described by Grimshaw 
(1989) and Rowell (1994). 
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2.16 Scanning X-ray Diffraction Analysis 

Scanning X-ray diffraction analysis was used to study the mineralogy of 'Agri-SCI- 
treated and untreated soil samples. Aggregates were collected from the 4.0-5.6 mm size 
fraction of the sandy silt loam soil from Compton Park, prepared by immersion in 1% 
'Agri-SC' solution for 15 minutes and subsequently oven-dried at 40 OC overnight. They 

were then finely crushed and the samples were placed in a Philips PW 1700 X-ray 
diffraction spectrometer with Automatic Powder Diffractometer (APD). Untreated 

samples were similarly prepared by immersion in distilled water. Data processing took 
place using the Philips APD software on a Microvex 3100 computer with full Joint 
Committee on Powder Diffraction Standards (JCPDS) database. 

LABORATORY TECHNIQUES - ANALYSES OF PLANT 
MATERIALS 

2.17 Crop Density Measurements 

All field crop densities, including germination rates, stem and ear densities (Section 

. 5.1), were determined by hand counting in 0.1 m2 quadrats (0.32 x 0.32 m). The quadrat 
was randomly placed on different positions per plot, legitimately avoiding obviously 
damaged areas, which resulted from poor emergence or animal damage. The 

germination of the winter wheat seeds in the pot experiment (described in Section 5.2) 

was determined by counting the number of emerged shoots per pot on several occasions. 

2.18 Leaf Area Measurements 

Plants were randomly sampled in each plot and for each plant all leaves were removed 
at the base and flattened by hand. The flag leaf was included if unrolled. Only the green, 
photosynthesising leaves or the green parts of leaves were used for measurements. Leaf 

areas were then measured using a Delta T Leaf Area Meter. For this, the machine was 
first calibrated with known areas of drawing paper. The individual leaf readings were 
accumulated to give a total leaf area per plant. 
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2.19 Shoot Weight Measurements 

Fresh and dry shoot weights were recorded from early plant growth onwards by cutting 
the shoots at soil level. Field sampling was only carried out when the plants were dry, so 
that the repetitive measurements of fresh weights only reflected plant growth. Halfway 
through the growing season, after strong tillering was apparent, just the main stems 
were taken for these vegetative growth measurements. After collecting the shoots per 
plot, they were vAped to remove any soil particles, weighed and dried at 105 OC for 24 
hours. This high temperature could be used because there was no further elemental 
analysis of the plant tissues involved (Allen, 1989). When the samples were dried, they 
were re-weighed to record the dry weights and the dry matter contents of shoots were 
then calculated by comparing the fresh and dry weights using the formula: 

Mass of dry shoot (g) 
Dry matter (%) = 100 x 

Mass of fresh shoot 
2(11) 

* Note: Data for plant material are normally given as percentage dry matter, which is g 
oven-dry plant material per g fjoh plant material times 100. This differs from the soil 
water contents expressed as 9 1120 per g oven-dry soil times 100 (Section 2.10). 

2.20 Yield and Yield Component Measurements 

immediately prior to harvesting, grain moisture content was determined on plants using 
a Marconi moisture meter, type TF 933a. Per plot, three ears were threshed and pressed 
into the chamber of the machine. An average was then calculated per plot and used to 
correct all yield and yield component results to a grain moisture content of 15%. Total 
grain weight per ear was assessed on hand-harvested plants. Per plant, the ear was 
threshed and grains separated from the chaff and weighed. Plots were harvested using a 
combine. Harvest was collected in bags and total yield per plot determined on fresh 
grain weights using a hook balance in the field. Measurements of specific weight and 
1000-grain weight were subsequently conducted on subsamples per plot yield. Specific 
weight was measured using a narrow 100 CM3 measuring cylinder. The cylinder was 
filled up exactly to the 100 CM3 level and the weight of that volume of grains 
determined. 1000-grain weights were extrapolated from weight readings of sets of 50 
grains (Hay & Walker, 1989; Evans, 1993). 

52 



MISCELLANEOUS TECHNIQUES 

2.21 Data Analysis 

Descriptive statistics (including mean, maximum and minimum values, standard 
deviations and standard errors) were calculated for all data sets using Microsoft Excel 

software (Version 4.0a). Further techniques used for the statistical analyses of the data 

consisted of overall Analyses of Variance (ANOVA! s, either one-way or two-way 

analyses) and subsequent Student's t-tests (paired two sample tests, assuming unequal 
variances) if the ANOVA results revealed a statistical signiflcance between some of the 

population means (Stuttard, 1994). For the t-test results, the one-tail probability values 
could be used, as specific treatment differences were examined. However, the 

significance levels could not be statistically analysed for all data sets, as some 
experiments had insufficient replication, i. e. the runoff tray experiment (Section 3.1) 

and the final wheat yields (Section 5.1). Other data had too much temporal variation, i. e. 
the central runoff plot (Section 3.3) and the splash erosion squares (Section 3.2), which 
resulted in standard deviations too high for t-tests to be appropriate. 
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CHAPTER 3: STUDIES ON SOIL EROSION 

Soil conservation is one of the main aims of synthetic soil conditioners and the decrease 
in erosion by stabilising topsoil and improving infiltration capacities of treated soils is 

their most important feature. This chapter describes three field experiments carried out 
to study soil erosion at the University's experimental site at Hilton, east Shropshire. 
These experiments were all directly studying the effects of 'Agri-SC' on soil erosion 
under field conditions, using I m2 runoff trays (Section 3.1), 40 M2 runoff plots (Section 
3.2) and 1.5 M2 splash erosion plots (Section 3.3). 

3.1 Runoff Trays 

3.1.1 Introduction and Aims 

At Hilton, small scale soil erosion tray experiments had been established as one of the 
first studies to test the effectiveness of 'Agri-SC' soil conditioner (Fullen et d, 1993a, b; 

1994,1995). They were re-established for this research project and different 

experimental designs have been operational throughout the entire field research period. 
The work was aimed at measuring the effects of 'Agri-SC on soil erosion under small, 

controlled con itions. 

3.1.2 Experimental Design 

Water erosion was monitored by measuring tray runoff and erosion rates (see Section 

2.3 for methods). Four I M2 (2.0 x 0.5 m) runoff trays were used, following the design 

of Fullen et aL (I 993a). Two were initially installed on a 10" and the other two on a 150 

slope (Plate 3-1). Trays faced the prevailing westerly winds and were thus well exposed 
to rain. To facilitate drainage, holes were drilled into the tray bases. All trays were then 
filled with Bridgnorth series (Ap horizon) loamy sand soil to 10 cm depth. Each tray 
had a collecting gutter at the lower end, through which water and se diment were 
channelled into a 14 litre capacity bucket. A plastic bag was wrapped around the gutter 
to collect splash erosion and overflow. The extra sediment trapped in this way was 
added to the total readings at the end of each experimental run and the bags were then 

replaced. 
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The soil conditioner was first applied on 25 November 1993 to one of each pair of trays. 
A rate of 594 ml/ha was prepared in 3 litres of water and applied using a watering can. 
The other tray of each set received just 3 litres of water. Eleven tray readings were taken 
before conditioner application was repeated on 9 June 1994, after re-raking and 
levelling the tray surfaces. A set of nine readings were then taken until 24 November 

1994, on which date all trays were emptied. The 10' tray angles were checked and the 
15' trays re-installed at an angle of 12'. The trays were refilled with 'fresh' topsoil and 

calibration readings taken from 5 January until 20 April 1995. New treatments were 
then applied at the same rate of 594 ml/ha with 3 litres of water to the trays which had 

not been treated before and the third session of erosion readings commenced. 
Measurements continued for a ftill year, until 20 April 1996, containing 19 readings. 
During all experiments, the soil surfaces were maintained in a bare condition by regular 
herbicide treatments (using 'Round-Up' in summer and 'Gramoxone' in winter) and 

occasionally careful manual weeding. Tray readings were usually taken every two 

weeks or after heavy rainfall. A schedule of the duration of all experiments is given in 

Appendix I. 

Plate 3.1: Runoff trays installed at Hilton. 
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3.1.3 Results 

For the first set of results, runoff on the 10' 594 ml/ha application rate soil was 8.7% 
lower and erosion rates 19.4% lower than on untreated soil (Table 3.1.1). These overall 
decreases were supported by a series of seven individual readings (out of the II 

readings taken during this first run) showing less runoff (Fig. 3.1.1) and eight readings 
showing less erosion on the treated tray (Fig. 3.1.2). The overall results for the soils on a 
15" slope showed 3.7% lower erosion, but 11.2% higher runoff yields on the treated tray 
(Table 3.1.1). The individual results showed runoff on the treated tray was three times 

out of the II readings less (Fig. 3.1.1) and erosion four times (Fig. 3.1.2). 

Table 3.1.1: Total runoff and erosion from erosion trays, containing 'Agri-SC'- 

treated (at 597 ml/ha) and untreated loamy sand soil (25 November 1993 -9 June 
1994). 
...... ; ------------------------ ----------------------------------------------------- - ------------------------------------- 
Treatment Runoff Erosion Erosion 

(litres) W equivalent 
(t/ha) 

--------------------------------------------------------------------------------------------------------------------------- 
Untreated, Iý0 slope 10.32 180.3 1.8 
Treated, 10 slope 9.42 145.4 1.5 

Untreated, I; 0 slope 20.80 400.7 4.0 
Treated, 15 slope 23.13 385.7 3.9 
-------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Results based on a total of II individual field readings. 
(ii) Total precipitation during first experiment 359.9 mm. 
------------------------------------------------------------------------------------------------------------------------- 
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During the second experimental run, a total of nine results were obtained. Comparison 

of these data again showed that soil erosion was lower on the treated 10' tray, but not on 
the treated 15' tray. On the treated 100 tray, runoff was 21.3% less and erosion rates 
5.6% less (Table 3.1.2). These overall results were supported by eight individual 

readings (out of the nine readings taken) favouring this trend for the runoff results (Fig. 

3.1.3) and six for the erosion results (Fig. 3.1.4). The overall results for the soils on a 
15' slope angle showed 9.1% higher erosion and 23.0% higher runoff yields for the 

treated tray (Table 3.1.2). The individual readings for this slope angle showed that both 

runoff and erosion were five times higher, out of the total of nine readings collected 
(Fig. 3.1.3 and Fig. 3.1.4). 

Table 3.1.2: Total runoff and erosion from erosion trays, containing 'Agri-SC'- 

treated (at 597 ml/ha) and untreated loamy sand soil (9 June 1994 - 24 November 

1994). 

Treatment Runoff Erosion Erosion 
(litres) (g) equivalent 

(t/ha) 

---------------------------------- 
Untreate ,10s ope 

----------------------------- 
23.90 

--------------------------------- 
320.2 

--------------------------- 
3.2 

Treated, 10 slope 18.80 302.2 3.0 

Untreated, 15 0 
slope 25.85 2633.8 26.3 

Treated, 15 0 
slope 28.20 3238.8 32.4 

Notes: 
(i) Results based on a total of 9 individual field readings. 
(ii) Total precipitation during second experiment 335.8 mm. 
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After the first two runs of this experiment, the trays were re-installed and six calibration 

readings were taken. These were obtained during a dry spell and the total runoff results 

on the 10' slope angle were very low (Table 3.1.3). Only one of the calibration readings 
for the left tray on this slope angle collected runoff (900 ml on 9 March 1995) and only 
two of these readings for the right tray (totalling 100 ml) (Fig. 3.1.5). None of the 

calibration readings showed runoff on both trays at the same time. Therefore, no 

conclusions can be based on those calibration runoff readings in terms of basic tray 
differences. On the 12' slope angle, runoff occurred more frequently and the total was 
19.0% higher on the right tray (Table 3.1.3). This tray was therefore later treated with 
the soil conditioner; if there was then any conserving effect found on this tray, it was 

certainly not based on possible structural differences between trays. 

Ample sediment was collected during the 3.5 months of background measurements and 
all the additional sediment trapped in the bags around the gutters was added to the 

readings on 20 April 1995 (Fig. 3.1.6). These totals showed erosion was 19.5% less on 
the right tray of the pair on a 10' slope and 44.3% higher on the right tray of the two on 
the 12' slope. Both these right trays were later treated with the conditioner. 

Table 3.1.3: Calibration readings of total runoff and erosion from erosion trays, 

filled with loamy sand soil (5 January 1995 - 20 April 1995). 

Treatment Runoff 
(litres) 

Untreated - left, 10 0 
81ope 0.90 

Untreated -right, 10 slope 0.10 

------------------------------------------ 
Erosion 

--------------------------- 
Erosion 

(g) equivalent 
(t/ha) 

--------------- ------------------------------------------ 
429.7 

------------ 
4.3 

346.0 3.5 

Untreated - left, 12 0 
ýIol)e 20.50 310.8 

Untreated - right, 12 slope 24.40 448.3 

---------------------------------------------------------------------------------- 
Notes: 
(i) Results based on a total of 6 individual field readings. 
(ii) Total precipitation during calibration readings 198.3 mm. 

3.1 
4.5 

---------------------------- 
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During the third and final run of this experiment, 19 readings were taken. It should be 

noted that both sets of trays had been swopped in treatments before this third run 
commenced. All these readings contained sediment, although six of them yielded no 
measurable amounts of runoff. This was because sediment was sometimes transported 

into the gutter by splash and slight sheet erosion, although insufficient rain fell to cause 
measurable runoff. The cumulative decreases in the overall results on the treated tray at 
a 10' slope angle (runoff by 45.2%, erosion by 16.2%; Table 3.1.4) are supported by 10 
individual readings (out of 13 taken) favouring this trend for the runoff results (Fig. 
3.1.7) and by 10 readings (out of 19 taken) for the erosion results (Fig. 3.1.8). 

The results for soils on the 12' slope showed a slightly higher runoff total for the treated 
tray (6.5%) and clearly higher total erosion compared to the untreated tray (31.5%; 
Table 3.1.4). Eight out of 10 individual readings, there was higher runoff (Fig. 3.1.7) 

and 17 times out of the 19 individual readings, there was higher erosion on the treated 
tray (Fig. 3.1.8). 

Table 3.1.4: Runoff and erosion from erosion trays, containing 'Agri-SC'-treated 

(at 597 ml/ha) and untreated loamy sand soil (20 April 1995 - 20 April 1996). 

Treatment Runoff Erosion Erosion 
(litres) (g) equivalent 

(t/ha) 

--------------------------------------------------------------- 
Untreated, 10 0 

slope 18.25 
--------------------------------- 

448.4 
--------------------------- 

4.5 
Treated, 10 0 

slope 10.00 375.7 3.8 

Untreated,, Iý0 slope 18.45 494.5 4.9 
Treated, 2 slope 19.65 650.1 6.5 

--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Results based on a total of 19 individual field readings. 
(ii) Total precipitation during third experiment 446.6 mm. 

--------------------------------------------------------------------------------------------------------------------------- 
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3.2 Splash Erosion Plots 

3.2.1 Introduction and Aims 

To investigate possible stabilising effects of 'Agri-SC' on the primary splash detachment 

process, a second set of experiments at Hilton studied the splash behaviour of the loamy 

sand soils. The aim was to measure the effect of treatment on total amount and height of 

splash erosion using traps and pcgs and to study the influence of different application 

rates over a period of time. 

3.2.2 Experimental Design 

A randomised block design was established, containing three blocks of four 2.25 M2 
treatment plots (1.5 x 1.5 m; Fig. 3.2.1). Although the total experimental area was 
slightly sloping downwards, the individual plots were established at spirit level in three 
blocks across the slope. 

Figure 3.2.1: Design splash erosion experiment. 

c B D 
(4) (3) 

A D 
(8) (7) 

D 

------------------------------------------------------------------------------------------------------------------------------ 
Note: A=0 ml/ha, B= 297 ml/ha, C= 594 ml/ha, D= 891 ml/ha, 

Splash erosion was measured in each square by collecting the splashed particles in a 
trap and by measuring splash height on sticky pegs (Section 2.3). Each splash trap was 
centrally positioned and consisted of a 15.2 cm diameter circular tube inserted in the 

soil, containing a funnel and aI litre bottle. The top of each trap was I cm above the 
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soil surface, thus only allowing splashed soil particles to enter (Plate 3.2). Comparable 

splash traps have been used by Bollinne (1978) and Poesen & Torn (1988). Splash 
height was measured by trapping particles on 35 cm high wooden pegs, painted with 
'Polaguard' plastic paint. Each plot had one splash peg, positioned on the north-eastem 
diagonal halfway between the splash trap and the comer post. The bare plots were 
prepared by raking and levelling in November 1993 and left untreated for calibration. 

The plots were treated with the soil conditioner on 14 April 1994 at rates of 0,297,594 

and 891 ml/ha with 3 litres of water to each plot, according to the methods described in 
Section 2.1. The plots were re-treated on 12 October 1994 at identical rates to the same 
plots. The splash pegs were removed, after inconclusive results during the first run of 
this experiment. Another re-treatment occurred on 20 April 1995 and a third session of 
erosion readings commenced. Measurements continued until 20 April 1996, collecting a 
total of 111 splash readings per treatment during this entire experiment (37 sampling 
dates, each treatment replicated in three blocks). All plots were constantly maintained in 

a bare condition by regular herbicide treatments and occasionally careful manual 
weeding. Readings were usually taken every two weeks or after heavy rainfall. A 

schedule of the duration of all experiments is given in Appendix 1. 

Plate 3.2: Splash erosion plots at Hilton. 
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3.2.3 Results 

The calibration readings of the total amounts and maximum height of soil splash on 
pegs from all 12 untreated plots showed no statistically significant differences amongst 
any of the results (Table 3.2.1). It can therefore be stated there were no significant 
differences in the splash behaviour of the plots. After treatment, splash erosion, as 
measured in terms of splash height per zone, was still not significantly different between 
the various plots (P = 0.69 for height zone 0-5 cm, P=0.87 for height zone 5-10 cra and 
P=0.52 for height zone 10-15 cm; Table 3.2.2). It is evident that differences in the total 
splash amounts per height zone were only caused by the zone height. A mean of 78.7% 

of the total amount was trapped between 0-5 cm, 17.4% between 5-10 cm and 3.9% 
between 10-15 cm (n = 15). Furthermore, maximum splash heights were not 
significantly different (P = 0.62). 
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Table 3.2.1: Calibration readings of total amount and maximum height of soil 
splashed onto pegs from plots of loamy sand soil, arranged in randomised blocks 
(3 February 1994 - 14 April 1994). 

Treatment Total per height zone (g) 
Maximum 

0-5 cm 5-10 cm 10-15 cm Totals height (cm) 

----------------- 
Plot 1 

------------------- 
2.07 

----------------------- 
0.25 

---------------------- 
0.07 

-------------------- 
2.39 

---------------------- 
27.8 

Plot 2 2.14 0.24 0.07 2.45 25.6 
Plot 3 2.05 0.22 0.07 2.35 25.4 
Plot 4 1.75 0.26 0.08 2.10 26.8 
Plot 5 2.02 0.23 0.07 2.33 27.4 
Plot 6 2.13 0.26 0.06 2.45 25.0 
Plot 7 1.87 0.19 0.06 2.13 27.2 
Plot 8 2.20 0.22 0.07 2.49 25.8 
Plot 9 1.63 0.23 0.06 1.93 26.2 
Plot 10 2.19 0.24 0.07 2.50 24.8 
Plot 11 2.13 0.28 0.08 2.49 24.8 
Plot 12 1.93 0.25 0.07 2.25 25.4 

Source of variation 55 ! df US E P-value EsdL 
Treatments 0.07 11 6.32* 10-3 0.13 0.99960 1.99 
Within 2.36 48 4.92* 10-2 
Total 2.43 59 

e ANOVA-table (for 

Source of variation 

a single-factor 

lu. 

analysis) 

df 

for results heig 

ME 

ht zone 5- 10 cm 

E P-value F-SjjL 
Treatments 1.12*10-3 11 1.07* 104 0.10 0.99989 1.99 
Within 5.2 1* 10-2 48 1.08* 10-3 
Total 5.32* 10-2 59 

ANOVA-table (for a single-factor analysis) for results height zone 10 - 15 cm: 

Source of variation lu df us E P-value F-ShL 
Treatments 1.5 1* 104 11 1.37* 10-5 0.14 0.99925 1.99 
Within 3.8 1* 10-3 48 9.52* 10-5 
Total 3.96* 10-3 59 

ANOVA-table (for a single-factor analysis) for results maximum heigIlL 

Source of variation 55. df us E P-value EshL 
Treatments 60.58 11 5.51 0.26 0.99004 1.99 
Within 1010.40 48 21.05 
Total 1070.98 59 
--------------------------------------------------------------------------------------------------------------------------- 
Note: 
(i) Results based on readings from five dates. 
(ii) Total precipitation during experiment 123.1 mm. 
--------------------------------------------------------------------------------------------------------------------------- 
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Table 3.2.2: Total amount and maximum height of soil splashed onto pegs from 

plots of 'Agri-SCI-treated and untreated loamy sand soil, arranged in randomised 
blocks (14 April 1994 - 18 August 1994). 

Treatment Total per height zone (g) 
Maximum 

0-5 cm. 5-10 cm 10-15 cm Totals height (cm) 

---------------- 
Untreated 

------------------- 
10.58 

---------------------------------------------- 
2.44 0.54 

------------------- 
13.56 

---------------------- 
32.2 

297 ml/ha 11.44 2.52 0.54 14.51 31.9 
594 ml/ha 9.81 2.11 0.46 12.38 31.2 
891 ml/ha 
----------------- 
ANOVA-tabl 

11.34 
------------------- 
e (for a two-way 

2.48 0.60 
--------------------------------------------- 
analysis with replication) for results h 

14.42 

------------------- 
eight zone 0-5 c 

31.5 

----------------------- 
me 

Source of variation 5S a Ma E P-value ESIL 
Dates 25.46 4 6.36 81.25 1.17*10-18 2.61 
Treatments 0.12 3 3.83 * 10-2 0.49 0.69 2.84 
Interaction 0.17 12 1.41 * 10-2 0.18 0.9986 2.00 
Within 3.13 40 7.83 * 10-2 
Total 28.87 59 

Source of variation laa a Ma E P-value Eslk 
Dates 2.26 4 0.56 55.86 7.62*10-16 2.61 
Treatments 7.10*10-3 3 2.37*10-3 0.23 0.87 2.84 
Interaction 3.90* 10-2 12 3.25* 10-3 0.32 0.9810 2.00 
Within 0.40 40 1.0 1* 10-2 
Total 2.71 59 

Source of variation as. df his L P-value Esdt 
Dates 6.02*10-2 4 1.5 1* 10-2 51.76 2.73*10-15 2.61 
Treatments 6.66* 10,4 3 2.22* 10,4 0.76 0.52 2.84 
Interaction 9.23 * 10-4 12 7.69 * 10-5 0.26 0.9918 2.00 
Within 1.16*10-2 40 2.91 * 104 
Total 7.3 5* 10-2 59 

Source of variation 5. S df ME E P-value EsriL 
Dates 341.57 4 85.39 17.43 2.3 6* 10-8 2.61 
Treatments 8.72 3 2.91 0.59 0.62 2.84 
Interaction 14.70 12 1.23 0.25 0.9936 2.00 
Within 196.00 40 4.90 
Total 560.98 59 

Note: 
(i) Results based on readings from five dates, each treatment replicated in three blocks, totalling 15 

readings per treatment. 
(ii) Total precipitation during experiment 136.6 mm. 
-------------------------------------------------------------------------------------------------------------------- 
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On the randomised splash plots, statistical analysis of the calibration data set from five 
field visits showed the splash erosion rates of the 12 individual, untreated squares, as 

measured using the splash traps, to be similar at P<0.00 1 (Table 3.2.3). During the first 

experimental run, splash erosion decreased on all treated plots, compared to the control 

plots. There was a mean decrease of 14.3% for all treatments, but there was no clear 

relationship with application rates (Table 3.2.4, Fig. 3.2.2). The maximum individual 

amount of soil splash per sampling date, as well as the highest minimum amount, were 

measured on an untreated plot (24.1 g and 0.8 g, respectively). The maximum amounts 

of splashed sediment were produced by a single summer storm on 4 August 1994. 

Analysis of Variance (ANOVA; Section 2.21) of all splash results showed the overall 
differences between all seven individual sampling dates as significant (P < 0.001). This 
is obvious, as results strongly vary with precipitation amounts. However, the differences 
between the conditioner-treated and the untreated plots during this first run were just not 
significant at the P<0.05 level (P = 0.069, Table 3.2.4). 

Table 3.2.3: Calibration readings of amount of soil splashed into traps from plots 
of loamy sand soil, arranged in randomised blocks (3 February 1994 - 14 April 
1994). 

Total Maximum Minimum 
(g) (g) 

- 

(g) 

----------------------------------------- -- ---------------------- 
Plot 1 

---------------------------- 
22.3 

-------------------------- 
6.8 

--- 
2.7 

Plot 2 20.3 6.0 1.6 
Plot 3 21.2 7.1 2.0 
Plot 4 21.5 6.0 1.8 
Plot 5 25.4 7.9 1.8 
Plot 6 25.0 10.5 1.4 
Plot 7 23.1 6.6 2.1 
Plot 8 23.4 8.8 1.7 
Plot 9 25.2 10.7 1.7 
Plot 10 20.1 6.3 1.7 
Plot 11 21.8 7.8 1.2 
Plot 12 22.3 7.8 1.9 

--------------------------------------------------------------------------------------------------------------------------- 
ANOVA-table (for a single-factor analysis) for results total amounts: 

Source of variation 5S 
Treatments 7.28 
Within 252.85 
Total 260.13 

! df ms E 
11 0.66 0.13 
48 5.27 
59 

P-value EsriL 
0.9996 1.99 

--------------------------------------------------------------------------------------------------------------------------- 
Note: 
(i) Results based on readings from five dates. 
(ii) Total precipitation during experiment 123.1 mm. 
--------------------------------------------------------------------------------------------------------------------------- 
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Table 3.2.4: Amount of soil splashed into traps from plots of 'Agri-SC'-treated and 
untreated loamy sand soil, arranged in randomised blocks (14 April 1994 - 18 
August 1994). 
-------------------------------------------------------------------------------------------------------------------------- 

Untreated 297 rnIAha 594 ml/ha 891 ml/ha 

--------------------------------------------------- 
Total (g) 116.4 

------------------------- 
99.1 

------------------------- 
101.7 

--------------------- 
98.4 

Maximum (g) 24.1 20.9 22.2 22.4 
Minimum (g) 0.8 0.5 0.5 0.7 
Decrease compared to 
untreated blocks (%) --- 
--------------------------------------------------- 
ANOVA-table (for a two-way analysis wit 

14.8 
------------------------ 
h replication) for tota 

12.6 
------------------------- 
l splash results: 

15.4 

---------------------- 

Source of variation 5a ! df his F- P-value EshL 
Dates 3662.83 6 610.47 451.64 1.58*10-45 2.27 
Treatments 10.13 3 3.38 2.50 6.88* 10-2 2.77 
Interaction 32.86 18 1.83 1.35 0.19 1.79 
Within 75.69 56 1.35 
Total 3781.52 83 
--------------------------------------------------------------------------------------------------------------------------- 
Note: 
(i) Results based on readings from seven dates, each treatment replicated three times, totalling 

21 readings per treatment. 
(ii) Total precipitation during experiment 136.6 mm. 

74 



-0 xt 

tu 0 

.0 

< 

cn qe 
5 (2) 

0) 
%0- T- 

C) 
CL 

E 
C) h- g 

0 

c27 721 Co 16- «a -0- 
0 

.E *FE 

0 Co 

-'0 

r_ m 
= _Z 0. a 

.. r_ 
CY M 
C., i 

E 
Z0 cm - iz 

co 

CY) 

t- 

F'- 
0 

C., 
(0 

C) 
0 

-0 co cri m 

E E 
0) 0) 
LO OD 

m m 0 0 

N 

LO 

cli 

OD 
C\j 

LO LO LO C) 
C\l N 

(6) IUOLUIPOS PetiseldS 

xt 
c3) 

CD 
Co 

75 



During a repeat run of this experiment, soils responded differently: splash erosion rates 

were up to 14.0% less on the highest application rate soil (891 ml/ha), with no response 

evident on the lowest application rate soil (297 ml/ha; Table 3.2.5, Fig. 3.2.3). ANOVA 

showed the differences between all eight individual sampling dates and the overall 
differences between all four treatments as significant (P < 0.001 and P<0.01, 

respectively). 

Table 3.2.5: Amount of soil splashed into traps from plots of 'Agri- S C-treated and 

untreated loamy sand soil, arranged in randomised blocks (12 October 1994 - 16 

February 1995). 
------------------------------------------------------------------------------------------- 
Untreated 297 ml/ha 594 ml/ha 891 m"a 

--------------------------------------------- 
Total (g) 121.5 

-------------------------------------- 
121.2 

------------------ 
112.8 

--------------- 
104.5 

Maximum (g) 9.4 9.2 10.6 7.8 
Minimum (g) 1.1 1.0 1.2 1.0 
Decrease compared to 
untreated blocks (%) --- 0.2 7.1 14.0 

-------------------------------------------- 
ANOVA-table (for a two-way analys 

--------------------------------------- 
is with replication) for total sl2la 

------------------ 
sh results: 

--------------- 

Source of variation Iss 
ff NIS E- P-value LmriL 

Dates 459.81 7 65.69 99.99 5.58* 10-32 2.16 

Treatments 8.18 3 2.73 4.15 9.48* 10-3 2.75 
Interaction 8.98 21 0.43 0.65 0.86 1.72 

Within 42.04 64 0.66 

Total 519.01 95 

Note: 
(i) Results based on readings from eight dates, each treatment replicated three times, totalling 

24 readings per treatment. 
(ii) Total precipitation during experiment 319.4 mm. 
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During the third and final run, soils responded similarly to the second run: erosion rates 
decreased with increasing application rate, up to 13.6% on the highest application rate 

soil (Table 3.2.6, Fig. 3.2.4). This time, there was also a response evident on the lowest 

application rate soil: a 6.0% decrease in splash erosion compared to the untreated plots. 
Again, the maximum individual amount of soil splash per sampling date was found on 

an untreated plot (20.4 g). ANOVA of all these results showed the differences between 

the 22 individual sampling dates and the overall differences between all four treatments 

as significant (P < 0.001 and P<0.05, respectively). 

Table 3.2.6: Amount of soil splashed into traps from plots of 'Agri-SC'-treated and 

untreated loamy sand soil, arranged in randomised blocks (20 April 1995-1 - 20 

April 1996) 
------------------------------------------------------------------------- 

Untreated 297 ml/ha 594 mVha 

---------------------------------- 
Total (g) 

----------- 
150.7 

----------------------------------- 
141.6 

--------------- 
138.5 

Maximum (g) 20.4 16.9 16.5 
Minimum (g) 0.1 0.1 0.1 
Decrease compared to 
untreated blocks (%) --- 6.0 

-- 

8.1 

- ------------- ---------------------------------- 
ANOVA-table (for a two-wa 

---------- 
y analys 

-- -------------------------------- 
is with replication) for total sp 

- 
lash results: 

Source of variation 5S ff MS L P-value 
Dates 2940.68 21 140.03 417.89 2.60* 10- 138 
Treatments 3.27 3 1.09 3.25 2.31 * 10-2 
Interaction 26.88 63 0.43 1.27 0.11 
Within 58.98 176 0.34 
Total 3029.81 263 

Note: 
(i) Results based on readings from 22 dates, each treatment replicated three times, 

totalling 66 readings per treatment. 
(ii) Total precipitation during experiment 446.6 mm. 

891 ml/ha 

------------------ 
130.1 
16.4 
0.2 

13.6 

------------------ 

F crit. 
1.62 
2.66 
1.39 
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3.3 Runoff Plots 

3.3.1 Introduction and Aims 

'I o extend the findiiigs from the runoff'tray experiment described in Section 3.1, another 

soil erosion experiment was established at Hilton. The objective was to study the effects 

of the soil conditioner on a large, erodible plot, where more erosive runoff could 

accumulate and hence more forceful erosion processes could occur, representing a morc 

realistic agricultural condition. 

3.3.2 Experimental Design 

The experimental plot was located on a slope which had an average angle of 12.9 " 

(calculated by taking the average angle of the four bordering runoff plots A4, A5, B4 

and 135; Fullen & Brandsma, 1995). The soil was mechanically rotavated to 30 cm depth 

and raked level. Two 40 M2 (2 x 20 m) plots were marked out and bordered with 

preservative-treated timber planks. Runoff and erosion were collected from each plot in 

a concrete gutter, leading into a 140 litre capacity container (Section 2.3) (Plate 3.3). 

Calibration readings were collected from 13 October 1994 to 6 April 1995 in a total of 
10 readings. On 20 April 1995, the right plot was treated with the soil conditioner at an 

application rate of 594 ml/ha, which was applied in 12 litres of water (Section 2.1). 

Measurements continued until 20 April 1996 in a series of 20 readings. During the 

entire experiment, the plots were maintained in a bare condition by regular herbicide 

treatments and occasionally careful manual weeding. Readings were usually taken every 

two weeks or after heavy rainfall. A schedule of the duration of all the experiments is 

given in Appendix 1. 

3.3.3 Results 

The calibration measurements on the runoff plot showed equal total amounts of erosion 
from both plots, but 31.7% more runoff from the right plot (Table 3.3.1). It must be 

stressed that these runoff values are inaccurate, as the collecting system could retain a 

maximum of 140 1, which was exceeded on some occasions. The maximum values of 
140 1 were then used for the records, realising that runoff totals are underestimates. 
The readings per sampling date showed that five times the right plot yielded more 
runoff, that twice both collecting systems overtopped and once the left plot had more 
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than 140 1, whilst the right plot yielded 'only' 106 1 (Fig. 3.3.1). The background runoff 
readings suggested it was appropriate to treat the right plot, so that any evaluation of 
decreased runoff yields would be conservative. It is believed that all sediment was 
effectively trapped at the bottom of the containers and the erosion results are considered 
accurate. However, the 10 individual erosion readings showed small, inconsistent 
differences between the plots, five times a little more on the right one, five times a little 

more on the left one (Fig. 3.3.2). This indicated that both plots were similar in erosional 
behaviour, although the runoff results showed differences. 

Table 3.3.1: Calibration readings of total runoff and erosion from the runoff plots, 

containing loamy sand soil (13 October 1994 -6 April 1995). 

Runoff Erosion Erosion 
(litres) (kg) equivalent 

(t/ha) 

--------------------------------------------------------------------------------------------------------------------------- 
Left plot 610.400 116.8 29.2 
Right plot 804.200 115.4 28.9 

--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Totals based on 8 individual field readings for the runoff results and 10 for the erosion results. 
(ii) The collecting system overtopped three times on the left plot, twice on the right plot. Maximum 

container capacity values of 140 1 have been used instead, although the total runoff results are 
underestimated. 

(iii) Total precipitation during experiment 367.9 trim. 
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After the conditioner treatment was applied to the right plot, a series of 20 readings 
were obtained. The overall results showed that total runoff was still higher on the right 
plot, by 14.5% compared to the untreated left plot (Table 3.3.2). Out of the 20 
individual readings, the system overtopped four times (> 140 1) and 12 times the right 
plot yielded more runoff (Fig. 3.3.3). Total erosion was slightly less on the treated plot, 
by 3.4% compared to the untreated plot (Table 3.3.2). However, individual erosion 

readings were higher on 13 occasions on the treated plot, five times on the untreated 

plot and twice the results were equal (Fig. 3.3.4). 

Table 3.3.2: Total runoff and erosion from an 'Agri-SC'-treated (at 597 ml/ha) and 

untreated runoff plot, containing loamy sand soil (20 April 1995 - 20 April 1996). 

--------------------------------------------------------------------------------------------------------------------------- 
Runoff Erosion Erosion 
(litres) (kg) equivalent 

(t/ha) 

Untreated plot 908.300 136.3 34.1 
Treated plot 1040.40i) 131.6 32.9 
--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Totals based on 20 individual field readings. 
(ii) The collecting system overtopped four times on both plots. Maximum container capacity values of 

140 1 have been used instead, although the total runoff results are underestimated. 
(iii) Total precipitation during experiment 446.6 mm. 
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3.4 Discussion of Experiments Reported in Chapter 3. 

From the results of the tray erosion experiments (Section 3.1), it can be concluded that 

runoff and erosion were lower on 'Agri- SC-treated soil during three consecutive 

experiments on a 10' slope angle. Overall, after all 39 readings, runoff was 27.2% and 

erosion 13.2% lower on the treated 10' tray. No consistent changes favouring 

conditioner-treated soils were evident on either the 12 or the 15' slopes, possibly due to 

the higher erosivity of runoff on steep slopes. Slopes of 12' often form thresholds for 

accelerated erosion rates (Fullen & Reed, 1986). 

During the runoff tray experiments, major differences in sediment concentrations and 

runoff ratios per experimental run were measured and runoff and erosion readings did 

not often correspond. It appeared that the relation between precipitation, runoff and 

eroded sediment strongly varied through time. The amount, duration and intensity of 

rainfall are probably the main causes of this variability. However, despite this being an 
intrinsic characteristic of soil erosion studies, it brings into question the reliability of 

some of the findings reported. Results given as percentage change are highly sensitive 

to one or two major rainfall events and conditioner treatments might not affect soil 

properties in the same way under all circumstances. Furthermore, it must be noted that 

during the calibration readings, sometimes large differences were found within each set 

of trays, indicating either basic tray differences or different impacts of precipitation on 

an apparently similar bulk soil volume. These differences will have affected the findings 

reported during the later experimental runs, so care must be taken in relating results 

entirely to soil treatments. The differences in the results reported may have been more 

or less marked if the trays and soil masses were entirely identical. Still, by treating the 

trays with the highest erosion rates, the decreases found are conservative. The outlined 
limitations of the experimental design emphasise the need for replicated trays during 

future work (Section 7.3). 

In the splash erosion experiment (Section 3.2), erosion rates were less on 'Agri-SC'- 

treated soils during two runs of six months each and a third run of a year. The low 

application rate soil (297 ml/ha) often had lower splash erosion rates compared to the 

control soil, but the highest application rate soil (891 ml/ha) systematically had the 

lowest total splash amounts and hence the most stable topsoil in terms of splash erosion. 
The measurement of splash height did not discriminate between the various treated and 

untreated plots. However, Fullen et al. (1995) reported similar splash height 

measurements using 'Agri-SC' and did find significantly decreased splash heights on a 
297 ml/ha treated loamy sand soil (P < 0.001). 
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The results from the large runoff plots (Section 3.3) are inconsistent. Total erosion rates 

seemed to be slightly lower on the right, treated plot, but not convincingly as the 

individual results showed 13 out of 20 times higher erosion. The explanation of the 

runoff findings are complicated by the fact that the calibration readings were already 

much higher for the right plot and because the collecting systems occasionally 

overtopped, thus the totals reported are underestimates and the sensitivity of the data has 

been reduced. However, although the results from this experiment are inconclusive, the 

still higher total runoff on the right plot after treatment with 'Agri-SC' was 17.2% less 

high than during the calibration readings. 

An example of the potential erosivity of runoff on the area used to establish the later 

runoff plots on is shown in Plates 3.4 & 3.5. These pictures were taken on 15 September 

1994 after a series of intense summer storms (rainfall measured: 77.8 mm in 24 hours, 

156.5 mm in the entire month; Fig. 2.7.1). At that time, the entire hillslope was still 

used for other erosion studies. They show severe rill erosion (notice deep rill in the 

shadowed area on the far right side of the plot) and an overtopped collecting system 
(265.9 kg dry sediment measured in pit shown). Although the conditions were extreme, 
it does indicate the potential scale of soil erosion problems very well. 

Finally, some concern exists about the degree of extra surfactants applied to the field 

experiments by regular herbicide treatments. Although these were added to all plots in 

same amounts, the effects reported could have been caused by more active ingredients 

then actually applied with the mentioned soil conditioner application rates. 

3.5 Conclusions from the Experiments in Chapter 3. 

1) There was less runoff and erosion on 'Agri -SC'-treated loamy sands in soil trays at a 

slope of 10', but not at slopes of 12 or 15". 

2) Decreased splash erosion rates were found on low, medium and high 'Agri-SC 

application rate loamy sand soils and the effect was usually significant. 

3) No discrimination could be made between 'Agri- S C-treated and untreated loamy 

sand soils in a large scale runoff experiment. 
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Plate 3.4: Severe rill erosion at Hilton. 

Plate 3.5: Overtopped collecting system at Hilton. 
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CHAPTER 4: STUDIES ON SOIL STRUCTURE 

To study the effects of 'Agri-SC' soil conditioner treatments on soil structure, 
investigations were conducted into several soil types and properties. This chapter reports 
on studies into the physical properties, penetrometer resistance and water infiltration 

capacity of cultivated plots of sandy silt loam soil in an arable field (Sections 4.1,4.2 

and 4.3). Water drainage of containers filled with sandy silt loam topsoil (Section 4.4), 

water movement in pots containing sandy silt loam, loamy sand, sandy loam and silt 
loam soils (Section 4.5) and aggregate stability of these same soil types (Section 4.8) are 
also described. Studies into physical properties, crust strength and aggregate stability of 
loamy sands are detailed in Sections 4.6,4.7 and 4.8 and the 'Agri-SC effects found 

were compared by incorporating other soil conditioners in these experiments. Finally, 

micromorphological studies into aggregate stabilisation are reported in Section 4.9. 

4.1 Study of Bulk Densities and Soil Moisture Contents 

4.1.1 Introduction and Aims 

In this experiment, rolled and unrolled, bare and cropped plots of sandy silt loam soil 
were used. The investigations extended the soil structure studies, conducted so far only 
on loamy sand soils (Fullen et aL, 1993a, b; 1994; 1995), to another soil type. The first 

aim of this experiment was to assess soil structural changes resulting from soil 
condition6r treatment on loose, cultivated sandy silt loam soils. Other aims were to 

study whether the conditioner could ameliorate a soil structure compacted by rolling and 
if there were differences in response to treatments between cropped and bare soils. The 

rolling was applied in an attempt to produce slightly compacted soil, so that the effects 
of 'Agri-SC' could be compared under two soil conditions, but this was not always 
successfully achieved (see Sections 4.1.2 and 4.10). Winter wheat was grown to study 
indirect effects of changed soil structure on crop performance and those results are 
discussed in Chapter 5. The soil and crop findings from this field experiment are 
combined in the general discussion (Chapter 7), linking both types of plot studies. 

4.1.2 Experimental Design 

At the Plant and Environment Research Unit at Compton Park, a 560 m2 (40 x 14 in) 
field was ploughed and cultivated on 6 November 1993 and divided into seven plot 
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lanes by tractor wheclings. Winter wheat (variety Bcaver) was sown on 8 November 
1993. Two plot lanes were rolled by three tractor passes with a Cambridge roller, 
weighing 1.5 tonnes. For the second and third pass, the roller weight was increased with 
concrete slabs to 2.0 tonnes (Plate 4.1). The two rolled and two unrolled plot lanes were 
then divided into three plots each of 19.2 M2 (12 x 1.6 m), creating a total of 12 plots 
(Fig. 4.1.1). It should be noted that due to the rolling procedure, it was not possible to 

produce a fully randomised block design; the lay-out of this experiment can be 
described as a split-plot design. As a result, the rolled and unrolled plots have been 

statistically analysed as two separate experiments and no statistical comparison has been 

made between these treatments. 

The conditioner was applied on 6 December 1993 at rates of 0,594 and 1188 ml/ha to 
four randomly chosen plots per treatment (two with rolled soil, two with unrolled soil) 
(Plate 4.2). The amount of water used as a carrier has been given in Section 2.1. The soil 

moisture content immediately prior to treatment was 19.9% (S. D. = 1.2, n= 5). Three of 
the seven plot lanes (týe two outer lanes and the middle one) remained untreated as 

space discards. 

Figure 4.1.1: Plot design of the multifactoral experiment at the Plant and 
Environment Research Unit (1993-1994). 

unrolled 

A, unrolled B, unrolled C, unrolled 

A, unrolled C, unrolled B, unrolled 

unrolled 

B, rolled C, rolled A, rolled 

C, rolled A, rolled B, rolled 

unrolled 

------------------------------------------------------------------------------------------------------------------------------ 
Note: A= untreated, B= 594 mi/ha'Agri-SC, C= 1188 ml/ha'Agri-SC. All plots cropped. 
----------------------------------------------------------------------------------------------------------------------------- 

For the second cropping season, a repeat procedure was adopted between 12 and 14 
October 1994 and the conditioner re-applied to the same plots on 25 October 1994 
(Section 2.1). The soil moisture content immediately prior to treatments was 17.2% 
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(S. D. = 0.8, n= 5). Less rolling was applied, using only the Cambridge roller without 
added weights and making only two passes per plot. This was decided, as the first year 
rolling had resulted in excessive compaction due to the combination of heavy weights 
and wetter soil conditions prior to rolling. It had over-ridden all of the conditioner 
effects on soil bulk-density as found on the unrolled plots and had strongly lowered the 

wheat stands. The two outer plot lanes were left bare during the second cropping season, 
to enable soil studies without crop interference. One of these uncroppcd plot lanes also 
received a rolling treatment and both were treated with 'Agri-SC' at the three 

aforementioned rates (Fig. 4.1.2). 

Figure 4.1.2: Plot design of the multifactoral experiment at the Plant and 
Environment Research Unit (1994-1995). 

C, unrolled, bare B, unrolled, bare A, unrolled, bare 

A, unrolled, cropped B, unrolled, cropped C, unrolled, cropped 

A, unrolled, cropped C, unrolled, cropped B, unrolled, cropped 

unrolled, cropped 

B, rolled, cropped C, rolled, cropped A, rolled, cropped 

C, rolled, cropped A, rolled, cropped B, rolled, cropped 

A, rolled, bare B, rolled, bare C, rolled, bare 

-------------------------------------------------------------------------------------------------------------------------- 
Note: A= untreated, B= 594 ml/haAgri-SC', C= 1188 ml/ha'Agri-SC. 
------------------------------------------------------------------------------------------------------------------------------ 

In the first year of this field experiment, soil was sampled on 27 January, 19 April and 2 

August 1994. In the second year, sampling was carried out on 6 December (cropped 

plots) and 8 December 1994 (bare plots), 26 April (cropped plots), 27 April (bare plots) 
and 4 September 1995 (all plots). Ten soil samples were randomly taken from each plot, 
resulting in 20 readings per soil conditioner treatment (as each plot condition was 
duplicated) and 120 samples per sampling session. Soil was collected in cylindrical 
bulk-density tins from the topsoil (0-5 cm) and physical properties analysed in the 
laboratory, as described in Sections 2.10 and 2.11. During the first year (1993-1994), 

samples were only obtained from plots cropped with winter wheat (see Section 5.1). 
During the second year (1994-1995), some plots were left bare and samples were also 
taken from these uncropped, but conditioner-treated, soils. 
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Plate 4.1: Rolling treatment applied at Compton Park. 

Plate 4.2: Conditioner treatment applied at Compton Park. 
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4.1.3 Results 

On the sandy silt loam soils at Compton Park, both the conditioner and rolling 
treatments significantly changed several soil properties during the first run of this field 

experiment (Table 4.1.1). On 27 January 1994, seven weeks after conditioner treatment, 
highly significant decreases in soil moisture content were measured for both low (594 

ml/ha) and high (1188 ml/ha) conditioner treatments on all rolled and unrolled plots, 
compared to the untreated plots. Significant decreases in the bulk density of the fine- 

earth were found for both application rates on the unrolled plots. Soil bulk density and 
porosity were significantly different from the untreated plots for the highest conditioner 
treatment on the unrolled soils. 

On 19 April 1994,19 weeks after treatment, significant increases in soil porosity and 
significant decreases in both bulk density and bulk density of the fine-earth were still 

measured on the 1188 ml/ha treated, unrolled plots. Possible conditioner effects were 
still apparent on the other plots, but the differences were small compared to the 

untreated plots. Soil moisture values were not related to conditioner treatment. On 2 

August 1994,34 weeks after treatment, there were no significant differences in soil 
moisture contents, but apparent differences were still detectable in density and porosity 
characteristics on treated plots. Increased bulk densities and decreased total porosities 
and soil moisture contents, resulting from the rolling treatments (as compared to the 

unrolled plots), were measured throughout the entire experimental period. However, 

there was no significant amelioration of soil structure on conditioner-treated plots. 

During the second year, on all plots, bulk density generally decreased with increased 

conditioner application rate (Table 4.1.2). This decrease was only twice significantly 
different from the control plots: for the 1188 ml/ha application on the rolled plots in 

April and in September 1995. Soil moisture content was significantly lower for the 
highest conditioner treatment on four occasions (in December 1994 on the unrolled 
plots, in April 1995 on both rolled and unrolled plots and in September 1995 on the 

rolled plots), but not on the 594 ml/ha application rate plots. All soil moisture values on 
the cropped plots in September 1995 were considerably lower compared to values 
obtained earlier on these plots, indicating the influence of the long, dry summer. On the 

rolled plots, although no more moisture was retained in the soil, the untreated plots had 

the highest moisture contents and the difference with the lower values on the 1188 

ml/ha application rate soil was significant. This was also true for the bulk-density 

values, indicating a denser topsoil on the untreated plots. 
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Table 4.1.1: Soil characteristics of cropped sandy silt loam soil subjected to 'Agri- 

SC' and rolling treatments (0-5 cm depth, January - August 1994). 

Treatment Bulk S. D. Bulk density S. D. Total S. D. Soil S. D. 
density fine-earth porosity moisture 
(g/CM3) (g/CM3) 

--- - --------- ----------- 
(%) 

---------------- -------------- 
content (%) 

----------------- --------- ----------------------------- 
1) 27-01-1994. 

----------- - - - 

UNROLLED PLOTS: 
0 ml/ha 1.31 0.08 1.28 0.08 40.37 3.64 22.2 0.9 
594 ml/ha 1.27 0.10 1.23* 0.08 42.15 4.38 20.5*** 1.2 
1188 ml/ha 1.25** 0.08 1.21 0.08 43.16** 3.56 20.3*** 0.7 

ROLLED PLOTS: 
0 ml/ha 1.41 0.07 1.36 0.08 35.68 3.41 21.4 1.2 
594 ml/ha 1.39 0.06 1.36 0.06 36.71 2.69 20.4** 0.8 
1188 ml/ha 1.38 0.07 1.35 0.08 36.93 3.24 20.0*** 0.9 

2) 19-04-1994. 

UNROLLED PLOTS: 
0 ml/ha 1.32 0.07 1.30 0.07 39.90 3.33 15.9 2.0 
594 ml/ha 1.30 0.09 1.27 0.08 40.79 4.26 15.1 1.3 
1188 ml/ha 1.25** 0.09 1.22 0.09 43.07** 3.92 15.8 2.4 

ROLLED PLOTS: 
0 ml/ha 1.38 0.09 1.35 0.09 37.19 3.95 14.3 1.8 
594 ml/ha 1.38 0.09 1.36 0.09 37.02 4.18 14.6 1.1 
1188 ml/ha 1.35 0.07 1.32 0.07 38.52 3.25 13.9 1.8 

3) 02-08-1994. 

UNROLLED PLOTS: 
0 mi/ha 1.23 0.11 1.20 0.11 43.93 5.22 14.4 0.7 
594 ml/ha 1.21 0.10 1.18 0.11 44.63 4.46 14.5 1.1 
1188 ml/ha 1.21 0.12 1.18 0.12 44.91 5.31 14.1 1.2 

ROLLED PLOTS: 
0 ml/ha 1.34 0.09 1.30 0.10 38.93 4.08 12.9 1.0 
594 ml/ha 1.31 0.09 1.28 0.09 40.31 3.96 13.1 1.4 
1188 ml/ha 1.33 0.06 1.29 

---- 
0.04 

---- 
39.38 2.77 13.7 

------- 

1.5 

----------- -------------------------- 
Notes: 

------------ ---------- ------- --------------- ------------- ---------- 

(i) All results based on n= 20 samples. 
(ii) Significance of results as compared to untreated plots, determined using the Student! s t-test 

(assuming unequal variances); * indicates P <0.05, indicates P <0.0 I and indicates 
P <0.00 1. 

-------------------------- ----------- ---------------- ------------ --------------- -------------- ----------------- ----------- 
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Table 4.1.2: Soil characteristics of cropped sandy silt loam soil subjected to 'Agri- 
SCI and rolling treatments (0-5 cm depth, December 1994 - September 1995). 

Treatment Bulk S. D. Total S. D. Soil S. D. 
density porosity moisture 

----- 

(g/cM 3) 

------------------- ------------- 

(0/0) 

---------------- ------------- 
content (%) 

------------------ --------- ------------------------------ 
1) 06-12-1994. 

UNROLLED PLOTS: 
0 ml/ha 1.40 0.08 36.26 3.81 21.8 0.9 
594 ml/ha 1.39 0.06 36.63 2.81 21.4 1.2 

1188 ml/ha 1.36 0.05 37.10 2.46 21.3* 0.7 

ROLLED PLOTS: 
0 ml/ha 1.39 0.06 36.32 2.58 21.7 0.8 

594 ml/ha 1.39 0.07 36.54 3.17 21.6 1.3 

1188 ml/ha 1.38 0.08 37.74 3.49 21.8 0.8 

2) 26-04-1995. 

UNROLLED PLOTS: 
0 ml/ha 1.25 0.06 43.01 2.75 14.4 0.8 

594 ml/ha 1.21 0.08 44.69 3.53 14.2 0.8 

1188 ml/ha 1.20 0.11 45.18 5.22 13.3*** 1.1 

ROLLED PLOTS: 
0 ml/ha 1.21 0.09 44.85 4.17 14.0 0.9 

594 ml/ha 1.24 0.07 43.49 3.20 14.5 1.4 

1188 ml/ha 1.17* 0.04 46.80* 1.81 12.5*** 1.1 

3) 04-09-1995. 

UNROLLED PLOTS: 
0 ml/ha 1.16 0.09 46.93 3.93 8.7 0.8 

594 ml/ha 1.13 0.09 48.29 3.98 9.6 1.3 

1188 ml/ha 1.11 0.10 49.48 4.65 9.0 1.2 

ROLLED PLOTS: 
0 ml/ha 1.19 0.08 45.85 3.62 8.9 1.5 
594 ml/ha 1.15 0.11 47.56 4.80 8.2 1.0 
1188 ml/ha, 1.11** 0.06 49.33** 2.67 8.0* 0.8 
--------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All results based on n- 20 samples. 
(ii) Significance of results as defined in Table 4.1.1. 
--------------------------------------------------------------------------------------------------------------------------- 

On the bare plots during the second year, no relationship was evident between either soil 
conditioner treatments and bulk-density or soil conditioner treatments and soil moisture 
values (Table 4.1.3). 
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Table 4.1.3: Soil characteristics of bare sandy silt loam soil subjected to 'Agri-SCI 

and rolling treatments (0-5 cm depth, December 1994 - September 1995). 

Treatment Bulk S. D. Total S. D. Soil S. D. 
density porosity moisture 

----------------------------------- 

(g/cM 3) 

------------------- ------------ 
M 

----------------- ------- - 
content (%) 

- 
1) 08-12-1994. 

---- - ---------------- ---------- 

UNROLLED PLOTS: 
0 ml/ha 1.41 0.11 35.62 5.10 23.2 0.9 
594 ml/ha 1.34 0.08 38.71 3.69 22.9 0.9 
1188 m1lba 1.40 0.08 36.28 3.62 22.4 1.4 

ROLLED PLOTS: 
0 ml/ha 1.36 0.08 38.02 3.70 22.4 1.6 
594 ml/ha 1.35 0.05 38.21 2.36 21.9 0.9 
1188 ml/ha 1.36 0.08 37.75 3.68 21.4 1.2 

2) 27-04-1995. 

UNROLLED PLOTS: 
0 ml/ha 1.20 0.07 45.37 3.40 12.5 0.4 
594 mVha 1.19 0.05 45.66 2.29 12.4 0.9 
1188 ml/ha 1.16 0.11 47.09 4.81 12.2 1.2 

ROLLED PLOTS: 
0 ml/ha 1.22 0.09 44.23 4.07 13.0 1.0 
594 ml/ha 1.26 0.11 42.44 5.06 12.0* 0.9 
1188 ml/ba 1.27 0.05 42.15 2.48 12.7 0.7 

3) 04-09-1995. 

UNROLLED PLOTS: 
0 ml/ha 1.14 0.05 48.03 2.44 14.3 1.0 
594 ml/ba 1.16 0.05 46.87 2.21 14.5 0.5 
1188 ml/ha 1.17 0.10 46.74 4.38 14.4 1.4 

ROLLED PLOTS: 
0 mVha 1.18 0.09 46.20 4.10 12.6 0.9 
594 mVha 1.12 0.09 49.00 3.95 12.5 0.8 
1188 ml/ba 1.16 0.10 47.20 4.59 13.8** 0.6 
--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All results based on n= 10 samples. 
(ii) Significance of results as defined in Table 4.1.1. 

--------------------------------------------------------------------------------------------------------------------------- 
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4.2 Study of Soil Penetrometer Resistance 

4.2.1 Introduction and Aims 

To study changes in soil structure other than those occurring in the 0-5 cm deep topsoil 
from the field experiment at Compton Park (see Section 4.1), investigations were 
conducted into the penetrometer resistance of 0-3 1.5 cm depth in the soil profile. It 

would provide indications of any different densities of the various soil layers in the 

various soil plots, giving further information on the effects and penetration depth of 
'Agri-SC'. The possible interference of plant roots with the soil penetration readings 
were studied in the second year of field investigations, by adding six uncropped, 
conditioner-treated plots to the experiment. 

4.2.2 Experimental Design 

In the first year of the field experiment (1993-1994), four sets of 120 readings each (10 

per plot, 20 per treatment) were obtained on the 12 cultivated, cropped plots. During 
1994-1995, four sets of 60 readings each (five per plot, 10 per treatment) were obtained 

on the six uncropped plots, as well as two sets of 120 readings each on the 12 cropped 

plots. The various conditioner and rolling treatments of all plots have been described in 

Section 4.1.2. Readings were taken as described in Section 2.4, collected from random 
locations using each entire plot area. 

4.2.3 Results 

During the first growing season, four sets of measurements were obtained from the 

cropped plots, all showing similar trends, hence the mean pattern is given (Figure 4.2.1). 
A clear distinction between the rolled and the unrolled plots was found with the rolled 
plots having a higher soil resistance against cone penetration for each depth zone, but no 
discrimination could be made between the untreated and the conditioner-treated plots. It 

was expected from the earlier bulk-density readings (Section 4.1.3) and from the 
literature that, if any, the effects of soil conditioner treatment would result in a more 
porous soil structure. On two occasions, there was decreasing penetrometer resistance 
with increasing conditioner applications on the unrolled plots (Table 4.2.1): 
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1) For the topsoil layer at 3.5 cm depth (a mean value of 3.8 kg/cM2 for the 0 ml/ha 
treatment, 3.6 kg/cM2 for the 594 ml/ha treatment and 3.4 kg/cm2 for the 1188'ml/ha 

application), 
2) For the values obtained at 28.0 cm depth (a mean value of 16.9 kg/cm2 for the 0 

ml/ha treatment, 16.7 kg/cm2 for the 594 ml/ha treatment and 15.8 kg/cm2 for the 1188 

ml/ha application). 

On three occasions, this trend occurred on the rolled plots: at the zones of 7.0,17.5 and 
21.0 cm depth. In addition, for another five depth zones, just the values on the 1188 

ml/ha application soil were lower than those on the untreated plots at those depths. Out 

of these 10 occasions when the value obtained on the 1188 ml/ha application soil was 
lower than that of the control soil, the differences were significant on five occasions. For 

all the other depth zones, on either rolled or unrolled soil plots, no soil structure 
ameliorating effects of conditioner treatment were evident. Furthermore, these 

measurements showed that rolling treatment resulted in compaction of the entire soil 
profile down to 31.5 cm. 

Table 4.2.1: Statistical analysis of penetrometer readings on cropped plots of sandy 
silt loam soil subjected to 'Agri-SCI and rolling treatments (January - April 1994). 
-------------------------------------------------------------------------------------------------------------------------- 

Unrolled soil Rolled soil 
............. 

0 594 1188 
------ ----- 

0 594 1188 
ml/ha ml/ha, ml/ha ml/ha ml/ha, ml/ha 

Depth Mean S. D. Mean S. D. Mean S. D. Me an S. D. Mean S. D. Mean S. D. 
(cm) (kg/CM2) 

---------------- 

(kg/CM2) 

------------------- 

(kg/CM2) 

------------------- 
(kglCM2) 

---------------- 

(kg/CM2) (kg/CM2) 
--- --------- 

3.5 
-- 

3.8 1.6 3.6 1.3 3.4* 1.0 5.6 
--- 

2.1 
------- 

5.9 
----------- 

2.0 
----------- 

5.9 
------- 

1.7 
7.0 5.1 2.0 4.9 1.7 5.0 1.6 7.5 2.2 7.4 2.3 7.2 2.5 

10.5 5.5 2.9 5.2 2.3 5.7 2.1 6.9 2.0 7.0 2.1 6.9 2.7 
14.0 5.2 2.5 5.5 2.3 5.6 2.1 6.8 2.5 6.8 2.4 6.5 2.4 
17.5 5.8 2.7 5.9 2.5 5.2* 1.4 6.8 2.3 6.6 2.2 6.2* 2.2 
21.0 5.7 2.4 5.4 1.9 5.7 1.6 7.2 3.0 6.8 2.6 6.3* 2.2 
24.5 7.2 3.6 7.5 5.0 7.7 4.0 10.3 5.1 12.3 6.9 9.4 5.4 
28.0 16.9 7.2 16.7 6.2 15.8 6.9 19.6 6.8 22.0 6.0 19.7 6.5 
31.5 21.2 4.4 21.6 5.0 

---- 

21.7 

-------- 
5.2 23.2 5.9 23.2 5.3 21.6* 4.9 

--------- 
Notes: 

------------------ ----------- ---- --- -------- ------- ----------- -------- ----------- ----------- ---------- 

(i) All results based on n= 80 penetrations. 
--------------------------------------------------------- ------- -------- ----------- -------- ----------- ----------- ---------- 
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During the second growing season, four sets of penetrometer readings were obtained 
from the bare plots (Fig. 4.2.2). This time, the distinction between the rolled and the 

unrolled plots was less obvious, but still the rolled plots had a slightly higher soil 
resistance for each depth zone. Again, no discrimination could be made between the 

untreated and the conditioner-treated plots. On the unrolled plots, only the first two 
depths had lower soil resistance with increasing conditioner application rates. On the 

rolled soil, just the 0-3.5 cm depth had a slightly lower value for the 1188 ml/ha 
application rate soil. However, these changes were not significantly different (Table 
4.2.2). For all the other values obtained, on either rolled or unrolled soil plots, no effects 
of conditioner treatments were evident. The measurements also showed that rolling 
treatment this time resulted in little further soil compaction. The 0- 17.5 cm depth values 

were comparable, although slightly higher for the rolled soils, as was the soil > 28 cm 
depth. The greatest differences were found around 21-28 cm. depth, but it is uncertain 
whether they resulted from the actual rolling treatment, as the soil above was not greatly 
changed and it may have been a plough pan developing at those depths. 

Table 4.2.2: Statistical analysis of penetrometer readings on bare plots of sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments (December 1994 - June 

1995). 
-------------------------------------------------------------------------------------------------------------------------- 

Unrolled soil Rolled soil 
------------- 

0 594 1188 
----- -- --- 

0 594 1188 
ml/ha ml/ha ml/ha mVha mVha ml/ha 

Depth Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. 
(cm) (kglcm2) 

------- 

(kg/cM2) 

-------------------- 

(kg/CM2) 

------------------ 

(kg/CM2) 

------------------- 

(kg/CM2) 

------------------ 

(kg/cM2) 

--------------------- --------- 
3.5 

---------- 
2.4 3.4 2.1 3.2 1.8 2.7 2.8 3.6 2.9 3.9 2.5 3.6 

7.0 2.9 4.4 2.9 3.9 2.6 3.4 3.3 4.2 3.8 5.1 3.7 4.8 
10.5 3.0 3.8 4.1 4.7 3.1 3.7 3.5 4.6 4.1 6.0 4.0 5.2 
14.0 3.0 4.1 3.7 3.6 4.6 4.3 4.1 4.8 4.7 5.9 4.2 4.7 
17.5 3.4 3.6 3.0 3.0 4.0 4.0 4.5 4.8 5.6 6.3 4.2 4.3 
21.0 4.3 3.9 4.4 3.6 5.8 6.3 6.7 6.1 8.5 7.5 6.0 6.4 
24.5 8.8 6.4 7.4 6.1 8.8 6.8 12.9 8.2 13.2 8.2 13.2 9.3 
28.0 17.6 8.3 15.6 7.7 18.1 8.5 18.9 8.4 19.5 7.8 19.9 9.3 
31.5 22.5 6.9 21.0 

--- 

8.6 

--------- 

21.5 

---------- 

7.7 

------- 

21.2 

------ 
9.2 22.5 8.5 22.1 8.3 

-------- 
Note: 

------------------ --------- ---- --------- -------- ----------- ------- ------------- 

(i) All results based on n= 40 samples. 
----------------------------------------------- ---------- ------- ---------- --------- ------- ----------- -------- -------------- 
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The measurements on the cropped plots this second experimental year were conducted 
on only two occasions, which resulted in too different patterns to produce a mean 
graphic display. The results from December 1994 showed higher density values on the 
rolled soils through the profile, despite conditioner treatments, with only the untreated, 
unrolled plots having similar high values occasionally (i. e. values at 14,21 and 24.5 cm 
depth), although very low values on other occasions (i. e. 10.5 and 17.5 cm depth; Fig. 
4.2.3). This pattern was not evident on unrolled, conditioner-treated soils. In June 1995, 
the soil profile could only be penetrated to 17.5 cm depth and no evidence of any rolling 
or conditioner treatments was found (Fig. 4.2.4). Often, the highest soil resistance 
values were obtained from the unrolled plots. 

4.3 Study of Water Infiltration Capacities 

4.3.1 Introduction and Aims 

In the second year of the field experiment at Compton Park, water infiltration 

measurements were added to the studies on soil structure. These studied the 
hydrological behaviour of 'Agri-SC'-treated and untreated, rolled and unrolled sandy silt 
loam soils. The work stemmed from the first year results from the Compton Park field 

experiment, indicating changes in soil moisture and bulk density due to conditioner 
treatments (see Section 4.1.3). 

4.3.2 Experimental Design 

All the plots used for this experiment were uncropped, but several soil treatments 

resulted in six different plot conditions: 1) unrolled, untreated; 2) unrolled, treated with 
'Agri-SC' at 594 ml/ha; 3) unrolled, treated at 1188 ml/ha; 4) rolled, untreated; 5) rolled, 
treated at 594 ml/ha and 6) rolled, treated at 1188 ml/ha (Fig. 4.1.2). The infiltrometers 
(Section 2.5) were placed on randomly chosen locations per plot on each sampling day, 

examining a total of six different areas per plot for the unrolled plots and four for the 
rolled plots. 
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4.3.3 Results 

On both high and low 'Agri-SC'-treated, unrolled, bare plots, the infiltration capacities 
changed markedly as the treated plots had far higher infiltration capacities than the 

untreated plots (Fig. 4.3.1). Furthermore, the high application rate of the conditioner 
(1188 ml/ha) induced consistently greater infiltration than the 594 ml/ha application 
rate. The final mean infiltration capacities on all treated soils were highly significantly 
different from the control plots at P<0.001 (Table 4.3.1). For statistical analysis, 
infiltration values from and including 120 minutes were used, as saturated flow was 
considered to be achieved afler -100 minutes. 

Table 4.3.1: Statistical analysis on the infiltration capacities of bare, unrolled plots 

of sandy silt loam soil subjected to 'Agri-SC' treatments (January - June 1995). 
----------------------- --------------------------------------- 

Treatment 
-------------------------------------- 

Mean infiltration S. D. 
---------------------- 
S. E. Maximum Minimum 

------ 
capacity (mm/h) 

----------------------------------------- 
(mm/h) (mm/h) 

---------------------------------------------- ------------------------------- 
0 ml/ba 126.9 63.4 9.9 296 64 
594 ml/ha 239.8*** 101.3 15.8 420 84 
1188 mI/ha 
-------------------------------------- l f i l f 

294.4*** 76.2 
----------------------------------------- 

11.9 428 180 
---------------------------------------------- 

ng e- acto or as ANOVA-tab e( 

Source of variation a 

r analyahk 

! df Im E P-value EshL 
Treatments 598418 2 299209 44.65 3.20*10-15 3.07 
Within 804155.3 120 6701.29 
Total 402573 122 
----------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Values based on readings from 120 minutes onwards (120 " inclusive). 
(ii) All results based on n= 41 samples. 
----------------------------------------------------------------------------------------------------------------------------- 

The rolled plots responded very differently to conditioner treatments (Fig. 4.3.2). The 

highest application rate soil (1188 ml/ha) had the lowest infiltration rates throughout 

and the untreated and 594 ml/ha treated soils had comparable infiltration rates. 
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4.4 Study of Water Drainage 

4.4.1 Introduction and Aims 

This experiment was designed to study the flow of rainwater through known volumes of 
conditioner-treated and untreated soil. Excess precipitation over evaporation will 
initially lead to saturation of the soil mass, after which drainage will occur. The amount 
of water drained through is an indication of the ease of water movement through the 
larger soil pores or as a lack of smaller pores to aid evaporation. 

4.4.2 Experimental Design 

Two 0.27 M3 building containers (0.45 x 0.70 x 0.85 m) were filled with Ap horizon 

sandy silt loam soil from Compton Park. A drainage sink hole at the bottom of each 
container was covered with a fine mesh and a layer of gravel before filling them with 
soil. Excess precipitation could continuously flow through the soil via a drainage pipe 
into a 14 1 capacity bucket. Each bucket and outlet system was wrapped in plastic, so 
only drainage water could enter. Readings were taken regularly as described in Section 
2.6. Soil surfaces were kept clean from weeds and falling leaves. The containers were 
established on 3 July 1995 and left for 4 months to settle. One container then received a 
treatment with 594 mUha'Agri-SC' (applied with two litres of water) on 13 November 
1995 and a total set of 24 readings was taken to 13 November 1996. 

4.4.3 Results 

The total drainage collected during the experimental period showed that the conditioner- 
treated container drained 11.4% more water, or, in other words, the untreated container 
held 11.4% more water in the soil after rain events (Table 4.4.1). Out of the 24 readings 
collected, on 17 occasions the treated container yielded more water (Fig. 4.4.1). These 

effects lasted at least until the end of these experimental readings, a full year later. 
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Table 4.4.1: Total drainage capacities of containers, containing 'Agri-SC-treated 
(at 597 ml/ha) and untreated sandy silt loam soil (13 November 1995 - 13 
November 1996). 

Untreated Treated 
container container 

Total drainage (litres) 100.84 112.38 
Relative difference (%) --- 11.4 

Notes: 
(i) Total precipitation during experiment was 563.7 mm. 
(ii) Totals based on 24 readings. 
--------------------------------------------------------------------------------------------- 

4.5 Study of Pot Soil Moisture Contents 

4.5.1 Introduction and Aims 

The experiment was established to study the effects of 'Agri-SC' treatments, including a 
very high application rate, on the change in pot soil moisture content with time of 
different soil types. The effectiveness of conditioner treatments was assessed by a 

simple measurement of the changes in pot weights. In between the watering treatments, 
the pots were left to drain and/or evaporate in the greenhouse until the next weighing 
and watering session. 

4.5.2 Experimental Design 

In this experiment, three different 'Agri-SC' treatments were made to 8.9 cm diameter 

pots: 0,800 and 8000 ml/ha, each applied in 125 ml of water. The effectiveness of these 
three different application rates on the movement of water through the soil mass was 
assessed on five different soil types, including loamy sand, sandy loam, sandy silt loam 

and two types of silt loam soils (from the Bridgnorth, Newport, Salwick, Worcester and 
Evesharn series, respectively; all fully described in Section 2.2). Per combination of soil 
type and conditioner treatment, seven replicated pots were available and the total of 105 

pots were set up in a fully randomised block design (Appendix VII). Each pot 
commenced with an initial weight of 500.0 g air-dried soil. After the conditioner 
treatments were made, the pots were left to settle for four weeks, during which all pots 
were watered regularly with constant amounts of water (100 ml per pot). After that 

period, weight measurements were conducted on each pot just before every new 
watering session and soil moisture contents calculated. After another four weeks, all 
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pots were emptied and the soils collected for further aggregate stability analyses 
(Section 4.8). 

4.5.3 Results 

All pots were established on 2 February 1996 with 500.0 g soil and 100 nil water, an 
initial weight of 600.0 g and an initial soil moisture content (based on the air-dried soil 

mass) of 20% (Fig. 4.5.1). From then onwards, the moisture contents through time 
distinctively varied per soil type and per conditioner treatment. On the argillaceous soils 
(Worcester and Evesham series) the water was held the longest in the soil matrix after 

each watering session. On the Worcester series soil, results in terms of conditioner 
treatments were inconsistent: the high application rate soil (8000 ml/ha) continuously 

maintained the highest soil moisture contents, thus preserving most soil water, and the 

low application rate soil (800 ml/ha) had lower moisture contents than the control pots 

initially and equal moisture contents for the last three readings. On the Evesham series 

soil, there was a clear relationship between soil moisture contents and conditioner 

treatments: with increasing soil conditioner application decreasing moisture contents 

were measured, indicating increased drainage of soil water as a result of a more porous 

soil structure. Both these soil types had a final soil weight of -520 g, thus still 

preserving -20 nil of soil water (-4%) at the end of the experiment on 23 February 

1996. By then, the other three soil types had returned to their original air-dried soil 

weight of 500 g, independent of conditioner treatment. 

The sandy silt loam soil from Compton Park (Salwick series) had also lower moisture 

contents for both conditioner application rates compared to the untreated pot soils, but 

the readings for the low application rate soil were slightly lower than those obtained on 
the high application rate soil, so it was a different trend from the Evesham, series soil. 
The two sandy soils from near the Hilton Experimental Site (Bridgnorth and Newport 

series) had very similar trends in moisture contents with time: they both had the control 

pot soils generally having the highest soil moisture contents and the high application 
rate soil having higher moisture contents than the low application rate soil. Equal 

moisture contents were found on these soils for all conditioner treatments during the last 

two readings. Furthermore, both these soils drained very freely during the whole 
experiment. The statistical analysis of all data presented in figure 4.5.1 showed 
significant overall treatment effects on all soil types investigated, with the direction of 
these changes as described above (Table 4.5.1). 
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Figure 4.5.1: Soil moisture contents ot pots, containing 'Agri-SC'-treated and untreated 
soil types (February 1996). 
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Results Newport series soils (n 7) 
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Note: Percentage soil moisture is based on the air-dried soil mass. 

113 



Table 4.5.1: Statistical analysis of the data presented in figure 4.5.1. 

Anova: Two-Factor With Replication SALWICK SERIES SOILS 

Source of Variation SS df Ms F P-value F crit 

Treatments 7.824 2 3.912 5.599237 0.005106 3.097696 
Dates 3117.092 4 779.273 1115.372 9.51 E-76 2.47293 
Interaction 1.109333 8 0.138667 0.198473 0.990415 2.042988 
Within 62.88 90 0.698667 
Total 3188.905 104 

Anova: Two-Factor With Replication 

Source of Variation SS of ms 

WORCESTER SERIES SOILS 

F P-Value F crit 

Treatments 26.68444 2 13.34222 21.70494 1.19E-08 3.080388 
Dates 3512.31 5 702.462 1142.755 9.33E-92 2.298428 
Interaction 6.728889 10 0.672889 1.094646 0.372817 1.919467 
Within 66.38857 108 0.614709 
Total 3612.112 125 

Anova: Two-Factor With Replication BRIDGNORTH SERIES SOILS 

Source of Variation SS df ms F P-value F crit 

Treatments 14.016 2 7.008 8.211278 0.00053 3.097696 
Dates 4054.927 4 1013.732 1187.79 5.93E-77 2.47293 
Interaction 4.265905 8 0.533238 0.624795 0.754958 2.042988 
Within 76.81143 90 0.85346 
Total 4150.021 104 

Anova: Two-Factor With Replication 

Source of Variation SS df ms 

NEWPORT SERIES SOILS 

P-va/ue F crit 

Treatments 13.07143 2 6.535714 4.372876 0.016131 3.123901 
Dates 3310.2 3 1103.4 738.2561 5.76E-54 2.731809 
interaction 6.970476 6 1.161746 0.777294 0.590388 2.227402 
Within 107.6114 72 1.494603 
Total 3437.853 83 

Anova: Two-Factor With Replication EVESHAM SERIES SOILS 

Source of Variation SS df MS F P-value F crit 

Treatments 130.2559 2 65.12794 50.93594 2.63 E- 16 3.080388 
Dates 1680.563 5 336.1125 262.8704 9.59E-59 2.298428 
Interaction 8.936508 10 0.893651 0.698916 0.723594 1.919467 
Within 138.0914 108 1.278624 
Total 1957.846 125 
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4.6 Study of Soil Structure using Various Soil Conditioners 

4.6.1 Introduction and Aims 

Structural changes can occur in soils under conditioner treatments due to differently 

arranged soil matrixes resulting from moved or stabilised soil particles. This experiment 
assessed the soil structure of 'Agri-SC'-treated plots against untreated soil and compared 
the effectiveness of 'Agri-SC' treatment with other commercially-available and 
comparable soil conditioners. For this, soil structure was assessed in terms of bulk 
densities, moisture contents and crust strengths. 

4.6.2 Experimental Design 

For the comparative part of this study, three other soil conditioners were selected on the 
basis of similarity of their modes of action: 1) 'Kiwi Green! is a conditioner based on 
organic wetting agents, enzymes and surfactants and marketed by Quattro 
Environmental Inc., California, U. S. A., 2) 'SoilTex' is an anionic polyacrylamide 
marketed by Interlates, Allied Colloids, Skelmersdale, U. K. and 3) 'Humus' is based on 
humic acids and has been successfully used before as a soil conditioner in an 
undergraduate project at the University of Wolverhampton, producing results 
comparable with 'Agri-SC' applications (Cookson, 1993). It is marketed by Humus of 
America, Inc., Texas, U. S. A. All products are part of the hydrophilic group of soil 
conditioners and all affect soil structure by electrostatical. interaction with soil particles. 
They are all easy to apply and commercially available. 'Agri-SC', 'SoilTex! and 'Humus' 

are available at the same price of ; CIO-20 per ha, 'Kiwi Green! is marketed at around 
E150 per ha. Selection of these specific soil conditioners was furthermore based on their 
availability at that time, as contacts with the suppliers had been established during the 
first conference attended (Appendix IV). 

The plots used for this experiment were established on the loamy sand soil of the 
Bridgnorth series at the Hilton site. The soil was prepared in a lay-out of two replicated 
blocks of six 1 m2 (1 x1 m) plots each. Treatments were made in duplicate and the 
laboratory prepared solutions were applied with two litres of water to each plot. The 
'Agri-SC' solution was applied at a rate of 594 ml/ha and the three soil conditioners used 
for the comparative study were applied according to manufacturer's recommendations: 
'Kiwi Greed at 50 I/ha, 'SoilTex' at 125 I/ha and 'Humus' at 2.4 I/ha. A mixed 
application of 'Humus' and 'Agri-SC (both applied at 100% of their individual rates) 
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was also made, to study possible interactions and synergistic effects. Including the 
control plots, a total of six different treatments were made in duplicate on 6 July 1995. 

Soil crust strength was measured on 25 September 1995, by taking 50 readings per plot 
with a hand held penetrometer (Section 2.4), resulting in 100 readings per soil 
conditioner treatment. Nine 0-5 cm. soil samples were taken from each plot on 28 
September 1995 to study soil bulk density and moisture content, resulting in 18 

measurements per treatment. The methods for these determinations are described in 
S ections 2.10 and 2.11. 

4.6.3 Results 

Three other conditioners were compared with 'Agri-SC', but none of the applications 
caused any detected changes in the crust strength of the loamy sand plots (Table 4.6.1). 

Table 4.6.1: Crust strength of conditioner-treated loamy sand soil, arranged in 

randomised blocks. 
------------------------- 
Treatment 

- ----- - -- - --- --- ------- - 
Mean crust 

------------------- - -- -- ----- ----- - --- -- 
S. D. 

strength (kg/cm2) 

---------------------- ------------- ------------------------- 
Untreated 

------- 
0.47 

-------------------------------------------------------- 
0.14 

Agri-SC 0.47 0.15 
Humus 0.49 0.12 
Kiwi Green 0.60 0.24 
SoilTex 0.55 0.14 
Agri-SC + Humus(i) 

------------------------- 
bl f 

0.45 

---------------------------- 
l f l i i 

0.16 

------------------------------------------------------------------- 
)VA-ta e( or a 

Source of variation 

ng e- actor ana ys s): s 

sa df us E P-value LviL 
Treatments 3.38*10-2 5 6.77*10-3 1.26 0.39 4.39 
Within 3.22*10-2 6 5.37*10-3 
Total 6.60* 10-2 11 

- ---- - ------- - ----- - ------- - ---------------- ---- -- ------------------------------ - -- - ------ - -------- 
Notes: 
(i) Based on a 100% v/v mix. 
(ii) All results based on n= 100 readings. 
---------------------------------------------------------------- - ------------ - ------------- - ------------------------------ 
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Soil bulk density decreased and soil porosity increased on all conditioner-treated soils, 
compared to untreated soil (Table 4.6.2). Mean soil moisture content (measured 12 

weeks after treatment) was slightly higher than the control for the plots treated with 
'Humus' and 'SoilTex'. Only 'Agri-SC-treated soil showed slightly lower topsoil 

moisture contents compared to the untreated soil. 

Table 4.6.2: Soil characteristics of conditioner-treated loamy sand soil, arranged in 

randomised blocks. 
---------------------- - --- -- -- 
Treatment 

--------------------- 
Bulk 

------------ 
S. D. 

------------- -- 
Total 

------------ 
S. D. 

--- - ----------- 
Soil 

- ---------- 
S. D. 

densiý porosity moisture 
(g/cm 

----------- 

N content 
- --------------------------------- 

Untreated 
-- ------- 

1.38 
----------- 

0.09 
------------- 

36.93 
------------ 

4.08 
--------------- 

7.8 
---------- 
0.6 

Agri-SC 1.31 0.08 39.98 3.75 7.5 0.6 
Humus 1.28 0.07 41.33 3.16 8.4 0.7 
Kiwi Green 1.30 0.08 40.71 3.72 8.2 0.7 
SoilTex 1.32 0.07 39.94 3.25 8.5 0.7 
Agri-SC + Humus(i) 

--------------------------------- 

- 
)VA-table (for a single- 

1.29 

--------------------- 
factor analysis) f 

0.06 

------------- 
or bulk de 

41.08 

---------------- 
nsity results: 

2.77 

---------- 

7.8 

----------------- 

0.7 

------------ 

Sourcc of variation m df ME E P-value F-ailL 
Trcatments 1.24* 10-2 5 2.47* 10-3 2.30 0.17 4.39 
Within 6.46*10-3 6 1.08*10-3 
Total 1.89*10-2 11 

Source of variation via df ME E P-value ErliiL 
Treatments 1.38 5 2.76*10-1 3.10 0.10 4.39 
Within 0.53 6 8.89* 10-2 

Total 1.91 11 

Source of variation M df Ma E P-value ESIiL 
Treatments 25.77 5 5.15 2.30 0.17 4.39 
Within 13.46 6 2.24 
Total 39.23 11 

--------- - --- - --------------- - ------ - ---------------- ------ ---- ----------- - --------------- - --------------- -- 
Notes: 
(i) Based on a 100% v/v mix. 
(ii) All results based on n= 18 samples. 
-------------------------------------------------------------------------------------------------------------- 
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4.7 Measurement of Aggregate Stability using the Water Drop Test 

4.7.1 Introduction and Aims 

A laboratory test was developed to measure the stability of soil aggregates when 
exposed to falling water drops. Initially, the aggregates were prepared by incubation in 

plastic containers. Later, the studied aggregates were removed from a field experiment 
for laboratory analysis. Aggregate stability measurements are often recognised as the 
best way to assess the effectiveness of a soil conditioner, as they measure directly the 

stabilising impact of the conditioner upon individual soil particles (Laws, 1954; 
Emerson, 1956; Ephsteyn & Revut, 1974; Wallace, 1987). This primary process needs 
to take place first, before soil conditioners can have further beneficial effects on soil 
structure and soil conservation. 

4.7.2 Experimental Design 

Three I kg bulk samples of Bridgnorth series loamy sand soil were treated with 'Agri- 
SC (at rates of 594 and 1188 ml/ha and added with 200 ml of water) and incubated in 

plastic containers for four weeks at 40 OC. The individual aggregates between 4.0 and 
5.6 min were then sieved and their stability measured (Section 2.12.1). Untreated soil 
was prepared in a similar way. A first run of 100 measurements per conditioner 
treatment was analysed on aggregates from the soil still at field capacity, a second run 
was conducted on aggregates after air-drying the bulk soil. For a third run of this 

experiment, soil samples were removed from the Ap horizon (0-3 cm. depth) of each of 
the 12 blocks of the splash erosion field experiment (Section 3.2) on 23 June 1994, ten 

weeks after treatment with 'Agri-SC'. The preparation of these aggregates and the 

measurement of their stability has been described in Section 2.12.1. Per block, 50 

aggregates were assessed, resulting in 150 analyses per treatment. 

4.7.3 Results 

During the first two runs of stability assessments, no significant differences were found 
between treated and untreated soil (Table 4.7.1). The first run results showed slightly 
higher stability values for the treated soil, but this was not repeated in the second run. 
The aggregates collected from the splash erosion field experiment at the Hilton site 
showed a generally higher stability for the conditioner-treated aggregates, with a 
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significantly higher stability for the highest 'Agri-SC application rate (891 ml/ha). 
During all runs, the untreated soil repeatedly needed the minimum number of drops to 
fully disperse aggregates. 

Table 4.7.1: Number of water drops falling from 1 metre height necessary to 
disperse 'Agri-SC-treated and untreated soil aggregates (4.0-5.6 mm) of loamy 

sand soil. 
----------------------------------------------------------------------------------------------------------------------------- 
Test I 

Treatment Mean Max. Min. S. D. n 
----------------------- 
Untreated 

----------------------- 
5.45 

---------------------- 
14 

--------------------- 
2 

--------------------- 
2.83 

---------------- 
100 

594 ml/ha 5.82 15 2 2.97 100 
1188 ml/ha 
----------------------- 

5.88 
----------------------- 

16 

--------------------- 

2 

---------------------- 

2.92 

--------------------- 

100 

---------------- 

ima 

Treatment Mean Max. Min. S. D. n 
---- ----------------------- 

Untreated 
----------------------- 

5.73 
--------------------- 

14 
---------------------- 

3 
--------------------- 

2.29 
------------ 

100 
594 ml/ha 6.31 18 3 2.82 100 
1188 ml/ha 
----------------------- 

5.75 
------------------------ 

15 

--------------------- 

3 

--------------------- 

2.19 

--------------------- 

100 

---------------- 

iuu 

Treatment Mean Max. Min. S. D. n 
---------------------- 
Untreated 

------------------------- 
8.21 

-------------------- 
21 

--------------------- 
3 

---------------------- 
3.81 

---------------- 
150 

297 mVba 8.79 31 3 4.25 150 
594 ml/ha 8.67 26 3 4.03 150 
891 ml/ha 
---------------------- 

9.07* 
------------------------- 

30 

-------------------- 

3 

--------------------- 

4.72 

---------------------- 

150 

---------------- 

4.8 Measurement of Aggregate Stability using Simulated Rainfall 

4.8.1 Introduction and Aims 

The stability of aggregates against the impact of raindrops is a widely agreed assessment 
of the effectiveness of soil conditioners (Laws, 1954; Emerson, 1956; Ephsteyn & 
Revut, 1974; Wallace, 1987). The test reported here is an improved version of the 

experiment described in Section 4.7, in that the use of simulated rainfall can more 
closely model natural conditions. This experiment aimed to assess the detachability of 
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soil aggregates treated with different rates of 'Agri-SC'. These values were compared 
with results obtained using other soil conditioners and a variety of soil types. 

4.8.2 Experimental Design 

The aggregates used in the first run of this experiment were selected from the plots at 
Hilton also used for the soil structure studies. A full description of those plot 
preparations and the other three soil conditioners used for that experiment is presented 
in Section 4.6.2. Soil was sampled in two sessions, firstly on 20 September 1995,11 

weeks after the conditioners were applied and again on 12 October 1995,14 weeks after 
conditioner application. Four soil samples were taken from each block each time and 
soil aggregates were prepared and analysed for stability using a rainfall simulator 
(Section 2.12.2). Per conditioner treatment, this resulted in two sessions of eight tests on 
aggregate stability. 

For a second set of aggregate stability measurements of conditioner-treated soils, the pot 
soils from Experiment 4.5 were used after that experiment had been completed. In this 

experiment, although only the 'Agri-SC soil conditioner was applied, the effectiveness 
of three different application rates on four different soil types was tested. Per 

combination of soil type and conditioner treatment, seven replicated pots were available, 
yielding aggregates for seven tests on their stability. The pots filled with Bridgnorth 

series soil did not yield sufficient stable aggregates between 2.8 and 4.0 mm. to include 
in this experiment. 

4.8.3 Results 

On the loamy sand soils treated with 'Agri-SC and 'SoilTex, an increased aggregate 
stability was evident (during the first and second run, respectively; Table 4.8.1). During 
both runs of the experiment, the untreated plots yielded the most erodible aggregates. 
ANOVA analysis of the results showed the overall differences between the various 
treatments to be significant (P < 0.05) for the second set of results, whilst a subsequent 
Student's West analysis revealed the difference between 'Agri-SC'-treated and untreated 
aggregates to be significant at P<0.01 during the second run. 
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Table 4.8.1: Percentage water stable aggregates (4.0-5.6 mm) of conditioner-treated 
loamy sand soil after application of simulated rainfall. 
-------------------------------------------------------------------------------------------------------------------------- 

3&5 October 1995 18 & 19 October 1995 

Mean % S. D. Mean % S. D. 
water stable water stable 

Treatment 
---------------------------- 

aggregates 
------------- - 

aggregates 
---------- 

Untreated 
------ - 

17.8 
----------------- 

13.5 
------------------------- 

29.8 
-------------------- 

11.1 
Agri-SC 22.2 7.8 45.9** 6.1 
Humus 21.7 20.0 31.5 4.3 
Kiwi Green 25.7 10.6 33.1 7.7 
SoilTex 38.0 10.3 33.0 9.9 
Agri-SC + Humus(i) 19.1 5.2 34.0 7.5 

Mean rainfall intensity Mean rainfall intensity 
applied: 27.4 rarn/hOO applied: 28.8 mm/h(iii) 

--------------------------------------------------------------------------------------------------------------------------- 
ANOVA-table (for a single-factor analysis) for results from 3&5 October 1995 v 

Source of variation S. S df Ma E P-value Esht 
Treatments 536.91 5 107.38 1.57 0.30 4.39 
Widiin 409.96 6 68.33 
Total 946.87 11 

ANOVA-table (for a single-factor analysis) for results from 18 & 19 October 1995: 

Source of variation S. S a ME E P-value ESiL 
Treatments 323.66 5 66.53 5.64 2.87*10-2 4.39 
Within 40.81 6 11.80 
Total 403.48 11 
----------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Based on a 100% v/v mix. 
(ii) Based on 24 runs, S. D. = 5.2 
(iii) Based on 24 runs, S. D. = 4.3 
(iv) All mean results based on n=8 samples. 

For all four soil types included, the percentage water stable aggregates was always 
higher (for both conditioner application rates) for treated than for untreated soil (Table 
4.8.2). The only exemption was the 800 ml/ha application rate on Newport series soil, 
which stability was equal to that of untreated soil. Aggregate stability was significantly 
increased for both application rate Worcester series soils. The very high application rate 
soils (8000 ml/ha) showed even further increased stability on three of the four soils. The 
highest percentages of water stable aggregates remaining after 15 minutes of rainfall at 
an average intensity of 57.7 mm/h were found on another clay soil (Evesham series, 
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83.5% for the highest application rate soil). The lowest percentages were found on a 
sandy loam soil (Newport series, 16.1 % for the untreated soil). 

Table 4.8.2: Percentage water stable aggregates (2.84.0 mm) of 'Agri-SC '-treated 

soil types after application of simulated rainfall. 
----------------- ------ ---------- - --------------------- - ------- -- ------ -- - --- ----- - ---- - -------- 0 mVha 800 ml/ba 8000 ml/ha 

Mean % S. D. Mean % S. D. Mean % S. D. 
water stable water stable water stable 

Soil type aggregates aggregates 
- 

aggregates 
- -- - ---- - -- ---- - ------- -------------------------- 

Worcester series 
--- --- ---- - --- - -- 

37.1 
-------- -- 

6.2 
----- - --------- - --- 

49.5** 
- -------- 

8.7 48.1** 6.0 
Evesharn series 81.6 5.9 82.0 6.2 83.5 5.1 
Newport series 16.1 1.7 16.0 4.7 16.8 3.9 
Salwick series 31.4 9.7 33.9 8.0 34.3 8.9 

Mean rainfall intensity applied: 57.7 mm/h(i) 
--------------------------------------------------------------------------------------------------------------------- 
ANOVA-table (for a single-factor analysis) for results Worcester series: 

Source of variation hu df 
Treatments 641.34 2 
Within 894.42 18 
Total 1535.76 20 

ma E P-value ESiL 
320.67 6.45 7.7 1* 10-3 3.55 
49.69 

-------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) Based on 42 runs, S. D. = 4.2 
(ii) All mean results based on n=7 samples. 
---------------------------------------------------------------------------------------------------------------- 

4.9 Scanning Electron Microscopical Analyses of Soil Samples 

4.9.1 Introduction and Aims 

The use of a scanning electron microscope (SEM) allowed detailed studies of soil 
micromorphological features, particle interactions and aggregating mechanisms before 

and after the aggregates had been treated with 'Agri-SCI. For this experiment, use was 

made of the SEM facilities at the X-ray suite of the University of Wolverhampton. The 

studies examined the effects and mode of action of 'Agri-SC' when introduced to the 

soil. 
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4.9.2 Experimental Design 

The aggregates required for the experiment were taken from the sandy silt loam soil 
from Compton Park and prepared as described in Section 2.13. Aggregates of the Hilton 
loamy sand soil were also used, but completely slaked upon immersion in water. The 

solutions in which the aggregates were immersed were made up by diluting 'Agri-SC' to 
obtain a 1% and a 100% concentrated solution. A pure water treatment of aggregates 
was also incorporated to provide control images of untreated soils. 

4.9.3 Results 

Both concentrations of 'Agri-SC produced distinct features in soil aggregates (Fig. 
4.9.1, Plates 4.4 to 4.13), which were not present in untreated aggregates (Plate 4.3). 
The features can be described as 'coats, 'strings' and 'crystals' and were clearly visible at 
magnifications of 500-1000x. The 'coats' were skin-like filaments (seen as a gel-like 
material) surrounding various soil particles at the same time, embedding them in a 'coat' 

of polymer material and forming bridges across pores (Plates 4.4 to 4.6). The 'strings' 

are believed to be leads of polymers, frequently physically linking individual particles 
together (Plates 4.7 to 4.10). They often surrounded natural organic materials, such as 
plant roots and hyphae (Plates 4.11 and 4.12). The 'crystals' were made up from 
individual needles and found inbetween soil particles (Plate 4.13). The more 
concentrated solution used to treat the aggregates (100% 'Agri-SC) produced all the 

same features encountered by applying the 1% concentration, but in far higher 

quantities. These aggregates were especially rich in the 'crystal' type features. 
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Figure 4.9.1: Scanning electron microscope plates 4.3 - 4.13. 

Plate 4.3: Untreated soil aggregate. 

Plate 4.4: Soil particles embedded in a 'coat' type feature. 

a 

v 
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Plate 4.5: Soil particles embedded in a 'coat' type feature. 

4 

Plate 4.6: Soil particles embedded in acoat' type feature. 
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4 

Plate 4.7: Soil particles linked by a'string'type feature. 

I 

Plate 4.8: Soil particles linked by a'string' type feature. 
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Plate 4.9: Soil particles linked by a'string' type feature. 

4 

Plate 4.10: Soil particles linked by a 'string' type feature. 
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Plate 4.11: 'String' type features surrounding organic matter. 

Plate 4.12: 'String' type features surrounding organic matter. 

127 



Plate 4.13: 'Crystal' type feature 
. 

4.10 Discussion of Experiments Reported in Chapter 4. 

During the two years of soil structural measurements on the cropped plots at the Plant 

and Environment Research Unit at Compton Park (Section 4.1), highly significant 
decreases in soil moisture content were measured on a number of occasions for both low 
(594 ml/ha) and high (1188 ml/ha) conditioner applications, on both rolled and unrolled 
plots, compared to untreated plots. This indicates a potential to improve topsoil drainage 
by chemically treating this sandy silt loam soil, even though 'Agri-SC' did not always 
cause significant changes. The bulk-density of the conditioner-treated, cropped, sandy 
silt loam soils also decreased significantly on some occasions and a clear trend in 
decreased bulk-densities on conditioner-treated soils was maintained throughout the 
experiment. For all density measurements during these two years, the control plots 
always had the most dense soil. 

The aim to study the ameliorating effects of 'Agri-SC' on a slightly compacted soil could 
not always be successfully achieved during this experiment, as it proved difficult to 
create just enough, but not too much, adverse soil conditions with the rolling treatment. 
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Compaction is a combination between roller weight and initial soil conditions, i. e. soil 
structure and moisture content (Soane et aL, 1982). The increases in bulk-density as a 
result of the rolling at the start of the first growing season were significant, creating 
excessive compaction and taking away most of the soil conditioner effects as found on 
the unrolled plots. However, some possible indication of 'Agri-SC' effects on rolled soils 

was found during the first growing season, including significantly less soil moisture on 

all application rate plots in January 1994 and slightly lower bulk densities for treated 

plots throughout the experiment. The rolling applied at the start of the second growing 

season did hardly show up in the bulk-density or penetrometer readings and hence, did 

not cause enough adverse soil compaction to create a different soil condition. The 

conditioner effects found on the rolled soil during this season can therefore not be seen 

as an indication for soil compaction amelioration. 

A more porous topsoil was always evident on conditioner-treated soils, which accords 

with the improved drainage measured, but those effects were not consistently 

significant. However, effects caused may be subtle changes in soil conditions and are 
hence very difficult to significantly change from the control soils. During the first year, 

only a decrease in bulk-density from a mean of 1.31 g/CM3 or higher for the control plots 
to 1.25 g/CM3 for the 1188 ml/ha soil was significant at P<0.0 1 (i. e. a decrease of 4.6% 

was needed to cause significant changes from the control). In the second year, only a 

minimum decrease of 6.7% from untreated to treated plots (based on reported means of 
1.19 and 1.11 g/CM3, respectively) led to significant differences (at P<0.01). It 

therefore seems that effects smaller than -5% are not statistically significant, although 
they were consistently measured on all treated plots, rolled or unrolled, throughout the 

entire experimental period. It should be noted that they can still cause beneficial 

improvements in a poor soil structure, for example by improving the drainage capacity 

of wet soils in winter. 

It appeared that the higher application rate of 1188 ml/ha worked better on these 

cropped sandy silt loams, in terms of causing more significant and longer lasting 

changes compared to the control plots. On the bare plots, there was no relationship 
evident between soil conditioner treatments and soil moisture values or bulk-densities, 

not even on 8 December 1995, only seven weeks after treatments. From this result, it 

seems that the structural differences found between the control and the treated cropped 
plots were not able to remain on the bare plots, assuming they would have been present 
in the very first few weeks after conditioner treatment. One explanation can be that the 

plant roots quickly benefited from and maintained the improved soil structure and that 
the later crop formed a protective cover against the destructive impact of rain drops. 
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From the penetrometer readings of the 0-31.5 cm depth of soil profiles (Section 4.2), it 

can be concluded that there was no indication of deep penetration of 'Agri-SC'. A 

possible topsoil conditioning effect was occasionally significant, that is a decrease in 

soil resistance with increased conditioner application rates, on both rolled and unrolled 
plots. A plausible explanation is that, considering the small amounts applied, most of 
the chemical will react immediately in the topsoil, binding to the soil particles, and only 
very small amounts, if any, penetrate deeper. If indeed the application of 'Agri-SC' only 
causes structural changes in the topsoil, it can be measured more accurately using bulk- 
density tins. Where possible conditioner effects were noted in the topsoil, the 

conditioner did not seem able to ameliorate a rolled soil structure, based on a 
comparison of treated, rolled soil with untreated, unrolled soil. However, the conditioner 
seemed able to maintain the artificially improved structure (by the seedbed preparation) 
for longer, compared to the untreated plots with the same rolling treatment, where this 
initial good soil structure quickly deteriorated from raindrop impact. Finally, as it was 
not possible to discriminate between conditioner-treated and untreated soil deeper than 7 

cm, no conclusions can be drawn on the possible interfering effects of crop roots, i. e. 
whether these roots will alter a conditioned soil structure. In general, the shear 
resistance measured was higher on cropped than on bare soils, as roots clearly caused 
more obstruction to penetration. 

The infiltration capacity of bare, unrolled sandy silt loam soils was significantly higher 

on conditioner-treated soils (Section 4.3). The higher application rate soil (1188 ml/ha) 
showed consistently greater increases than the 594 ml/ha application rate soil, compared 
to control soil. As the readings were taken on a well cultivated arable soil, all values 
found were rather high and it was thought that the most restrictive soil layer for rapid 
infiltration was the topsoil, as that was shown before (i. e. penetrometer readings, 
Section 4.2) to benefit mostly from conditioner treatments in terms of structural 
improvements. These findings can explain the sometimes highly significant decreases in 

topsoil moisture content measured on the cropped plots (Section 4.1), but do not agree 
with the unaffected moisture values found on the bare plots themselves during the 
second growing season. On the rolled bare plots, the detrimental effects of the rolling 
treatments must have prevented the conditioner from showing the same effects found on 
the unrolled soils, as no relation to treatments was evident. 

Although the container experiment (Section 4.4) was only a small, unreplicated, 
observational experiment, the findings support the increased infiltration found resulting 
from the in-situ conditioner treatments on the same soil, as reported in Section 4.3. It 
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appears from both these experiments that 'Agri-SC' treatment can increase water 
infiltration, probably by creating larger and more interconnected macropores or by 
preventing capillary rise by opening up the smaller pores. However, although increased 
drainage can be very beneficial for plants during a wet winter, it might not be desirable 
during a dry summer spell. 

Experiment 4.5 studied the effects of two 'Agri-SC' application rates on water 
movement through pots filled with five different soils (by measuring changes in soil 
weights) and showed several interesting results. As indicated by the previous soil water 
experiments, showing improved infiltration and drainage as a result of 'Agri-SC' 
applications (Sections 4.3 and 4.4), an inverse relationship of soil conditioner 
application rates and pot soil weights was expected. However, this result was only found 

on the clayey Evesham series soil. On all the other four soil series (including the 
Salwick, Worcester, Bridgnorth and Newport series), all weight readings taken on the 
8000 ml/ha application rate soil were consistently higher than those obtained on the 800 

ml/ha application rate soil. The Worcester series was the only soil where the results 
obtained on the 8000 ml/ha application rate soil were also continuously higher than 
those from the control pot soils. On all other soil types (including the Salwick, 
Evesham, Bridgnorth and Newport series), the untreated soil always had the highest soil 
weights, and thus soil moisture contents, as measured just before each new watering 
session. For the Salwick series soil, this does not agree with the earlier reported field 

observations, indicating significantly increased infiltration capacities (Section 4.3) and 
often significantly decreased soil moisture contents (Section 4.1) on treated soils, and 
does probably indicate the limitations of soil structural responses in small pots. 

None of the soil conditioners 'Agri-SC', 'Humus' (these either applied individually or 
mixed), 'Kiwi Green' and 'SoilTex' caused any changes in the strength of a loamy sand 
topsoil, as assessed by measuring resistance to penetration (Section 4.6). It was actually 
expected that the conditioners could improve the aggregate stability in the topsoil, 
which would have resulted in decreased crust strengths compared to untreated plots. On 

soils with a higher degree of aggregate stability, a more porous topsoil will be 

maintained and less crusting will occur after rain drop impact (Troeh & Tbompson, 
1993; Wild, 1993). However, this effect was not observed in this experiment. The bulk 
density of these loamy sand soils was decreased on all conditioner-treated soils, 
including treatments with 'Agri-SC', 'Humus', 'Kiwi Green' and'SoilTex', but only'Agri- 
SC-treated soils showed an apparent slight decrease in moisture contents compared to 
untreated soil. Mostaghimi et A (1994) conducted experiments with 'SoilTex' into soil 
erosion on a Virginia silt loam. They found decreased sediment yield from 27.7 kg 
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(control soil) to 19.3 kg on treated soils, possibly indicating a more stable topsoil, 

although no differences in runoff were measured. 

The number of single water drops necessary to fully disperse treated and untreated soil 
aggregates were not very different (Section 4.7). However, there were trends of more 
stable aggregates resulting from conditioner treatment and of increasing stability with 
increasing application rate, but only on one occasion was the mean value obtained on 
conditioner-treated soil significantly higher than the untreated soil. It is believed that the 
first way of treating the aggregates (by incubating them in plastic containers for four 

weeks at 40 OC) was inappropriate, as the soil could not properly drain and was not 

exposed to natural meteorological conditions. These factors might very well have 

caused the more pronounced differences during the third run, as the field-treated soil 

may have incorporated the conditioner better and thus became more stable, therefore 

yielding more water stable aggregates. 

The assessment of soil aggregate stability using simulated rainfall (Section 4.8) showed 
both 'SoilTex' and 'Agri-SC-treated field soils to have increased percentages of water 

stable aggregates, compared to control soil. However, this experiment also showed that 

these possible soil conditioning effects were not always consistently repeated: during 

the first run 'SoilTex' performed very well and 'Agri-SC performed similarly to the 

control soil and during the second run, these results were reversed. This inconsistency 

might explain why no increased aggregate stabilities, or reduced crust strengths, were 

measured after treatments with these conditioners to the same soil type during the 

penetrometer field studies (Section 4.6). During the experiments assessing the 

performance of different pot soils treated with just 'Agri-SC', it was shown that the 

stabilising effects of conditioner treatments were evident on all four soil types, although 
the only significant improvements were found on a clay soil (Worcester series). This can 

suggest an enhanced interaction of 'Agri-SC with argillic soils. 

The SEM micrographs (Section 4.9) revealed interesting features in treated aggregates 
and it is believed that they were created by the active ingredient of the soil conditioner. 
These effects may be either direct or in interaction with soil constituents, as they were 
not found in untreated soil aggregates. The features are thought to be either polymer 
materials or crystallised ions which were initially attached to the polymer strings, but 

reacted with soil cations or anions on application to and interaction with the soil. Most 
importantly, the process of physically binding individual soil particles together was 
clearly evident, as well as a thorough distribution of the soil conditioner throughout the 

submersed soil aggregates. De Boodt (1990,1992) published very comparable SEM 
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micrographs of conditioner-treated sandy and loamy soil aggregates, showing strings of 
polyacrylamide and polysaccharides and surface covers of polybutadiene and bitumen. 
He noted that 'bundles of polymers containing some ionised groups tend to stretch over 
the surface of soil particles in a string-like manner, whereas uncharged polymers appear 
to spread uniformly over adjacent surfaces'. Rawlins et A (1963) reported some of the 

very first electron micrographs of conditioner-treated soil aggregates. They also 
identified 'narrow films and large strands' throughout their clay soil samples, which had 
been treated with 0.1% carboxy-methyl-cellulose (CMC) and isobutylene-maleic-acid 
(IBMA) solutions. 

The SEM results indicating more internally stabilised soil aggregates as a result of an 
'Agri-SC' treatment can ftirther explain some of the findings to date. For example, 
treated soils showed decreased bulk-densities (Section 4.1), lower penetrometer 

resistance of topsoils (Section 4.2), increased infiltration capacities and drainage 

(Sections 4.3 and 4.4) and more water stable aggregates (Sections 4.7 and 4.8), which 

are all closely related to improved soil coherence against slaking. Also, it can support 
the idea that argillic soils will be more sensitive to conditioner treatments, as there will 
be more electrostatically charged binding sites and attached ions present. 

4.11 Conclusions from the Experiments in Chapter 4. 

1) Decreased bulk-densities and soil moisture contents and increased porosities in the 

topsoil (0-5 cm) of rolled and unrolled, cropped, 'Agri-SC'-treated plots were maintained 
throughout two experimental runs. The effects were sometimes highly significant, but 

not apparent on the bare soils added during the second growing season. An application 

rate of 1188 ml/ha caused the most significant and longest lasting changes. 

2) Lower resistance to penetration was often measured in the topsoil profile (0-7 cm) on 
'Agri-SC'-treated, rolled and unrolled plots. An application rate of 1188 ml/ha 

sometimes caused significant decreases further down the profile. However, results were 
not consistent and there was no indication of any deeper penetration of 'Agri-SC. 

3) Highly significantly increased infiltration capacities were measured on unrolled 
'Agri-SC'-treated soils, with higher rates on the high application rate of 1188 ml/ha than 
the 594 ml/ha rate. 
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4) In a 594 ml/ha'Agri-SC'-treated soil volume of 0.27 M3,11.4% more drainage water 
was measured over a year than in untreated soil. 

5) No consistent effects of 'Agri-SC on water movement through pots filled with 
different soils were found. 

6) None of the soil conditioners 'Agri-SC, 'Humus' (these either applied individually or 
mixed), 'Kiwi Green! and 'SoilTex' changed the strength of the topsoil of a loamy sand 
soil. 

7) Decreased bulk densities were measured on all conditioner-treated loamy sand soils, 
including treatments withAgri-SC, 'Humus', 'Kiwi Green! and'SoilTex', but only'Agri- 
SC-treated soils also showed slightly decreased moisture contents compared to 

untreated soil. 

8) 'Agri-SC' field-treated loamy sand soils had significantly greater percentages of 
water-stable aggregates (4.0-5.6 mm) andSoilTex'-treated soils had apparently greater 
percentages of water-stable aggregates. However, the results were obtained during two 

separate sessions, one favoured 'Agri-SC', the other 'SoilTexl. Therefore, soil 
conditioning effects were not always consistently repeated. 

9) 'Agri-SC' pot treatments resulted in more stabilised aggregates (2.8-4.0 mm) in two 
different clay soils and a sandy silt loam, with significant increases for the Worcester 

series clay soil. 

10) 'Agri-SC-treated soil aggregates showed specific interparticle bonds under an 
electron microscope, which were not evident in untreated soils. 
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CHAPTER 5: STUDIES ON WINTER WHEAT PERFORMANCE 

Much soil conditioner research has assessed the influence of conditioners on crop 
performance in terms of growth and yield (cf. Chapter 1). Sometimes direct chemical 
effects have been reported (Van der Watt & Claassens, 1990), but usually indirect 

effects resulting from changes in soil physical properties were believed to influence 

plant performance (Martin et aL, 1952; Doyle & Hamlyn, 1960; Wallace & Wallace, 
1990). At the Plant and Enviromnent Research Unit at Compton Park, a field 

experiment was established to assess the effects of 'Agri-SC' on the performance of a 

major arable crop in England, winter wheat, through two growing seasons (Section 5.1). 

These studies were followed on by a greenhouse pot experiment studying more closely 
the emergence and early growth of this crop (Section 5.2). 

5.1 Field Studies of Crop Performance 

5.1.1 Introduction and Aims 

The winter wheat field experiment at Compton Park investigated 'Agri-SCI conditioner 

effects on the three main stages of crop performance, including initial establishment, 

vegetative growth and yield/yield components. Although the main study was aimed at 

assessing these conditioner effects, the rolling treatments (applied in order to create an 

adverse soil condition; see Section 4.1.2) had their own impact on the crop and this will 

also be addressed in the results and discussion. Furthermore, the findings of this field 

study will be related to the soil physical changes examined on these rolled and unrolled 

plots (Sections 4.1,4.2 and 4.3) in the general discussion (Chapter 7). 

5.1.2 Experimental Design 

The field experimental design has been described in Section 4.1.2. During both growing 
seasons, the field had been subjected to appropriate agricultural management. A review 
of treatments applied to the plots is summarised in Table 5.1.1. 
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Table 5.1.1: Summary of agricultural management applied to the winter wheat 
field during the two growing seasons 1993-1994 and 1994-1995. 
------------------------------------------------------------------------------------------------------------------------------ 
1993-1994 
05-11-1993 Field stubble-cross cultivated and ploughed to 23 cm deep. 
08-11-1993 20 kp- 0-24-24 NPK-fertiliser aDt)lied: field harrowed with a Dutch harrow: 

10.6 kg winter wheat (variety Bcaver) sown at 147 kg per ha. 
19-11-1993 Rolling treatment applied: initial pass with 1.5 t Cambridge roller, two 

subsequent passes with 2.0 t roller. 
06-12-1993 'Agri-SC'soil conditioner applied at 0-594-1188 ml/ha. 
23-03-1994 6.4 kg 34.5 N-fertiliser applied (first split spring dressing). 
11-04-1994 'Assef herbicide sprayed at I litre per ha. 
18-04-1994 10.8 kg 34.5 N-fertiliser applied (second split spring dressing). 
15-06-1994 'Corbel' fungicide sprayed (144 ml in 37 litres water). 
17-06-1994 'Radar' fungicide sprayed at I litre per ha. 
22-08-1994 Harvest. 

1994-1995 
24-08-1994 'Round up'herbicide sprayed. 
12-10-1994 Field stubble-cross cultivated and ploughed to 23 cm deep; 

20 kg 0-24-24 NPK-fertiliser applied; field harrowed with a Dutch harrow; 
10.2 kg winter wheat (variety Beaver) sown at 147 kg per ha. 

14-10-1994 Rolling treatment applied: two passes with 1.5 t roller. 
25-10-1994 'Agri-SC' soil conditioner re-applied at 0-594-1188 ml/ha on same 

plots as before. 
16-11-1994 'Paraquat' herbicide sprayed to outer left (unrolled) plot row to make 

it bare (plot was at seedling stage). 
02-12-1994 'Assef herbicide sprayed at 2 litres per ha. 
20-03-1995 6.4 kg 34.5 N-fertiliser applied (first split spring dressing). 
11-04-1995 'Hytane' herbicide sprayed at 4 litres per ha. 
20-04-1995 20.0 kg 34.5 Mertiliser applied (second split spring dressing). 
12-06-1995 'Corbel' fungicide sprayed (144 ml in 37 litres water). 
18-08-1995 Harvest. 

Winter wheat growth was monitored every two weeks on 120 plants each time (10 

plants per plot, 20 per treatment). Measurements were made on emergence, fresh and 
dry weights of shoots and shoot components, leaf areas and stem and ear densities. 
During the first growing season, a total of four sets of emergence rates were obtained 
(Section 2.17), 15 sets of shoot weights (Section 2.20), four sets of leaf area readings 
(Section 2.18), two sets of stem density and two sets of ear density readings (Section 
2.17). During the second growing season, two sets of emergence rates, 14 sets of shoot 
weights and two sets of leaf area readings were obtained. Stem and ear density readings 
were not taken in the second year, as at that stage there was no indication of any 
differences between untreated and conditioner-treated plots. 
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Fresh and dry shoot weights were recorded from early plant growth onwards. From 

about mid-growing season, after strong tillering was apparent, only main stems were 
taken for these vegetative growth measurements. Readings of the various shoot 
components were taken from then onwards, initially stem and leaf weights were 
recorded next to total shoot weights, later ear weights were also added. An extra set of 
240 plants (20 per plot, 40 per treatment) was sampled immediately prior to harvesting, 

to study fresh and dry shoot weights and total grain weight per ear (See Sections 2.20 

and 2.21). After harvest, total yield per plot was determined and measurements of 
specific weight and 1000-grain weight were subsequently conducted according to the 

methods described in Section 2.20. 

5.1.3 Results 

The density of the winter wheat seedlings during both growing seasons are reported in 

Table 5.1.2. On the unrolled plots, apart from the very first set of readings, the high 

application rate soil (1188 ml/ha) always had slightly lower seedling density than the 

control plots. The same is true for the lower application rate soil (594 ml/ha), only then 
it is the very last reading which was not lower than the control soils. However, this is a 
trend, as these decreases were not significant, due to high standard deviations. There 

was no clear difference between the effects of the two conditioner application rates. On 

the rolled plots, no conditioner effects were evident. The effects of the rolling treatment 
itself, however, were very clear, especially in the first growing season when -50% less 

seedlings emerged on rolled plots (Table 5.1.2, Plates 5.1 & 5.2). It is now clear that the 

rolling treatment at the start of the first growing season was too severe. The second 
growing season rolling was less heavy and conducted on drier soil, creating a far better 

seedbed, which even resulted in slightly higher shoot densities compared to unrolled 
soil. 
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Table 5.1.2: Density of winter wheat seedlings (cv. Beaver) growing in sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments (January - March 1994 & 

November 1994). 
--------------------------------------------------------------------------------------------------------------------------- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 

ml/ha 
-------------- 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
---------------------- 

ml/ha 
-------------------- 

ml/ha 
------------- 

25-01-1 
Mean 

994 
322 277** 328 139 181** 164* 

S. D 60 56 60 41 55 49 

08-02-1 
Mean 

994 
295 268* 277 152 138 142 

S. D. 47 38 44 45 50 46 

01-03-1 
Mean 

994 
270 257 264 145 148 152 

S. D. 64 50 51 50 51 53 

10-03- 
Mean 

1994 
271 256 265 136 132 149 

S. D. 45 41 52 49 42 44 

24-03- 
Mean 

1994 
279 248* 249* 145 145 146 

S. D. 33 52 57 51 53 48 

03-11-1994 
Mean 654 617 628 675 693 673 
S. D. 82 88 78 89 97 86 

17-11-1 94 
Mean 587 587 565 604 625 616 
S. D. 93 98 84 69 117 102 

--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All values per I M2 area (n = 20 samples each). 
--------------------------------------------------------------------------------------------------------------------------- 

No consistent differences were found between treated and untreated plots in plant leaf 

areas, either on rolled or unrolled plots, or in the first or second growing season (Table 
5.1.3). During the first growing season, there were smaller leaves on all rolled plots 
initially, but bigger leaves for the last two sets of readings. In the second growing 
season, the plants on the rolled plots all had consistently bigger leaves, compared to 
plants growing in unrolled soil. 

138 



Plate 5.1: Emergence of winter wheat seedlings at Compton Park during the first 

growing season (left: unrolled plots, right: rolled plots). 

Plate 5.2: Number of winter wheat plants established at Compton Park during the first 

growing season (foreground: rolled plots, background: unrolled plots). 
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Table 5.1.3: Leaf areas of winter wheat plants (cv. Beaver) growing in sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments (May - July 1994 & June - 
July 1995). 
------------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha 
-- ---------- 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
-------------------- 

ml/ha 
-------------------- 

ml/ha 
------------- 

19-05-1 
Mean 

994 
71.3 66.7 64.4* 52.8 58.6 49.1 

S. D 9.1 8.8 7.0 11.0 11.2 9.9 

02-06-1 
Mean 

994 
71.7 78.1 74.6 68.3 71.9 75.1 

S. D. 7.5 12.9 7.7 11.8 7.0 14.8 

16-06-1 
Mean 

994 
77.7 74.0 74.1 83.2 84.2 85.4 

S. D. 8.0 10.9 7.2 12.4 9.2 10.0 

18-07-1 
Mean 

994 
38.7 40.2 43.3 53.9 64.4* 57.4 

S. D. 13.2 16.3 12.5 14.9 9.2 9.1 

21-06-1995 
Mean 34.7 36.4 37.8 54.3 47.8* 44.1 
S. D. 13.7 19.1 15.9 10.1 13.5 10.9 

04-07-1995 
Mean 30.1 28.0 29.6 32.3 34.9 34.8 
S. D. 13.9 14.9 18.5 13.6 13.7 14.7 

-------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All values based on total leaf area in CM2 per shoot (n = 10 samples each for results 1994, n= 20 

for results 1995). 

------------------------------------------------------------------------------------------------------------------------- 

The stem and ear densities of the winter wheat plants were only assessed during the first 

growing season of this field experiment. Density readings showed no effects of 
conditioner treatments and lower readings on all rolled plots, compared to the unrolled 
ones (Table 5.1.4, Table 5.1.5, Plates 5.3 & 5.4). 
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Table 5.1.4: Stem density of winter wheat plants (cv. Beaver) growing in sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments (May - July 1994). 
------------------------------------------------------------------------------------------------------------------------ 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha ml/ha 
---------------------------------- 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

mVha 
-------------------- 

ml/ha 
-------------- 

19-05-1994 
Mean 668 637 672 623 572 624 
S. D 92 102 101 146 99 146 

19-07-1994 
Mean 492 477 502 412 364 426 
S. D. 77 67 81 73 79 91 

--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All values per I m2 area (n = 10 samples each). 

Table 5.1.5: Ear density of winter wheat plants (cv. Beaver) growing in sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments (June - July 1994). 
-------------------------------------------------------------------------------------------------------------------------- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha 
------------- 

mVha 
-------------------- 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
-------------------- 

ml/ha 
-------------- 

30-06-194 
Mean 467 456 462 357 369 431* 
S. D 51 82 61 84 79 72 

19-07-1994 
Mean 492 477 502 412 364 426 
S. D. 77 67 81 73 79 91 

-------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All values per I m2 area (n = 10 samples each). 
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Plate 5.3: Density of winter wheat plants on the unrolled plots at Compton Park during 

the first growing season. 

Plate 5.4: Density of winter wheat plants on the rolled plots at Compton Park during the 
first growing season. 
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None of the measurements of fresh and dry shoot weights during both growing seasons 
revealed any differences in growth rate. There were, however, almost continuously 
higher weight readings measured on treated plots for the high conditioner treatment 
(1188 ml/ha), compared to untreated soil. For example, during the first season, out of 30 

sets of weight readings per treatment (15 sampling dates, two replicated blocks per 
treatment), the unrolled soil with the high conditioner treatment had higher fresh 

weights on 24 occasions (equals 80% of the total readings) and higher dry weights on 22 

occasions (73%) compared to the untreated, unrolled plots (Appendix III, Fig. 5.1.1). On 

rolled soil, fresh weight readings were higher on 21 occasions (70%) and dry weights on 
20 occasions (67%) (Appendix III, Fig. 5.1.2). However, it should be noted that these 

results do not necessarily reflect continuous conditioner effects, as initial enhanced 
growth on treated plots might have lasted throughout the experiment and hence, these 
time sequence observations have to be treated cautiously. Still, bigger plants on treated 

plots were particularly evident from June 1994 onwards, which suggested that those 

plants could access more water during summer. This may have resulted from improved 

soil structure and better developed root systems on treated soils, which will be further 

discussed in Chapter 7. 

Maximum total fresh and dry shoot weights were measured on 18 July 1994, one month 
before harvest (Fig. 5.1.1, Fig. 5.1.2). The cumulative totals for all collected shoots (n = 
320) showed 3.3% higher fresh weights and 5.3% higher dry weights for plants growing 
on unrolled, high application rate soil, compared to plants on untreated soil (Table 

5.1.6). These figures were 2.9% and 3.9%, respectively, for unrolled, low application 
rate soil. On the rolled plots, high conditioner treatments had 6.3% greater fresh plant 

weights and 6.2% greater dry weights. Low treatments had 6.5% greater fresh weights 
and 5.3% greater dry weights. 

During the second growing season, out of a total of 28 sets of weight readings per 
treatment (14 sampling dates, two replicated blocks per treatment), no clear pattern 
related to conditioner treatments emerged (Appendix III, Fig. 5.1.3, Fig. 5.1.4). Overall 

plant weight totals (based on n= 300) showed 4.2% higher fresh weights and 3.5% 
higher dry weights for plants growing on unrolled, high application rate soil, compared 
to plants on untreated soil (Table 5.1.6). Noticeably, these figures were 12.7% and 
12.4%, respectively, for unrolled, low application rate soil. On the rolled plots, there 
was an overall decrease in plant weights on treated soil. 
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Table 5.1.6: Total fresh and dry weights (g) of winter wheat shoots (cv. Beaver) 

growing in sandy silt loam soil subjected to 'Agri-SC' and rolling treatments (1993 

- 1994 & 1994 -1995). 
---------------------------------------------------------------------------------- 

Unrolled plots 
----------------------------------------- 

Rolled plots 

0 594 1188 0 594 1188 
ml/ha ml/ha ml/ba mVha 
----------------------------------------------------------------------- 

S IGHTS 

mlAha ml/ha 
----------------------------------------- 

FRE H WE : 

Total 
1993- 
1994 1318.4 1356.0 1362.5 1339.0 1426.2 1423.3 

Total 
1994- 
1995 862.3 971.7 898.8 950.0 913.2 856.6 

MY- 

Total 
1993- 
1994 540.5 561.8 569.3 551.4 580.5 585.5 

Total 
1994- 
1995 396.1 445.3 410.0 425.1 416.0 396.8 

--------------------------------------------------------------------------------------------------------------------------- 
Note: 
(i) For 1993-1994, all results based on a total of 320 plants sampled from two replicated plots; 

for 1994-1995, all results based on a total of 300 plants sampled from two replicated plots. 
-------------------------------------------------------------------------------------------------------------------------- 
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The differences between fresh and dry shoot weights (expressed as percentage dry 

matter content) were measured to examine each set of samples independently from the 

previous readings. The study showed all plots almost equally ripening and approaching 
100% dry matter towards the end of both growing seasons (Fig. 5.1.5, Fig. 5.1.6). No 

consistent relations to conditioner treatment were evident. In the first growing season, 
dry matter contents were slightly higher for plants on unrolled plots, compared to rolled 

plots, from 19 May 1994 onwards. Over the whole first growing season, the mean dry 

matter contents were 30.9% for the untreated, 30.7% for the low application rate and 
30.7% for the high application rate, unrolled plots. On the rolled plots, these values 

were 3 0.3,29.9 and 3 1.0%, respectively (n = 15). During the second growing season, on 
10 occasions out of the total of 14 measurements, plants growing on the rolled, 1188 

mna application rate soil had higher dry matter contents than those on untreated, rolled 

soil. Plants on the 594 ml/ha application rate soil had higher dry matter contents on only 
7 occasions than untreated, rolled plots. The mean values for the whole second growing 

season were 33.9% for the untreated, 34.1% for the low application rate and 34.9% for 

the high application rate, rolled plots. On the unrolled soil, there was no evident trend 

and mean season values were 34.4,34.0 and 34.9%, respectively. 

There were only small differences between the fresh and dry leaf weights on the various 

plots and no obvious trends related to conditioner treatments were evident in any of the 

crop seasons (Table 5.1.7, Table 5.1.8). The rolling effects were reflected in generally 
heavier leaves on the rolled plots, especially in terms of fresh weight. 
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Table 5.1.7: Fresh and dry weights (g) of winter wheat (cv. Beaver) leaves per main 

stem, growing in sandy silt loam soil subjected to 'Agri-SCI and rolling treatments 
(June - August 1994). 

----------------------------------------------------------------------------------------------------------------- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
mVha ml/ha mVha mVha ml/ha ml/ha 

------------------------------------------------------------------------------------------------------------- 
FRESH WEIGHTS: 

02-06-19 
Mean 

94 
1.45 1.78*** 1.70* 1.68 1.80 1.80 

S. D. 0.19 0.20 0.29 0.27 0.29 0.43 
16-06-19 
Mean 

94 
1.40 1.33 1.35 1.61 1.58 1.69 

S. D. 0.19 0.26 0.14 0.25 0.23 0.25 
30-06-19 
Mean 

94 
1.05 0.90* 1.04 1.37 1.38 1.30 

S. D. 0.17 0.07 0.14 0.33 0.18 0.26 
18-07-19 
Mean 

94 
0.71 0.80 0.78 0.92 1.14* 1.06 

S. D. 0.19 0.19 0.18 0.21 0.21 0.20 
28-07-1 
Mean 

994 
0.39 0.40 0.39 0.52 0.53 0.48 

S. D. 0.06 0.06 0.07 0.13 0.19 0.16 
22-08-1 
Mean 

994 
0.24 0.25 0.25 0.24 0.27* 0.26 

S. D. 0.05 0.05 0.04 0.05 0.05 0.04 

02-06-19 
Mean 

94 
0.43 0.48 0.48 0.39 0.47 0.46* 

S. D. 0.09 0.10 0.07 0.09 0.13 0.09 
16-06-19 
Mean 

94 
0.43 0.37** 0.41 0.45 0.44 0.42 

S. D. 0.04 0.06 0.04 0.08 0.06 0.09 
30-06-19 
Mean 

94 
0.39 0.35* 0.43* 0.45 0.45 0.41 

S. D. 0.06 0.03 0.05 0.11 0.05 0.07 
18-07-19 
Mean 

94 
0.37 0.38 0.38 0.41 0.47* 0.45 

S. D. 0.08 0.07 0.06 0.07 0.08 0.06 
28-07-1 
Mean 

994 
0.29 0.29 0.30 0.30 0.30 0.28 

S. D. 0.04 0.04 0.04 0.05 0.04 0.03 
22-08-1 
Mean 

994 
0.24 0.25 0.25 0.24 0.27* 0.26 

S. D. 0.05 0.05 0.04 0.05 0.05 0.04 

Notes: 
(i) All results based on n= 10 samples, except from results 22-08-1994, for which n= 40. 

--------------------------------------------------------------------------------------------------------- 
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Table 5.1.8: Fresh and dry weights (g) of winter wheat (ev. Beaver) leaves per main 
stem, growing in sandy silt loam soil subjected to 'Agri-SCI and rolling treatments 
(June - July 1995). 
----- ---------------------------------- ---------- --- ------ - --- - -- - ----------- - ------------------------- - --------- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 

FRESH 

ml/ha 
--------------- 
WEIGHTS@ 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
-------------------- 

ml/ha 
-------------------- 

ml/ha 
-------------- 

21-06-1 
Mean 

995 
0.52 0.55 0.57 0.87 0.75 0.69* 

S. D. 
04 07 1 

0.24 
995 

0.28 0.24 0.22 0.25 0.25 
- - 

Mean 0.47 0.45 0.46 0.52 0.56 0.55 
S. D. 0.24 0.24 0.30 0.23 0.24 0.25 

21-06-19 
Mean 

95 
0.23 0.23 0.23 0.32 0.24** 0.28 

S. D. 
0 1 

0.08 0.11 0.09 0.08 0.09 0.09 
4-07- 9 

Mean 
95 

0.21 0.18 0.19 0.24 0.24 0.23 
S. D. 0.09 0.09 0.11 0.09 0.09 0.10 

Notes: 
(i) All results based on n= 20 samples. 
---------------------------- - ---------------- 

During the first growing season, the fresh and dry stem weights of the winter wheat 
plants were almost all higher for both soil conditioner treatments on all unrolled and 
rolled plots (Table 5.1.9). Weights were comparable between plants growing on rolled 
and unrolled soils. During the second growing season, only two sets of readings were 
obtained and these did not discriminate between conditioner or rolling treatments (Table 

5.1.10). 
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Table 5.1.9: Fresh and dry weights (g) of winter wheat stems (cv. Beaver) growing 
in sandy silt loam soil subjected to 'Agri-SC' and rolling treatments (June - August 

1994). 
------------------------------------------------------------------------------------------------------------------------- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 

FRESH 

ml/ha 
---------------- 
WEIGHTS: 

ml/ha 
--------------------- 

ml/ha 
---------------------- 

ml/ha 
------------------- 

ml/ha 
------------------- 

ml/ha 
--------- ---- 

02-06-1 
Mean 

994 
4.08 4.52 4.85** 3.58 4.03 4.19 

S. D. 0.46 0.86 0.56 0.92 0.54 0.90 
16-06-1 
Mean 

994 
6.03 5.61 5.96 6.07 6.44 6.79 

S. D. 0.83 1.21 0.83 1.36 0.65 0.73 
30-06-1 
Mean 

994 
5.50 5.66 6.03 6.27 6.40 6.13 

S. D. 0.73 0.64 0.76 0.53 0.68 0.74 
18-07-1 
Mean 

994 
4.39 5.14* 4.88 4.87 5.26 5.37 

S. D. 0.72 0.72 0.52 0.46 0.84 1.09 
28-07-1 
Mean 

994 
3.14 4.05** 3.70* 3.95 4.23 3.63 

S. D. 0.72 0.75 0.62 0.99 0.62 0.78 
22-08-1 
Mean 

994 
1.16 1.24* 1.25** 1.16 1.20 1.22 

S. D. 

DRY W 

0.17 

EIGHTS: 

0.21 0.16 0.20 0.19 0.19 

02-06-1 
Mean 

994 
1.16 1.26 1.30* 0.84 1.01* 1.15* 

S. D. 0.14 0.23 0.16 0.27 0.16 0.29 
16-06-1 
Mean 

994 
1.78 1.66 1.75 1.73 1.83 2.02* 

S. D. 0.25 0.39 0.28 0.39 0.24 0.21 
30-06-1 
Mean 

94 
2.14 2.24 2.38 2.25 2.31 2.28 

S. D. 0.35 0.26 0.27 0.24 0.27 0.24 
18-07-1 
Mean 

994 
1.72 2.00* 1.89 1.91 2.04 2.02 

S. D. 0.26 0.25 0.20 0.14 0.29 0.37 
28-07-1 
Mean 

994 
1.20 1.36* 1.28 1.34 1.39 1.25 

S. D. 0.17 0.21 0.09 0.27 0.18 0.21 
22-08-1 
Mean 

994 
1.16 1.24* 1.25** 1.16 1.20 1.22 

S. D. 0.17 0.21 0.16 0.20 0.19 0.19 

Notes: 
(i) All results based on n= 10 samples, except from results 22-08-1994, for which n= 40. 
------------------------------------------------------------------------------------------------------------ 

154 



Table 5.1.10: Fresh and dry weights (g) of winter wheat stems (cv. Beaver) growing 
in sandy silt loam soil subjected to 'Agri-SC' and rolling treatments (June - July 
1995). 
---------------------------------- - --- -------------- -------------------------------------------------------------- --- Unrolled plots Rolled plots 

0 594 1188 0 594 1188 

FRESH 

ml/ha 
--------------- 
WEIGHTS: 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
--------------------- 

ml/ha 
-------------------- 

ml/ha 
-------------- 

21-06-1 
Mean 

995 
3.62 3.63 3.48 4.19 3.80 3.67 

S. D. 
04 07 1 

0.97 
995 

1.01 1.01 1.04 1.16 1.12 
- - 

Mean 3.27 3.43 3.42 3.51 3.69 3.60 
S. D. 0.90 0.90 0.96 0.89 0.91 1.11 

21-06-19 
Mean 

95 
1.47 1.47 1.38 1.58 1.47 1.43 

S. D. 
04 07 19 

0.40 
95 

0.38 0.42 0.41 0.45 0.43 
- - 

Mean 1.41 1.49 1.51 1.54 1.58 1.59 
S. D. 0.38 0.39 0.39 0.37 0.34 0.49 

Notes: 
(i) All results based on n= 20 samples. 
(ii) Results not significantly different. 

------------------------------------------------------------------------------------------------------------------------- 

Fresh and dry ear weight readings from the last three sets of readings during the first 

growing season (taken in July and August 1994) were greater for both conditioner 
treatments on the rolled and unrolled plots (Table 5.1.11). However, standard deviations 

were high and results were not significantly different. The results from the second 
growing season did not reveal any trends (Table 5.1.12). 
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Table 5.1.11: Fresh and dry weights (g) of winter wheat ears (cv. Beaver) growing 
in sandy silt loam soil subjected to 'Agri-SC' and rolling treatments (June - August 
1994). 
------------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
mt/ha ml/ha ml/ha ml/ha mt/ha ml/ha 

-------------------------------------------------------------------------------------------------------------- 
FRESH WEIGHTS: 

16-06-19 
Mean 

94 
1.78 1.41 1.55* 1.73 1.69 1.94 

S. D. 
19 30 06 

0.24 
94 

0.47 0.29 0.45 0.20 0.22 
- - 

Mean 2.45 1.98** 2.30 2.26 2.21 2.24 
S. D. 

19 18 07 
0.49 

94 
0.20 0.31 0.37 0.43 0.44 

- - 
Mean 5.13 5.57 5.31 5.25 5.65 6.33* 
S. D. 

19 28 07 
1.12 

94 
0.82 1.04 1.04 1.36 1.22 

- - 
Mean 4.83 5.43 5.36 6.10 6.61 6.06 
S. D. 

19 22 08 
0.84 

94 
1.00 0.73 1.35 1.16 1.26 

- - 
Mean 3.12 3.37* 3.46** 3.56 3.70 3.62 
S. D. 0.53 0.66 0.65 0.71 0.67 0.63 

16-06-19 
Mean 

94 
0.48 0.36* 0.41 0.44 0.42 0.50 

S. D. 
6 1 

0.07 
94 

0.14 0.09 0.12 0.07 0.05 
30-0 - 9 
Mean 0.87 0.73* 0.86 0.80 0.79 0.80 
S. D. 

07 1 18 
0.17 

94 
0.08 0.11 0.15 0.16 0.16 

- - 
Mean 2.33 2.44 2.35 2.17 2.30 2.64* 
S. D. 
28 07 1 

0.49 
994 

0.34 0.48 0.42 0.56 0.59 
- - 

Mean 2.53 2.71 2.71 3.05 3.19 2.95 
S. D. 

08 1 22 
0.35 

994 
0.52 0.37 0.81 0.54 0.55 

- - 
Mean 2.73 2.95* 3.03** 3.11 3.24 3.17 
S. D. 0.46 0.58 0.57 0.62 0.59 0.55 

Notes: 
(i) All results based on n= 10 samples, except from results 22-08-1994, for which n= 40. 
------------------------------------------------------------------------------------------------------------ 
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Table 5.1.12: Fresh and dry weights (g) of winter wheat ears (cv. Beaver) growing 
in sandy silt loam soil subjected to 'Agri-SC' and rolling treatments (June - July 
1995). 
---------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha mL/ha ml/ha ml/ha ml/ha ml/ha 

21-06-19 
Mean 

95 
1.41 1.35 1.30 1.35 1.15 1.20 

S. D. 
7 19 

0.44 
95 

0.46 0.54 0.43 0.40 0.51 
04-0 - 
Mean 3.27 3.20 3.33 3.13 3.28 3.13 
S. D. 0.97 1.14 1.19 1.02 0.93 0.96 

21-06-19 
Mean 

95 
0.55 0.53 0.48 0.49 0.40* 0.46 

S. D. 
7 1 

0.17 
9 

0.18 0.21 0.16 0.15 0.18 
04-0 - 9 
Mean 

5 
1.32 1.30 1.35 1.25 1.33 1.28 

S. D. 0.41 0.48 0.47 0.41 0.36 0.40 

Notes: 
(i) All results based on n= 20 samples. 
----------------------------------------------- 

The results of the conditioner and rolling treatments on the combine yield showed clear 
yield reductions resulting from the rolling treatment and an increase in final yield by 
7.9% on the high application rate soil, during the first growing season (Table 5.1.13). 
The yield on the low application rate soil was similar to the untreated soil. On the rolled 
plots, no relation to conditioner treatments was evident. At the end of the second 
growing season, all treated, unrolled plots had higher yields than untreated plots, 
although yields were not related to application rates. The low application rate soil had 
34.6% higher yield compared to the untreated soil and the high application rate soil 
10.0%. Overall, all yields were much lower than during the previous growing season. 
On the rolled plots, no relation to conditioner treatments was evident, but all yields were 
two to three times higher than those from unrolled soil. 
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Table 5.1.13: Final yields (t/ha) of combined winter wheat (ev. Beaver) growing in 

sandy silt loam soil subjected to 'Agri-SC' and rolling treatments, adjusted to 15% 

moisture content (22 August 1994 & 18 August 1995). 
-------------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
mUha ml/ha ml/ha ml/ha ml/ha ml/ha 
-------------------------------------------------------------------------------------------------------------- 

Mean 
1994 6.96 6.97 7.51 5.31 4.66 5.26 

Mean 
1995 2.11 2.84 2.32 7.04 5.21 4.56 

-------------------------------------------------------------------------------------------------------------------------- 
Note: 
(i) All results based on means of two replicated plots. 
-------------------------------------------------------------------------------------------------------------------------- 

The various yield components during both seasons also reflected both conditioner and 

rolling treatments (Table 5.1.14). The first season, weight readings of total amount of 

grains per ear (taken from 40 plants sampled immediately prior to harvest) were 

significantly higher, compared to untreated plots, for both low and high application rates 

on unrolled soil. The specific weight of the combine grain showed significantly higher 
density readings for the high conditioner treatment on unrolled plots. The 1000-grain 

weight readings of the combine grain showed results which were highly significantly 

greater for both conditioner-tre4ted plots, compared to untreated plots, on all rolled and 

unrolled plots. Although total grain weights per ear were higher on all rolled plots, 

specific weights and 1000-grain weights were slightly lower than on unrolled plots. The 

second season, the only significant increases were found for the 1000-grain weights for 

the low application rate on rolled and unrolled plots. All other measurements did not 
reveal any conditioner effects. The rolling treatment resulted in consistently higher yield 
values for all components. 
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Table 5.1.14: Yield components of winter wheat (cv. Beaver) growing in sandy silt 
loam soil subjected to 'Agri-SC' and rolling treatments, adjusted to 15% moisture 
content (22 August 1994 & 18 August 1995). 

-------------------------------------------------------------------------------------------------------------------------- Unrolled plots Rolled plots 

Total grain weight per car (g) 

0 594 1188 0 594 1188 
ml/ha ml/ha ml/ha ml/ha ml/ha ml/ha 
---------------------------------------------------------------------------------------------------------------- 

1994: 
Mean 2.35 2.54* 2.57* 2.73 2.78 2.73 
S. D 0.40 0.51 0.47 0.61 0.56 0.51 
1995: 
Mean 1.53 1.71 1.66 2.07 1.98 1.90 
S. D 0.87 0.85 0.75 0.69 0.55 0.55 

Specific weight (g/100 CM3) 

0 594 1188 0 594 1188 
ml/ba ml/ha 
---------------------------------------- 

ml/ha 
----------------- 

ml/ha 
------------------- 

ml/ha 
------------------ 

ml/ha 
------------------ 

1994: 
Mean 74.9 74.4 75.4 72.8 73.1 73.3 
S. D. 0.7 0.8 0.8 0.8 0.9 0.7 
1995: 
Mean 80.0 78.5 79.5 86.5 85.9 86.4 
S. D. 1.2 1.1 1.1 1.6 1.4 1.4 

1000-grain weight (g) 

0 594 1188 0 594 1188 
ml/ha ml/ba ml/ha ml/ha ml/ha 

-------- - 
mUha 

----------------- 
1994: 

--------------------------------------- ------------------- ----------------- ----- ----- 

Mean 52.23 53.86*** 54.02*** 51.50 52.76** 53.50*** 
S. D. 1.96 1.80 1.54 1.61 1.64 1.72 
1995: 
Mean 47.11 47.61 47.18 51.40 51.67 51.69 
S. D. 1.87 1.78 2.22 1.70 1.94 1.58 
--------- 
Notes: 

----------------------------------------- ------------------- ----------------- ------------------ ----------------- 

(i) All results based on n= 40 samples. 

-------------------------------------------------- -------------------- ---------------- -------------------- ----------------- 
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5.2 Pot Studies of Crop Plant Performance 

5.2.1 Introduction and Aims 

The pot experiment followed the two years of field experiments with winter wheat, to 
assess more closely the effects of a normal and a very high application rate of 'Agri-SC' 

on the emergence and early growth of winter wheat seedlings. This experiment also 
provided data on the effects of 'Agri-SC' on cation concentrations in leachates (Section 
6.1), to enable further understanding of interactions between conditioner treatments, 

plant growth and soil fertility. 

5.2.2 Experimental Design 

Thirty 20.3 cm diameter plant pots were filled with a mixture of Ap-horizon sandy silt 
loam soil from Compton Park. The soil was first shredded to remove large stones and to 
break up clods. This homogeneous soil mass was used to fill all plant pots with equal 
amounts. 'Agri-SC'was applied on 19 March 1996 to 10 pots each at application rates of 
0,800 and 8000 ml/ha with 375 ml rain water per pot. The pots were set up in a 
randomised design in the greenhouse (Appendix VII), hanging in wooden frames and 
sitting on plastic funnels connected to 1 litre bottles (Plate 5.5). The conditions in the 

greenhouse provided artificial lighting for 16 hours a day and a temperature with a mean 
around 25 OC. After conditioner treatments, the pots were left for one month to enable 
the conditioner to become fully dispersed. Pots were watered regularly with local rain 
water. After this period, the top layer was carefully loosened and in each pot, 30 winter 
wheat seeds (cv. Beaver) were sown on 19 April 1996 by hand sowing at regular space 
intervals and similar depths for each pot. First, seed emergence was monitored (Section 
2.20) and later, plants were sampled in two sessions of 10 shoots per pot (100 shoots per 
treatment) to analyse their early vegetative growth (Section 2.20). During the whole 
experiment, all pots received 250 ml rain water twice a week, drainage water was 
collected in the bottles underneath and its cation concentrations (including Ca, Mg, Na 

and K) analysed using the atomic absorption techniques described in Section 2.15. 
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Plate 5.5: Greenhouse pot study at Compton Park. 

5.2.3 Results 

No significant effects of the 800 ml/ha application rate on seed emergence were evident, 
but indication of adverse effects of the 'Agri-SC' treatment at 10 times the normal 
application rate (8000 ml/ha) was found (Table 5.2.1). Shoots in these pots were always 
at lowest density, significantly lower than the untreated pots during the last set of 
readings. 
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Table 5.2.1: Number of winter wheat plants (cv. Beaver) growing in pots 
containing 'Agri-SC '-treated and untreated sandy silt loam soil (April - May 1996). 
------------------------------------------------------------------------------------------------------------------------ 0 800 8000 

ml/ha ml/ha ml/ha 
------------------------------------------------------------------------------------------------------------------------ 
26-04-1996 
Mean 25.3 25.3 23.8 
S. D 2.5 1.9 2.8 

30-04-1994 
Mean 27.4 27.1 26.2 
S. D 1.9 1.7 1.9 

01-05-1994 
Mean 28.3 27.6 26.5* 
S. D 

-------------------- 
ANOVA-table ( 

1.3 

------------------------- 
for a single-factor ana 

1.1 

---------------------- 
lysis) for results 0 

1.9 

------------------------------------------------------- 
1-05-1996: 

Source of variation SE 
Treatments 16.5 
Within 57.0 
Total 73.5 

-------------------------------- 
Notes: 
(i) All values are number c 
--------------------------------- 

df us E P-value F-SaiL 
2 8.23 3.90 3.25*10-2 3.35 

27 2.11 
29 

--- - ------ ----------------------- ---- - ------- - -------- - ----------------- -- 

f emerged shoots per pot (n = 10 samples each). 
----------------------------------- --------------------------------------------- 

Fresh and dry weight measurements showed that, initially, plants growing in the 8000 

mVha application rate soil were lighter than those in untreated soil (Table 5.2.2). 
However, during the second set of readings, 10 days later, plants from those pots had 
higher dry weights and significantly higher fresh weights than the control. For the low 

application rate, mean fresh weight was now also significantly higher than the control. 
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Table 5.2.2: Total fresh and dry weights (g) of winter wheat shoots (cv. Beaver) 

growing in pots containing 'Agri-SC'-treated and untreated sandy silt loam soil 
(April - May 1996). 
----------------------------------------------------------------------------------------------------------------------- 

Fresh weights Dry weights 

0 800 8000 0 800 8000 
ml/ha 
- ----------- 

ml/ha 
-------------------- 

ml/ha 
-------------------- 

ml/ha 
------------------ 

ml/ha 
------------------ 

ml/ha 
----------------- 

07-05-1996 
Mean 0.238 0.240 0.225 0.033 0.034* 0.031 
S. D 0.040 0.047 0.047 0.005 0.007 0.006 

17-05-1 
Mean 

996 
0.397 0.441** 0.423* 0.081 0.084 0.086 

S. D 

------- 
ANOV 

0.075 

---------------- 
A-table (for a 

0.087 

---------------------- 
single-factor analy 

0.092 

------------------- 
sis) for fresh wei 

0.016 

------------------ 
ght results 07-05 

0.017 

------------------ 
-1996: 

0.018 

---------------- 

Source of variation as df us E P-value ESiL 
Treatments 1.3 1* 10-3 2 6.5 5* 10-4 1.96 0.16 3.35 
Within 9.01*10-3 27 3.34*104 
Total 1.03*10-2 29 

ANOVA-table (for a single-factor analysis) for dj3E weight r esults 07- 05-1996: 

Source of variation Sa df us E P-value EsdiL 
Treatments 4.65 * 10-5 2 2.33*10-5 5.45 1.03*10-2 3.35 
Within 1.15 * 104 27 4.27*10-6 
Total 1.62* 104 

l 

29 

l h f f h i lt 1 1996 7 05 ANOVA-table (for 

Source of variation 

e-factor a sing 

M 

ysi5) ana 

df 

g or res we 

us 

s t resu 

E 

: - - 

P-value EsIriL 
Treatments 9.69* 10-3 2 4.85*10-3 5.25 1.18*10-2 3.35 
Within 2.49* 10-2 27 9.23*104 
Total 3.46* 10-2 

l f i 

29 

l i i ht f d 17 lt 19960 05 ANOVA-table (for 

Source of variation 

ng e- actor a-s 

52 

ana ys s) 

a 

g or ry we 

MS 

s resu 

E 

- - 

P-value ES11 
Treatments 1.30*104 2 6.5 1* 10-5 0.99 0.38 3.35 
Within 1.78*10-3 27 6.57*10-5 
Total 1.9 1* 10-3 

---------- - ---- 
29 

----- - -- - ------------------ -- -------- ----------- -- --- - ---------------------- ----------------------- 
Notes: 

- 

(i) All results based on n= 10 samples. 
---------------------------------------------------- ------------------ ----------- ------------------- ---------------------- 
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5.3 Discussion of Experiments Reported in Chapter 5. 

The monitoring of the growth and performance of winter wheat during two successive 
field experiments, reported in Section 5.1, revealed no clear, consistent effects of 'Agri- 
SC conditioner treatments. However, some problems were encountered during this 

experiment, which may have masked possible conditioner effects. The rolling treatment 

at the start of the first growing season was conducted with too heavy rolling material 
and on too wet soil, causing poor crop growth. Furthermore, during the second growing 
season, the crop results were strongly affected by the summer droughtl and have to be 

considered cautiously, as they might not be typical either. 

Possible conditioner effects were evident on the unrolled plots during the first growing 
season. Plots treated with low and high application rates (594 and 1188 ml/ha) had 

slightly improved overall vegetative growth compared to untreated plots. Total shoot 
weights from the entire season showed that fresh and dry weights on high application 
rate soil were 3-5% greater and on low application rate soil 3-4% greater. In 1994, final 

combine yields on unrolled, high application rate soil were -8% higher than those from 

untreated or low treated soil. Further analyses of the yield components often showed 
significant increases on treated, unrolled plots during the first growing season. Total 

grain weights per ear and 1000-grain weights were significantly higher for both 

application rates, compared to untreated soil, and specific weight was significantly 
higher for just the high application rate. These findings correspond with the increased 
final yield measured on high application rate soil, but not with the unaffected yields, 
compared to untreated plots, found on low treated soil. 

Although enhanced growth was also measured on the rolled plots during the first 

growing season (6% and 5-6% greater on high and low application rate soil, 
respectively), final yields on these plots were lower than on rolled, untreated soil and 
conditioner effects cannot be ascertained. During the second growing season, unrolled 
conditioner-treated plots had higher yields than untreated plots, but yields varied largely 

and were inconsistent with application. On only one occasion, there was significantly 
increased 1000-grain weight on conditioner-treated soil. These results do not agree with 
the first year findings and support the assumption that the second year crop was 
influenced by the summer drought. It appeared from both experimental runs that 

emergence rates on unrolled plots were slightly suppressed by both 'Agri-SC 

conditioner treatments (594 and 1188 ml/ha). However, rates were never significantly 

I See Table 2.7.2: Precipitation during April - August 1994 was 256.0 mm, during April -August 1995 
120.7 mm. The average value given by Harper Adams for this period is 185.1 mm. Especially the months 
April, June and August of 1995 were very dry, with only 14.1,16.3 and 9.1 mm rain, respectively. 
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lower than the control. This was probably due to rather high standard deviations, 

resulting from considerable interquadrat variations on each treated plot. On rolled plots, 
no conditioner effects on seedling density were evident. Overall, none of the 

measurements of leaf areas, shoot component weights or dry matter contents showed 
any conditioner effects. 

The field experiments showed that the possible soil conditioner effects were small and 
inconsistent, whereas the effects of rolling treatments and season were relatively huge. 
This was especially clearly reflected in the final yields (Table 5.1.13). These yield 
differences between years and individual plots are further discussed in the General 

Discusion (Chapter 7), where the soil and crop findings from this field experiment are 

combined. 

The results from the controlled pot experiment with winter wheat seedlings showed that 

on soils treated with a very high conditioner application rate (8000 ml/ha) there were 

significantly lower emergence rates and, initially, lower fresh and dry weights (Section 

5.2). However, the final set of readings showed higher dry and significantly higher fresh 

shoot weights for these plants, compared to the control. It appeared that this application 

rate had an adverse effect on emergence and initial growth, but accelerated ftirther plant 
development. It might have been that the high dose was dispersed during the frequent 

watering, with no detrimental effects left at the end of the experiment. The low 

application rate soil (800 ml/ha) showed slightly lower emergence rates, but greater 

vegetative growth. These results agree with the slightly suppressed shoot densities 

found on all treated, unrolled field plots (594 and 1188 ml/ha) and the apparently 

enhanced growth on some of these plots, as described in Section 5.1. 

5.4 Conclusions from the Experiments in Chapter 5. 

1) During the first growing season, 'Agri-SC treatments appeared effective on the 

unrolled plots. Effects of both low (594 ml/ha) and high (1188 ml/ha) application rates 

were evident in higher overall fresh and dry shoot weights and in significantly higher 

total grain weights per ear and 1000-grain weights. Furthermore, a significant increase 

in specific weight and an 8% increase in final yield was obtained on high application 

rate soil. During the second growing season, crop effects were marginal and it is 

believed that the summer drought overruled and results are atypical. Although overall 
vegetative growth and final yields were again enhanced on treated plots, there were also 
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large variations in other crop parameters, often inconsistent with application rates. 
During both growing seasons, 'Agri-SC' treatments on unrolled soil appeared to 

suppress seedling emergence. 

2) A controlled pot experiment with winter wheat seedlings showed that a very high 

conditioner application rate (8000 ml/ha) caused lower emergence rates and, initially, 

lower fresh and dry weights. However, final readings showed higher dry and 

significantly higher fresh shoot weights than the control. A lower application rate soil 
(800 ml/ha) had slightly lower emergence rates, but greater vegetative growth. 
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CHAPTER 6: PRELIMINARY STUDIES ON SOIL CHEMICAL 
PROPERTIES 

One of the objectives of the research programme was to formulate a hypothesis for the 
mode of action of 'Agri-SC'. This chapter describes initial laboratory experiments 
carried out to understand the chemical interaction of 'Agri-SC' with soil systems and its 

subsequent effects on soil fertility. The general mode of action of polymeric soil 
conditioners is based on electrostatic particle attraction and aggregate interaction with 
the conditioner chemicals (Greenland, 1972; De Boodt, 1979; Levy, 1996). As it is 
known that 'Agri-SC' is based on ammonium-laureth-sulphate, a long polymer with 
charged ions attached to its carbon hydrogen chain, the results from experiments 
studying the interaction of the conditioner with soil particles can be specifically related 
to its chemical composition. The findings may be relevant for a further understanding of 
the mode of action of other surfactant soil conditioners. 

It must be emphasised that the experiments reported in this chapter are preliminary and 
require further study. They represent an initial attempt to elucidate the mode of action of 
'Agri-SC in bringing about the chemical interactions of the investigated responses in 

this thesis and can only provide a basis for a possible explanation of the chemical 
components of the mode of action involved. Furthermore, it should be stressed that the 

phenomena described in this chapter are the result of a laboratory study of the chemical 
interactions between 'Agri-SC and soil, as they are based on laboratory application rates 
which do not reflect actual field conditions. For example, in the winter wheat field, the 

medium application rate was 594 ml/ha. If we assume a penetration depth of only I cm 
and a density of 1.0 and 1.2 g/CM3 for the conditioner solution and the cultivated silt 
loam soil, respectively, this means that 1.2*108 g soil was treated with 594 g of 
conditioner, an average application rate of Ig per 2.0* 105 g of soil. If the penetration 
depth is 10 cm, this rate is 10 times lower. The actual application rates used during the 

extraction studies were much higher, as soils were soaked in excess 'Agri-SC' solutions, 
an application rate possibly >1 g per g of soil. However,. it -would have been impossible 

to measure chemical changes with the techniques employed if treatments were made at 
field application rates. Therefore, these studies may only establish a basis for hypotheses 

on the chemical mode of action of 'Agri-SC' in the field. 
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6.1 Measurement of Cation Exchange 

6.1.1 Introduction and Aims 

As one means to study the influence of 'Agri-SC on soil chemical properties, a soil 
extraction experiment was undertaken to investigate effects on cation exchange. In the 
first part of this experiment, soils were shaken with different extractants (including 

various concentrations of 'Agri-SC solutions) to determine the concentrations of four 

major cations (Ca, Mg, Na and K) which may be released into the soil solution. In the 

second part, the cation concentrations in naturally leached 'Agri-SC'-treated and 
untreated pot soil solutions were measured. 

6.1.2 Experimental Design 

Laboratory extractions were conducted using the sandy silt loam soil from Compton 

Park and five different extractants: distilled water, 0.02% 'Agri-SC' solution, 0.1% 

'Agri-SC' solution, 1% 'Agri-SC' solution and IM ammonium-acetate (Section 2.14). 

The water extraction gives the minimum amount of releasable cations, the ones that are 
easily water-soluble, and ammonium-acetate is commonly used as an extractant which 
saturates all soil colloids and expels the maximum amount of cations (Grimshaw, 1989; 

Rowell, 1994). Cation concentrations in final solutions were analysed using atomic 

absorption techniques (Section 2.15). Further measurements of cation release from 

treated and untreated soils were carried out on leachates from the greenhouse pots used 
in Experiment 5.2. These pots were filled with sandy silt loam soil, treated with 'Agri- 

SC' at 0,800 and 8000 ml/ha and cropped with winter wheat. Pots were regularly 
watered and their drainage collected. Four sets of 10 pot leachates per treatment were 
obtained from April to May 1996 and analysed with an atomic absorption spectrometer, 
as described in Section 2.15. 

6.1.3 Results 

The capacity of the various 'Agri-SC' solutions to extract/exchange/release/expel major 
cations from the soil colloids increased with increasing concentration (Table 6.1.1). In 

the 0.02% concentrated 'Agri-SC' solution, similar cation concentrations were found as 
after soil extractions with distilled water. The 0.1% 'Agri-SC' solution contained higher 

concentrations of Ca and slightly higher concentrations of Na after extraction than 
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distilled water or the 0.02% solution. The 1.0%'Agri-SC' solution had higher values of 
Ca, Mg and Na. Ammonium acetate released maximum amounts of Ca and Mg, but not 
Na, for which a very low value was measured. All K concentrations remaining in the 

various solutions after they had been used as extractants were comparable. 

Table 6.1.1: Concentrations of major cations remaining in solution after extracting 
a sandy silt loam soil with various extractants. 
----------------------------------------------------------------------------------------------------------------------- 

Calcium Mamesium Potassium Sodium 

Mean S. D. Mean S. D. Mean S. D. Mean S. D. 
Extractant 

-------------------------- 

(ppm) 

--------------- ----------- 

(ppm) 

----------- ----------- 

(ppm) 

------------ ---------- 
(ppm) 

------------ -------------- 
Distilled water 0.86 0.28 0.30 0.05 5.69 1.08 0.58 0.31 
0.02 % Agri-SC 0.91 0.15 0.97 0.42 4.12 0.77 0.38 0.07 
0.1 % Agri-SC 3.71 0.35 0.48 0.02 3.77 1.60 0.82 0.16 
1.0 % Agri-SC 31.64 1.27 2.33 0.53 5.71 1.49 1.17 0.05 
NH4Ac 
-------------------------- 

63.90 
--------------- 

1.31 
----------- 

3.21 

------------ 

0.21 
----------- 

4.59 

------------ 

0.82 
---------- 

0.18 
------------ 

0.07 

-------------- 
Note: 
(i) All results based on n= 10 samples. 
(ii) All results corrected for background readings. 

None of the cation concentrations measured in the greenhouse pot leachates provided 
consistent evidence of affected cation exchange capacities (Table 6.1.2). Ca and K 

concentrations, for both 800 and 8000 ml/ha conditioner rates, were only once 
significantly higher than the control treatment and those increases were not related to 

application rate. On the other three sampling dates, there were no significant differences 
from the untreated pot leachates. The statistical differences between the Mg 

concentrations measured in 8000 ml/ha treated and control pot leachates varied in 
direction, i. e. the results from treated pots were significantly lower for the first two 

sampling dates, but significantly higher for the third. The 800 ml/ha treated pot 
leachates did not show significant Mg changes at all and the Na concentrations in 
leachates from treated pots were not significantly different from the control either. 
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Table 6.1.2: Concentrations of major cations in the leachates from pots containing 
'Agri-SC'-treated and untreated sandy silt loam soil, seeded with winter wheat (cv. 
Beaver). 

Mean S. D. Mean S. D. Mean S. D. Mean S. D. 
Date and treatments 
---------------------------- 

(Ppm) 
-------------- ----------- 

(Ppm) 
------------- ---------- 

(Ppm) 
------------- --------- 

(Ppm) 
----------- -------------- 

26-04-199! 6 
0 ml/ha 56.09 4.44 7.21 0.20 13.63 2.01 11.75 0.93 
800 ml/ha 55.54 8.18 7.08 0.20 12.91 1.33 12.01 0.91 
8000 mUha 50.63 5.02 6.82** 0.28 12.34 1.50 11.63 0.65 

03-05-1996 
0 ml/ba 83.03 13.69 6.84 0.27 15.71 1.07 9.67 0.73 
800 ml/ha 98.10 18.65 6.73 0.45 15.97 1.36 9.31 0.54 
8000 ml/ha 86.75 8.62 6.32*** 0.16 15.56 1.18 9.49 0.60 

10-05-1996 
0 ml/ha 47.22 3.74 6.27 - 0.76 12.97 1.03 13.97 0.77 
800 ml/ha 51.11 8.46 6.84 1.07 13.78 1.40 13.43 1.25 
8000 ml/ha 50.66 2.79 7.27** 0.58 12.89 0.83 13.46 0.71 

17-05-1996 
0 ml/ha 77.28 7.12 6.31 0.53 11.55 1.26 12.35 0.40 
800 ml/ha 91.55** 13.30 6.55 0.40 13.90** 2.13 12.20 0.34 
8000 ml/ba 87.63* 11.26 6.06 0.73 12.82* 1.84 12.24 0.30 
--------------------------------------------------------------------------------------------------------------------------- 
Notes: 
(i) All results based on n= 10 samples, except those from the 8000 ml/ha treated pots on 26-04-1996, 

which are based on n=9 samples. 

--------------------------------------------------------------------------------------------------------------------------- 

6.2 X-ray Diffraction Analyses of Soil Samples 

6.2.1 Introduction and Aims 

Effects of 'Agri-SC' applications on soil chemistry were further studied by mineralogical 
analyses of soil samples, before and after conditioner treatments, using X-ray diffraction 

techniques. This study aimed to identify interactions between soil constituents and 
'Agri-SC' and chemically analyse the micro-bonding features encountered during the 

scanning electron microscopy studies (Section 4.9). 
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6.2.2 Experimental Design 

Soil aggregates were selected from the Ap horizon of a bare area of sandy silt loam soil 
at Compton Park and prepared with either distilled water or I% concentrated 'Agri-SC' 

solution as described in Section 2.16. Per treatment, three soil samples were prepared. A 
Philips PW 1700 X-ray diffraction spectrometer then performed the mineral analyses 
(Section 2.16). 

6.2.3 Results 

Both treated and untreated samples were very rich in quartz (S'02). which accounted for 

most energy peaks occurring (-90%). All other peaks were formed by common soil 

minerals, mainly iron-aluminium-magnesiurn silicates. However, soils treated with the 
1% 'Agri-SC' solution produced a slightly different diffraction pattern than untreated 

soils. An overlay of both graphical outputs revealed four energy peaks which were only 

present in the diffraction pattern of the treated samples, indicating additional minerals 

present compared to untreated soil (Fig. 6.2.1). The four extra peaks were found at 
diffraction angles of 25.5,27.6,29.8 and 49.3 degrees. Identification of these peaks was 

conducted using the software's database of -30,000 diffraction reference patterns. 
Although perfectly matching patterns incorporating all these extra peaks (and not 

requesting new ones either) could not be found, the minerals bassanite (Ca2(S04)2*H20) 

and augite (Ca(MgAlFe)S'206) matched most closely. Their diffraction patterns and the 

comparison with a treated sample pattern can be found in Fig. 6.2.2 and 6.2.3. A 

compositional scan of a treated sample revealed it consisted of 88% quartz, 7% of 

probably bassanite and 4% of probably augite. 

The results from a second run of newly prepared samples were less clear. This time, the 

pattern remaining after subtracting the treated sample pattern from the untreated one 
could not be identified. Matching possibilities were provided by 65 minerals, but those 
match scores were now too low to be accepted with a high degree of certainty. 
Furthermore, none of the 65 proposed minerals consisted of calcium sulphates, but there 
were some calcium-rich silicates present, amongst which augite was again a possibility. 
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Figure 6.2.1: XRD-diffraction pattern of 'Agri-SC-treated (at I %) and untreated soil. 
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Figure 6.2.2: XRD-diffraction pattern of 'Agri-SC'-treated soil and Augite. 
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Figure 6.2.3: XRD-diffraction pattern of 'Agri-SC-treated soil and Bassanite. 
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6.3 Electron Dispersive X-ray Analyses of Soil Samples 

6.3.1 Introduction and Aims 

Electron dispersive X-ray analysis (EDAX) equipment attached to the scanning electron 
microscope (Section 4.9) could discriminate between untreated areas in soil aggregates 
and the various 'soil conditioner features' observed, in terms of elemental 
concentrations, and possible differences were analysed. This research aimed at 
explaining the SEM results and the chemical interactions of 'Agri-SC and soils. 

6.3.2 Experimental Design 

Aggregates were taken from the Ap horizon of a bare area of sandy silt loam soil at 
Compton Park and prepared as described in Section 2.13. The solutions in which the 

aggregates were immersed included a 1% and a 100% concentrated 'Agri-SC' solution. 
A pure water treatment of aggregates was also incorporated to provide images of 
untreated soil. Per treatment, three soil aggregates were used. EDAX-analysis was 
conducted following the methods reported in Section 2.13. 

6.3.3 Results 

An overall background scan of the soil matrix (including areas with and without the 

observed soil conditioner features reported in Section 4.9) at low magnification showed 
absorption peaks at energy levels corresponding with the elements Mg (at 1.24k electron 
Volt), Al (at 1.48k eV), Si (at 1.74k eV), S (at 2.30k eV), K (at 3.32k eV), Ca (at 3.68 

and 4.00k eV), Ti (at 4.48k eV) and Fe (at 6.40 and 7.04k eV). A more detailed scan of 
an area without the described conditioner features is presented in Fig. 6.3.1. It shows 
main peaks for Al, Si, K and Fe, indicating that the total matrix concentration mainly 
consists of these four elements. When the electron beam pinpointed a'coat' or'string', a 
spectrograph as in Fig. 6.3.2 was obtained. It can be seen that S clearly formed the 
highest peak, thus making up the highest concentration of that scanned area. Low 
intensity signals of some of the encountered background elements were also detected, 

most probably because the beam was not completely absorbed just by the thin 'coat', but 

also went through it to excite other surrounding surfaces. When the electron beam 
focused on a 'crystal', both S and Ca peaks increased rapidly and simultaneously and 
were greater than the background signals for Si, Al and Fe (Fig. 6.3.3). All the clearly 
defined peaks obtained from the various features in treated "soil samples were very 
consistently replicated. 
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rfa c Figure 6.3.1: EDAX spectrograph of a sandy silt loarn soil ag grepate su ,e 
-without soil conditioning features. 
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Figure 6.3.2: EDAX spectrograph of a sandy silt loam soil aggregate surface with 
soil conditioning features, designated as 'strings' and 'coats'. 

I I/-/ 



Figure 6.3.3: EDAX spectrograph of a sandy silt loam soil aggregate surface with 

soil conditioning features, designated as 'crystals'. 
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6.4 Discussion of Experiments Reported in Chapter 6. 

The Ca concentrations in 'Agri-SC solutions after they were used as an extractant, 
clearly increased with 'Agri-SC concentrations (Section 6 1). It is hypothesised that the 
N114 ions from 'Agri-SC exchanged with Ca, taking their place on the particle's 
exchange sites and releasing Ca into solution, thereby binding the polymer strings to the 

soil colloids. The same process might occur with Mg, as its concentration also increased 

after soil extractions with'Agri-SC. However, this only occurred using the 1% solution, 
which may indicate that Ca is more easily expelled by NH4. Possibly, when higher 
'Agri-SC concentrations are present in the soil solution, Mg might also be expelled from 

exchange sites. In the affinity series (sequencing the affinity of cations for an adsorbing 
surface), Mg is about as exchangeable as Ca (Wild, 1993). However, as NI-14 is 

monovalent, two ions are needed to replace one divalent Ca or Mg ion and hence, other 
monovalent elements, such as Na or K, may be exchanged more easily. This hypothesis 

could not be verified from this experiment, as no differences in K values and only once 
higher Na values were found, noticeably in the concentrated 1%'Agri-SC' solution. 

Ca concentrations in leachates from treated, cropped pots were only once significantly 
increased (during the fourth measurement), thus not supporting the soil extraction 
mechanisms discussed above. However, it is likely that it takes longer for released ions 

to leach through a pot of soil than to dissolve whilst vigorously shaking a small amount 
of soil with an extractant. Furthermore, the exchanged Ca may have already been taken 

up by the crop roots before it could be leached. In addition, the applied 'Agri-SC' 

concentrations in the pot experiment (0.0007% for the 800 ml/ha application, 0.007% 
for the 8000 ml/ha application) were much lower than those for which the high released 
Ca values were measured in the soil extraction experiment, limiting the ammonium - 
calcium exchange altogether. Similarly, no consistent trend of altered Mg, K or Na 

concentrations in treated pot leachates was evident. 

The occurrence of an extra iron-aluminium-magnesium silicate mineral, augite, in 

treated soil samples cannot be easily explained (Section 6.2). However, bassanite is 
formed when gypsum (calcium sulphate) is heated > 45 OC (Weiser et al., 1936), which 
could have occurred when aggregates were oven-dried at -40 OC (Section 2.16). 
Gypsum may have formed when soil Ca ions came in contact with'Agri-SC' molecules, 
based on ammonium-laureth-sulphate. This reaction might have been enhanced, or even 
caused, by increased Ca release resulting from 'Agri-SC' applications, as noted in 
Section 6.1 and discussed above. In high quantities, gypsum is a valuable liming 
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material, added to soils to adjust acidity levels and release non-labile nutrients (Tan, 
1994). 

The presence of bassanite may explain the EDAX results, which indicated high 

concentrations of calcium and sulphur in treated soils (Fig. 6.3.3, Section 63). Bassanite 

may have been the 'crystal' type of features encountered in the scanning electron 
microscopy studies (Section 4.9), as it will crystallise when soil water has completely 
evaporated and can then deposit in the form of salt 'needles' (Weiser et al., 1936). 
Caution must be taken with this hypothesis, as it is not completely certain that the two 

mentioned minerals are indeed the additional ones present in 'Agri-SC'-treated soil, 
although they matched most closely out of all reference patterns compared. Doubt is 

enhanced by the inconclusive second run of similar samples and this experiment 
certainly requires further investigation. 

It appears from EDAX analyses of soil aggregates (Section 63) that there were no 
elemental differences in composition between the 'coat' and 'string, features found in the 

scanning electron microscopy studies (Section 4.9). However, as the equipment cannot 
detect important, but light, elements, such as Na, 0, N, C and H, it is difficult to 

conclude whether they are indeed chemically identical features. Furthermore, all 'coats', 
'strings' and 'crystals' had relatively very high concentrations of S. If 'Agri-SC was to be 
found in the various features, S was expected to be the only element present in the soil 
conditioner solution itself (based on ammonium-laureth-sulphate) sufficiently heavy to 
be analysed by EDAX and hence, function as a tracer. 

A problem encountered in the experiment reported in Section 63 was the degree of 
electrical charging occurring in soil samples. To prevent this, the samples could not be 

treated using the same procedure as applied to aggregates used for SEM micrographs, as 
the use of silver stubs and gold coatings (Section 2.11) would cause Ag and Au 

concentrations to overrule elemental EDAX analyses. However, when aggregates which 
had been treated with 100% concentrated 'Agri-SC' solution were examined, a very clear 
and stable SEM image was obtained. When the samples treated with the 1% 

concentrated solution were viewed, the charging effects were far more pronounced. 
Charging was even stronger for untreated soil samples: they could hardly be focused 

and the image drifted over the screen. This latter effect is normally encountered with 
soil materials made up from'loose piles of individual grains' (D. Crane, pers. comm. ). 
The only possible explanation for the clear images obtained using treated samples is that 
the soil conditioner application caused pathways for the energy from the electron beam 
to flow through the sample into the stub by bridging the individual soil particles 
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together. These bridges are most probably the features seen in the SEM micrographs 
(Section 4.9), which supports the hypothesis that 'Agri-SC' is able to increase internal 

aggregate stability. 

6.5 Conclusions from the Experiments in Chapter 6. 

1) A 0.1% concentrated 'Agri-SC' solution had increased Ca and Na concentrations 
remaining in solution after extraction with a sandy silt loam soil. A 1% concentrated 
solution had increased Ca, Na and Mg concentrations remaining. 

2) An examination of cation concentrations in leachates from 'Agri-SC-treated (at 800 

and 8000 ml/ha) and untreated pots filled with sandy silt loam soil and cropped with 

winter wheat indicated no consistent trends of altered cation exchange mechanisms in 

treated pots. 

3) Sandy silt loam soils treated with a 1% concentrated 'Agri-SC' solution contained 

extra minerals than untreated soils, most probably augite and bassanite (a form of 

gypsum), although the results from a second run remained inconclusive. 

4) The 'string' and 'coat' features observed during the scanning electron microscopy 

studies contained very high concentrations of S, indicating the presence of 'Agri-SC'. 

The 'crystals' had very high concentrations of both S and Ca, probably indicating 

gypsum precipitates. 

5) A possible mode of action of 'Agri-SC' in the soil system can be postulated. Upon 

application, the charged 'Agri-SC molecules (based on ammonium-laureth-sulphate) are 

electrostatically attracted to clay or silt particles and their attached ions. The ammonium 
ions can then replace with Ca and possibly Mg and Na, causing the 'Agri-SC' molecules 
to adhere to soil particles and minerals, such as CaS04 (gypsum), to be deposited. The 
laureth polymer strings can subsequently bridge individual particles and increase 
internal aggregate stability. This initial mechanism can be relevant for further 

understanding of the mode of action of anionic surfactant soil conditioners. 
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CHAPTER 7: GENERAL DISCUSSION AND CONCLUSIONS 

7.1 General Discussion 

This research project examined the hypothesis that an anionic soil conditioner ('Agri- 
SC') can improve soil structure and crop performance and decrease soil erosion, thereby 

providing an environmentally beneficial aid to agriculture and soil conservation. The 
first objective was to finther examine some of the initial findings reported in several 
B. Sc. dissertations (Pritchard, 1988; Padfield, 1992; Cookson, 1993) and in the 
literature (Fullen et aL, 1993a, b, 1994,1995). This involved continuing and developing 

the work at the Hilton site with investigations into the effects of 'Agri-SC' treatments on 
tray and plot runoff and erosion rates and soil splash. The results showed that on a 10' 

slope, runoff and erosion on treated soil were consistently lower than on untreated soil. 
However, on steeper and more erodible slopes (trays at 12 or 15', plots of 20 in length 

at 12.6'), no consistent changes favouring 'Agri-SC'-treated soils were evident. Splash 

erosion decreased on variously treated plots and the effects were usually significant. The 

erosion experiments confirmed the results of Fullen et aL (1993a, b, 1994,1995), 
indicating that 'Agri-SC' can produce moderate decreases in soil erodibility at low cost. 
It is unlikely that the conditioner can assist soil conservation on highly erodible land, at 
least not at the relatively low application rates used. 

A second objective was to quantify the relative effectiveness of 'Agri-SC by comparing 
its effects on soil structure with those obtained using other soil conditioners. 'Agri-SC'- 

treated loamy sand soils performed similarly to soils treated with the other soil 
conditioners, with decreased bulk density and increased porosity and soil aggregate 
stability values. 

The third objective of this research project was to examine the effects of 'Agri-SC 

applications on the structure of sandy silt loam soils and the productivity of winter 
wheat, with particular reference to growth responses and final yield. On treated soils, 
bulk densities and topsoil resistance decreased and soil porosity and water infiltration 

rates increased. The winter wheat results suggested that plant growth can be promoted 
and final crop yields increased following 'Agri-SC applications. The final objective was 
to attempt to elucidate the mode of action of 'Agri-SC in bringing about the chemical 
interactions of the investigated responses and contribute to the understanding of the 
interaction of 'Agri-SC and other anionic surfactant conditioners with the soil system. 
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The results obtained from the soil erosion studies with 'Agri-SC' are similar to studies 
using other hydrophilic soil conditioners. As often reported, application of these 

conditioners to erodible fields can improve water penetration, create more water-stable 
aggregates and increase crust resistance to slaking. Weeks & Colter (1952) showed that 

surface soil on slopes of 22 and 34" can be satisfactorily stabilised against the erosive 
action of rainfall by treating the surface with VAMA and HPAN soil conditioners. 
Similar findings have been reported by Wallace & Wallace (1983), who applied 
polyacrylamide to soils on a 30' slope and found decreases in erosion from 45 t/ha on 
the control plots to 1-3 t/ha on treated soils. In a review of the management of 
Mediterranean clay soils, Chisci (1979) reported soil conditioner experiments. After 42 

storms at one experimental farm, conditioner-treated soils yielded 8.7 t/ha soil erosion, 
against 19.7 t/ha on the untreated area. In field trials, Agassi et aL (1990) applied 
phosphogypsurn, a by-product of the phosphate fertiliser industry, at 5 Mg/ha and found 

runoff reduced to 25% and erosion to 1-3% of the control plots. Treatments with 
polyacrylamide (PAM) by Levy et aL (199 1) decreased runoff on both bare and cropped 
soils to 50-70%. Ben-Hur (1994) attributed decreased runoff and erosion caused by 20 
kg PAM/ha sprayed on soil surfaces to increased aggregate stability and reduced seal 
formation. Field tests in Kenya by Fox & Bryan (1992) showed significantly reduced 
runoff generation and soil loss on runoff plots with the conditioner 'Separan AP30'. 
During the work reported here, 'Agri-SC' treatments also decreased soil erosion, 
although not on highly erodible slopes. A possible explanation is the relatively low 

application rate used, combined with the higher erosivity of runoff on steep slopes. 

The effects of most soil conditioners on soil structure are now well known. In the 1950s, 
Martin et al. (1952), Low (1954), Quastel (1954) and McIntyre (1958) discussed the 
basic phenomena involved and the possibilities of polymers contributing to soil 
structural amendments. De Boodt (1972b) and Ben-Hur & Letey (1989) noted that 

polymers on soil surfaces cemented primary particles together, enabling them to better 

resist raindrop impact and so minimise soil structural deterioration. Shainberg et al. 
(1990,1992) found that polyacrylamide (PAM) treated aggregates were more able to 

resist slaking than non-treated aggregates. Lentz & Sojka (1994b, 1996) reported nearly 
eliminated erosion and strengthened soil structure resulting from adding PAM to 
irrigation water. To date, it has been shown conclusively that the various chemical soil 
conditioners can increase soil aggregate stability and this is the first requirement for a 
good physical soil condition. To be of value, the aggregates must be able to survive the 
destructive effects of rain and tillage. As a result of increased aggregate stability, a 
number of other important soil characteristics can change, including aggregate size 
distribution, microbiological activity, rate of evaporation, infiltration rate, aeration and 
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surface crusting (Tan, 1994). The structural changes measured after 'Agri-SC soil 
applications during this research do therefore all accord with these postulated 
conditioner effects. 

In the U. S. A., other studies have been conducted evaluating the soil amending 
characteristics of 'Agri-SC', but those results were inconclusive. Fitch et al. (1989) 

studied structural changes on silt loam soils in Illinois and concluded there were no 
significant differences between control and 'Agri-SC-treated soils. Measurements were 
made for two successive years after conditioner applications at rates of 0,0.15,0.3 0 and 
0.60 1/ha. It should be noted, however, that the values discussed are only based on 
means of four samples from each given treatment. Although the average values of all 
three application rates compared to the control were not significant, it could be seen that 
the rate of 300 ml/ha consistently produced the most suitable results for several soil 
properties examined. Soil water retention curves did show slightly more water retained 
at a given suction on all treated soils than on controls. Furthermore, there was a trend of 
soil organic matter content increasing with application rate, possibly indicating an 
interaction between 'Agri-SC' and soil organic matter. ýPowever, comparing the physical 
properties of a conditioner-treated soil and a control soil, when crops are being grown, is 

difficult because it is necessary to distinguish between soil conditioner effects and the 

effects of plant and root growth. 

Smith (1984) studied the effects of 'Agri-SC on cotton performance on Mississippi silt 
loams and showed application produced more vegetative growth, but less yield. A 'high! 

application rate of 590 mI/ha showed slightly more root proliferation and slightly larger 

roots in 0-70 cm depth of soil. However, none of these results were significant. Soil 

properties, as measured by soil moisture content and soil resistance, did not identify 

significant differences amongst treatments either, but it could be seen that all moisture 
values for the 290 ml/ha treatment were higher than on the control soil, indicating an 
increased infiltration capacity and/or moisture retention. The higher application rate of 
590 ml/ha showed inconsistent moisture readings`ýA third study on the effects of 'Agri-"'\ 
SC by Malik & Malik (1987) indicated no significant differences between treated and 
control plots for seed cotton yields or physico-chemical properties of a Pakistani silt 
loam soil. However, soil measurements were taken just one week after a surface spray 
application in June and only a low dose of 300 ml/ha was applied on a rather dense silt 
loam (bulk density 1.67 g/CM3). 

In contradiction with those three studies, this research concludes that applications of 
'Agri-SC' can produce soil structural changes under the conditions stated in this work. 
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De Boodt (1979) stressed that soil conditioning effects can be rather subtle and strongly 
depend on initial soil conditions (i. e. density and moisture contents), application rates 

and chemical dispersion. The chemicals work by interacting with the soil components 

and successful improvements are more complex to achieve than, for example, nutrient 

or pH improvements by the application of fertiliscrs or liming agents. As it is clear that 

soil conditioner effects are not always consistently repeated, more research is needed 
into the interactions between 'Agri-SC and the various soil components to predict its 

effectiveness (Section 7.3). Furthermore, optimum application rates need to be 

identified, considering soil type, climate and field management, i. e. irrigation practices. 

The effects of soil conditioners on crop growth and yield will be indirectly derived from 

improvements in soil structure, most importantly those in the rhizosphere, as direct 

fertilising effects of conditioner materials are considered small. For example, even with 

the 'high! 'Agri-SC application rate used in these studies, 118 8 ml/ha (of which 48% v. v. 

consists of the active ingredient ammonium-laureth-sulphate), only 24 ml/ha N and 56 

ml/ha S was applied to the crop'. Normally, mixed fertiliser applications supply 
between 30 and 150 kg/ha N and between 10 and 100 kg/ha S and the double-nutrient 

fertiliser ammonium sulphate typically contains 24% S and 21% N (Troeh & 

Thompson, 1993). 

The effects of soil structure on plant growth are well established. Plant rooting, 
available nutrients and moisture, soil pH, temperature and density are all major factors 

(Wild, 1988). To a large extent, texture and structure determine the distribution and 
movement of water and air in soil and the availability of water to plants. They also 
affect the growth of plant roots. For example, Bakken et aL (1987) reported 25% less 

winter wheat yields on compacted wet loamy soils and explained changes by increased 
bulk densities and N losses through denitrification. Taylor et aL (1972) proved that root 
elongation rates respond rapidly to altered soil strength, temperature and aeration. Their 

experiments showed that increases in bulk density will reduce the number of roots that 

penetrate soil pans and will slow the uptake of water and nutrients beneath pans. A 

reduced water supply often reduced crop growth and yield. Flocker & Timm (1969) 

used layered soil columns of different texture to relate soil moisture retention and 
drainage capacities to plant performance and found strong correlations. Gill & Miller 

IThese figures were calculated assuming only one monomer unit of laureth and hence a total molecular 
weight of 327 for the active ingredient, of which then 4.3% is N and 9.8% is S. Typically, a soil 
conditioner polymer is made up by up to 1,000 monomers (De Boodt, 1992), raising the molecular 
weight of ammonium-laureth-sulphate up to -300,000 and dropping the fractions of N and S into 
insignificant ppm levels. 
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(1956) studied the effect of soil aeration on root growth and concluded that soil oxygen 
levels < 0% severely impeded root growth. 

The effects of soil structure on crop performance have also been clearly highlighted by 

the measurements on winter wheat growing in rolled plots at Compton Park. The rolling 
treatment was applied in an attempt to produce slightly compacted soil, creating 
sufficient adverse effects to study the effects of 'Agri-SC' under two soil conditions. 
However, this was not consistently successful. The first year rolling had resulted in 

excessive compaction due to the combination of heavy weights and wet soil conditions 
prior to rolling. It had taken away any of the conditioner effects as found on the unrolled 
plots and caused poor crop growth. In the second year, the lighter rolling actually 
improved soil structure in the drier conditions leading to enhanced crop establishment. 

During the first growing season, the severe soil rolling treatments resulted in lower 

seedling emergence, a higher degree of tillering, greater variation in plant sizes, a less 

dense crop and often greater vegetative growth, especially during summer months. 
Rolling also resulted in reduced final yields, specific weights and 1000-grain weights. 
During the second season, the lighter rolling increased emergence, all yield components 
and final yields. It is believed that the rolling had actually created a better seedbed this 
time, which strongly benefited the crop. The very dry summer of 1995 caused overall 

yields to fall dramatically, compared to the previous year. However, the rolling 
treatment might have resulted in a substantial retention of soil moisture during that 

summer, which clearly benefited the crop towards final yield, as they were almost 
tripled compared to unrolled soil. Although this retention could not be measured in the 
topsoil on 4 September 1995 (average soil moisture content unrolled plots 9.1% by 

weight, rolled plots 8.4%; Table 4.1.2), it may have taken place earlier during that 

summer or at depth. From the penetrometer studies, for example, there was indication 

that more soil moisture was retained on rolled soils in June 1995. The readings then 
taken (on bare plots, up to a depth of 17.5 cm; Fig. 4.2.4) namely often revealed higher 

soil resistance in unrolled soil, possibly indicating less remaining soil moisture. 
Alternatively, the higher yields on rolled soil might have been caused by better 
developed plant roots, which were more able to access permanent soil water. 

It is considered that the crop effects on the rolled and unrolled plots in the Compton 
Park experiment were related to the measured physical soil changes on the 'Agri-SC'- 
treated plots. During both growing seasons, treated soils had lasting decreased bulk 
densities, often significantly decreased soil moisture contents and decreased topsoil 
resistance to penetration. During the second year, significantly greater infiltration 
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capacities were measured on the unrolled plots. The crop data from the first growing 
season showed apparent effects of 'Agri-SC' treatments on the unrolled plots. Effects of 
both low (594 ml/ha) and high (1188 ml/ha) application rates were reflected in higher 
fresh and dry shoot weights through time and in significantly higher total grain weights 
per ear and 1000-grain weights. Furthermore, a significant increase in specific weight 
and an 8% increase in final yield were obtained on high application rate soil. During the 

second growing season, crop effects were more marginal and it is probable that the 

surnmer drought overruled conditioner effects, especially on the treated plots, as the 

conditioner seemed to improve drainage (cf. infiltration, soil moisture and bulk-density 

studies). It has been emphasised by others that drought or nutrient deficiency can 

overwhelm responses to improved soil structure (Sherwood & Engibous, 1953). 

The soil structural effects, such as the decreases in bulk-density and subsequent 
increases in total porosity, measured on 'Agri-SC-treated soils can have enabled more 

excessive root growth, more soil aeration and more biological soil activity, but perhaps 

also a less dense initial seedbed. Increased infiltration can have lead to more available 

water (and dissolved nutrients) during drier periods, but can also have caused 
detrimental anaerobic soil conditions during the wet winters. The effects caused by a 

change in soil structure can therefore either be beneficial or detrimental to a growing 
crop, depending on such factors as time of year, initial soil conditions and type of crop. 
For example, from the leaf weight measurements during the first growing season, it was 

evident that winter wheat plants on rolled soil had generally bigger leaves. This agreed 

with field observations, that on rolled areas, a more open (less dense) crop was 

maintained, which carried a healthier canopy. It is believed that because of the more 

open crop, the plants benefited from less competition in terms of daylight, moisture and 

nutrients and, hence, had bigger leaves and appeared generally healthier. This result may 
have been enhanced by the possibility that on rolled soil less water evaporated, causing 

generally greener plants with bigger leaves, especially noticeable in summer when the 

crop started ripening. However, final yields were reduced on rolled soils as a result of 
the crop being less dense. As the lower increase in bulk density on rolled soils during 

the second growing season (an effect still opposite to that measured on'Agri-SC'-treated 
soils, which had decreased bulk densities) turned out to increase crop productivity, it is 

not always clear whether soil conditioning effects will be beneficial or detrimental to a 
crop. 

Positive effects of soil conditioning on crop performance have been often reported. For 

example, Gardner (1972) reviewed 140 soil conditioner studies and found that in 68% 
improved crop yield was observed, against 7% declines and 25% neutral results, which 
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could not discriminate crop effects. Improved plant performances on treated soils can be 

caused by improved seedling emergence, resulting from reduced soil crusting (Hedrick 
& Mowry, 1952; Carr & Greenland, 1975; Cook & Nelson, 1986; Wallace, 1987), more 
excessive root proliferation, due to less compacted soils (De Boodt, 1990), improved 

soil aeration, due to increased aggregation (Wester, 1955) or more available soil water, 
due to increased infiltration (Warrior & Pollard, 1959). Sherwood & Engibous (1953) 

proposed increased soil microbial activity as an additional aspect of conditioner-treated 
soils which can favour plant performance. They reported greater C02 evolution in 

treated soils, levelling off only after three weeks. Nitrogen fixation, as measured by 

soybean nodulation counts, was also significantly increased in the treated soils. 
However, from this study into the effects of 'Agri-SC' on the performance of winter 
wheat, it appeared that seedling emergence was suppressed on treated soils. Simpson & 
Haines (1958) reported a delay in emergence of radishes and carrots for HPAN and 
VAMA-treated soils. They pointed out that, while increasing the permeability of a soil 
is generally a highly desirable objective, under certain circumstances deleterious effects 
in crops can ensue. Pearson & Jamison (1953) suggested greater damage to crop 
seedlings from herbicides can result from increased penetration of these materials 
following the use of soil conditioners. 

The mode of action of 'Agri-SC in soils is partly understood. Dostal (1986) reported 
that 'Agri-SC' is able to change the surface tension of hydroscopic (bound) water in the 

soil system, similar to the way wetting agents act upon surface water. Although the 
ionic nature of soils, particularly clays, and the polarised molecular structure of water 

normally results in very strongly bonded soil water, 'Agri-SC' can penetrate the bound 

water shells and partly break down this soil-water adhesion (Dostal, 1986). This can 
result in a reduced rigidity of the soil water shell structures, leading to increased 

mobility of soil particles towards one another. In addition, the surface tension of free 

capillary water is decreased and thus colloids can more readily move closer together. 
This reduction in particle distances in one micro-region of the soil must result in 
increased distances between particles in another and such movement will increase some 
capillary diameters. Since the cross-sectional area of a capillary is a function of the 

square of its radius, even a small increase in capillary diameter results in a significant 
increase in cross-sectional area. Furthermore, since the fluid flow rate through a 
capillary tube is proportional to the fourth power of the radius (Poiseuille's Law), such a 
change in capillary radii would exponentially increase soil hydraulic conductivity (Wild, 
1993). Hence, moderate decreases in soil bulk density result in large increases in 
infiltration capacities. One of the most frequently reported results of 'Agri-SC 
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treatments during preliminary company trials are improved water infiltration rates 
(Dostal, 1986) and this has been confirmed in this study. 

The anionic nature of the soil conditioner may simulate the effects of natural humus, 

thus increasing the internal coherence of soil aggregates. This study provided evidence 
that 'Agri-SC' molecules can attach to soil particles, probably mainly to the charged 
clays. The surfaces of clay mineral colloids possess net negative charges in varying 
degrees, largely determined by the nature of the parent material and by the degree of 

weathering. To some extent, these surface charges may be neutralised by adsorbed 

mineral salts (White, 1979). Based on the relatively high application rates used during 

the preliminary chemical laboratory studies, it is theorised that, upon soil application, 
charged 'Agri-SC' molecules are electrostatically attracted to the clay surfaces and their 

attached ions. The ammonium ions of the active ingredient can then replace Ca and 

possibly Mg and Na, causing the 'Agri-SC' molecules to adhere to soil particles and 

certain minerals to be deposited, such as CaS04 (gypsum). The soil extraction 

experiments reported in this thesis showed the postulated changes in cation 

concentrations after extracting soils with 'Agri-SC' solutions and the electron dispersive 

X-ray analyses (EDAX) indicated high S and Ca amounts present in the designated 

conditioner features in treated soil. Furthermore, the X-ray diffraction analyses revealed 

possible deposition of augite and bassanite (a form of gypsum) after 'Agri-SC' soil 
treatments. The electrostatic attraction of the 'Agri-SC' molecules can enable the laureth 

polymer strings to physically bridge individual particles and stabilise soil aggregates. 
De Boodt (1972b, 1979) mentioned bridging by polymer micelles as a possibility for 

aggregate formation. Cheshire & Hayes (1990) added that the polymers must be able to 

anchor on at least two different soil particles, which is most likely to happen in the clay 
domains. As reported in this thesis, the scanning electron microscopy studies provided 

evidence for increased cohesion by synthetic structures in treated soil aggregates. This 

proposed mechanism for the interaction of 'Agri-SC' with the soil system will be 

relevant for a further understanding of the mode of action of anionic surfactant 

conditioners under field conditions. 

Although the reported experiments showed 'Agri-SC' to have notable effects on soil 

physical and chemical properties, the effects have been achieved under the conditions 
stated. The question still remains how reliable these effects are under larger scale 
circumstances or more challenging environments, i. e. large, erodible and sloping arable 
fields. That has not been examined in this study and therefore, one must exercise caution 
in extrapolating the findings and further field research is much needed (Section 7.3). 
Nonetheless, the soil structural benefits reported may be helpful in soil conservation 
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programmes. For example, in the U. S. A., two farm bills, the Food Security Act (1985) 

and the Food, Agriculture, Conservation and Trade Act (1990) require farmers to protect 
erodible cropland with proper soil conservation practices in order to access Federal farm 
benefits (Esseks & Kraft, 1991). The present study suggests that applications of 'Agri- 
SC' can establish some beneficial soil structural changes and that several modem 
conditioners are able to decrease soil erodibility. However, even if these products work 
well, they may still not be adopted by land users, because of socio-economic 
constraints. If soil structural improvements do not increase crop yield, there is no 

obvious retum. 

Successful soil conservation involves more than technical solutions and it would be 
interesting to evaluate farmers or land managers' responses to soil conservation 
measures. Smit & Smithers (1992) studied the adoption of soil conservation practices in 

south-western Ontario, Canada. Resulting from efforts to promote soil conservation, 
Canadian farmers were thought to be reasonably aware of both the importance of 
conservation and the existence of remedial and preventive practices. Despite this, the 

adoption of conservation practices had been disappointing. Forces other than awareness 
and positive attitude were restraining many land managers from employing available 
conservation methods. Key barriers related to economic pressures, the complexibility 
and compatibility of practices and perceptions regarding the actual need for practices. 
Lockeretz (1990) noted that farmers must care about conserving soil and they must be 

willing and able to implement effective action. The use of soil conditioners as a means 

of compliance to soil conservation practices may not meet with these constraints, as the 
latest generation of soil conditioners is often low cost and easy to apply, using existing 
spraying devices. 

The 'Agri-SC' treatments of the two arable soils were conducted at low costs, ranging 
from field applications of H/ha for the low application rate (297 ml/ha) to 0 6/ha for 

the high rate (1188 ml/ha). Besides the direct erosion control benefits suggested above, 
the improved plant responses, as found in the crop experiments, can be an additional 
benefit in soil conservation projects. Better growing plants will intercept more rainfall, 
which could further decrease slaking and benefit soil stabilisation, by improved root 
structural development and increased organic matter supply to the soil. A direct 
financial gain can also be made by applying the soil conditioner studied here. For 

example, if the yield increase found during the first year of the winter wheat experiment 
on the highest application rate soil (1188 ml/ha) was purely contributable to conditioner 
treatment, it would have been economically beneficial. Based on an average yield 
increase of 7.9% to 7.51 t/ha, as compared to the untreated plots, a mean winter wheat 
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price of E125/t (Farmers Weekly, 1994) and a product application price of E31/ha, a 
profit would be made of E38/ha by applying 1188 ml/ha of the conditioner to winter 
wheat growing in a silt loam soil. This direct economic gain will encourage farmers to 

use the product, even if they are not interested in or obliged to contribute to soil 
conservation. Unfortunately, only two growing seasons could be analysed during this 

research programme. As the results were inconsistent, more field studies are much 
needed to fully assess the effects of the conditioner on the performance of winter wheat 
and other crops (Section 7.3). 

European politics are also concerned with soil conservation. In 1972, the Committee of 
Ministers of the Council of Europe proclaimed the principles of the European Soil 
Charter (Houghton, 1996). In resolution 72(19), it is stated that: 
* Soil is a limited resource which is easily destroyed. 

"Soil is a thin layer covering part of the eartWs surface. Its use is limited by 

climate and topography. It forms slowly by physical, physico-chemical and 
biological processes, but it can be quickly destroyed by careless action. Its 

productive action can be improved by careful management over years or 
decades, but once it is diminished or destroyed, reconstitution of the soil may 
take centuries". 

* Soil must be protected against erosion. 
"Soil is exposed to the weather; it is eroded by water, wind, snow and ice. 
Careless human activity speeds up the process of erosion by damaging the soil's 
structure and its normal resistance to erosive action. In all situations, suitable 
physical and biological methods must be applied to protect the soil against 
accelerated erosion". 

Farmers andforesters must apply methods thatpreserve the quality of the soil. 
"Machinery and modem techniques permit considerable increases in yield, but, 
if used indiscriminately, they may disrupt the natural balance of the soil, altering 
its physical, chemical and biological characteristics. The destruction of organic 
matter in the soil by inappropriate methods of cultivation and the misuse of 
heavy machinery are important factors in impairing soil structure and hence the 

yield of arable crops". 
Further research and interdisciplinary collaboration are required to ensure wise use 
and conservation of the soiL 

"Research on soil and its use must be supported to the full. On it depend the 
perfecting of conservation techniques in agriculture and forestry. Scientific 

research is essential to prevent the consequences of the wrong use of the soil in 

any human activity". 
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In the latest U. K. government sponsored report on sustainable use of soil, a Royal 
Commission Report on Environmental Pollution (Houghton, 1996), recommendations 
are made for a soil protection policy, with the conservation of soil resources as the main 
aim. It recommended ways of encouraging farmers to seek advice on erosion control 
and the necessity of farm management plans, aimed at minimising soil loss 
(Recommendation 18). It also recommended greater emphasis on the commercial 
application of soil treatment technology that is environmentally friendly, competitively 
priced and easily applied to sizeable areas of land (Recommendation 61). Furthermore, 
it recommended that the review of present legislation governing the spreading of wastes 
on land as proposed, is extended to cover the use on agricultural land of composts, soil 
conditioners and similar products (Recommendation 79). 

7.2 Conclusions 

This thesis reports the first Ph. D. research programme conducted with 'Agri-SC' soil 

conditioner and provides quantitative and verifiable results on treatment effects. The 

research was aimed at investigating the effects of 'Agri-SC' on soil erosion, soil 

structure and crop performance, elucidating the mode of action of anionic surfactant 

conditioners in the soil-plant system and evaluating the potential contribution to soil 

conservation. The study provides contributions to knowledge of treatment effects, 

showing 'Agri-SC-treated soils to: 
1) show significantly decreased topsoil (0-5 cm) bulk-density and soil moisture contents 

and increased soil porosity on a number of occasions, 
2) show decreased runoff and erosion rates from 10' slopes, 
3) give significantly decreased splash erosion, 
4) have significantly increased infiltration rates, 
5) have increased drainage capacities, 
6) demonstrate significantly increased aggregate stability on occasions, 
7) show decreased topsoil (0-7 cm) penetrometer resistance, 
8) give rise to apparent enhanced growth and development of winter wheat, 
9) give rise to apparent suppressed winter wheat seedling emergence, 
10) have altered cation exchange capacities, i. e. increased Ca and Na and sometimes 

Mg release, 
11) have slightly extended mineral (i. e. most probably augite and bassanite) and 

elemental (i. e. S) compositions, 
12) provide evidence for produced specific interparticle bonds and additional polymer 

and mineral features. 
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The soil conditioner appeared to function through a mechanism involving a number of 
stages. Upon application, the charged polymer molecules were electrostatically attracted 
to clay or silt particles and their attached ions. It is postulated that the ammonium ions 

could then replace Ca and possibly Mg and Na, causing the polymer molecules to 

adhere to soil particles. This might be associated with mineral deposition. The laureth 

polymer strings could thus bridge individual particles and increase internal aggregate 
stability. This mechanism may be relevant for further understanding of the mode of 
action of other hydrophilic, polymer-based soil conditioners. 

In conclusion, 'Agri-SC' soil conditioner can improve soil structure and crop 

performance and cause moderate decreases in soil erosion on vulnerable soils at low 

cost, thereby providing an inexpensive and environmentally-beneficial aid to agriculture 

and soil conservation. 'Agri-SC'-treated loamy sand soils performed similarly to soils 
treated with other commercially-available soil conditioners, with decreased bulk density 

and increased porosity and soil aggregate stability values. It is unlikely that the 

conditioner can assist soil conservation on highly erodible land, at least not at the 

relatively low application rates used in this study. More detailed conclusions for each of 
the experiments are reported at the end of Chapters 3 to 6. 

7.3 Suggestions for Further Research 

1) Main suggestions for further work are based around the theoretical mode of action 
developed during this research programme. Investigations into this mode of action 
would need to be continued with more detailed studies into soil chemical properties of 
'Agri-SC-treated and untreated soils. In particular, the mineralization and cation 
exchange studies initiated during this research require further attention and the use of 
more sensitive detection techniques, such as inductively coupled plasma (ICP) 

spectrometry, will be useful. For the results to be relevant for field circumstances, it is 
important to apply 'field' application rates to the laboratory samples or to use field- 

treated samples only. 

2) Another major part of future research should be concerned with the interactions of 
'Agri-SC' and the various soil components, such as particle size distribution, soil 
moisture and organic matter contents. To date, several questions about these interactions 

remain. For example, if the application of 'Agri-SC' does indeed exchange cations from 
the soil, will certain soils with a higher cation exchange capacity or clay content react 
better? Or, can application effectiveness be improved by adjusting the soil pH prior to 
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treatment, either to lodge or dislodge certain ions? Also, what is the relation between 
initial soil moisture contents and conditioner effectiveness? Is there an optimum 
moisture level for ideal penetration, for example, if the soil is too dry, will the 
conditioner only settle in a thin topsoil layer? Or if the soil is too wet, can the 
conditioner be leached below the plant rooting zone and be wasted? What is the 
importance of the amount of water used as a carrier upon application? All these 
questions indicate current gaps in the precise understanding of soil processes occurring 
after 'Agri-SC' application and show the need to identify optimum application rates and 
predict product effectiveness, considering soil type, climate and field management, i. e. 
irrigation practices. Furthermore, some issues have not yet been addressed at all, 
including studies into penetration depth, cultivation effects and life span of the 
conditioner, and these also require attention during future work. 

3) Further field research is recommended into the possible contribution of higher 

application rates of 'Agri-SC' to soil conservation on loamy sands, using more replicated 
runoff trays and plots under large scale circumstances or more challenging 
environments, i. e. large, erodible and sloping arable fields. Collaboration with 
Shropshire farmers will be useful to identify erosion problems and use their land for 

realistic field experiments. Next to the Bridgnorth series, Evans (1990) reported three 

other soil types of England and Wales to be also especially prone to erosion, including 

the Milford, Cuckney-I and Newport-I series. These can be collected for further erosion 
tray experiments to study the effects of 'Agri-SC' on those soil types. 

4) The marked treatment effects found on infiltration capacities suggest potential 
benefits by using these type of soil conditioners on amenity grounds, i. e. golf courses or 
football pitches. Often high importance is given to keeping these greens free of surface 

water and further work into this area merits investigation. 

5) More field studies are also needed to fully assess the effects of the 'Agri-SC' soil 
conditioner on the performance of winter wheat. These should be longer term studies, to 
investigate effects over several growing seasons. The field at Compton Park can be used 
again, but it might be better not to incorporate any rolling treatment, thus creating a 
randomised block design with three conditioner treatments replicated in four blocks. 
The performance and yield of other common crops, i. e. oilseed rape or barley, growing 
on 'Agri-SC-treated and untreated soils can also be studied. It is possible that cereal 
crops will be more affected by changes in soil structure than root crops, such as sugar 
beet or potatoes, which should therefore have lower priority. 
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6) Further comparative studies with other soil conditioners will be useful, to quantify 
the relative effectiveness of 'Agri-SC'. In this research, these studies were limited, using 
only one application rate (the manufacturer's recommended one) per conditioner and 
testing only aggregate stability and soil physical properties during one experiment 
respectively. As each application does not necessarily always have to yield the same 
results (depending on initial soil conditions and type of samples; clearly shown in Table 
4.8.1, comparing 'SoilTex! and'Agri-SC'), more of these experiments are needed for a 
better comparative evaluation. For these studies, one should distinguish between 

comparable soil conditioners in terms of costs and in terms of mode of action. The latter 

requires a more precise search for comparable conditioners based on anionic surfactants. 

7) It would be interesting to study the effectiveness of sodium-laureth-sulphate as a soil 
conditioner ingredient. This chemical is a common surfactant found in soaps and 
shampoos. The differences with ammonium-laureth-sulphate (as used in 'Agri-SC) in 
terms of conditioning effectiveness, soil fertility effects and product costs are worth 
examining. 

8) Finally, some preliminary studies have been conducted measuring soil porosity in 

undisturbed soil samples. These studies aimed at revealing useful data on total 

percentages of pore and solid states and distribution patterns of soil pores from in-situ 

soil samples, with or without 'Agri-SC' conditioner treatments applied. Unfortunately, 
full results were not yet available at the time of submitting this work, but the experiment 
will be briefly outlined here and merits further investigation, as novel techniques were 
involved. 

Scanning X-ray Soil Porosity Determinations 

Soil samples were collected from 0-5 cm depth in bulk-density tins from the bare, 

unrolled plots at Compton Park (described in Section 4.1) on 8 June 1995. Per 

conditioner treatment, six samples were removed and air-dried in the laboratory for four 
days at room temperature. Higher drying temperatures were carefully avoided to prevent 
cracking and changed soil microstructure. Samples were then impregnated with a 
mixture of epoxy resin (type 301), hardener, acetone and Orasol blue dye (rich in 
cobalt), left to harden, removed from the tins and vertically cut in half with a diamond 
saw (Bullock et aL, 1985). One half per block was then again impregnated with ample 
dye and sand-papered after drying to remove the thin layer of dye from the soil colloids, 
leaving it only present in the soil pores. 
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A novel method was employed to determine the total area and size distribution of the 
soil pores in the hardened blocks. Previously, soil micromorphological studies had to be 

conducted by cutting thin sections and studying them using a petrological microscope 
(Lawrence, 1977; Bullock et al., 1985), an image analysing computer (Murphy et al., 
1977) or an electro-optical analysis of photographs taken from thin sections (Murphy, 
1978). However, this time, a Fisons Omicrom X-ray scanner was used to 

micromorphologically examine the surface of each entire soil block, by identifying the 

presence of certain elements, discarding the laborious work of thin section preparation. 

The samples were scanned for eight hours (overnight) in horizontal and vertical bands 

of 100 pm width, providing around 12,000 pixels per block, and the computer 
discriminated each of these pixels between two distinctly different phases: the solid soil 
phase (containing silica) and the dye-filled soil pores (containing cobalt). A low 
intensity scan was used to prevent X-rays picking up other elements and cobalt from 
behind shallow pores. For each sample, the largest possible square block surface was 
taken, avoiding slight preparation damage to the outer edge of each soil block. From the 
digital data obtained, a binary two-dimensional phase image was computed, showing 
pore distribution and sizes, and further data analysis could be conducted, calculating 
total pore and solid phase area per scanned surface. An enlarged example of a scanned 
soil map and the binary phase image deducted can be found in Appendix VI. The total 

area of soil pores for this specific block was calculated as 25.69%, the solid phase as 
74.31%. 
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Appendix I: Schedule of duration of all experiments conducted. 

Experiment Duratio 

Experiment 3.1, 
first run: 25/11/93 - 09/06/94 
second run: 09/06/94 - 24/11/94 
calibration: 05/01/95 - 20/04/95 
third run: 20/04/95 - 20/04/96 

Experiment 3.2, 
calibration: 03/02/94 - 14/04/94 
first run: 14/04/94 - 18/08/94 
second run: 12/10/94 - 16/02/95 
third run: 20/04/95 - 20/04/96 

Experiment 3.3, 
calibration: 08/06/94 - 06/04/95 
first run: 20/04/95 - 20/04/96 

Experiment 4.1, 
first run: 27/01/94 - 02/08/94 
second run: 06/12/94 - 04/09/95 

Experiment 4.2, 
first run: 27/01/94 - 21/04/94 
second run: 08/12/94 - 08/06/95 

Experiment 4.3, 
unrolled plots: 26/01/95 - 13/06/95 
rolled plots: 04/04/95 - 13/06/95 

Experiment 4A 11/11/95 - 23/05/96 

Experiment 4.5: 02/02/96 - 23/02/96 

Experiment 4.6: 06/07/95 - 28/09/95 

Experiment 4.7: 22/03/94 - 28/06/94 

Experiment 4.8, 
first run: 20/09/95 - 19/10/95 
second run: 11/03/96 - 27/03/96 

Experiment 4.9: 27/11/95 - 20/06/96 
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Experiment 5.1, 
first run: 
second run- 

Experiment 5.2: 

Experiment 6.1: 

Experiment 6.2: 

Experiment 6.3: 

08/11/93 - 22/08/94 
12/10/94 - 18/08/95 

26/04/96 - 17/05/96 

10/01/96 - 21/05/96 

08/01/96 - 16/01/96 

06/12/95 - 08/12/95 
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Appendix 11: Particle size distribution of all soil types examined (including Evesham, 
Worcester, Newport-1 and Salwick sedes soil). 

Particle size distribution of Salwick series soil 
(n = 20) 
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Particle size range (mm) 

Particle size distribution of Newport I series soil 
(n = 20) 

35 

30 

25 

20 

15 -- 
10-- 

5 

0 

NJ 

-. 1 -. 10MMER-, clay fine silt medium coarsesilt finesand medium coarse 
(<0.002) (0.002- sift (0.006- (0.02- (0.06-0.2) sand (0.2- sand (0.6- 

0.006) 0.02) 0.06) 0.6) 2.0) 
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Particie'size distribution of Evesharn series soil 
(n = 20) 
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Particle size distribution of Worcester series soil 
(n = 20) 
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Appendix III: Effects of soil conditioner and rolling treatments on mean fresh 
weights (g) of winter wheat plants (cv. Beaver) growing in randomised blocks of 
sandy silt loam soil (growing season 1993 - 1994). 
------------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha 
-------------- 

ml/ha 
-------------------- 

mVha 
---------------------- 

ml/ha 
--------------------- 

ml/ha 
-------------------- 

ml/ha 
------------- 

25-01-199 
Block 1 

4 
0.052 0.051 0.043 0.040 0.024 0.018 

Block 2 0.041 0.042 0.043 0.025 0.034 0.030 
08-02-199 
Block 1 

4 
0.050 0.065 0.063 0.042 0.051 0.045 

Block 2 0.054 0.060 0.068 0.035 0.037 0.033 
01-03-19 
Block 1 

94 
0.089 0.092 0.113 0.080 0.060 0.071 

Block 2 0.078 0.067 0.089 0.069 0.060 0.075 
10-03-19 
Block 1 

94 
0.142 0.117 0.121 0.077 0.103 0.101 

Block 2 0.139 0.131 0.162 0.084 0.060 0.086 
24-03-19 
Block 1 

94 
0.231 0.238 0.258 0.106 0.130 0.114 

Block 2 0.174 0.257 0.215 0.085 0.090 0.115 
07-04-19 
Block 1 

94 
0.578 0.587 0.708 0.380 0.438 0.328 

Block 2 0.507 0.510 0.672 0.322 0.392 0.361 
21-04-19 
Block 1 

94 
1.26 1.66 1.40 1.40 1.13 1.32 

Block 2 1.00 1.19 1.52 0.87 0.94 1.04 
05-05-19 
Block 1 

94 
7.51 4.45 4.77 3.41 4.24 4.49 

Block 2 5.83 6.31 4.92 3.56 4.38 4.27 
19-05-19 
Block 1 

94 
4.15 3.82 3.58 3.79 3.96 3.23 

Block 2 4.26 4.21 3.44 3.94 3.59 3.18 
02-06-19 
Block 1 

94 
6.81 7.21 6.95 6.67 6.69 6.62 

Block 2 6.71 6.76 7.17 6.17 6.95 6.32 
16-06-19 
Block 1 

94 
8.67 8.76 9.24 9.77 11.01 10.95 

Block 2 9.53 9.44 9.54 10.01 10.06 10.40 
30-06-19 
Block 1 

94 
9.74 9.35 10.13 10.44 10.40 10.13 

Block 2 
1 

9.46 
4 

9.01 10.19 10.36 10.80 10.54 
18-07- 
Block 1 

99 
10.31 11.26 10.95 10.25 13.17 13.15 

Block 2 
1 

10.33 
994 

11.14 10.77 11.89 11.57 12.83 
28-07- 
Block 1 8.78 10.00 9.75 9.34 11.16 10.81 
Block 2 7.37 9.76 9.61 10.93 10.47 11.31 
22-08-1 
Block 1 

994 
4.63 5.11 5.04 4.93 5.16 5.00 

Block 2 4.41 4.60 4.87 4.98 5.19 5.19 

Note: n= 10 for all readings, except n= 20 for results 22-08-1994. 

-------------------------------------------------------------------------------- 
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Effects of soil conditioner and rolling treatments on mean dry weights (g) of winter 
wheat plants (cv. Beaver) growing in randomised blocks of sandy silt loam soil 
(growing season 1993 - 1994). 
------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha 
-------------- 

ml/ha 
-------------------- 

ml/ba 
------------------- 

ml/ha 
-------------------- 

ml/ha 
------------------ 

mMha 
--------------- 

25- 1-199 
Block 1 

4 
0.009 0.011 0.010 0.008 0.007 0.008 

Block 2 0.011 0.010 0.007 0.007 0.005 0.007 
08-02-199 
Block 1 

4 
0.010 0.013 0.015 0.009 0.011 0.009 

Block 2 0.012 0.015 0.013 0.009 0.009 0.009 
01-03-19 
Block 1 

94 
0.021 0.020 0.022 0.018 0.015 0.019 

Block 2 0.018 0.017 0.025 0.016 0.013 0.016 
10-03-19 
Block 1 

94 
0.030 0.025 0.027 0.020 0.022 0.025 

Block 2 0.030 0.028 0.037 0.015 0.015 0.018 
24-03-19 
Block 1 

94 
0.051 0.044 0.054 0.028 0.028 0.030 

Block 2 0.040 0.064 0.051 0.020 0.023 0.030 
07-04-19 
Block 1 

94 
0.123 0.121 0.157 0.073 0.091 0.072 

Block 2 0.118 0.111 0.152 0.067 0.088 0.089 
21-04-19 
Block 1 

94 
0.24 0.31 0.27 0.25 0.21 0.25 

Block 2 0.19 0.24 0.27 0.16 0.18 0.20 
05-05-19 
Block 1 

94 
1.35 0.89 0.92 0.64 0.77 0.87 

Block 2 1.07 1.25 0.89 0.64 0.83 0.81 
19-05-19 
Block 1 

94 
1.01 0.97 0.89 0.83 0.78 0.70 

Block 2 0.95 0.91 0.81 0.82 0.75 0.73 
02-06-19 
Block 1 

94 
1.53 1.63 1.55 1.42 1.48 1.48 

Block 2 1.53 1.62 1.67 1.25 1.54 1.41 
16-06-19 
Block 1 

94 
2.53 2.48 2.71 2.73 3.08 3.11 

Block 2 
19 

2.77 
94 

2.69 2.72 2.78 2.76 2.93 
30-06- 
Block 1 3.48 3.37 3.67 3.33 3.45 3.45 
Block 2 

7 1 
3.38 

994 
3.33 3.72 3.56 3.60 3.64 

18-0 - 
Block 1 4.56 4.88 4.99 4.24 5.37 5.26 
Block 2 

1 
4.66 

994 
4.82 4.40 4.96 4.75 5.31 

28-07- 
Block 1 4.03 4.29 4.29 4.10 4.71 4.60 
Block 2 

1 
3.79 

994 
4.26 4.47 5.08 4.67 4.92 

22-08- 
Block 1 4.24 4.68 4.60 4.49 4.69 4.56 
Block 2 4.02 4.20 4.45 4.53 4.72 4.72 

Note: n= 10 for all readings, except n= 20 for results 22-08-1994. 

................................................................................ 
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Effects of soil conditioner and rolling treatments on mean fresh weights (g) of 
winter wheat plants (cv. Beaver) growing in randomised blocks of sandy silt loam 
soil (growing season 1994 - 1995). 
-------------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
ml/ha 
-------------- 

ml/ha 
-------------------- 

ml/ha 
---------------------- 

ml/ha 
------------------- 

ml/ha 
------------------ 

ml/ba 
------------- 

09-12-199 
Block 1 

4 
0.190 0.215 0.209 0.202 0.204 0.205 

Block 2 0.183 0.204 0.206 0.257 0.220 0.215 
26-01-199 
Block 1 

5 
0.403 0.449 0.460 0.390 0.384 0.501 

Block 2 0.430 0.443 0.504 0.475 0.417 0.435 
09-02-19 
Block 1 

95 
0.501 0.581 0.503 0.412 0.406 0.462 

Block 2 0.513 0.492 0.560 0.477 0.407 0.446 
09-03-19 
Block 1 

95 
0.378 0.598 0.609 0.407 0.591 0.588 

Block2 0.510 0.503 0.530 0.639 0.550 0.523 
30-03-19 
Block 1 

95 
0.508 0.731 0.680 0.613 0.672 0.724 

Block 2 0.589 0.594 0.692 0.665 0.648 0.580 
11-04-19 
Block 1 

95 
0.93 1.12 1.15 1.10 0.86 0.96 

Block 2 1.10 1.07 0.98 1.08 0.85 0.98 
27-04-19 
Block 1 

95 
1.20 1.47 1.46 1.64 1.51 1.23 

Block 2 1.23 1.70 1.38 1.85 1.48 1.50 
11-05-19 
Block 1 

95 
2.78 3.31 2.75 3.38 2.70 2.94 

Block 2 2.67 3.38 3.10 3.54 3.32 3.23 
25-05-19 
Block 1 

95 
5.10 5.53 5.51 5.25 5.15 4.72 

Block 2 5.03 6.54 5.97 6.03 4.82 5.16 
08-06-19 
Block 1 

95 
7.08 7.40 7.20 8.28 7.01 6.64 

Block 2 7.40 7.64 7.30 6.14 6.47 5.30 
21-06-1 
Block 1 

995 
5.73 5.50 5.23 7.22 5.51 5.72 

Block 2 5.38 5.57 5.48 5.59 5.88 5.40 
04-07-1 
Block 1 

995 
6.54 7.15 7.64 6.84 7.17 7.22 

Block 2 7.47 7.00 6.78 7.48 7.88 7.34 
28-07-1 
Block 1 

995 
5.10 6.23 5.91 6.37 6.60 5.01 

Block 2 4.92 
5 

8.02 4.14 5.00 6.52 5.13 
15-08-1 
Block 1 

99 
3.17 3.24 3.59 3.54 3.23 3.05 

Block 2 3.01 3.65 2.86 3.29 3.30 3.21 

Note: n= 10 for all readings, except n= 20 for results 15-08-1995. 

-------------------------------------------------------------------------------- 
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Effects of soil conditioner and rolling treatments on mean dry weights (g) of winter 
wheat plants (cv. Beaver) growing in randomised blocks of sandy silt loam soil 
(growing season 1994 - 1995). 
----------------------------------------------------------------------------------------------------------------------- 

Unrolled plots Rolled plots 

0 594 1188 0 594 1188 
mt/ha 
-------------- 

mt/ha 
-------------------- 

mVha 
---------------------- 

ml/ha 
--------------------- 

mVha 
------------------- 

mVha 
-------------- 

09-1 -19 
Block 1 

94 
0.032 0.038 0.040 0.037 0.036 0.037 

Block 2 0.030 0.034 0.039 0.044 0.041 0.039 
26-01-19 
Block 1 

95 
0.085 0.097 0.105 0.080 0.086 0.109 

Block 2 0.099 
5 

0.096 0.113 0.103 0.084 0.090 
09-02-19 
Block 1 

9 
0.071 0.086 0.086 0.069 0.068 0.075 

Block 2 0.075 
5 

0.075 0.082 0.080 0.068 0.074 
09-03-19 
Block 1 

9 
0.086 0.140 0.155 0.106 0.167 0.173 

Block 2 0.127 0.139 0.140 0.170 0.159 0.134 
30-03-19 
Block 1 

95 
0.126 0.180 0.198 0.165 0.184 0.191 

Block 2 0.158 0.161 0.179 0.176 0.165 0.154 
11-04-19 
Block 1 

95 
0.24 0.26 0.28 0.26 0.22 0.26 

Block 2 0.27 0.27 0.23 0.25 0.22 0.24 
27-04-19 
Block 1 

95 
0.28 0.34 0.34 0.39 0.35 0.29 

Block 2 0.29 0.39 0.33 0.42 0.35 0.35 
11-05-19 
Block 1 

95 
0.67 0.83 0.71 0.79 0.67 0.74 

Block 2 
1 

0.65 
95 

0.86 0.80 0.86 0.79 0.82 
25-05- 9 
Block 1 1.10 1.29 1.26 1.20 1.20 1.09 
Block 2 1.12 1.46 1.41 1.39 1.09 1.32 
08-06-1 
Block 1 

995 
2.15 2.31 2.07 2.53 2.09 2.05 

Block 2 2.17 2.40 2.54 1.86 1.91 1.47 
21-06-1 
Block 1 

995 
2.27 2.22 1.97 2.69 2.06 2.21 

Block 2 
1 

2.23 
995 

2.25 2.21 2.11 2.16 2.14 
04-07- 
Block 1 2.78 3.02 3.23 2.89 3.04 3.07 
Block 2 3.11 2.93 2.89 3.16 3.25 3.12 
28-07-1 
Block 1 

995 
3.87 4.48 4.25 4.16 4.47 3.30 

Block 2 
8 1 

3.81 
995 

5.27 3.24 3.80 4.40 4.40 
15-0 - 
Block 1 3.01 3.00 3.36 3.28 3.05 2.90 
Block 2 2.84 3.45 2.70 3.07 3.06 3.00 

Note: n= 10 for all readings, except n= 20 for results 15-08-1995. 
-------------------------------------------------------------------------------- 
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Appendix IV: International publications resulting from the research programme. 

1) BRANDSMA, R. T., FULLEN, M. A. & HOCKING, T. J. (1995). Effects of a soil 
conditioner on soil erosion, soil structure and crop performances: preliminary results 
ftom the UK. 'International Erosion Control Association' - Conference Proceedings, 
Atlanta, February 25 - March 3 1995. Proceedings of Conference XXVI, pp. 371-381. 

2) BRANDSMA, R. T., FULLEN, M. A. & HOCKING, T. J. (1996a). The 

contribution of an anionic soil conditioner to soil conservation. 'International Erosion 
Control Association' - Conference Proceedings, Seattle, February 27 - March 1 1996. 
Proceedings of Conference XXVII, pp. 467-479. 

3) BRANDSMA, R. T., FULLEN, M. A. & HOCKING, T. J. (1996b). The potential of 
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Association'- Conference Proceedings, Barcelona, May 29 - 31 1996. Proceedings of 
First European Conference (in press). 

4) BRANDSMA, R. T., FULLEN, M. A. & HOCKING, T. J. (1995). Effects of an 
anionic soil conditioner on soil erosion, soil structure and crop performance. 'Soils 95', 
Annual Meeting of the British Society of Soil Science, September 11-14 1995, 
University of Reading, U. K. 

5) BRANDSMA, R. T., FULLEN, M. A. & HOCKING, T. J. (1996). Effects of an 
anionic soil conditioner on soil structure and erodibility. Second International Congress 

of the European Society for Soil Conservation, September 1-7 1996, Technical 
University of Munich, Germany. 
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Wolverhampton VNI 1LY 
United Kingdom 

ABSTRACT 

Investigations have been carried out into the effects of an anionic soil conditioner, 
based on ammonium-laureth-sulfate, on the structure and erodibility of loamy sand soils of 
the Bridgnorth series. Experiments have been conducted at the Hilton experimental site, 
east Shropshire, England, since March 1988. The current set of experiments commenced 
in October 1993 to investigate the effects of soil conditioner treatment on water erosion, by 
measuring runoff and erosion rates and soil splash. Further experiments are in progress on 
silt loam soils (Salwick series) at Compton Park, West Midlands, England. These are 
evaluating the effects of conditioner application rates on soil characteristics and resulting 
crop performance in winter wheat, in compacted and uncompacted plots. 

The soil conditioner decreased runoff and erosion rates on loamy sand soils on a 
10 degree slope. Splash erosion was also reduced on treated plots of the same soil type. 
Application of the conditioner significantly lowered the moisture content and bulk density of 
silt loam soils during the winter of 1993-1994. Total soil porosity significantly increased in 
treated soils. Crop responses on the silt loam soils were evident by continued higher fresh 
and dry plant weights and in an increase in final yield for the highest application rate (1,188 
ml/ha, 16 oz/acre). Sp6cific weight and 1000-grain weight values were significantly greater 
at this high rate. The results to date suggest that applications of the soil conditioner could 
have beneficial effects on soil conservation and soil structure on erodible soils and a high 
application rate produced significant crop responses in the first season of trials on cultivated 
arable soils. 

INTRODUCTION 

Since the invention of Krilium in 1951, soil condi- 
tioners have become increasingly known for their soil 

aggregating and stabilising properties and for th( 
resulting beneficial effects on soil structure and so 
water management (Martin, 1953; Quastel, 1954; D, 
Soodt. 1972; De Boodt and Gabriels, 1976; Azzarr 
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1980). Chemical soil conditioners have contributed to 
soil conservation practices by effective erosion control 
(Weeks and Colter, 1952; Chepil, 1954; Kouznetsov 
and Grygodev, 1976; Ben-Hur et al., 1990). Further- 
more, soil conditioners can improve topsoil drainage 
and increase soil fertility. These effects can result in 
improvements in plant growth and crop yield (De 
Vleeschauwer et al., 1978; Verplancke, 1990, Levy et 
al., 1991). 

Soil conditioning materials are marketed as a 
variety of products, based on different chemicals. 
Extensive research has been conducted into several, 
including hydrolysed polyacrylonitrile (HPAN), vinyl 
acetate mateic acid (VAMA), polyacrylamide (PAM), 
ureaformaldehyde (UF) and bitumen. These materials 
have been proven to be effective for erosion control 
and soil structural improvements, but product and 
application costs often prevent general agricultural 
use. Recently, new types of soil conditioners have 
been developed, which are applicable for soil struc- 
tural improvements at low cost (Wallace and Wallace. 
1986). However, further research is necessary into 
their effectiveness. 

In this paper, Investigations into the effects of an 
anionic soil conditioner based on ammonium-laureth- 
sulfate are reported. The product is marketed as 
'Agri-SC' by Four Star Services of Bluffton, Indiana. 
Experiments have been in progress at the University 
of Wolverhampton, U. K., since March 1988, and have 
been reported by Fullen et al. (1 993a, b, 1994). The 
current set of experiments commenced in October 
1993 and have been established on loamy sand soils 
(Bridgnorth series) at the Hilton experimental site, 
Shropshire. Investigations are in progress on the 
effects of conditioner treatment on water erosion, by 
measuring tray runoff and erosion rates and soil 
splash. Further experiments are in progress on silt 
loam soils (Salwick series) at Compton Park, West 
Midlands. These study the effects of conditioner 
application rates on soil characteristics and crop 
performance in winter wheat, in compacted and 
uncompacted plots. 

MATERIALS AND METHODS 

Hilton Experimental Site 

At the Hilton site, water erosion was monitored by 
measuring tray runoff and erosion rates. Four I M2 
(2.0 x 0.5 meters, 6.6 x 1.6 feet) erosion trays were 
installed. two on a 10 degree and two on a 15 degree 
slope. Trays were facing the prevailing westerly 
winds. thus being well exposed to rain. To facilitate 
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drainage. holes were drilled into the tray bases. A 
trays were then filled with Bridgnorth series loarr 
sand topsoil [typical texture: sand (2000-63 pr-t 
79.8%, silt (63-2 pm) 14.8% and clay (<2 pm) 5.44ýj 
typical soil organic content 1.9% by weight] to a depi 
of 10 cm (3.9 inches). Each tray had a collectin 
gutter at the lower end, through which water an 
sediment were channelled into a 14 liter capacil 
bucket. The soil conditioner was applied on Novernbc 
25,1993, to one of each pair of trays. A rate of 59 
mUha (8 oz/acre) was mixed with 3 liters of water an 
sprayed using a watering can. Application was q 
peated on June 9,1994. after raking and levelling th 
tray surfaces. Trays were kept bare during the exPer 
ment by regular herbicide treatments. Readings wer 
taken every two weeks or after heavy rainfall. Runa 
was measured In the field by decanting the collecte 
water carefully; erosion was measured by air dryin 
and weighing the sediment. 

Another experiment at Hilton studied the splas 
behaviour of loamy sand soils. A randomised bloc 
design was established, containing three rows of foL 
2.25 m2 plots (1.5 x 1.5 meters, 5.0 x 5.0 feet). Splas 
erosion was measured on each square by collectin 
the splashed particles in centrally positioned trapq 
Each trap consisted of a circular tube inserted in th 
soil, containing a 15.2 cm (6.0 inches) diameter funn( 
and aI liter bottle. The trap was placed 1 cm (0. 
inches) above the surface, allowing only splashed sc 
particles to enter. The bottles were emptied every tw 
weeks and trapped fauna removed on a 2.0 Mr 
sieve. Subsequently, the splashed particles were dne 
and weighed in the laboratory. Following preparatio 
of the bare plots, by raking and levelling in Novembc 
1993, they were left untreated for calibration. Trea 
ment of three replicated plots with the soil conditionc 
was made on April 14,1994, at rates of 0,297,59 
and 891 ml/ha (0,4,8 and 12 oz/acre, respectively 
Each application was diluted in 3 liters of water an 
applied using a watering can. 

Compton Park 
I 

At Compton Park, an experiment was establishe 
on silt loam soils of the Salwick series (mean sc 
organic content 5.00% by weight, n= 40 samples). 
560 M2 (40 x 14 meters, 132 x 46 feet) field we 
plowed and cultivated on November 6,1993, ar 
divided into 7 plot lanes by tractor wheelings. Winti 
wheat (variety Beaver) was sown on November 
1993, at a density of 147 kg/ha (60 kglacre) and NP 
fertiliser added. Two plot lanes were compacted t 
three tractor passes with a Cambridge roller, weighir 
1.5 metric tons. For the second and third pass, tt 
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roller weight was increased with concrete slabs to a 
total of 2.0 metric tons. The two compacted plot lanes 
and two uncompacted plot lanes were then divided 
into three plots each of 19.2 M2 (12 x 1.6 meters, 40 
x 5.3 feet), creating a total of 12 plots. The conditioner 
was applied on December 6,1993, at rates of 0,594 
and 1188 mVha (0,8 and 16 oz/acre) to four randomly 
chosen plots per treatment (two with compacted soil, 
two with uncompacted soil). Three of the seven plot 
lanes (the two outer lanes and the middle one) 
remained untreated as space discards. 

To study changes in soil physical properties, soil 
was sampled in 5 cm deep cylindrical bulk density tins 
on January 27, April 19, and August 2,1994. Samples 
were weighed, oven dried at 105" C and re-weighed 
to determine soil moisture content and bulk density. 
Soil was then passed through a 2.0 mm sieve to 
determine the bulk-density of the fine-earth. Particle 
density was measured by adding a known mass of 
fine-earth soil to a known volume of water. The water 
displacement was then extracted by pipette and 
related to the initial soil weight. Total soil porosity was 
calculated from measured particle density and bulk 
density values (Klute, 1986). 

The growth of the winter wheat was monitored 
every two weeks during the experiment by studying 
germination rates, fresh and dry weights of plants and 
plant components, leaf areas, degrees of tillering and 

stem and ear densities. An extra set of 240 plants (20 
per plot) was sampled immediately prior to harvesting, 
to study fresh and dry shoot weights and total grain 
weight per ear. The winter wheat was harvested at an 
average moisture content of 14.2% on August 22. 
1994. Total yield per plot was determined on fresh 
weights and results corrected to a grain moisture 
content of 15%. Measurements of specific weight and 
1000-grain weight were conducted subsequently in 
the laboratory. Specific weight was measured using a 
narrow 100 crrP measudng cylinder, 1000-grain 
weights were extrapolated from weight readings of 
sets of 50 grains (Allen, 1989). 

RESULTS 

Hilton Experimental Site 

On the loamy sand soils at Hilton site, comparison 
of the tray erosion data shows that an application of 
594 ml/ha (8 oz/acre) of the soil conditioner was very 
effective in decreasing erosion on a 10 degree slope 
(Table 1). 

Overall, results show that the conditioner de- 
creased runoff by 8% and erosion rates by 10%. The 
results for soils on a 15 degree slope, however. could 
not discriminate between treatments. On the random 
ised splash blocks, there was a mean decrease in 
total amount of splashed soil of 14.3% (Table 2). 

Table 1. Effects of Soil Conditioner (applied at 597 mVha) on Total Runoff and 
Erosion from Erosion Trays, Filled with Loamy Sand Soil (November 25, 
1993-October 13,1994). 

Treatment Runoff Erosion Erosion 
(g) equivalent 

(Vha) 

Untreated, 10* slope 26.72 451.4 4.5 
Treated, 100 slope 24.57 404.6 4.0 
Untreated, 15" slope 41.60 2983.3 29.8 
Treated. 15" slope 44.13 3572.5 35.7 

Notes: 
(i) Total precipitation during experiment was 614.2 mm (24.2 inches). 
(ii) The decrease in runoff for the treated 10" slopes is 8.1%, and the decrease in erosion 

is 10.4%. 
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Table 2. Effects of Soil Conditioner on Total Amount of Soil Splashed into Funnels 
from Plots of Loamy Sand Soil, Arranged in Randomised Blocks (April 14, 
1994-August 18,1994). 

Treatment Splash Mean Decrease Splash 
(g) (g) compared to equivalent 

untreated (kg/ha) 
blocks 

Untreated 116.4 5.54 - 51.7 
297 mVha 99.1 4.72 14.8 44.0 
594 mVha 101.7 4.84 12.6 45.2 
891 mVha 98.4- 4.69 15.4 43.7 

Mean for all treatments: 99.7 4.75 14.3 44.3 

Note: 
(i) Results based on readings from seven dates, each treatment replicated three times, 

totalling 21 readings per treatment. 

Decrease in splash erosion occurred on all 
treated blocks, with no evident relationship to applica- 
tion rates. 

Compton Park 

On the silt loam soils at Compton Park, the 
conditioner significantly changed several soil proper- 
ties (Table 3). 

On January 27. seven weeks after conditioner 
treatment, highly significant decreases in soil moisture 
content were measured for both low (594 ml/ha, 8 
oz/acre) and high (1,188 ml/ha, 16 oz/acre) condi- 
tioner treatments on all compacted and uncompacted 
plots, indicating improved topsoil drainage by treating 
a wet silt loam soil in winter. Significant decreases in 
the bulk density of the fine-earth were found for both 
application rates on the uncompacted plots. The bulk 
density and subsequent porosity were significantly 
different from the untreated plots for the highest 
conditioner treatment on the uncompacted soils. On 
April 19,19 weeks after treatment, significant in- 
creases in soil porosity and significant decreases in 
both bulk density and bulk density of the fine-earth 
were still measured on the highest treated, uncom- 
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pacted plot lanes. Possible conditioner effects were 
also still apparent on the other plots, but those diff er. 
ences were small compared to the untreated plots. On 
August 2,34 weeks after treatment, soil moisture 
contents were not related to conditioner treatments. 
but slight improvements in soil structure were de. 
tectable in the density and porosity measurements. 

Crop responses on the treated silt loam soils were 
evident in higher fresh and dry plant weights through 
time and in an 8% increase in final yield on the 
randomised blocks for the highest application rate 
(1188 ml/ha, 16 oz/acre) (Table 4). 

The crop responses were obtained on a soil 
which had been subjected to appropriate management 
for arable cropping. Measurements of 240 pre-harvest 
plants showed significantly higher fresh and dry shool 
weights for the low and high conditioner treatment. 
compared to the untreated plots (Table 5). 

Furthermore, these shoots had higher fresh ancl 
dry stem weights for both treatments, slightly bigger 
leaves and noticeably bigger ears. The various yielcl 
components reflected both conditioner and compac- 
tion treatments (Table 6). 
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Table 3. Effects of Soil Conditioner and Compaction on Soil Characteristics of a Silt 
Loam Soil (0-5 cm Depth, January-August 1994). 

Treatment and 
date of sampling 

Bulk 
density 
(g/CM3) 

Bulk density 
fine-earth 
(g/CM3) 

Total 
porosity 
N 

Soil 
moisture 
content 

1) 01-27-1994. 

UNCOMPACTED PLOTS: 
0 ml/ha 1.31 1.28 40.37 22.2 
594 ml/ha 1.27 1.23* 42.15 20.5*** 
1188 ml/ha 1.25** 1.21 43.16** 20.3*** 

COMPACTED PLOTS: 
0 rnlIha 1.41 1.36 35.68 21.4 
594 ml/ha 1.39 1.36 36.71 20.4** 
1188 rnlIha 1.38 1.35 36.93 20.0*** 

2) 04-19-1994. 

UNCOMPACTED PLOTS: 
0 ml/ha 1.32 1.30 39.90 15.9 
594 ml/ha 1.30 1.27 40.79 15.1 
1188 ml/ha 1.25** 1.22** 43.07** 15.8 

COMPACTED PLOTS: 
0 ml/ha 1,38 1.35 37.19 14.3 
594 ml/ha, 1.38 1.36 37.02 14.6 
1188 ml/ha 1.35 1.32 38.52 13.9 

3) 08-02-1994. 

UNCOMPACTED PLOTS: 
0 ml/ha, 1.23 1.20 43.93 14.4 
594 ml/ha 1.21 1.18 44.63 14.5 
1188 rnlIha 1.21 1.18 44.91 14.1 

COMPACTED PLOTS: 
0 ml/ha 1.34 1.30 38.93 12.9 
594 ml/ha 1.31 1.28 40.31 13.1 
1188 mllha 1.33 1.29 39.38 13.7 

Notes: 
(i) all results based on n= 20 samples. 
(H) Soil moisture content based on dry soil weights. 
(iii) Significance of results as compared to untreated plots, determined using Student's 

t-test; * Indicates P <0.05, ** Indicates P <0.01 and indicates P <0.001. Each test 
based on 38 degrees of freedom. 
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Table 4. Effects of Soil Conditioner and Compaction on the Combine Yield of Winter 
Wheat (cv. Beaver) Growing in Silt Loam Soil, Adjusted tcl 15% Moisture Content 
(August 22 1994). 

Final Yield Final Yield 
(metric tons/ha) (metric tonslacre) 

Uncompacted soil 
0 594 1188 0 594 1188 
ml/ha ml/ha ml/ha ml/ha ml/ha ml/ha 

Block 1 6.55 6.40 6.88 2.65 2.59 2.78 
Block 2 7.37 7.54 8.13 2.98 3.05 3.29 
Mean 6.96 6.97 7.51 2.82 2.82 3.04 

Compacted soil 
0 594 1188 0 594 1188 
ml/ha ml/ha ml/ha mUha ml/ha ml/ha 

Block 3 5.00 4.80 4.75 2.02 1.94 1.92 
Block 4 5.62 4.52 5.76 2.27 1.83 2.33 
Mean 5.31 4.66 5.26 2.15 1.89 2.13 

Table S. Effects of Soil Conditioner and Compaction on the Fresh and Dry Weights 
of Pre-harvest Winter Wheat Shoots (cv. Beaver), Growing In Silt Loam Soil 
(August 22 1994). 

Fresh weiahts Drv weicihts 

Uncompacted soil 
0 594 1188 0 594 1188 
mUha mVha ml/ha mt/ha mi/ha mIlha 

Mean 4.52 4.86* 4.96*** 4.13 4.44** 4.53*** 
S. D 0.59 0.71 0.65 0.53 0.63 0.58 

Compacted soil 
0 594 1188 0 594 1188 
mIlha. mf/'ha mVha mUha mi/ha ml/ha 

Mean 4.96 5.17 5.10 4.51 4.71 4.64 
S. D. 0.74 0.72 0.68 0.66 0.64 0.60 
Notes: (i) All results based on n= 40 samples. 

(ii) Significance of results as compared to untreated plots, determined using 
Student's Nest; * indicates P <0.05, ** indicates P <0.01 and *** indicates P 
<0.001. Each test based on 78 degrees of freedom. 
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Table 6. Effects of Soil Conditioner and Compaction on the Yield Components of 
Winter Wheat (cv. Beaver) Growing in Silt Loam Soil, Adjusted to 15% Moisture 
Content (August 22 1994). 

Uncompacted soil Comacted soil , 
Total grain weight per ear 

0 594 1188 
mi/ha ml/ha ml/ha 

0 594 1188 
ml/ha ml/ha ml/ha 

Mean 2.35 2.54* 2.57* 2.73 2.78 2.73 
S. D 0.40 0.51 0.47 0.61 0.66 0.51 

Specific weight 

0 594 1188 0 594 1188 
mlfha ml/ha mna ml/ha ml/ha ml/ha 

Mean 74.9 74.4 75.4** 72.8 73.1 73.3 
S. D. 0.7 0.8 0.8 0.8 0.9 0.7 

1000-grain weight 

0 594 1188 0 594 1188 
ml/ha mUha mllha ml/ha ml/ha ml/ha 

Mean 52.23 53.86*** 54.02*** 51.50 52.76** 53.50*** 
S. D. 1.96 1.80 1.54 1.61 1.64 1.72 

Notes: 
(i) All results based on n= 40 samples. 
(ii) Significance of results as compared to untreated plots, determined using Student's 

Mest; * indicates P <0.05, ** indicates P <0.01 and *** indicates P <0.001. Each test 
based on 78 degrees of feedom. 

The weight readings of the total amount of grains 
per ear from the pre-harvest plants showed signifi- 
cantly higher results. compared to the untreated plot 
lanes, for both low and high application rates on 
uncompacted soil. The specific weight of the combine 
grain showed significantly higher density readings for 
the highest conditioner treatment on uncompacted 
plots. The 1000-grain weight readings of the final yield 
showed results which were significantly higher for 
both conditioner treated plots compared to the uncon- 
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ditioned ones. on both compacted and uncompacted 
trials. 

DISCUSSION 

From the tray erosion experiments, it can be 
concluded that the conditioner was effective in reduc- 
ing soil erosion on slopes of 10 degrees. No changes 
due to treatment were found on the 15 degree slopes, 
possibly due to the high erosivity of runoff on steep 
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slopes. In the splash erosion experiment, the material 
effectively decreased splash erosion on loamy sands. 
Application rates >297 mUha (>4 oz/acre) did not 
further decrease soil splash. These experiments 
confirm some of the preliminary results of Fullen et al. 
(1993a, b, 1994), suggesting that the conditioner can 
decrease the erodibility of loamy sand soils. In addi- 
tion. the results show that the conditioner can be 
effective on silt loam soils In reducing bulk densities 
and increasing soil porosity. These changes in soil 
physical properties can increase water infiltration and 
reduce runoff on slopes, indicating that the conditioner 
can also decrease the erodibility of silt loam soils. 

The soil structural benefits found In this study may 
be helpful in soil conservation programs. In the United 
States, for example. two recent farm bills, the Food 
Security Act (1985) and the Food, Agriculture, Con- 
servation and Trade Act (1990) require farmers to 
protect highly erodible cropland with proper soil 
conservation practices in order to access Federal farm 
benefits (Esseks and Kraft, 1991). Applying soil 
conditioners seems an appropriate and useful way to 
stabilise the soil. Furthermore, the preliminary results 
suggest that plant growth can be encouraged and 
final crop yields increased due to the soil conditioner 
applications. Besides the direct erosion control bene- 
fits, these improved plant responses are an additional 
benefit in soil conservation projects. Better growing 
plants will intercept more rainfall, which could further 
decrease slaking and benefit soil stabilisation, by 
improved root structural development and increased 
organic matter supply to the soil. 

Research into the effects of this soil conditioner is 
continuing and new experiments are being estab- 
lished. Splash erosion Is still being monitored and the 
randomised blocks have recently been raked, levelled 
and retreated. The tray experiment will be continued 
with different soils, after completion of a full year of 
readings. In addition, at the Hilton experimental site 
two large runoff plots for erosion measurements (2 x 
20 meters, 13 x 66 feet, each) are currently being 
established, which represent more comparable 
agricultural conditions. At Compton Park, the winter 
wheat experiment Is being repeated. Furthermore, 
laboratory tests will compare a number of soil condi- 
tioners in their effects on soil erodibility. 

CONCLUSIONS 

Results to date suggest that applications of an 
ammonium-laureth-sulfate based soil conditioner can 
have beneficial effects on soil conservation, by 
improving the structure of silt loam soils and reducing 

the erodibility of loamy sands. A high application rate 
improved crop growth and yield. The beneficial effectr, 
reported are now undergoing further investigations in 
a second year of field experiments. 
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ABSTRACT 

Investigations have been carded out into the effects of an anionic soil conditioner, 
based on ammonium-laureth-sulfate, on the structure and erodibility of loamy sand soils of 
the Bridgnorth series. Experiments have been conducted at the Hilton experimental she, east 
Shropshire, England, since March, 1988. The current set of experiments commenced in 
October, 1993, to investigate the effects of soil conditioner treatment on soil erosion, by 
measuring runoff and erosion rates and soil splash. Further experiments have been 
conducted on silt loam soils (Salwick series) at Compton Park, West Midlands, England. 
These have been evaluating the effects of conditioner application rates and rolling treatrnents 
on soil characteristics and resulting crop performance in winter wheat during two years of 
field trials. Studies on Chinese Aridisols were established in July, 1994, to evaluate effects 
of conditioner treatment on reclaimed desertified land. 

The soil conditioner decreased runoff and erosion rates from loamy sand soil in trays 
at a 10 degree slope. Splash erosion was also reduced on treated plots of the same soil type. 
In the first year of field trials, crop responses on unrolled silt loam soils were evident by 
higher fresh and dry plant weights through time and in an increase in final yield for the 
highest application rate (1188 mVha, 16 oz/acre). Various yield components were significantly 
greater at this high rate. The second cropping season showed much poorer crop develop- 
ment overall, due to a prolonged summer drought. This time, no clear eff ects of conditioner 
treatments were evident. Soil studies during these second year field trials showed a trend in 
decreasing bulk densities and soil moisture contents with increased soil conditioner 
application rates, similar to significant decreases found during the winter of the first trials. 
Furthermore, application of the conditioner increased the infiltration capacities of unrolled, 
bare silt loams during the first five months of 1995. On the Chinese conditioner-treated 
Aridisols, more enhanced development of biocrusts was noticed and a significanUy increased 
crust strength was measured on two different sites. 

Results to date suggest that applications of the soil conditioner can have beneficial 
effects on soil conservation and soil structure on erodible soils and can improve perfor- 
mances of crops on poorly stabilised soils. The findings of the cropping trials suggest that 
treatment effects will strongly depend upon initial soil conditions, such as soil moisture 
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content, soil aggregation and aggregate stability. The increased infiltration capacities may 
lead to less runoff and more plant-available soil moisture. Preliminary results also suggest 
the conditioner may be useful in desert reclamation programs, by encouraging biocrust 
development. 

INTRODUCTION 

In 1951, the artificial soil conditioner Krilium was 
announced and a special edition of Soil Science soon 
reported on the first experimental findings (Heddck & 
Mowry, 1952; Martin et aL, 1952; Weeks & Colter, 
1952). Other soil conditioners were soon marketed, in 
anticipation of benefitting agdculture. These wide- 
spread benefits never occurred, because the initial 
materials proved too expensive for general agdcultural 
use. However, research continued and many papers 
have been published since, resulting in several exten- 
sive reviews of this field (Quastel, 1954; De Boodt 
1972; Stewart, 1975; De Boodt & Gabdels 1976; 
Emerson, 1978; Azzam, 1980). Chemical soil condi- 
tioners are polymerised organic compounds with many 
negatively charged sites and a high resistance to 
decomposition. They can bind soil particles together 
through the same chemical linkages as natural soil 
organic mateHals. The use of these soil conditioners to 
modify soil structure and properties has proved an 
effective way to reduce soil erosion. Their aggregating 
and stabilising properties can have beneficial effects 
on soil structure, soil water management and plant 
growth. Therefore, it is important that soil conditioner 
research continues, to study the effects on plant 
growth and soil erosion and to elucidate the modes of 
action involved. 

Investigations into the effects of an anionic soil 
conditioner, based on ammonium-laureth-sulfate, are 
reported. The product is marketed as 'Agri-SC' by 
Blufflon Agricuftural Sales of Bluffton, Indiana. Experi- 
ments have been in progress at the University of 
Wolverhampton, U. K., since March, 1988, and initial 
results have been reported by Fullen et aL (1993 a, b, 
1994). The current set of experiments commenced in 
October, 1993, and have been established on loamy 
sand soils (Bridgnorth series) at the Hilton experimen- 
tal site, Shropshire. Investigations have been con- 
ducted on the effects of conditioner treatment on soil 
erosion, by measuring tray runoff and erosion rates 
and soil splash. Further experiments have been 
established on silt loam soils (Salwick series) at 
Compton Park, West Midlands. These have been 
evaluating the effects of conditioner application rates 
on soil characteristics and crop performance in winter 
wheat, in rolled and unrolled plots (Brandsma et aL, 

1995). Studies on Chinese Aridisols were established 
in July, 1994, and the effects of treatment on reclaimed 
desertified land were evaluated one year later. 

MATERIALS AND METHODS 

Hilton Experimental Site 

At the Hilton site, water erosion was monitored by 
measuring tray runoff and erosion rates. Four 1 m2 (2.0 
x 0.5 meters, 6.6 x 1.6 feet) erosion trays were in- 
stalled, two on a 10 degree and two on a 15 degree 
slope. Trays were facing the prevailing westerly winds, 
thus being well exposed to rain. To facilitate drainage, 
holes were drilled into the tray bases. All trays were 
filled with Bridgnorth series loamy sand topsoil [typical 
texture: sand (2000-63 pm) 79.8%, silt (63-2 pm) 
14.8% and clay (< 2 pm) 5.4%; typical soil organic 
content 1.9% by weight) to a depth of 10 cm (3.9 
inches). Each tray had a collecting gutter at the lower 
end, through which water and sediment were chan- 
neled into a 14 liter capacity bucket. The soil condi- 
tioner was applied on November 25 1993, to one of 
each pair of trays. A rate of 594 ml/ha (8 oz/acre) was 
prepared in 3 liters of water and applied using a 
watering can. Application was repeated on June 9, 
1994, after raking and leveling the tray surfaces. Trays 
were kept bare during the experiment by regular 
herbicide treatments. Readings were taken every two 
weeks or after heavy rainfall. Runoff was measured in 
the field by decanting the collected water carefully; 
erosion was measured by air-drying and weighing the 
sediment. 

Another experiment at Hilton studied the splash 
behaviour of loamy sand soils. A randomised block 
design was established, containing three rows of four 
2.25 m2 plots (1.5 x 1.5 meters, 5.0 x 5.0 feet). Splash 
erosion was measured on each square by collecting 
the splashed particles in centrally positioned traps. 
Each trap consisted of a circular tube inserted in the 
soil, containing a 15.2 cm (6.0 inches) diameter funnel 
and aI liter bottle. The trap was placed 1 cm (0.4 in) 
above the surface, allowing only splashed soil particles 
to enter. Treatment of three replicated plots with the 
soil conditioner was made on October 12,1994, at 
rates of 0,297,594, and 891 ml/ha (0,4,8, and 12 
oz/acre, respectively). Each application was prepared 
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in 3 liters of wate; - and applied using a watering can. 
The collecting bottles were emptied every two weeks 
and trapped fauna removed on a 2.0 mm, sieve in the 
laboratory before the splashed particles were dried and 
weighed. 

Cc)mpton Park 

At Compton Park, an experiment was established 
on silt loam soils of the Salwick series (mean soil 
organic content 5.00% by weight, n= 40 samples). A 
560 M2 (40 x 14 meters, 132 x 46 feet) field was 
plowed and cultivated on November 6,1993, and 
divided into seven plot lanes by tractor wheelings. 
Winter wheat (variety Beaver) was sown on November 
8,1993' at a density of 147 kg/ha and NPK fertiliser 

added. 
ýwo 

plot lanes were rolled by three tractor 

passes with a Cambridge roller, weighing 1.5 metric 
tonnes. For the second and third pass, the roller weight 
was increased with concrete slabs to a total of 2.0 

metric tonnes. The two rolled plot lanes and two 

unrolled plot lanes were then divided into three plots 
each of 19.2 M2 (12 x 1.6 meters, 40 x 5.3 feet), 

creating a total of 12 plots. The conditioner was applied 
on December 6,1993, at rates of 0,594, and 1188 

ml/ha (0,8, and 16 oz/acre) to four randomly chosen 
plots per treatment (two with rolled soil, two with 
unrolled soil). Three of the seven plot lanes (the two 
outer lanes and the middle one) remained untreated as 
space discards. For the second cropping season, a 
repeat procedure was adopted between October 12 

and 14,1994, and the conditioner was re-applied on 
the same plots on October 25,1994. This time, less 

rolling was applied, using only the Cambridge roller 
without added weights and malking only two passes 
per plot. 

To study changes in soil physical properties, soil 
was sampled in 5 cm deep cylindrical bulk density tins 
on December 12,1994, April 27, and September 4, 
1995. Samples were weighed, oven-dried at 105" C 
and re-weighed, to determine soil moisture content and 
bulk density. Soil was then passed through a 2.0 mm 
sieve to determine the bulk-density of the fine-earth. 
Particle density was measured by adding a known 
mass of fine-earth soil to a known volume of water. 
The water displacement was then extracted by pipette 
and related to the initial soil weight. Total soil porosity 
was calculated from measured particle density and 
bulk density values (Klute, 1986). Water infiltration 
rates were measured using double-Ong flooding infiltro- 
meters, positioned on randomly chosen locations 
within each plot. Every 15 minutes, the drop in water 
level was measured and the water level then replen- 
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ished. Infiltration capacity readings continued for 3 to 
4 hours per location. 

The growth of the winter wheat was monitored 
every two weeks during the experiment, by studying 
germination rates, fresh and dry weights of shoots and 
shoot components, leaf areas, degrees of tillering and 
stem and ear densities. An extra set of 240 plants (20 
per plot) was sampled immediately prior to harvesting, 
to study fresh and dry shoot weights and total grain 
weight per ear. The first winter wheat was harvested at 
an average grain moisture content of 14.2% on August 
22,1994, the second harvest was made on August 16. 
1995, at an average moisture content of 12.3%. Total 
yield per plot was determined on fresh weights and 
results corrected to a grain moisture content of 15%. 
Measurements of specific weight and 1000-grain 
weight were conducted subsequently in the laboratory. 
Specific weight was measured using a narrow 100 crrP 
measuring cylinder, 1000-grain weights were extrapo- 
lated from weight readings of sets of 50 grains (Allen, 
1989). 

China 

An experiment was also established in north- 
central China in July 1993. Studies were made of the 
effects of conditioner treatment on reclaimed deser- 
tified land. Soils at Shapotou (Addisols, reclaimed in 
1964) were treated in a randomised-block design of 9 
squares, each measuring 5 by 5 m. Treatments were 
applied at rates of 0,297, and 594 ml/ha (0,4, and 8 
oz/acre respectively) on three blocks each. Soils at 
Yanchi (Aridisols, reclaimed in 1982) were treated in a 
similar way. Effects on crust strength were evaluated 
with a hand held penetrometer in August, 1994. 

RESULTS 

Hilton Experimental Site 

On the loamy sand soils at Hilton site, comparison 
of the tray erosion data shows that an application of 
594 ml/ha (8 oz/acre) of the soil conditioner was 
effective in decreasing erosion on a 10 degree slope 
(Table 1). These results are backed up by a series of 
14 readings (out of the 20 readings taken during this 
experiment) favouring this trend for the runoff results 
and 15 readings for the erosion results. Overall, resufts 
show that the conditioner decreased runoff by 17.5% 
and erosion rates by 10.6%. The overall results for 
soils on a 15 degree slope show higher erosion and 
runoff yield for the treated trays, but individual readings 
could not confirm this trend and therefore could not 
discriminate between treatments. 
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Table 1. Effects of Soil Conditioner (Applied at 597 mVha, 8 oz/acre) on Total Runoff 
and Erosion from Erosion Trays, Filled with Loamy Sand Soil (November 25,1993- 
November 24,1994). 

Treatment Runoff 
(liters) 

Erosion 
(g) 

Erosion equivalent 
(t/ha) 

Untreated, 10" slope 34.22 500.5 5.0 
Treated, 10" slope 28.22 447.6 4.5 
Untreated, 150" slope 46.65 3034.5 30.3 
Treated, 150 slope 51.33 3624.5 36.2 

Note: (i) Total precipitation during experiment was 698.9 mm (27.5 inches). 

On the randomised splash blocks, splash erosion 
was decreased by conditioner treatments, up to 14.0% 
on the highest application rate soil (Table 2). 

Compton Park 

On the cropped silt loam soils at Compton Park, 
the conditioner and rolling treatments changed several 
soil properties (Table 3). On all plots, bulk density 
generally decreased with soil conditioner treatments. 
Soil moisture content was often significantly lower for 
the highest conditioner treatment, occurring on both 
rolled and unrolled plots. 

Conditioner treatments changed the infiltration 
capacities of the unrolled, bare plots (Figure 1) and the 

mean infiltration capacities on treated soils were 
significantly different from the control (Table 4). For 
this statistical analysis, infiltration capacity values from 
120 minutes onwards (120" inclusive) were used, as 
saturated flow was then considered to be reached. 

Crop responses on the treated silt loam soils were 
evident in both years (Table 5). In 1994, higher fresh 
and dry shoot weights through time and an increase in 
final Yield were found on the randomised blocks for the 
highest application rate (1188 mVha, 16 oz/acre). In 
1995, a much poorer crop development overall was 
established due to a prolonged summer drought. This 
time, there were no clear effects of conditioner treat- 
ments. In 1995, rolling did improve the structure of the 
seedbed, resulting in much higher yields. 

Table 2. Effects of Soil Conditioner on Total Amount of Soil Splashed Into Funnels 
from Plots of Loamy Sand Soil, Arranged in Randomised Blocks (October 10, 
1994-February 02,1995). 

Treatment Splash Decrease compared to Splash equivalent 
(g) untreated blocks (%) (kglha) 

Untreated 121.5 - 47.3 
297 ml/ha 121.2 0.2 47.2 
594 ml/ha 112.8 7.1 43.9 
891 ml/ha 104.5 14.0 40.7 

Note: (i) Results based on readings from eight dates, each treatment replicated three 
times, totaling 24 readings per treatment. 
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Table 3. Eff ects of Soil Conditioner and Rolling Treatment on Soil Characteristics of 
Cropped Silt Loam Soil (0-5 cm depth, December, 1994-September, 1995). 

Treatment and date of Bulk density Total porosity Soil moisture 
sampling (g/CM3) N content 

1) 12-08-1994. 

Unrolled Plots: 
0 mVha 1.40 36.26 21.8 
594 mVha 1.39 36.63 21.4 
1188 mVha 1.36 37.10 21.3* 

Rolled Plots: 
0 mVha 1.39 36.32 21.7 
594 mVha 1.39 36.54 21.6 
1188 mVha 1.38 37.74 21.8 

2) 04-27-1995. 

Unrolled Plots: 
0 mVha 1.25 43.01 14.4 
594 mVha 1.21 44.69 14.2 
1188 mVha 1.20 45.18 13.3*** 

Rolled Plots: 
0 mVha 1.21 44.85 14.0 
594 mVha 1.24 43.49 14.5 
1168 mVha 1.17 46.80* 12.5*** 

3) 09-04-1995. 

Unrolled Plots: 
0 mVha 1.16 46.93 8.7 
594 mVha 1.13 48.29 9.6 
1188 mVha 1.11 49.48 9.0 

Rolled Plots: 
0 mVha 1.19 45.85 8.9 
594 mVha 1.15 47.56 8.2 
1188 mVha 1.11 49.33** 8.0* 

Notes: (i) All results based on n= 20 samples. 
(ii) Soil moisture content based on dry soil weights. 
(iii) Significance of results as compared to untreated plots. determýined using 

Student's West; * indicates P<0.05, ** indicates P<0.01 and *** indicates 
P<0.001. Each test based on 38 degrees of freedom. 
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Note: (i) Each point is based on a mean of six readings from different locations within 
each plot. 

Figure 1. Effects of soil conditioner on infiltration capacities of bare, unrolled plots 
of slit loam soil (January-June, 1995, n= 6). 

Table 4. Statistical Analysis of the Effects of Soil Conditioner on the Infiltration 
Capacities of Bare, Unrolled Plots of Silt Loam Soil (January-June, 1995). 

Treatment Mean infiltration capacity (mm/hr) S. E. 

0 ml/ha 126.9 9.9 
594 ml/ha 239.8*** 15.8 
1188 ml/ha 294.4 *** 11.9 

Notes: (i) Values based on readings from 120 minutes onwards (120 "inclusive). 
(ii) All results based on n= 41 samples. 
(iii) Significance of results as compared to untreated plots, determined using 

Student's t-test; each test based on 80 degrees of freedom. 
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Table S. Effects of Soil Conditioner and Rolling Treatment on Two Yields of Combined 
Winter Wheat (cv. Beaver) Growing in Silt Loam Soil, Adjusted to 15% Moisture 
Content (August 22,1994, and August 18,1995). 

Final Yield (metric tonnes/ha) 

Unrolled plots Rolled plots 
0 594 1188 0 594 1188 

mVha mVha mVha mUha mVha mVha 

Mean 1994 6.96 6.97 7.51 5.31 4.66 5.26 
Mean 1995 2.11 2.84 2.32 7.04 5.21 4.56 

Note: (i) All results based on means of two replicated plots. 

Measurements of 240 pre-harvest plants in 1994. 
showed significantly higher fresh and dry shoot 
weights for the low and high conditioner treatment, 
compared to the untreated plots, on the unrolled soils 
(Table 6). In 1995, the weights on the unrolled plots, 
although not significantly different, followed the pattern 
of the previous harvest results. Again, the rolled plots 
did not favour any soil conditioner treatment. 

In 1994, the weight readings of the total amount of 
grains per ear from the pre-harvest plants were signifi- 
cantfy higher compared to the untreated plot lanes, for 
both low and high application rates on unrolled soil 
(Table 7). The specific weight of the combined grain 
showed significantly higher density readings for the 
highest conditioner treatment on unrolled plots. The 
1000-grain weight readings of the combined grain 
showed results which were significantly higher for both 
conditioner treated plots compared to the uncondi- 
tioned ones, on both rolled and unrolled trials in 1994. 
Results for 1995 did not show affected Yield compo- 
nents as a result of soil conditioner treatment. Although 
the increase in 1000-grain weights for the medium 
application rate (594 mVha, 8 oz/acre) was statistically 
significant, it is not consistent across treatments and 
the measurements did not confirm yield readings. 
Therefore, these differences are not believed to 
indicate soil conditioner treatments. 

China 

Biocrusts on two sites with conditioner-treated 
Aridisols had significantly greater penetrometer resis- 
tance (Table 8). 
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DISCUSSION 

From the tray erosion experiments, it can be 
concluded that the conditioner was effective in de- 
creasing soil erosion and runoff on slopes of 10 
degrees. No consistent changes favouring conditioner 
treatment were found on the 15 degree slopes, possi- 
bly due to the higher erosivity of runoff on steep 
slopes. In the splash erosion experiment, the material 
effectively decreased splash erosion on loamy sands. 
These experiments confirm some of the preliminary 
results of Fullen et A (1993 a, b, 1994) and Brandsma 
et aL (1995), suggesting that the conditioner can 
decrease the erodibility of loamy sand soils. Further- 
more, the results show that the conditioner can be 
effective on silt loam soils in decreasing bulk densities 
and increasing soil porosity and water infiltration. 
These changes in soil physical properties can reduce 
runoff and soil erosion and encourage bioproductivity, 
as also found by De Vleeschauwer et aL, 1978; 
Wallace and Wallace, 1987,1990 and Agassi and Ben- 
Hur, 1992. Soil conditioners have aggregating and 
stabilising effects on soil structure. Therefore. if the 
existing soil condition is beneficial to plant growth, 
conditioner treatments will maintain this and prevent 
topsoil slaking and capping. However, it is believed 
that the effects of the rolling treatments in both years 
damaged topsoil structure, hence no significant condi- 
tioner effects were detectable during the cropping 
seasons on rolled plots. Using soil conditioners in 
desert reclamation projects seems another beneficial 
application, as results showed an increased topsoil 
strength and biocrust development. More stabilised 
sandy soils as a result of chemical soil conditioning 
have also been observed by Joseph (1972), Ver- 
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Table 6. Effects of Soil Conditioner and Rolling Treatment on the Fresh and Dry 
Weights of Two Years of Pre-Harvest Winter Wheat Shoots (cv. Beaver), Growing 
in Silt Loam Soil (August 22,1994, and August 18,1995). 

Fresh weights (g) Dry weights (g) 

Unrolled soil 

0 594 1188 0 594 1188 
mUha mVha mVha mVha mVha mVha 

1994: 
Mean 4.52 4.86* 4.96*** 4.13 4.44** 4.53*** 
S. D. 0.59 0.71 0.65 0.53 0.63 0.58 
1995: 
Mean 3.09 3.44 3.23 2.93 3.2-2 3.03 
S. D. 1.13 1.18 1.03 1.07 1.12 0.99 

Rolled soil 

-0 594 1188 0 594 1188 
mVha mVha mVha mVha mVha mVha 

1994: 
Mean 4.96 5.17 5.10 4.51 4.71 4.64 
S. D. 0.74 0.72 0.68 0.66 0.64 0.60 
1995: 
Mean 3.41 3.27 3.13 3.18 3.06 2.95 
S. D. 1.01 0.81 0.78 0.93 0.77 0.73 

Notes: (i ) All results based on n= 40 Lamples. 
(i i) Significance of results as compared to untreated plots, determined using 

Student's t-test; each test based on 78 degrees of freedom. 

plancke et al. (1990), Bryan (1992) and Verplancke 
(1992). 

In 1994, winter wheat growth was enhanced and 
final crop yields increased with a soil condi- 
tioner application at a rate of 1188 mVha (16 oz/acre). 
In 1995, a much poorer crop development overall was 
established, due to a prolonged summer drought and 
there were no clear effects of conditioner treatments. 
This shows that possible beneficial soil conditioning 
effects are influenced by many factors during the 
growing season and optimum application rates will 
strongly depend upon initial soil conditions, such as 
moisture content, aggregation and aggregate stability. 
Furthermore, crop pedormance is also strongly influ- 
enced by rolling, as this treatment in the second 
cropping season clearly improved yields, whereas the 
first year rolling produced detrimental compaction for 
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the crop. Current investigations are studying the 
effects of conditioner treatment on soil micromorpho- 
logical properties, soil erodibility and aggregate stability 
and are comparing the effects of the soil conditioner 
with other commercially available conditioners. The 
research is aimed at elucidating the mode of action of 
the conditioner in the soil-plant system and evaluating 
the potential contribution to soil conservation. 

CONCLUSIONS 

Results to date suggest that applications of an 
ammonium-laureth-sulfate based soil conditioner can 
have beneficial effects on soil conservation, by main- 
taining an improved soil structure and higher infiltration 
capacity on silt loam soils and reducing the erodibility 
of loamy sands. Application also improved crop growth 
and Yield during the first cropping season, but could 
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Table 7. Effects of Soil Conditioner and Rolling Treatment on Two Years of Yield 
Components of Winter Wheat (cv. Beaver) Growing In Silt Loam Soil, Adjusted to 
15% Moisture Content (August 22,1994, and August 18,1995). 

Unrolled soil Rolled soil 

Total grain weight per ear (g) 

0 594 1188 0 594 1188 
mVha mVha mVha mUha mVha mVha 

1994: 
Mean 2.35 2.54* 2.57- 2.73 2.78 2.73 
S. D. 0.40 0.51 0.47 0.61 0.56 0.51 
1995: 
Mean 1.53 1.71 1.66 2.07 1.98 1.90 
S. D. 0.87 0.85 0.75 0.69 0.55 0.55 

Specific weight (g/1 00 CM3) 

0 594 1188 0 594 1188 
mVha mVha mUha mVha mUha mVha 

1994: 
Mean 74.9 74.4 75.4** 72.8 73.1 73.3 
S. D. 0.7 0.8 0.8 0.8 0.9 0.7 
1995: 
Mean 80.0 78.5 79.5 86.5 85.9 86.4 
S. D. 1.2 1.1 1.1 1.6 1.4 1.4 

1000-grain weight (g) 

0 594 1188 0 594 1188 
mVha mVha mVha mUha mUha, mVha 

1994: 
Mean 52.23 53.86*** 54.02*** 51.50 52.76** 53.50*** 
S. D. 1.96 1.80 1.54 1.61 1.64 1.72 
1995: 
Mean 47.11 47.61 47.18 51.40 51.67* 51.69 
S. D. 1.87 1.78 2.22 1.70 1.94 1.58 

Notes: (i ) All results based on n= 40 samples. 
(i i) Significance of results as compared to untreated plots, determined using 

Student's West; each test based on 78 degrees of freedom. 

477 
248 



Table 8. Effects of Soil Conditioner on the Crust Strength of Chinese Aridisols (july, 
1993-August, 1994). 

Treatment and site of 
sampling 

Penetrometer resistance 
(kg/cm2) 

S. E. n 

1) Shapotou. 

0 ml/ha 0.721 0.018 135 
297 ml/ha 0.783* 0.020 135 
594 ml/ha 0.776* 0.018 135 

2) Yanchl. 

0 ml/ha 0.566 0.019 150 
297 ml/ha 0.658** 0.025 150 
594 mUha 0.651 ** 0.026 150 

Notes: (i) Significance of results as compared to untreated plots, determined using 
Student's West; tests based on 268 degrees of freedom (Shapotou) or 298 
d. f. (Yanchi). 

(ii) The Shapotou site was treated on July 25,1993, and readings taken on 
August 14,1994; the Yanchi site was treated on August 1,1993, and 
readings taken on August 9,1994. 

not discriminate between treatments in a repeated 
experiment. 
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FOR SOIL CONSERVATION 

R. T. Brandsma, M. A. Fullen & T. J. Hocking. 
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ABSTRACT 

Investigations have been carried out into the effects of 'Agri-SC, an anionic soil 
conditioner based on ammonium-laureth-sulphate, on soil erosion. Other 
commercially available synthetic conditioners have been used in a comparative study 
of soil conditioner effects on soil structure. 'Agri-SC decreased cumulative runoff 
rates from loamy sand soil (Bridgnorth series) in trays on a 10 degree slope by 54.6% 
over a period of nine months and erosion rates fell by 24.7%. Mean splash erosion 
decreased by 14.3% over a first period of four months and by 7.2% over a similar 
period after a repeat application. The comparison with other soil conditioners showed 
all treatments significantly decreased bulk-density and significantly increased soil 
porosity compared to the untreated soils, but only 'Agri-SC' and 'SoilTex! (a 
polyacrylamide based conditioner) significantly increased percentage water stable 
aggregates, by 22.9 and 24.6%, respectively, compared with the control. It is 
suggested that applications of 'Agri-SC soil conditioner can establish beneficial soil 
structural changes and decrease soil erosion. 

INTRODUCTION 

Chemical soil conditioners have been widely available since the 1950s. They are 
based on polymerised organic compounds with high resistance to decomposition and 
are able to bind soil particles through similar chemical linkages as natural soil organic 
compounds, such as polysaccharides. Soil conditioners modify soil properties and 
structure and have proved effective for soil conservation. Their aggregating and 
stabilising properties can have further benefits on soil water management and plant 
growth (DE BOODT, 1979; AZZAM, 1980). 

Investigations into the effects of various synthetic soil conditioners on soil erosion 
and structure are reported, mostly using an anionic soil conditioner, based on 
ammonium-laureth-sulphate and marketed as 'Agri-SC' by Four Star Services of 
Blufflon, Indiana, U. S. A. Experiments with this conditioner have been in progress at 
the University of Wolverhampton, England, since March 1988 and initial results have 
been reported by FULLEN et aL (1993a, b, 1994,1995). A Ph. D. research programme 
commenced in October 1993 and more results have been reported by BRANDSMA et 
aL (1995,1996). The experiments reported here were established on loamy sand soils 
(Bridgnorth series) at the Hilton experimental site, Shropshire, England. 
Investigations have been conducted into the effects of 'Agri-SC' conditioner treatment 
on soil erosion, by measuring tray runoff and erosion rates and soil splash. Other 
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commercial ly-available soil conditioners, including 'Humus', 'SoilTex' and 'Kiwi 
Green', have been used in a comparative study of their effects on crust strength, soil 
moisture content, bulk density and aggregate stability. 

MATERIALS AND METHODS 

Water erosion was monitored by measuring tray runoff and erosion rates. Four IM2 
(2.0 x 0.5 metres) erosion trays were installed, two on a 10 degree and two on a 12 
degree slope. Trays faced the prevailing westerly winds and were thus well exposed to 
rain. To facilitate drainage, holes were drilled into the tray bases. All trays were filled 

xvith Bridgnorth series loamy sand Ap horizon soil [typical texture: sand (2000-63 

gm) 79.8%, silt (63-2 pm) 14.8% and clay (<2 gm) 5.4%; typical soil organic content 
1.9% by weight] to a depth of 10 cm. Each tray had a collecting gutter at the lower 

end, through which water and sediment were channelled into a 14 litre capacity 
bucket. The soil conditioner was applied on 20 April 1995 to one of each pair of trays 

after raking and levelling the tray surfaces. A rate of 594 ml/hal was prepared in 3 
litres of water and applied using a watering can. Surfaces of the soils were kept bare 
during the experiment by regular herbicide treatments. Readings were taken every two 

weeks or after heavy rainfall. Runoff was measured in the field by decanting the 

collected water carefully; erosion was measured by air-drying and weighing the 

sediment. 

A second experiment was set up to study the effects of treatment on splash erosion. A 

randomised block design was established, containing three rows of four 2.25 rný plots 
(1.5 x 1.5 metres). Splash erosion was measured in each square by collecting the 

splashed particles in centrally positioned traps. Each trap consisted of a 15.2 cm 
diameter circular tube inserted in the soil, containing a funnel and aI litre bottle. The 

top of each trap was I cm above the soil surface, thus only allowing splashed soil 
particles to enter. The three replicated plots were treated with the soil conditioner on 
14 April 1994 at rates of 0,297,594 and 891 ml/ha. Each application was prepared in 
3 litres of water and applied using a watering can. The conditioner was re-applied on 
12 October 1994. The collecting bottles were emptied every two weeks and trapped 
fauna removed using a 2.0 mm sieve in the laboratory, then the splashed particles 
were dried and weighed. 

A third experiment was established to compare the effects of chemical soil 
conditioners on soil properties (crust strength, soil moisture content, bulk density and 
aggregate stability). These included 'Kiwi Green' (a conditioner based on organic 
wetting agents, enzymes and surfactants, marketed by Quattro Environmental Inc., 
California, U. S. A. ), 'SoilTex' (an anionic polyacrylamide, marketed by Interlates, 
Allied Colloids, Lancaster, U. K) and 'Humus' (a conditioner based on humic acids, 
marketed by Humus of America Inc., Texas, U. S. A. ). Twelve 1 M2 (I by I metre) 
blocks were established in two rows of six blocks each. Including the control plots, a 
total of six different treatments were applied in duplicate on 6 July 1995, with 2 litres 

of water to each block. The 'Agri-SC' solution was applied at a rate of 594 ml/ha and 

Application rates used in this study are based on the manufacturer's recommended rate of 4 fluid 

ounces per acre for sandy soil. 
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the three other soil conditioners were applied according to manufacturers 
recommendations: 'Kiwi Green' at 50 I/ha, 'SoilTex! at 125 1/ha and 'Humus' at 2.4 
I/ha. A mixed application of'Humus' and 'Agri-SC' (both applied at 100% of their 
individual rates) was also made. Nine 0-5 cm. deep soil samples were taken from each 
block on 28 September 1995 in 5 cm. deep cylindrical bulk-density tins to measure 
soil bulk density and moisture content, resulting in 18 measurements per treatment. 
Soil crust strength was measured on 25 September 1995, by taking 50 readings per 
plot with a hand held penetrometer, resulting in 100 readings per soil conditioner 
treatment. For the assessment of aggregate stability, soil was sampled in two sessions, 
firstly on 20 September 1995,11 weeks after conditioner application, and again on 12 
October 1995,14 weeks after conditioner application. Four soil samples were taken 
ftorn each block each time. Soil aggregates were prepared by air-drying and sieving 
the soil samples to remove the 4.0-5.6 min size fraction. Aggregates in this size range 
were weighed, then evenly spread on I mm sieves and placed under a rainfall 
simulator. Water drops fell from 1.45 m height and rainfall intensity was -30 mm/h 
for 15 minutes. Actual intensity produced per session was checked by collecting the 
simulated rain in a standard rain gauge. The particles dispersed and washed through 
the sieves were collected and air-dried before being re-weighed and erodibility 
calculated. 

RESULTS 

Comparison of the tray erosion data showed that an application of 594 ml/ha of'Agri- 
SC' decreased erosion on a 10 degree slope (Table 1). 

Table 1: Effects of soil conditioner (applied at 597 ml/ha) on total runoff and 
erosion from erosion trays, filled with loamy sand soil (20 April 1995 - 11 
January 1996). 
................................. . ... -- - -------------------------------- - ------------------------ 

Treatment Runoff Erosion Erosion 
(litres) (g) equivalent 

- -- 
(t/ha) 

-- ---- - ------- 
Untreated. Iý0 slope 15.75 

------ 
337.2 

-- 
3.4 

Treated, 10 slope 7.15 253.8 2.5 

Untreated, 10 slope 13.61 363.0 3.6 
Treated, 12 slope 13.75 488.4 4.9 

----- --- ------------------- - ----------- - ------ --- ----------------------------------------------------------------- 
Notes, 
(i) Results based on a total of 14 individual field readings. 
(ii) Total precipitation during experiment 331.0 mm. 
--------------------------------------------- - ----------------------------------- ---------------------------------------- 

During this experiment a total of 14 readings was taken, all containing sediment, 
although six of them yielded no measurable amounts of runoff. The cumulative 
decrease in the overall results on the treated tray is supported by seven individual 
readings (out of eight taken) favouring this trend for the runoff results and by nine 
readings (out of 14 taken) for the erosion results. Overall, the conditioner decreased 
runoff by 54.6% and erosion by 24.7% during the nine month duration of this 
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experiment. The results for soils on a 12 degree slope showed similar runoff totals for 
both trays. but higher erosion on the treated tray. The results for this slope angle are 
hence difficult to explain in relation to conditioner treatments. 

On the randomised splash blocks, splash erosion decreased on all treated blocks, with 
a mean decrease for all treatments of 14.3% but no clear relationship to application 
rates. During a repeat run of this experiment, soils responded differently: treatment 
decreased splash erosion rates up to 14.0% on the highest application rate soil (891 
ml/ha), with no response evidcnt with the lowest application rate (297 ml/ha, Table 2). 

Table 2: Effects of soil conditioner treatments on amount of soil (g) splashed into 
traps from plots of loam), sand soil, arranged in randomised blocks. 

--- ---- - ------ -- ------ --- ---------- --- Untrcatcd 297 mlAha 594 ml/ha 891 mUha 

Total 116.4 99.1 101.7 98.4 
Maximum 24.1 20.9 22.2 22.4 
Minimum 0.8 0.5 0.5 0.7 
Decrease compared to 
untreated blocks (%) --- 14.8 12.6 15.4 

Total 121.5 121.2 112.8 104.5 
Maximum 9.4 9.2 10.6 7.8 
Minimum 1.1 1.0 1.2 1.0 
Decrease compared to 
untreated blocks 0.2 7.1 14.0 

-- --- -- -------- - ------------------------------------------- - 
Notes: 
(i) Results based on readings from seven dates, each treatment replicated three times, totalling 

21 readings per treatment. 
(ii) Results based on readings from eight dates, each treatment replicated three times, totalling 

24 readings per treatment. 
-- - ---- ---- -- -- ---- --------------------------------------- -- ---- 

Analysis of variance (ANOVA) of all splash results showed the overall differences 
between treatments in the second experiment and between all individual sampling 
dates for both experiments as statistically significant. This is obvious for the 
differences between the sampling dates (P <0.001 for the first and second set of 
samples), as results vary according to rainfall, but it also shows that differences 
between the various conditioner treatments during the second run were significantly 
different (P <0-0 I). 

Various other commercially available conditioners were compared with 'Agri-SCI at 
the Hilton site, but none of the soil conditioners applied significantly'reduced crust 
strengths of the loamy sand soil. Applications of 'Kiwi Green' and 'Soiltex' even 
resulted in significantly higher topsoil resistance to penetration, as compared with 
control plots (Table 3). 
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Table 3: Effects of various soil conditioners on the crust strength of loamy sand 
soil, arranged in randomiscd blocks. 

- ---------- --- ------------------------- 
Treatment Mean crust S. D. 

strength (kglCM2) 

Untreated 0.47 0.14 
Agri-SC 0.47 0.15 
Humus 0.49 0.12 
Kiwi Green 0.60*** 0.24 
SoilTex 0.55*** 0.14 
Agri-SC + IlumusW 0.45 0.16 

Notes: 
(i) Based on a 100% v/v mix. 
(ii) All results based on n- 100 readings. 
(iii) Significance of results as compared to untreated plots, 

determined using the Student's west (assuming unequal 
variances); * indicates P <0.05, indicates P <0.0 I and 
*** indicates P <0.00 1. 

On soils with a higher degree of aggregate stabilisation, a more porous topsoil will be 
maintained and less crusting will occur after min drop impact. Therefore, the 
significantly higher topsoil strengths resulting from the application of 'Kiwi Green' 
and 'Soiltex' may be an undesirable effect. The various soil conditioners tested all 
significantly decreased soil bulk density and significantly increased soil porosity 
compared to the untreated soil (Table 4). 

Table 4: Effects of various soil conditioners on the soil characteristics of loamy 
sand soil, arranged in randomised blocks. 

Treatment Bulk S. D. Total S. D. Soil S. D. 
density porosity moisture 
(g/CM3) content (%) 

Untreated 1.38 0.09 36.93 4.08 
- ------- 

7.8 
-- - ---- -- 
0.6 

Agri-SC 1.3 1 0.08 39.98* 3.75 7.5 0.6 
Humus 1.28*** 0.07 41.33*** 3.16 8.4* 0.7 
Kiwi Green 1.30** 0.08 40.71**, 3.72 8.2 0.7 
SoilTex 1.32* 0.07 39.94* 3.25 8.5** 0.7 
Agri-SC + Ilumus(') 

--------------------- 

1.29*** 

-------------- 

0.06 

------------ 

41.08*** 

----------------- 

2.77 

---------- 
7.8 

-- 
0.7 

-------------------- 
Notes: 

---------------- ----------- 

(i) Based on a 100% v/v mix. 
(ii) All results based on n-8 sam 
...... - -------------------------------- 

ples. 
--------------- ------------ ---------------- ----------- ------------------ ----------- 

Mean soil moisture content (12 weeks after treatment) was significantly higher than 
the control for the plots treated witli'llumus' and'Soiltex'. Only 'Agri-SC-treated soil 
showed lower topsoil moisture contents compared to the! untreated soil. possibly 
indicating a more porous topsoil layer. Aggregate stability was significantly increased 
by'Agri-SC' and 'SoilTex' applications (Table 5). 
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Table 5: Effects of various soil conditioners on the crodibility of soil aggregates 
(4.0 - 5.6 mm) of loam. v sand soil using simulated rainfall. 

----- - ---------------------------------------------------------------------- ---------------------------- - ---- - -- 3&5 Qctober 1995 18 &, 19 October 1995 

Treatment Mean % S. D. Mean % S. D. 
water stable water stable 
aggregates 

.............. .... ................. 
aggregates 

- ------------ - .... ...... 
Untreated 

. . 
17.8 13 

------- --- 
29.8 

------------------------------ 
11.1 

Agri-SC 22.2 -1.8 45.9** 6.1 
Humus 21.7 20.0 31.5 4.3 
Kiwi Green 25.7 10.6 33.1 7.7 
SoilTex 38.0** 10.3 33.0 9.9 
Agri-SC + Humus(') 19.1 5.2 34.0 7.5 

Mean rainfall intensity Mean rainfall intensity 
applied: 27.4 mm/hOO applied: 28.8 mm/h(iii) 

- -- - --- - ----- -- ------- -------------------------------- -------------------- - -- 
Notes: 
(i) Based on a 100%v/v mix. 
(ii) Based on 48 runs, S. D. - 5.2 
(iii) Based on 48 runs, S. D. - 4.3 
(iv) All mean results based on n=8 samples. 

---- ---------------- --- ---------- - ---- - ---- - ------------------ - ----------------- 

During both runs of the experiment, the untreated plots yielded the most erodible 
aggregates. ANOVA analysis of both sets of results showed the overall differences 
between the various treatments to be significant (P <0.01 for the first set of samples 
and <0.05 for the second set), and differences between the two rows of blocks as 
insignificant (P = 0.62 and 0.52, respectively), i. e. the results from the replicated 
blocks can be analysed as taken from a group with the same overall mean. 

DISCUSSION 

From the results of the tray erosion experiments, it is suggested that 'Agri-SC' 
decreased runoff and erosion on a 10 degree slope. No consistent changes favouring 
conditioner treatment were evident on the 12 degree slope, possibly due to the higher 
erosivity of runoff on steep slopes. Slopes of 12 degrees form thresholds for 
accelerated erosion rates (FULLEN & REED, 1986). In the splash erosion 
experiment, 'Agri-SC' effectively decreased splash erosion during two runs of six 
months each. Even a low application rate of 297 ml/ha diminished splash erosion. The 
erosion experiments confirm the results of FULLEN et al. (1993a, b, 1994,1995) 
suggesting the conditioner can decrease the erodibility of loamy sand soils. 
Furthermore, 'Agri-SC' performed similarly to other commercial soil conditioners, in 
terms of decreasing bulk density and erodibility and in*cre'as'ing porosity on loamy 
sand soils and by increasing soil aggregate stability. These changes can decrease 
runoff and soil erosion and increase water drainage and bioproductivity, results from 
soil conditioner applications also reported by DE VLEESCHAUWER et al. (1978); 
WALLACE & WALLACE (1987,1990) and AGASSI & BEN-HUR (1992). More 
research is needed into interactions between anionic soil conditioners and various 
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components of the soil system. Current investigations using 'Agri-SC' are studying the 
effects of treatments on soil micromorphological and chemical properties. In addition, 
effects on the emergence of winter wheat plants and the aggregate stability and 
drainage capacities of various soil types are being investigated. The research aims at 
elucidating the mode of action of the conditioner in the soil-plant system and 
evaluating the potential contribution to soil conservation. 

The soil structural benefits found in this study may be helpful in soil conservation 
programmes. In the United States, for example, two recent farm bills, the Food 
Security Act (1985) and the Food, Agriculture, Conservation and Trade Act (1990) 

require farmers to protect highly erodible cropland with proper soil conservation 
practices in order to access Federal farm benefits (ESSEKS & KRAFT, 1991). 
Applying inexpensive soil conditioners seems an appropriate and useful means of 
compliance. 

CONCLUSIONS 

From the results so far, it is suggested that applications of an ammonium-laureth- 
sulphate based soil conditioner ('Agri-SC') can establish soil structural changes 
beneficial for soil conservation, by maintaining improved soil structure and 
decreasing the erodibility of loamy sand soils. In some comparative tests, the soil 
conditioner performed similarly to other commercial soil conditioners. 
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Effects of an anionic soil conditioner on Soil erosion, 

soil structure and crop performance 

R. T. Brandsma, M. A. Fullen and T. J. Hocking 

School of Applied Sciences, The University of Wolverhampton, Wolverhampton. WVj 1SB 

Investigations have been carded out into the effects of 'Agri-SCI (an anionic soil conditioner 
based on ammonium-laureth-sulphate) on soil structure, soil erodibility and Crop Performance. 
Experiments commenced in October 1993 and are being conducted on loamy sand soils 
(Bridgnorth Series) to study the effects of treatment on runoff, erosion rates and soil splash. 
Further experiments are being conducted on sift loam soils (Salwick Series), Studying effects 
of conditioner treatment on soil characteristics and the resulting productivity of winter wheat, 
in compacted and uncompacted plots. 
Results suggest that applications of the soil conditioner could have beneficial effects on soil 
conservation and soil structure on erodible soils. Over a year, cumulative runoff rates on i 

m2 trays at a ten degree slope decreased by 17.5% and erosion rates fell by I O. W/o. Splash 

erosion, as measured in a randomised twelve block design, decreased by a mean of 14.3% 

over four months. Soil characteristics significantly changed with application rates during 

winter 1993-1994, including decreasing bulk densities and moisture contents and increasing 

total porosities. Furthermore, treatment improved bioproductivity in a winter wheat crop. 
Significantly higher fresh and dry weights were obtained for pre-harvest shots on 

uncompacted plots and the various yield components also significantly increased With 

application rates. Moreover, a high application rate of 1188 mVha produced greater winter 

wheat yields in the first season of field trials. A cost-benefit analysis suggests the 8% yield 
increase on the uncompacted plots was economically beneficial. 
Further investigations are evaluating effects of conditioner treatment on soil 

micromorphological properties, soil erodibility and hydraulic conductivity. The current 

research is validating the initial findings, comparing the effects of the soil conditioner with 

other commercially available conditioners and evaluating the potential contribution of the 

conditioner to soil conservation. Investigations are aimed at elucidating the mode of action of 

-plant system. the conditioner in the soil 
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Session 3: Soil Erosion; Orals 

3.1.4 P-T. BRANDSMA, m. A. FULLEN & T. J. HOCKING: Effects of an anionic Soil conditioner on soil 
structure and crodibility 

School of Applied Sciences, The University of Wolverhmnpton, Wolverharnpton WV II SB, UK 

Investigations have been carried out into the effem of an anionic soil conditioner, based on ammonium-laureth-sulphate 
CAgri-SC), on the structure and erodibility of loamy sand soils of the Bridgnorth series. Experiments commenced in 
October 1993, investigating the effects of soil conditioner treatment on soil erosion, by measuring runoff and erosion rates 
and soil splash at the Hilton experimental site, cast Shropshire. The effects of 'Agri-SC on soil structure and stability have 
been compared with other commercially available soil conditioners. Further experiments on silt loarn soils (Salwick series) 
at Compton Park; West Midlands, have evaluated the effects of conditioner application rates and rolling treatments on soil 
characteristics and resulting crop performance in winter wheat during two years of field trials. 

Experiments at Hilton showed that, over a year, cumulative runoff rates measured on Im2 trays on a 10* slope decreased by 
17.5% and erosion rates fell by 10.6%. Mean splash erosion decreased by 14.3% over a first period of four months and by 
7.2% over a similar period after a repeat application. The comparison with other soil conditioners showed all treatments 

significantly decreased bulk density, but only 'Agri-SC and 'SoilTex' (a polyacrylamide based conditioner) significantly 
increased percentage water stable aggregates by 22.9% and 24.6%, respectively, compared with the control. At Compton 

Park, bulk densities and moisture contents decreased and total porosities increased with increased application rates. *Tbe 

conditioner significantly increased infiltration capacities in unrolled, bare silt loams during the first five months of 1995. 
Further, treatment improved bioproductivity in a winter wheat crop. 

Results suggest that applications of the soil conditioner can have beneficial effects on soil conservation and structure on 

erodible soils. Further investigations are evaluating effects of conditioner treatment on soil micromorphological properties, 

soil crodibility and the relationship between clay and organic matter contents and resulting soil conditioning effectiveness. 
The research aims at elucidating the mode of action of anionic soil conditioners in the soil-plant system. 
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Appendix V: International magazine articles highlighting the research 
programme. 

1) 'UK tests show how soil drainage characteristics can be improved'. In: Turf Craft 
Australia, July 1994, Issue No. 38, pp. 51-52. 

2) 'Molecules hold solutions to tough erosion problems'. In: Erosion Control, 
September/Oktober 1996, Vol. 3, No. 5, pp. 54-61. 
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i jK tests show how soil drainage 
characteristics can be improved 

By Dr MICHAEL A. FULIJEN 

nvestigations at the University 
of Wolverhampton, M are 
researching methods of soil 

ructural improvement and have 
und beneficial results with the 
3 conditioner'Pene-lUrf. 
Soil erosion, by both wind and water, 
posing an environmental problem on 
e light sandy (loamy sand and sandy 
irn) soils of central England. Ibere- 
re, a number of simple, low-cost soil 
nservation techniques arc under 

Experiments have been conducted on 
t effects of 'Pcne-lWf since March 
88 at the Hilton experimental site, 
ropshire. The investigative team of Dr 
chael Fullen, Dr Tlevor Hocking and 
searchers Andrew Tye and Richard 
andsma, has found marked improve- 
mts in soil structure due to treatment. 
Ibesc have been reported at con- 
lences. of the 7ntermtional Erosion 
Wrol Association' in IndianapolK 
A, in 1993 and Reno In 1994 and 
blished. in the journal W Use and 

The main active ingredient in Pene- 
xf is ammonium laurcth sulphate, 
, uch has anionic (negative charge) 
opcrticm Ibc negative charge appears 
improve the internal coherence of soil 
gregates. Improved aggregation en- 
ges soil pore space, producing a more 
ýen porous soil structure. 
Generaffy, flow rate Increases at the 
arth power of pore diameter Con- 
qucnft improved structure nukes 
ils more amenable to drainage and 

Ibesc effects were particularly ap- 
xent on soils treated with Pene-Ibrf 
tr mechanical compaction. After 
ictor wheel compaction, treated soils 
dddy redeveloped their aggregate 

In an experiment, a 50m2 test area was 
subjeL=l to varying numbers of passes 
ýa2.4 ton tractor, then half the plot was 
hated with 300 ml/ha of Pcne-lUrf. Soil 
Xnxture was studied using micro- 
borphology. 

Samples were removed from the field 
ta tins, slowly air dried and then oven 
(kied at 4011C and impregnated widi a 

mixture of epoxy resin, hardener and 
Orasol blue dye- 

Slices or 'thin sections! were then cut 
and polished down to 0.04 mm 
thicimess. This allows soil structures to 
be studied microscopically. In the thin 
sections, the white areas are quartz sand 
grains, the brown areas are fines (silt and 
clay) and organic matter and soil pores 
are stained blue. 

In Picture 1, the section on the left 
shows soil after mechanical cultivation 
and the production of a porous, loose 
tilth. Macropores (pores with a diameter 
>0-5 nun) occupy a substantial portion 
of the section, calculated at 21.0%. After 
six tractor passes, soil macropores had 
collapsed and only occupied 0.6% of the 
thin section area (middle thin section). 

Howevef, 'Pene-lbrf treatment of the 
highly compacted soil encouraged the 
development of large, interconnected 
macropores, occupying 8.6% of the 
section (right thin section). 

Ib quantify and verify soil structural 
changes, repeated soil bulk density (oven 
dry weight of soil per unit volume) 
measurements have been made. Bulk 
density is an important measure of soil 
structure, lower values indicating a more 
open, porous and thus more freely 
draining soiL The results show a con- 
sistent pattern of decreases in bulk 
density after treatment. 

Table I shows statistically significant 
decreases in bulk density after treatment 
at 300 ml/ha- Adjusting for the specific 
gravity Of soil, it is Possible to calculate 
soil porosity values, which significantly 
increased (Table 1). Experiments have 

shown a general inverse relationship 
between application rate and bulk den- 
sity, with optimum effects at 6oo-goo 
ml/ha on the loamy sand soils (Table 2). 
Examination of the bulk density of un- 
compacted and tractor compacted soils 
shows significant decreases with treat- 
ment (Table 3). 

Results from expenments on sandy 
soils in the UK suggest treatment with 
'Pene'lbrf improves soil structure and 
helps to ameliorate the effects of 
mechanical compaction. 

Because Pene-7ffid Soil Conditioner is 
low in cost per ha, it is an economically 
viable technique Further experiments 
are in progress both on loamy sand and 
silt loam soils, aimed at investigating soil 
responses and optimum application rates 
and understanding the mode of action of 
'Pene-lbrf in the soil system A full-time 
Ph. D. studentship on this topic is being 
carried out by Richard Brandsma. 
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Great news for 
Australian 

turf managers 
The manufacturer of 

VEFtTlmDRAIN3 
the world's most acclaimed and 

versatile turf maintenance system 

now gets fair dinkum 
down undek 

with a new national sales and service 
network in Australia 

VERTImDRAIN" 
has been getting down to business (in 
Europe and America for many years) way 
down to 16" below the surface (four times 
as deep as most of the others) with 
hollow or solid tines to: - 

break deep seated compaction 
provide real soil aeration 
and by so doing 

promote deep healthy roots 
imProve drainage 
save water... and 
leave surface undisturbed 

and for all those reasons and many more 
produce 

vastly healthier turf 
Please contact your nearest dealer for 
information on the five VERTI-DRAINII models 
available. You'll f ind him fair dinkurn and 

deeply concerned to get down to business. 

Phone Fix 
NSW: Verti-Drain NSW (02) 807 4377 (02) 809 5963 
N. Qld: Irelands of Calrns (070) 52 3666 (070) 52 3606 
S. QId: G. L Palm Equipment (07) 277 7S99 (07) 87S IS75 
SA: Squiers Sales & Service (08) 390 3017 (08) 390 3404 
Vic: Glenmac Sales & Service (03) 763 8255 (03) 763 4367 

Table 1. Bulk density (g cm-3) and porosity (11, ) analysis 
of treated (300 ml/ha) and untreated loarny sand soil 

(0-5 cm depth). 

Mean Standard 
deviation 

Number 
of 

samples 

Bulk dmsity 
Untreated 1.216 0.035 20 
Treated 1.169 0.048 20 

Porosioý 
Untreated 54.96 1.38 20 
Treated 56.81 1.79 20 

Notes. Replicate plots were treated on October 15,1992 and samples 
removed on Fcbruary 4,1993, total precipitation - 213.6nun. 
Pooled Student's t-test (untreated versus treated bulk density) t-3.011. 
pooled Student's t-test (untreated versus treated porosity) t-3.118, in both 
cases degrees of freedom - 38 and probabWry level <0.001. 

Table 2. Bulk density (g CM-3) analysis on soils treated 
at different rates of 'Pene-ILuf. 

Standard Number 
Treatment Mean deviatlon of 

. samples 

Untreated 1.268 0.086 20 
300 ml/ha 1.220 0.065 20 
600 mUlla 1.192 0.052 19 
900 n-A/ha 1.168 0.075 19 
1200 ml/ha 1.188 0.061 19 

Notes: Treatments applied on September 3,1992 and samples renurved on 
November 30.1992, total precipitation - 161.2 nun. Differences bervveen 
the means of untreated versus treated samples are all statistically significam 
probability level <0.05. 

Table 3. Bulk density (g CM-3) values on untreated and 
treated soils in varying degrees of tractor compaction. 

Treatment Mean Standard 
deviation 

Number 
of 

samples 

I) Untreated 0 pass, 1.13 0.15 20 
2) Treated 0 pass 1.02 0.13 20 
3) Untreated I pass 1.14 0.12 20 
4) Mrated I pass i. o6 0.13 20 
5) Untreated 3 passes 1.24 0.06 10 
6) Treated 3 passes 1.08 0.06 10 

Notes: Total precipt6on between treatment and sunpling (April 9.1991 - 
August 1.1991) - 185.7 num Differences between means of pairs (I v 2. 
3v4 and 5v 6) are statistically significant, probability <0.05. 

Untreated 

R- TURF CRAFT AUST. July 1994 

Treated 
(Note vater movement 
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regNorIhcuIt 

Rather than relYing on brute strength to control wind, water, and gravi(ij, chemical 

users are managing these forces at the molecular level to hold soil in place with skill 

and finesse-and sometimes at initch less cost than more conven tionti I methods. 

' me crosion control professionals 

L ome up with hard, concrete answers 
(o emsion mclsediment control prob- 
lcm. s. Others choose solutions that 

,, hp right through their fingers- 
like 111.11-lid magnesium chloride that 

S 
'prays 

on dirt and gravel roads to 
help clean tip the air by pinning down fugi- 

liýc duýtý oi an MI) 111011 i I) III -I MI retll-', Ll I fale 

54 - FROSION (ONT1101, 

solution that helps open soil pores to increase 

water infiltration and reduce slope erosion; or 
a gypsuni slurry that dries to form a plaster- 
of-pam-like crust that protects soil and seed 
from the weather. 

In many cases these chemical tool, call 
limit erosion and sediment transpon over large 

areas. and in some cases they may offer the 
only practical way ot'sol% ing, a wind oi- %ýatcr 

erosion problem. 
The types and numbers of mich products 

C011tiIILIe to grow. They include innovative 

uses for an old standby 11HIIIIIIIIII)OW 111MC- 
rial like lime, which has been rc\amped to 

produce a tough, v, ater-pernwahle mcnilit ane 
that holds down dust and soil losses. The 

chemistry alSo feýQLII-Cs 11101-C OXOtiC SUb- 

"lances "lich as penicillin mold, Mlich adds 

SE PT EM BE R; 
6ý 

TO BE R1 996 

-'----.. 
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to Some Tough Erosion Problems 



lie 'A IiIC to dcjd m )I I ý. ;tI I( I al I (. I I\ lit )I iII lclllýl I 
ly safe powdet madc of Ion,, chain.,, of mole- 
cules that cause fine wil IMI-11CICS 10 CILIT111) 
together and to stýi\ in the field nidier than 

wash off with irrigation xater. 
Keep in mind that illost of' these products 

use water as a carrier. Consequently temper- 

ature and precipitation can adcc( curing and 
performance ol"the pioducts. And since most 
are sprayed oil, wind can aflect coverage and 
cause the product to (it-ill downwind where it 

could lead to unintended problems. Also, 

some materials form a crtist, which may not 
stand up to foot or vehicle When select- 
ing and using the products, al), vays read and 
follow label direction,., and nianiffacturers' 
instruction,,, including appropriateness of' a 
product lor a given,, itc aiid piopci mixinp and 
application plocc(Illic". 

Keeping Soil on the Farm 
Polyaciylamides (PANI), oigamc, nontoxic, 
chain-like strings of molecules. ofler t'armers 

around the globe a , imple and inexpensive 

way to virtually stop soil lo.,, sc,, fiom irriga- 

11011 1LIII kM ý',, 
IIH 'Wi 1 10 11 Cd I OIC \vo 1 2-1() 

million ha (600 million ac. ) of* irrigated crop 
lands, they could save an estimated 2 billion 

tons of'soil each year. 
The material is a common industrial poly- 

met. However. a new generation of'PAM was 
introduced commercially for farm use in the 
United States only in the last two years. In 
1995, PAM was applied to about 20,000 ha 
(50,000 ac. ) of furrow- irrigated cropland, 
preventing the loss of some I million tons of 
soil, according to one estimate. 

PAM is a white, granular powder. It is 

mixed in with irrigation water before it 
begins flowing down the furrow. During ini- 

tial wetting, PAM binds aI to 3 mm- (. 040 to 

. 
120 in. -) thick laycr of soil oil the surface of' 

clods, making them more resistant to col- 
lapse. dispersion. and shear forces. At the 

same time PAM causes fine soil particles to 

chimp together and settle to the bottom of the 
furrow. With fewer dispersed fines in the 

water to block pores, intake of' water by the 

soil increases. 
End result is more water infiltration for 

crops, lower runotTrates, and less soil detach- 

ment. Also, sediment transport capacity of 

tI IC 11( MIýI Cd IIL C( I, SI IILC', I I C; I III \CI k )L I I\ I 

lower and a-gregates lend to be lar-er and 
less casil\ transported. 

Scientists Rick Lentz and Bob S0.1ka \%nh 
the USDA Agricultural Research Scr\ice',, 

Northwest Irriloation and Soils Research 

Laboratorv in Kimberly, ID developed the 

use ol'PAM lOY I'UFFOW irrigation. In then In- 

als the matcrial cut sediment los,, by an avcr- 

age 94% and increased net water infiliration 

by an average 151W. 

That's good news for furro\ý jrri,, a(or\. 
especially those in the Pacific Norih"c\t 

who faini highly crosive soils dcri\ed f'rorn 
ash, or low in organic matter. Some of these 
farmers may lose 44.4 metric tons/ha (20 
tons/ac. ) or more in a single 24-11OLIF irriga- 
tion. That's about four times vreatei than T 
(the annual rate at which soil loss equals nat- 
ural soil formation), Lentz reports. 

PAM offers other benefits too. *'With PAM. 

potentiall) less water is needed to adequately 
irrigate the field, and irrigation set-tirne,, 
may be reduced enough to lower irrigation 
labor cost,,. " Lentz adds. "Crop yield and qual- 
ity can be improved, while conserving input,, 

I 
and reducing , loss offertili/ers and chemical,, 

D: M7, 
HIL. FIKER VV. AkILL. S 
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" PATENT PROTECTED 
" USE FOR CUT AND FILL 
" ENGINEERING PER PROJECT 

COST EFFECTIVE 
DISTRIBUTORS WANTED FOR 
CENTRAL AND EASTERN U. S. 

Y He B Structural Systems, Inc- 

ENG IN EE RED STRUCTU RES 
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0 u'l-muldwatcl. - 
Practicality is ýillodlcl hiý, "()I)C lCa 

'oil tarincls ale clohlýlcillg (Ili" practicc "o 
, eadily iS thM it CAII IW 1111I)ICHIC111Cd Caýik' 

and effectively, '* Sojka , ays. 
I, cnt/ and Sojka rcconimood : ijlpking 

PANI at the rate of M ppin. Fhat', thout .9 
kg/ha (I lb. /ac. ). The material k applied in the 

advancing kirrow , Ircani. TheN eniphasi/c 
that MM mu,, ( he at (he desited concctilialioo 
bef'ore water i,, turricd into the litrio\%, other- 
Wise watcl- Howill'-, alicad of PAM %ýill 
degrade soil structure before VANI can stahi- 
lize it. Once the advance is Collipictc, applica- 
tion can stop. ] hey advise applyin- the l'urrow 

advance ti-catnicuit lot- the first irrit,: ihon ol'the 
ýeason and "henevcr soil in the furrow has 
been disturbed by cultivation or traffic. 

"Without any reIrcatincrit, piolection 
declines about 5W4 Ior each suh1, C(jUCllt 11-11- 

gation, " Lentz i)otes. "So you may need more 
treatments. " Typically, , easonal applications 
will total froin 2.7 to 6.2 k,, /ha 0 to 7 
1b. /ac. ). In the US, PAM is being marketed by 
Cytec Indusuies Inc. in West Paterson, NJ, 

and Allied Colloids hic., an Friolkh compa- 
ny with an office in Suffolk, VA. Cost is 

: ihotil ý6.60 t() ýII to 
I JI) to llo\ý Illost larmer, ha\C applied Ilic 

, 11\ 1" 1111 ,1 PAN I \11 ýIpp I icýllol dc\ i cc 111c IcIý 

End result is more 

water infiltration for 

crops, lower runoff 

rates, and less soil 

detachment 

the oranules into the head ditch or pated pipe 
at the top of tile lield. Some are driven by 

water paddle wheels. Sophisticated ones, oper- 
ate with a microchip and solar panels. 

Aoitation, such as the use of several , mail 
danis to create tuthulence in the water flow, is 

required to properly mix PAM with the water. 
Otherývise it may not completely dissolve for 

several days. and instead may lie as a thick 

00/c ýlt 111C ho(tom of thc licad ditch. Two 

liCjllld-CHl[ll1, lliCd L'ollCCljjl*atC IM)dULl', 
\ýClc intioduccd till,, ýCal, Soiltix F h\ Allied 

Colloid.,, and Piiýtinc hý Cýtcc lnduýliics. 

"Ili[C thP, 101111 14111 I-C(lHll-C, ý11-litatiOll, it 
climillates (lie need for a ille(c] illu, hox. 

The jury is still oin oil tile CcOllolllicý, ol 
tiýino PAM , %ith , prinkler irriLgation. icport 
1, ClltZ Mid Soika. For one thing. I'mimN ini- 

"M1011 z 
tlCikt1llCll1 Only ýIHCCIS ýLhOffl 25', ( to 

301Yt Of tile field 1, UlfaCC. 1`01- allOillff. WatCl 
(1101) ill1paCt CAISCS Sol[ (ICLIC11111C111 ý11)d 
transport, adding to the amount ot PAM 

nceded to , lahili/c the , oil milace. 
-PAM is less cllectiýc wlicit spiaycd oil 

In a Sepal-aIC appliCatiOll step C0111pal-CLI ýAitll 

, in irril-afion-borne application, " Soika notes. 
Meanwhile, Allied Colloids is cloinl, , ome 
extensive trialý, applying PAN/1 tlit-OLWI-i sprin- 
kler systems, "It looks veiy promising, - 

reports Richard Cole, an aloronomist with the 
company. The company also is expemnent- 
ino with the ti,, e of' PAM for controllim, cro- 
sion at construction sites. lie adds. This 
inclUdes tests the past two winter,, on hi,, h- 

way embankments in California, where PAM 

was broadcast on bare 30% cut ; IopeN as well 

Failure Is Not 
An C3p, ti: on 

At Erosion Prevention Products, we understand 
the importance of designing your erosion control project 

right the first time. 

Channel Lock 
the most advanced concrete block system available 

" Flexible interlock capability 
" Installs faster than conventional methods 
" Open cell for re-vegetation 
" Cabled/Non-cabled 
"4 1/2" thick block tested to withstand velocities 

in excess of 14 1/2 feet per second 
" Larger blocks also available 
" Price competitive with other erosion control methods 

Erosion Prevention Products 
ChannelLock 

U. S. Patent Approved 

'or more information or to contact a distributer in your area circle #36 
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as golf' courses and landscaped right-ot'- 

ways. "Raini'all activates the material and it 

stabilizes the slopeN, - Cole says. "It's worked 
very well with its much as 38 to 51 cut ( 15 to 
20 in. ) ot'lotal rain. Specific rates and appli- 
cation techniques still must be developed. " 

Carl Norton, who took, part in the trials by 

Lentz and Soika, ftirrow irri-ates sugarbeets, 

potatoes, onions, and wheat near Nampa, 11). 

Soil erosion was a SCriOUS problem on his 

sandy-loarn and clay-loarn soils. It was com- 

nion for sill ponds-12.2 ni long x 6.1 in 

wide x 2.4 in deep (40 I't. long x 20 1.1. wide x 
8 ft. deep)-built at the bottom of' irrigated 

fields to fill up with sediment aher 12 hours 

of irrigation. To reduce erosion he straw 

mulches (lie lower halt of' his fields. lie also 

treats Nrro"-irrioation watei with PAM. 

This is the third year lie's used the materi- 

al. A metering device and a .9 ni- (36 in. -) 
diameter wood paddle vdicel applies and 

mixes dry PAM granules in the concrete head 

ditch. lie applies about . 
07 kg/ha (. 75 lb. /ac. ) 

for the first irrigation and . 
45 kgAia (. 5 lb. /ac. ) 

for the second irrigation. Sometimes lie treats 

the third irrigation with [lie . 
45-kg/ha rate. He 

reports PAM costs him about $8.80/kg 

($4.00/lb. ). "ll'you're not controlling crosion 
with PAM YOU I'e 110t LISillil e[IOLII-Ill. " IIC says. 
"This material wally works. Even it vou start 
Witt) 1111)(Mv ditch walcl. IfIc 11111oll I,, c1cal 
whell it Icave" the ficl&" 

31ma 
Spraying Away Dust Problems 
In some areas cluýt trom unl%i%ed ioad, i, a 

imkjoi aii-quality problem. Hic L'S Arim 

Corps of' Enoineers, for example. estimaic, 

that nearly two-thirds of' [tic 6.5 million kin 

(4 million mi. ) of roads in the continctual US 

are unpaved. The An- and Waste Management 

Association in Pittsburgh. PA reports that a 
little more than one-third of the fine suspend- 

ed particles in the air originates 1'rom 

unpaved roads. Other sources include con- 

struction sites, parkino lots, truck terminals. 

racetracks, and airports. Windhlown sedi- 

ment results in nuisance, health, and salety 

concerns. Loss of road surface fines as dust 

contributes to formation of ruts, potholes. 

and "wash boards, " addim, to vehicle main- 

teriance cost,, and travel time. 

Arnong the more et , t*ccti%e dust suppres- 

Tension Anchors 
Tieback Projects 
Fr 

tieback I)I-0,1COS, LISC (11,111CC screw anchors. You can match the 

michors to the soils and tension loads 

P)u need. 

1, ()ok at the benefits then use Chance 

; mchors to hold retaining walls, roadw. i 
, 
N'S 

revetments, danis, levees and buildings 

Competitive Installing Costs 
Immediate Loading 
Predictable Results 
Permanent or Temporary 
Removable 
Use in Any Weather 
Use Nvith Available Equipment 

sants lot- tratfic areas are lignin-hased mmc- 
iiak , uch as lil, nosullonate. a hYpioduct of 
papei pioduction. and two chloride com- 
pounds-ma, mic,, mm chloride and calcium 
chl"Ilde. They also help stabili/c loads. 

Lignosulforiates react with nq, amck 
Lhan, ed clay particle,.,. causing soil paiticle,, 
to bunch lo.,, ethcr. Because they are \Nater 
soluble they ale most effecli%e ill and conch- 
non,. The chloride,, attract moisture and 
anach thcmýckc, to ýoil particles to stahili/e 
the oil. Aý a rcýull the\, lose elIccliveness in 
dlý Alllljleýý Sullactants call illiplove I)cl-lk)[- 
Illance of theNe clicillicals by implovill- pen- 
enation into the surface ol the treated area. 
The chloi ide compounds also call be applied 
in treezing tempeiatures. Calcium chloride 
tend,, to be ti,, cd mole in hiloh altitude, 
recei). irw mote tain, while maonesium chlo- 
ride seems to work better in desert aicas. 

Researchers \kith the Colorado Transpoi- 

lation Information Center it Colorado State 
University in Foil Collins have compared the 
dust suppression and soil stabilization perfor- 
mance of' four practices: applying either ligno- 

sulfonale, calcium chloride, magnesium chlonde. 
or leavino the road untreated. 

210 North Allen No Excavatimi Centralia, MO 65240 
Field Proven HUBBELL 

(573) 682-8414 
1 11 A 

0ýý CHAWCE 
FAX: 573-682-8660 
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I HIC 4 /ý' 111ollill Imik ifivokc(l Imil 

ullpiocd ýCctlolls oI load %%ith it ýilgm 

crushcd-Lia%el sullilkx. hut i)[ICC lor the 
thlCC dllý( ýkas 7. ý ccrits/I (2S. 5 

centsh'al. ). Cost ol Illmel till, labol, and equip- 
nicru lot the li"llo"killOnifle section totaled 
$2,192/kiii ($3.528/iiii. ). Because ot differ- 

ciiixs in iipplication method, thal was 1. )472 
more/kni (S760 moichm. ) than the total cost 
of $ 1,720/kin ($1768/rni. ) lot cithcr the cal- 
cium chlolidc ol l1liw'11c"mill Chlolide treat- 

Inclit. The il%crilyc 1)(IIIII)CI ol \chIcIc" driven 

over the , ections Llaily ranged horn 421 oil 
the calcium chloride treatment to 538 oil the 

untreated section. Findings include the dust 

suppressants reduced fulgitive dust emissions 
by 50'lt to 701/, C01111MIC(I to IIIC Unti-Cate(I 
section. and the co,, t savinos oil the treated 

section-, more than olfset costs of the dust 

suppressants, savino 30IYc to 46% over the 
untreated section. 

In comparing costs, note that distance front 

manufacturer can affect total expense since 
transportation charges can impact total costs 

significantly. Also, increasing the amount of 

active ingredient in a product can help offset 

transportation co,,, ts. The rescarc tiers estimal- 

Cd thM tile kIlltICMCd test SCCIiOl) 'ý%Mlld IC(Illi[C 

Peliodic lilitintelialice cight times it Near ver- 
, us 1%%o 101 tile ticiacd 1ý im, coill- 
I, ort oil tile li'llosulf-ollatc-ticiacd sectioll Wits 

consi(Iciahly less thim oil tile chlomic-treated 
sections, mainly hccilusc of pothole formation 

,, life[- tile test pcriod. 
Calcium chlolide is sold ill liquid Imill, 

, -encrally ill concentiations of' 32/( to 18'. ( 

calcium chloride. Tetrik Chemicals in Evanston, 

WY inaikets it 381ý( liquid calcium chloride 

product called koadmastei. The product is 

used lot- it wide variety of situations Aherc 
I'ti-itive dust is it concelil. silvs Jerold Vincent, 

sI )M Ik IC I-s , Ca It I IC Ii (I aIII', aI ILI III IIICI ýI III 
ikI so C; III he II se( I t( ) sI abiII /C rn I% eII oý I( Is 1( 
dcp[hs ot 15 to 20 cm (6 to 8 if). ). I if ii. Idi I wit it 
can , tahili/c harc sod over the winici pilot- to 

,, cedim-, ill life sprin, - 
III lact. Tetia Chemicals 

is I lltl-O(ILICi 11,11 a CalChIll) C11101RIC pioduct, N- 
Cal 11, "A llidl ColltaillS IIitI-O, '-CII alld othel- 

III. ItliCill's tO IICIP 1)1-()Il)Ote plaIll 1ý'10wtll. 
"it lets VoLl Contiol %kind clo"iOll and lel- 

filize ill one pass rather than two, " Vincem 

,, ays. -Wc'rc still line-tuning and adjusting, 

application rates, [)fit there's interest ill usim-, 
it Off al-CaS d1sturbcd by road construction and 

Ilimillo activities. - 

BuL k llcnkc, ýi i,, ýjd ýmd hi idoc ýupci % -i 

ET YOUI 
OM FORT 
Polyester Soil-Reinforcing Geogrids 
Fortrac does more than provide I high-quality long-lasillig 
solution to your soil reinforcement and stabilization need,,. 
It makes your work on the jobsitc niorc procluctkc. 

1 11 

0 Time Savings. Fortrac rolls arc the widest in thc indusity. 
That mcans using thCul Call Cut YOUr installation tinic by 
more than hall. 

" Less Strain. Fortrac Geogrids resist tensile strains, Instal- 
lation clarnagc and environmental attack more efficicnily 
than other soil reinforcement products. 

" Cost Siwings. Fortrac high-tcnacuy pol, vestcr geogrids 
provicic a more cost-cf'fcctlvc design strengd-i than IIDIT 
or polypropylene reinforcement. 

So the next Mile Your site demands a high Llc,, rcc of- 
rcInf'Mk-cnwnt, do Yollisch'a flivoi-. Set It on Fortiac. 

P, lHuesker, inc. 
a HIGH STRENGTH GEOTEXTILES AND GEOGRIDS 

............. 

. ........... 

We're known for our strcn,,,, th. 
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tor Jeflerson County in Colorado near Golden, 

uses a liquid magnesium chloride product to 

control dust and PM 1() emissions in(] to reduce 

maintenance costs on about 48 kin (30 mi. ) 

of gravel roads cýich year. Although Winds 
greater than 48 km/hr. (30 mi. /hr. ) are com- 
mon in the spiing, naffic generate,, most of' 
the dust prohlemý. Traffic counts of more 
than 150 vehicles per day can trigger PMI() 

violations, lie notes, Typically, close to 700 

vehicles per day use portion,., ofall the grav- 

el roads. lie uses iard made by Great Salt 

Lake Minerals Corp. in Overland Park, KS. 
The matefial is applied by a vendor on all the 

roads once a year at the rate of' 1.4 1/1,12 (. 3 

gal. /yd. 2). Cost is about $6,210 to $0,835/kni 

($], (XX) to $1, IM/mi. ). "It's a temporai-y fix, not a 
cure-all, " Bcnke says. "It's only as good as 

your preparation work. " 
Prior to applying magnesium chloride his 

crews wet the road, grade and shape it, then 

compact it with a rubber-tired roller. "The 

road stays smoother for a longer time because 

you get some stabilization benefit from the 

magnesium chloride, " Benke says. "We used 
to have to grade some roads once a week. 
By treating with magnesium chloride we've 

to once or t\% ice a year for 

Opening up the Soil 
( )ý CI OW N eH-S d 11111111)C I ()1 1)0 I\ H IC IS 11.1ý C 

been used as soil ainendnicias or condition- 
ers to reduce compaction. As compaction is 

reduced, water infiltration increase.,,, and ero- 
sion decreases. The idea behind most chem- 
ical soil conditioners, says Darrell Norton. a 
soil scientist with the USDA National Soil 
F, rosion Research Laboratory in West 
Lat'ayette, IN, is to alter the very top few 

millimeters of' the soil surface to keep the 

soil pores open an(] stable. The soil surface 
seals when soil particles break down under 
the force of falling rain or because the low 

electrolytes of' rainwater cause soil aggre- 
gates to swell, disperse. and -lake apart. 

"This can take a soil with a fairly high 
infiltration rate of more than 64 millime- 
ters per hour down to just 2. or even 1, mil- 
limetcrs per hour within a very short time, " 

Norton explains. 
Soil conditioners are designed to mini- 

mize these physical and clicinical impacts on 
,, oil structure. In doing so they offer a nurn- 
ber of' benefits: 

Reduce erosion and water runoff by 
increasing water infiltrationý 
Increase water-use efficiency by plants 
and drainageý 
Improve plant root growth and reduce 
amount of energy needed for lillage and 
Cultivation by reducing soil-shear strength; 
and 
Improve crop prospects during drought by 

allowing water to wick up the soil profile. 
One relatively inexpensive chernical soil 

conditioner that has been the sub. jcct ot'vaii- 
OLIs research trials is Agri-SC. The anionic 
liquid soil conditioner, marketed by Four 
Star Service-, Inc. in Bluffton, IN, is based on 
ýiiiiiiioiiiiiiii-l, iuretb-suipti, ite. Cost of' (lie 
product, which is nontoxic and biode-rad- 

able, is about $8.65 to $9.90/ha ($3.50 to 
$4.00/ac. ), reports Dennis Pearson, the corn- 
pany's sales manager. 

"Positively charged hydrogen ions in 

water are attracted to the negatively charged 
soil particle, and form a filin ofwater around 
soil colloids, " he says. This filin builds up 

THE NATURAL 
CHOICE IN FERTILIZER 

Soil Seal's specialty line of acrylic polymer based products provide unique 
soil stabilizers that control: 

N Particulate Dust-Under PM10 Regulations 
0 Erosion Prevention 
a Tackification for Hydro-Seeding and Mulching 
0 Hazardous Waste Containment 
N Special customized products are also available. 
Ail products are completely safe to the environment and 
comply under California Proposition 65 legislation. 

SOIL SEAL IS DisTRIBI ITFI) NAHONALlY. 
SUL SEX WRP 

Soil Seal Corporation 
7766 Industry Avenue 
Pico Rivera, CA 90660 (213) 727-0654 - Fax (310) 942-9412 

60 - 11HISIONIONIR01, 

100% natural 
organic based 
fertilizer is 
proven effective 
even athigh 
altitudes 
and wMhltle or 
no top oil. 
Safe and easy 
to use. 
Call or Write: 
970-926-1025 

P. O. Box 608 
Edwards, CO 81632 
E-Mailý biosol(u, vail. net 

Rocky Mountain 
'Aýý B 10 -P RO DU CTS, inc. 
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from i rif iIIi anon of rain and ii ii oation vý ater I 
and from compaction caused by nactors and 
other field trallic. In (inic this filin can clog 
soil poics. A,, ri-S(' break.,, that water bond 

and allows water to move up and down in the 

soil prol'ile. Ile report,., this aclion can persist 
for about 12 to 14 months after application. 

Researchers with the University of 
Wolverhampton in England continue to eval- 
uate Agri-SC in a series of' trials begun sev- 
eral years ago that include sites in Fn0and 

and China. Aniom, then- tindinos to datc: 

" On sandy-loam soils oil loo dopes the 

product decreased runolt by 1817c and red- 
uced erosion by I llký 

" On silt-loani soi Is the conditioner decreased 
bulk, densities and increascd soil porosity 
and water infiltration; and 

" On and soils at reclairned desertified land 

the product helped stabilize the sandy soils 
by increasing topsoil strength and devel- 

opment of the biocrust. 
Growth and yields of winter wheat on soil 

treated with a high rate of the conditioner 
increased the first year. However, reflecting a 
lengthy summer drought, no difference was 
observed the second year. Benefits of soil 

"Positively charged 

hydrogen ions in water 

are attracted to the 

negatively charged 

soil particles" 

conditioning are influenced by many factors 
during the growing season. 

Best application rates depend strongly on 
such initial soil conditions as moisture content, 
aggregation, and aggregate stability. Initial 

results of a long-term study by Arise Research 

and Discovery Inc. in Martinsville, IL indicate 
Agri-SC also improves nutrient availability 
and reduces nitrate levels in runoff. 

Although Pearson notes the product can 
be applied throughout the year, he reports 
best results with spring or fall application. It 

can be applied with most fertilizer and herbi- 

cide solutions using a mist blower, boom 

sprayer, center pivot, or aerial application. 

Agriculture represents the biggest inarket for 
Agri-SC. However, the product also has been 
used to help reclaim surface mine sites in 
southeastern Ohio, Pearson adds. 

Gary Wade farm,,, 770 lia ( 1,900 ac. ) near 
Mount Sterling, 011. lie grows corn, soy- 
beans, and wheat using both ininimuni-till 
and no-till practices. He's been using Agri- 
SC for 14 years. Fie says it has solved two 
big problems: compaction caused by farm 

equipment, which was making, tillage more 
and more difficult and running up fuel billsý 

and ponding of water in field,,, which pre- 
vented or delayed planting in the wet areas. 
lie applies the product once a year with his 
herbicide at the recommended rate of 300 

ml/ha (4 oz. /ac). "it breaks the tension in the 
soil, " he says. "As a result the chisel plow 
pulls much easier. Also, in no-till ground the 
soil is looser and closes back up over the seed 
without any slabs. 

"Agri-SC allows the water to soak in 
rather than run off the fields, and has elimi- 
nated the ponding areas. By using it the clay 
ground is almost as good as the black ground. 
There's not as much erosion on the higher 
knobs, and crops do better. " 

Get More Out of Your Hydroseeding Mulch! 
As you can see, Finn 
hheri'lus can make a big 
Ii fference in the coverage 

i)f hydraulic mulch. And 
better mulch coverage 
is the key to a better 
seeding job. 

FiberPlus also improves aeration 
within the mulch mat, reduces mulch 
mach6, and provides strong erosion 
control. It all adds up to a quicker, 
thicker stand of grass. 

Get more out of your mulch, 
with FiberPlus. 

From Finn. The HydroSeeder" People. 

Ca 11 (800) 543-7166 for a free 
saniple of FiberPlus. 

Hydraulic Mulch 

F'INN. 
CORPORATION 

9281 LeSaint Drive, Fairfield, OH 45014 
Phone (5 13) 874-2818 - Toll Free (800) 543-7166 - Fax (513) 874-2914 

Circle #34 on Reader Service Card 
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Hydnilific Mulch 
With FiberPlus 
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Appendix VI: Example of a binary two-dimensional phase image deducted from 

a scanned soil map. 
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Appendix VII: Designs greenhouse pot experiments. 

1) Figure 1: Design greenhouse pot experiment -I (see Sections 4.5 and 4.8). 

2) Figure 11: Design greenhouse pot experiment - 11 (see Section 5.2). 
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