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SUMMARY

/ T*otypes of polymers, latex a (hydrophobic natural uncharged polymer)

and poly-diallyl dimethyl ammonium chloride, or poly-DADMAC, (a hydrophilic

synthetic positively charged polymer), were used as soil conditioners and their

effects on the stability of soil structure, hydrophobicity, and on the growth of

ryegrass were investigated. The rate of decomposition of latex in soil was also

monitored..,'
/

The two polymers interacted with soils via significantly different

mechanisms and so had different effects on water stable aggregation. Latex

was capable of binding small aggregates into aggregates >2 mm at relatively

low application rates (ie between 0.5 and 1.5 g kg-1¡, depending upon the initial

structural stability of the soils. Po|y-DADMAC, by contrast, decreased the

proportion of aggregates <0.125 mm and slightly increased the proportion of

aggregates >0.25 mm.

The effects of poly-DADMAC and latex on soil tensile strength and

friability appeared to depend primarily upon soil type, the type of polymer

applied and its application rate. Latex (1 and 2 g kg't soil) did not affect the

tensile strength and the friability of a Wiesenboden and a Red-brown eafth.

Po|y-DADMAC (2 g kg-t soil) slightly increased the tensile strength of the

Wiesenboden and decreased its friability. lt increased the tensile strength of

the Red-brown earth but did not affect its friability.

Latex and poly-DADMAC decreased the amount of mechanically

dispersible clay significantly, however there were no significant differences

between the application rates of polymers of 1 and 2 g kg-1 soil. poly-

DADMAC at an application rate of 2 g kg'1 decreased the amount of

mechanically dispersible clay to almost zero in the Red-brown eafth, but not in

vilt



the Wiesenboden. This is probably a result of the higher clay content of the

Wiesenboden.

Latex and poly-DADMAC did not affect water retention in the

Wiesenboden and the Red-brown eafth within the range of water available to

plants.

Soils amended with 1.5 g kg'1 latex showed an increase in

hydrophobicity as determined by M.E.D. values to about 1.4 for the Red brown

earth and to about 1.8 for the Wiesenboden. M.E.D. is the molarity of ethanol

drops which penetrate the soil surface in 10 seconds. These values indicate

only moderate water repellence which would not adversely affect plant growth.

The application of latex at a rate of 2 g kg'1 soil could be still tolerated on the

Wiesenboden but would cause a problem with water repellence in the Red-

brown earth.

The application of latex (1.5 g kg'1) on the Red-brown eafth and 0.5 g

kg-1 on the Wiesenboden did not affect water run-off and infiltration on either

soil. However, it decreased erosion significantly on both soils compared with

the control.

Po|y-DADMAC at the application rates of 1 g kg-1 on the Red-brown

earth did not affect water run-off and infiltration but it decreased erosion

significantly compared with the control. Po|y-DADMAC at the application rate of

0.5 g kg-1 on the Wiesenboden increased water infiltration and decreased water

run-off and erosion significantly compared with the control.

Latex iand polyDADMAC, when applied to soils in pots, did not affect the

growth of ryegrass plants over a period of twelve weeks in the glasshouse.

tatex deeomposed gradually in the soil, as measured by ôt3ç values of

the residual C and the COe released during incubation of latex-amended soil.

Latex is produced by a C3 plant and has a low ô13C value ol -26.4%". lt was

incubated in a soil which had grown sugar cane, a C4 plant for decades. The

IX



ô13C value for the soil was -13.5%.. Changes in the ô13C of soil plus latex and

CO2 released with time of incubation allowed calculation of the rate of

decomposition of latex in the soil to be made. This means that both polymers

can be used as soil conditioners, with latex as an aqueous emulsion being the

most environmentally safe so far.
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INTRODUCTION

The clearing of land for agricultural purposes initiates physical soil

degradation such as soil erosion, slaking and hardsetting, sealing and crusting.

These phenomena happen rapidly, mainly after tillage and where the crop

canopy is not sufficient to protect soil sudaces.

Soil conditioners provide one of the answers to overcome these

problems, which is why since the 1950's, scientists have been looking for a

good soil conditioner. Several soil conditioners such as vinyl acetate-maleic

acid copolymer (VAMA), hydrolysed polyacrylonitrile (HPAN), Krilium, poly-vinyl

alcohol (PVA) and poly-acrylamide (PAM) were proposed from the 50's to the

70's . However all of these polymers are costly. PVA also shows only a slow

dissolution in water, thus it was considered unsuitable (Theng, 1979). A soil

conditioner is not only required to stabilise soil but also has to be cheap,

environmentally safe, non toxic and often also biodegradable (De Boodt, 1993).

It has to prevent erosion, at least over the first two months of application, be

simple to apply, and have no negative effects on seedling emergence and plant

growth (Ambrust and Lyles, 1975).

ln order to provide a cheap and easily applied soil conditioner, Wallace

and colleagues, for example, have used long chain ( high molecular weight)

poly-acrylamide polymers, which can be applied together with irrigation water at

low application rates (Wallace et al., 1986a; Wallace and Wallace 1986; and

Wallace et al., 1986b). This type of polymer has also been investigated by

Mitchell (1986) and Ben-hur (1994). lt was considered environmentally safe

because it contains less than 0.05% monomer (Sojka and Lentz, 1994). As a

synthetic polymer, however,it will have a long half life in soils.
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Figure 1. Rubber trees (Hevea brasiliensrs) (After R.R.l.M., 1970)
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ln tropical areas such as Malaysia, where the risk of erosion is relatively

high due to an intense rainfall, researchers have applied modified latex (natural

rubber) as a soil conditioner. Latex is favoured in Malaysia because that

country produces the most rubber in the world today. Latex (rubber) as a

natural product polymer from a tree called Hevea brasilliensr's (Figure 1), has

been applied as a soil conditioner by the Rubber Research lnstitute of Malaysia

(R.R.l.M.) since the 1970's. However, R.R.l.M. workers have traditionally

modified the rubber by mixing it with British Petroleum aromatic oils, stabilisers,

or other materials, when it was applied as a soil conditioner. For example,

Soong and Yeoh (1974) mixed rubber polymers with BP aromatic oil and this

mixture stabilised sandy soils and gave better crop growth. Soong and Yeoh

(1975) also applied that particular mixture and reported that it decreased

erosion up to about 80% when compared with a control. Bachik et al., (1985)

mixed natural rubber with BP aromatic oil, an emulsifier, and a stabiliser.

These authors also added sawdust, carbon black and peat to natural rubber; all

of the mixtures have been found to decrease erosion successfully.

As calculated by Wah and Bachik (1985) the cost of application of a

mixture of natural rubber and other materials is greater than the total cost of the

other materials used (seed, seed binder and fertilisers). Natural rubber as an

unmodified aqueous emulsion, however, has not yet been tried as a soil

conditioner. lf the unmodified rubber could be used this would introduce a

cheap, easily applied and also environmentally safe alternative soil conditioner,

since it is a natural product.

Po|y-DADMAC was used for comparison, since this polymer has a

positive charge, a high molecular weight and is hydrophilic. lt has been used

for water treatment to flocculate clays, colloids and metals (Letterman and

Pero, 1990), however it has not been used as a soil conditioner.
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Based on these considerations, this experiment was designed to

investigate the effects of unmodified latex (natural rubber) as an aqueous

emulsion, and also of poly-DADMAC, on the stability of soil structure, plant

growth, and soil hydrophobicity. Since latex is a natural product, a knowledge

of its decomposition rate in soils was considered important for determining

suitable field application rates, and so a õ13C labling technique was employed

to monitor this decomposition.
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CHAPTER 1

Review Of Literature

This literature review deals firstly with the chemical and physical

propert¡es of latex and poly-DADMAC before a discussion of the interactions of

synthetic polymers with soil surfaces. Latex is a natural product and a neutral

(un-charged) polymer, while poly-DADMAC is a synthetic, positively charged

polymer. Hence we discuss the reaction or adsorption of neutral and positively

charged polymers onto soil or clay suÉaces. The effects of these polymers on

soil physical properties, erosion, and plant growth will also be reviewed in this

Chapter. The decomposition of organic polymers is included in the last part of

this review.

1.1. Properties of the polymers

1.1.1. Latex

fn its raw state, latex, produced from the lree Hevea brasiliensis, is a

white, milky, aqueous emulsion containing approximately 60% water, 357o

rubber (poly-isoprene), less than 2/" prolein, and numerous other components

(Davis, 1937). lts molecular weight is large and bimodal (1 x 1Os and >2 x 106 )

(R.R.1.M., 1970). However, Cornish et al. (1993) found that the molecular

weight of natural rubber varies. The average is 1.5 million Dalton, and the

maximum can be up to over 9 million Dalton. The emulsion consists of tiny

almond-shaped particles with diameters from <0.25 pm and lengths from 4 pm

(Figure 2) (Polhamus, 1962 and R.R.|.M., 1go2). According to these authors,

the mean diameter of rubber was 1.23 pm, however, diameters as low as 0.12

pm were detected by Cornish et al. (1993). The molecular structure of rubber

5
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is poly-isoprene (R.R.|.M., 1970). lt is uncharged and hydrophobic and has the

following molecular formula:

cHs

\CH2 cHz
n

Figure 3. Poly-isoprene (after R.R.|.M., 1970)

1.1.2. Poly-Diallyl Dimethyl Ammonium Chloride (Po|y-DADMAC).

Po|y-DADMAC is one of the polyelectrolyte coagulants used in water

treatments. lt has a very high tendency to be adsorbed on the active surfaces

of particles in aqueous suspension. PoIy-DADMAC is a positively charged

homopolymer, of molecular weight about 1 x 106 Dalton. lts chemical name is

N,N-dimethyl-N-2-propenyl-2-2propen-1 -1 ammonium chloride, homopolymer

(CgHl6N.Cl)¡ (Lettermen and Pero, 1990). lt is used in water treatment, to

flocculate clays, metals, and colloids (Theng, 1979, Molyneux, 1984, and

Letterman and Pero, 1990). The formation of poly-DADMAC according to

Letterman and Pero (1990) is shown in Figure 3.
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cHs
I

NH + 2H2C = CHCHZCI 4
I Allvl chloridecHg '

Dimethylamine

H2C=CH CH=ç¡,
tt
cl/.z cHz 

---->
\./

./ 
N\cl-

CHs CHg

Diallyldimethylammon ium chloride

cH2- cHZcHz cHz

ctJz c|/.z

¡+
/\

CHg CHs n (Cl)n

Poly-DADMAC

Figure 4. The formation of poly-DADMAC from the reaction of allyl

chloride with dimethylamine (after Letterman and Pero, 1990)

1.2. Adsorption of polymers onto clay or soil surfaces

Most of the research on the adsorption of polymers on soil or clay

suÉaces, was done in the 1950's and 1960's (De Boodl et a\.1990), The high

cost of the materials and lack of understanding of the reaction between

polymers and soil materials or clays have contributed to a decline in the papers

published since then. Hence most of the literature refers to that period.

However some of the authors, as cited in this chapter, have provided significant

I



information on the reaction between polymers and clay minerals or soil

materials.

Before the discussion of adsorption onto soil surfaces or colloids, it is

necessary to define adsorption. Hayes and Mingelgrin (1991) stated that "in

the process of adsorption a chemical species does not transfer from one bulk

phase to another, but it can accumulate at the sudace". The authors further

explained that when the molecules adsorbed on the surface of an adsorbent,

they could be adsorbed in a monolayer or in several layers on the sudaces.

Adsorption of a polymer onto clay or soil surfaces will depend on the

type, charge, and molecular weight of the polymer, clay properties, and

electrolyte concentration in the solution (Greenland, 1965,1972; Theng, 1979;

Ueda and Harada, 1968a;1968b). The review of the adsorption of polymers

will therefore be considered in relation to their charges.

1.2.1. Uncharged or non-ionic polymers on clays

The most popular uncharged polymer is poly-vinyl alcohol (PVA); it has

been discussed in detail by several authors (Greenland, 1963, 1965 and 1 972 ;

Williams, et. a1.., 1967; Theng, 1979). Most experiments have been carried

out on the reaction with clays of this polymer solution.

Greenland (1972) reported that in solution, linear, water soluble, neutral

polymers would not be attached by all of their segments onto the clay surfaces.

Only a few of the segments contacted to clay as "trains". Some of the segments

projected out as "loops" with the end of segments which did not attach to

surfaces appearing as "tails". Kavanagh et al. (1978) stated that when

polyvinyl alcohol (PVA) was adsorbed on illite or montmorillonite, half of the

PVA adsorbed was attached on the clay and another half existed as "loops"

and "tails". However, in the case of gibbsite, only aboul To/o absorbed PVA

9



was ¡n contact with gibbsite, with the rest protruding out as "loops" and "tails" in

the suspension. That explains why PVA is a good flocculant for gibbsite and a

poor flocculant for clays.

This phenomenon was also noted by Greenland (1965a,b). He explained

that uneharoed nolvmers woulcl not be oood flocculants. unless thev had veru*r-',g----t-''J

high molecular weights.

Greenland (1965a,b) further reported that polymers would form inter-particle

bonding when added to a system of clays which were already close to each

other. Greene et al. (1978) reacted PVA containing 12o/o acêtyl groups with a

Ca-illite suspension, and found that the polymer was strongly adsorbed by the

clay but a very small amount of flocculation occurred.

The flocculation of the clay system by polymers also depends on electrolyte

concentration (Greenland, 1965). Greene et. al. (1978) found that addition of

Ca and PVA to a dispersed Ca-illite solution, caused flocculation to occur at a

slower rate compared with adding Ca0lz alone. Emerson and Raupach (1963)

produced a model of the interaction between PVA, electrolyte and Na-

montmorillonite which recognises that the amount of flocculation depends on

whether the salt or polymer is added first. lt is better to add polymer first and

then salt in order to increase flocculation of montmorillonite.

Theng (1979) measured the amount of PVA adsorbed on montmorillonites

saturated with different cations. He found that in a suspension of 0.5"/" w lv

clay, the amount of PVA adsorbed was 0.8 % g g-1 clay on Na-montmorillonite,

0.3 % g g-1 clay on Ca-montmorillonite, and 0.15 g g-t clay on Ce-

montmorillonite. This is because the polymer could be adsorbed on both

external and internal sur{aees of Na-montmorillonite. Greenland (1963) states

that the most impoftant factor is the accessibility of the clay surfaces. lt

depends on the strength of interaction between exchangeable cation and

alumino silicate layers.
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Emerson and Raupach (1963) found that, when PVA was added to

montmorillonite suspensions, there was no release of divalent cations.

Therefore they suggested that PVA and clay are associated by H-bonding

between OH groups on the polymer and O on the silicate surface of the clay.

However, Greenland (1972) doubted this because PVA as for simpler alcohols

could not form strong H-bonds to oxygens of the silicate surfaces, and he

suggested that a direct or indirect reaction occurred with the exchangeable

cation. Dowdy and Mortland (1967) showed evidence which supported this

idea. Greenland (1972) also stated that silanol groups on clay sudaces were

strongly hydrated and polymers could not be adsorbed on the silanol surfaces

because they could not displace water from the surfaces. He proposed that

polymer adsorption onto the siloxane surfaces was caused by multiple van der

Waals forces deriving from the many surface-segment contacts.

Overall, the adsorption of non-ionic polymer on clays in suspensions

depends on clay types, electrolyte concentration, the saturating cation, and also

molecular weight of polymers. lnteraction is likely through van der Waals

forces.

1.2.2. Polycations (positively charged polymers) on clays

Polymers are adsorbed onto clays in suspension in the order cationic >

nonionic > anionic respectively (Ben-Hur et a\.1992). The amount of positively

charged polymer adsorbed is greater, because it can also penetrate between

the interlayers of clay minerals. However coverage of the internal sufaces is

very limited, because when the number of contact points is increased, mobility

is reduced, which is why polycations accumulate around crystal edges (Lagaly,

1987). However, as observed by many researchers (see later), the amount of

absorbed polymer does not control their behaviour as flocculants.
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Black et. al. (1966) reported that cationic polymers could act as

coagulants or as flocculants. As coagulants, they compressed the diffuse

double layer around clay surfaces, while as flocculants, they formed inter-

particle bonds, depending on the clay concentration in suspension. Cationic

polymers were more effeetive than anionie and nonionic polymers with similar

molecular weights in flocculating clay particles, even when they were of low

molecular weight (Dixon et a|.1967).

The adsorption of the polymer also depends on the cation exchange

capacity (C.E.C.) of the soil. Montmorillonite adsorbs more positively charged

polymer than kaolinite clay (Black et al. 1966). Ueda and Harada (1968a)

carried out research on the addition of poly-DADMAC-SO2 onto a kaolinite

suspension. They found that flocculation and sedimentation occurred

immediately, when polymer was added. However, it was noted that further

addition of polymer caused re-dispersion of the clay by a steric effect. lt can be

seen that the minimum amount needed for complete initial flocculation was

inversely related to the molecular weight of the polymer (Figure 5). That is the

polymer with DP=1430 required a lower concentration for maximum

transparency than the polymer with DP=64.

Ueda and Harada (1968b) also experimented using poly-DADMAC-SOz

with polymers having 2 different molecular weights. Both polymers decreased

the cation exchange capacity and increased the anion exchange capacity of

montmorillonite. However, the amounts of the two polymers adsorbed were

different (Figure 6); the polymer with lower molecular weight (14,000 Da; DP =

67) was adsorbed more than the polymer with higher molecular weight

(167,000 Da; DP = 791).
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Cationic polymers can also flocculate silica particles, as shown by ller

(1971). ller used cationic polymethacryloyloxythyl diethyl ammonium methyl

sulfate to flocculate colloidal silica particles of different sizes. He repofted that

the amount of polymer needed depended on the diameter of silica pafticles.

The larger the diameter of silica, the smaller was the amount of polymer

needed to flocculate them (Table 1).

Table 1. The amount of polymers needed for flocculation of silica, based

on particle sizes of silica (after ller 1971)

Type of silica Polvmer (%) to :

Name Particle

diameter

(nm)

Flocculate

all silica

Saturate

silica

surface

Specific

surface area

(m2le\

Experimental

Ludox SM

Ludox HS

Ludox TM

LudoxTM with

0.01 NaCl

Experimental

4

I
14

25

25

50

70

120

124

220

650

330

200

124

124

10

5.75

4.55

2.7

2.7

0.8

0.127

0.125

0.035

36.25

18.5

12.25

6.75

7.25

2.6

1.55

0.65

0.55

0.25

54

40

22

22

12
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Roberts et. al. (1974) investigated the flocculation of a kaolin suspension

with hydrolysed aluminium ions and cationic polymers. The addition of a low

dosage of polymer (5 ppm) and low dosage of pre-added aluminium (Sppm)

gave maximum sedimentation. This sedimentation was decreased as the

amount of pre-added aluminium was increased to more than 20 ppm. This is

because positively charged aluminium increases the positive charge of clay

which suppressed the adsorption of cationic polyacrylamide and decreased the

flocculation of kaolin suspension.

The effect of positively charged polymers on flocculation also depends

on the pH of suspension. Ueda and Harada (1968a) used 4 types of polymers

with different degres of basicity to flocculate kaolinite suspensions. At pH < 7

each polymer showed the same ability to flocculate kaolinite suspensions, but

at higher pH, they showed different abilities to flocculate clay. This difference is

derived from the basicity of these polymers.

It may be concluded that the adsorption of cationic polymers depends on

the CEC, clay type, pH, and molecular weight of the polymers. The adsorption

of these polymers occurs more rapidly than with nonionic and negatively

charged polymers.

The reaction of polymers with the clay or colloids in suspension is easily

monitored and well understood. However, when the polymers were applied to

soils, the reactions were complicated. ln addition, the characteristics of

reactions in suspension may not represent reactions with soils, as will be

discussed.

1.2.3. Polymers on soils

ln recent years, Wood and Oster (1985), Mitchell (1986); Letey (1994)

Ben-Hur (1994) among others, have investigated the mixing of polymers with
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irrigation water in order to stabilise soils. This gives a cheap and practicable

way of reducing soil surface sealing, and also reduces dispersed clay in the

irrigation water, which in turn minimises pore blockage in the soil profile.

The adsorption of soluble polymers on a clay and on a soil as a whole,

may be not eomparable. For example, polyanions are good flocculants in

dispersed clay systems but do not necessarily impgrt any stability to micro- and

macroaggregates unless the system contains polyvalent cations, which can act

as points of contact to the surface ie., hydrated oxides of iron and alumínium

which coat clays or soil particles (Theng, 1979; Letey, 1994). According to

Ben-Hur et al. (1992), the adsorption of polymers on soil surfaces also

depends on the charges and molecular weights of the polymers and soil

properties such as mineralogy and micro-morphology.

An investigation of the effects oin soil of applying three anionic polymers

having different molecular weights and amounts of charge has been carried out

by Nadler and Letey (1989). Two of the three polymers were polyacrylamides

(PAMs) and had molecular weights (10 to 15 X 106 Dalton); each polymer had

either low or high negative charge according to the amount of OH subsitution

for NH2 (2% substitution = low charge, viñually non-anionic1,21% substitution =

high anionic charge). The third polymer was the natural polysaccharide, guar,

which had a lower molecular weight than either of the two PAMs (2 x 105 to 2 x

t 0o Da) but had an anionic charge intermediate between them. The fine

fraction of a soil was pre-treated in various ways to obtain i) a soil with high pH,

ii) a soil with no organic carbon, iii) a calcium-saturated soil, and iv) a sodium-

saturated soil. Results indicated that, for all for the sodium-saturated fraction,

adsorption of the polymers onto the fractions depended primarily upon the

extent of anionic charge on the polymer. The PAM with greatest negative

charge was adsorbed linearly, the non-anionic PAM displayed a plateau at at

the higher concentration, and the polysaccharide guar showed intermediate
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adsorption. For the sodium-saturated soil fraction there was little adsorption of

any of the polymers.

Malik and Letey (1991) conducted an experiment using several

polymers having different charges and applied them to several soils and three

fine sand fractions. They reported that the adsorption of polymers on different

soil types was not significantly different. They suggested that adsorption

occurred mostly on external surfaces and not on the total surface, depending

on clay typ e and clay content. To support this finding, they also measured the

adsorption of polymers on the sand fractions, and reported that the adsorption

was greater on the very fine sand than on the coarser sand. These results

were the effect of very little charge on the soil being exposed to the polymers,

so that the molecular sizes and conformation of the polymers affected their

adsorption more than the electrostatic reaction. This also suggested that those

polymers did not penetrate inside the aggregates. De Boodt (1993) stated that

uncharged soil particles, like sand grains, had some affinities for polymers. The

processes involved were van der Waals forces and negative entropy effects

which increased with the molecular weight of the polymer. This adsorption

might even increase if polyvalent metal ions were added.

Adsorption of anionic polyacrylamide and/or cationic polyacrylamide

polymers by coarse and fine loams was irreversible, because these polymers

had high molecular weights, were multisegmented, and flexible (Nadler et al.

1992). According to Greenland (1972) when a polymer is attached to the soil

surfaces by many contact points, it is very difficult to detach all of them at the

same time, just like a millipede attempting to lift all its legs from the ground

simultaneously.

ln conclusion, the adsorption of polymers on to the soils was also

affected by factors affecting the adsorption of polymer onto the clay in

suspensions, i.e. polymers and clay suspension properties. The type of
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adsorption depends mainly on polymer charges, and involves van der Waals ,

H-bonding, and electrostatic forces.

1.3. The effects of polymers on some soil physical properties

When polymers are applied to soils, the high molecular weight material

is expected to affect important soil physical properties, e.g. water stability of

aggregates and tensile strength" They may block or line soil pores, which will

also affect soil water retention.

1.3. 1. Stabilisation of soil aggregates by polymers

An aggregate is a group of two or more soil particles which attach to

each other more strongly than to adjacent particles (Kemper and Rosenau,

1986). The stability of an aggregate will depend on natural binding agents

(transient, temporary, and persistent) Tisdall and Oades, (1982). Organic

polymers may be included as one of the binding agents, and this will depend

on the properties of the polymers.

Adhesive bonds are formed by interaction between polymers and clay or

soil surfaces, as has been discussed previously. Generally, there are

thousands to millions of polymer molecules occurring between two soil particles

to create an adhesive bond, and the strength of this bond will depend on

polymer-polymer and polymer-surface interactions. These bonds have to have

mechanical strength and water stability in order to stabílise soil aggregates

(Schamp et al. 1975). According to Ben-Hur'(1994), polymers stabilised the

soil through 2 main processes ie., adsorption of polymers on to the clay

surfaces causes a physicochemical change at the clay surfaces, reducing
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repulsive forces between clay particles, and secondly, polymers act as a bridge

between two particles inside an aggregate.

Charged and uncharged polymers stabilise the soil aggregates by rather

different methods. Anionic polymers become attached to some pafiicles,

however only a few segments of the polymers are linked to each particle;

uncharged polymers spread over the surface and form many bonds to each

surface as they come into contact (Greenland, 1965b). The negatively charged

polymers form "string of beads" while uncharged polymers spread like "coats of

paint" around aggregates which are already close each other (Greenland,

1963). Greenland (1963) considered that larger polymers attach initially to

more than one particle, and then a contraction reaction may draw them

physically closer together. This process could be important in modifying the

physical properties of soils by polymers (Greenland, 1972). PVA (a linear

uncharged polymer) stabilises aggregates as a result of its adsorption on the

inside pore sudace of aggregates or its lining of the pore surface of aggregates

(Emerson and Raupach, 1964; Kavanagh et al. 1978). Soil pore sizes can

range from 1 pm to 50 pm, and polymers can have diameters from 1 to 10 nm

when coiled, and have lengths from 100 to >1000 nm when stretched. So

polymers can penetrate soil pores and can be adsorbed on internal surface of

pores, on soil colloidal components inside pores, or on the quasi-crystal,

domain, tactoids, or clay humus, or clay-humus-oxyhydroxide complexes (De

Boodt, et al. 1990). According to Letey (1994) if polymers did not penetrate

inside aggregates, the interaction between polymers and clay surfaces was not

important in stabilising aggregates. ln this case, polymers formed a network

around the aggregates, and drying of these bonded polymers was irreversible

and tightly adsorbed. Nadler and Letey (1989) found that the high adsorption

of negatively charged polymers did not guarantee a higher stability of the soil
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aggregate. ln the case of Na-soil, the addition of gypsum first, and then anionic

poly-acrylamide increased the aggregate stability (Wallace et a\.1986b).

Not much information is available on the size of aggregates which have

been stab¡l¡sed by polymers. However, they are mainly macro aggregates as

shown bv severa! authors. Carr and Greenland 11975) amended soil with oolv-"-"- \'-'-t -"-" r-'J

vinyl alcohol (PVA) and found that it increased water stable >0.5 mm

aggregates by up to 60%, while the PVA (100.000 MW) stabilised aggregates

rnuch better than PVA with (15.000 MW), Mukhopadhyay ef a/. (199a) reported

that the application of 0.1% (wlw) polyacryllic acid type polymer increased the

water stability of >2 mm aggregates by up to about 9O%.

1.3.2. The effect of polymers on tensile trsength

The stability of relatively dry soil will depend on the stability of its

individual aggregates. Some researchers have measured the stability of soil

structure or aggregates by subjecting individual aggregates or briquets of soil

between two parallel plates to pressure, until the aggregate cracked; the critical

pressure is recorded as soil tensile strength" This test is called the Brazilian

test. Hence tensile strength is a measure of the strength of the failure zones

(Braunack et al. 1979). Tensile strength or modulus of rupture is a standard

method for measuring soil cohesion. There are several factors affecting tensile

strength ie., clay content, water content, suction, wetting and drying, and cation

content..

Mathers et. al. (1966) reported that increased clay content of soils led to

a sionificant increase in unconfined como!'ession strenoth over a ranoe of water_-.9.--'..r'.J...-_..J-

contents from about 10 "/" lo about O.1%. Similar phenomena were also

observed by Kemper et. al. (1989). They measured tensile strength of the soil,

which was called cohesion recovery from the remoulded state. These authors
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explained that clay produced more contact points between larger soil particles

and formed bonds within the soil matrix, which is why the higher the clay

content of the soil, the faster its cohesion recovery. Rogowsky et. al. (1968)

investigated the strength of different soils, and showed that modulus of rupture

increased in the order silty clay > loam > fine sand.

Water content affects tensile strength of soils as reported by Bohne and

Lessing (1988); Mathers et. al. (1966); Dowdy and Larson (1971); and Kemper

et. al. (1989). Kemper et. al. (1989) concluded that the first molecular layer of

water adhered to soil sudaces through H-bonding to oxygen surfaces and by

dipole ion bonding to the cation on exchange sites. When the soil contained a

considerable amount of water, or was saturated, it would have a low tensile

strength because the tension in the water phase was not strong enough to

bring mineral surfaces close enough for ions or molecules to create bonds

between them. Mathers et. al. (1966) found that maximum strength was gained

when approximately one monolayer of water was on the total surface. The

strength was a minimum at one half monolayer and increased again as

complete dryness was reached. Bohne and Lessing (1988) stated that the

stability of clay aggregates was a function of their water regime content and

suction.

Dowdy and Larson (1971) measured the strength of montmorillonite

saturated with different cations, and found that the strength of montmorillonite

decreased in the following order Fe > K > Na > Al > Ca. Similar results were

also reported by Mathers et al. (1966). They saturated a fine sandy loam soil

with Na, Al and Ca, then the dry strength of soils were measured by unconfined

compression strength. These authors explained that Na-saturation caused

dispersion during the preparation of Na-soil, and this allowed reorientation of

clay particles and produced greater contact between individual particles upon

compaction. On the other hand Ca- or Al-saturated soils were not dispersed
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during preparation. Dowdy (1975) found that the strength of Fe-montmorillonite

(366 kg cm'2) was much higher than that of Na-montmorillonite (287 kg cm'2¡.

This might have been caused by saturated, hydrous iron oxide films being

formed during preparation on the surface. These then acted as cementing

agents between contact areas.

Organic matter tends to prevent direct contact or bonding between

adjacent mineral surfaces since it decreases cohesion recovery (Kemper, et a/.

1987) or modulus of rupture (Quirk and Panabokke, 1962). These authors

stated that when organic polymers had been adsorbed and the aggregates

were dried, the binding action of polymers was not restored if the samples were

remoulded again even at the same bulk density.

Several authors (see later) found that sorption of polyvinyl alcohol with

different molecular weights on clays and soils showed that tensile strength was

directly related to the molecular weight of the PVA added. Williams et al.

(1967) found that addition of increasing amounts of PVA of different molecular

weights (25,000; 64,000; 70,000; and 100,000 Daltons) increased tensile

strength of the B-horizon of Red brown eafths, but the molecular weight of the

PVA had no effect; that is, they were all equally as effective. Dowdy (197S)

treated Na-montmorillonite with PVA (75,000 and 14,000 Daltons) and glucose

and found that both PVAs increased the tensile strength of Na-clay significantly,

but glucose did not affect the tensile strength. lt may be that the polymers were

adsorbed by external clay sudaces and this maximised the bridging action of

each molecule. However, small molecules like glucose are too small to be able

to form bridges between sudaces (Dowdy, 1975). Schamp et. al. (197S)

annlicd nolv-vinvlaeetafe crrnthalin nrhharq lhrfadiona anrl iennrana\ and_rF..-- f_,t vrrvr er¡v

natural rubber on pure sand at amounts of 0.25T" and 0.5%. These authors

repofted that poly-vinylacetate significantly increased the dry strength of sand.
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On the other hand synthetic rubbers and natural rubber did not affect its tensile

strength at all.

Polymers also decrease the modulus of rupture of saline crusting soils.

VAMA decreased the modulus of rupture of soils up to 3 times compared with

untreated saline alkali soíls (Allison, 1956). Similar results were also reported

by Allison and Moore (1956), who applied two polymers (VAMA and HPAN) on

crusting soils, and Oades (1976) found that PVA hindered crust formation.

It might be concluded that polymers increase the tensile strength of soil

aggregates, however the strength decreases when soil is remoulded again.

The greater the amount of polymer added the greater the increase in tensile

strength. (The molecular weight of the polymer added, however, does not

seem to affect the tensile strength of soils, at least those from the B-horizon of

the Urrbrae Red-brown earth.) Polymers also decrease the tensile strength of

saline crusting soils, and this is known to improve the emergence of seedlings.

1.3.3. The effects of polymers on water retention

The relationship between soil water content and soil water tension

defines the soil moisture characteristic. The water retention of the soil basically

depends on texture, structure, clay type, and organic matter (Klute, 1986). The

water retained at low suction (between 0 and 1 bar) depends upon the pore

size distribution, thus it is strongly affected by soil structure. The water content

at higher suction is due to adsorption and hence is influenced by particle size

distribution and the specific surface area of soils (Hillel, 1980).

De Boodt (1993) postulated that macroaggregates can contain

macropores (from 30 to >50 pm) especially if macroaggregates consist of

microaggregates. Thus polymers which have diameters from 0.1 to >1 pm can

line the soil pores and adhere to the soil matrix on the pore wall, ie. a colloidal
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component within the pores, clay domains, or clay-humus. Beside lining the

pores, polymers also cover soil aggregates (Greenland, 1963). Filling the

pores or covering the soil aggregates by polymers could either decrease or

increase soil water content at different water potentials, depending on polymer

properties.

Kijne (1967) applied PVA and krilium to a Red brown earth (Urrbrae),

and repofted that PVA stabilised soil pores and thus water infiltrated more in

PVA-treated soil than untreated and krilium treated soil. Mukhopadhyay et. al.

(1994) stated that a soil conditioner from acrylic waste generally decreased soil

water content at 0.3 bar and 15 bar suction on loamy sand and silty clay loam

soils. Similar results were also reported by Pla (1975). Pla (1975) amended

soils (Alfisol and Vertisol) with bitumen and PAM, and found that both polymers

decreased the water content up to 11 % at 0.1 bar and 0.5 bar suction

respectively. Bitumen decreased moisture content to a greater extend than

PAM at similar water retention. However, both polymers decreased the bulk

density and increased the hydraulic conductivity of the soils. This was caused

by the creation of large aggregates which, in turn, formed air-filled macropores.

1.3.4 The effects of polymers on run-off, infiltration and erosion

Soil conditioning gives the needed physical properties to allow plant

growth, decrease erosion, and conserve water (DeBoodt, 1975). In agriculture,

polymers are applied mainly before plant growth, in order to decrease erosion

for the first few months, where the vegetation can take over the erosion-

nnnfrnllinn fr¡nntinn ln thic ^âcâ lha ennliad nnlrrrnar hae ln lra raadilrrt f¡¡v sl/lr¡¡ve Jrv¡t¡¡rvr r¡sv ¡v yv ¡vuerrt

effective. This will depend on the properties of the polymers, soil, climate and

crops (Schamp, et a\.1975).
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The properties of polymers, such as solubility; molecular weight, and

charge, and also soil properties (especially texture) play an important role in

reactions with the polymers, thereby determining runoff and erosion (Gabriels

and DeBoodt, 1978). Several authors have shown that polymers have an

affinity to stabilise all type of soils from clays to sands, and also all types of

clay in the soil.

Results have shown that polyacrylamide (hydrophilic) on pure sand was

readily washed out by a small amount of water. The addition of a cross-linker to

PAM, linked the polymer chains together so that PAM acted as a coat of paint

on the sand particles and stabilised them (Gabriels and DeBoodt, 1978).

PAM also can be applied to soils in arid or humid areas depending on

the purpose as repofted by De Boodt (1975). PAM was used on acalcareous

infertile soil in France, where rainfall was very low, and the result was

successful in a revegetation program. ln Lembang, lndonesia, where rainfall is

very high (between 3000-6000 mm), PAM was used to minimise erosion,

because it created a hydrophilic soil; hence more water infiltrated into the soil

and runoff was reduced .

A hydrophobic bitumen was also applied in tropical areas such as

Malaysia and Indonesia (De Boodt, 1975). In the Puchong area (Malaysia),

bitumen reduced run-off and erosion significantly, and ln Djongol, lndonesia,

successfully decreased erosion even though it increased runoff. However

bitumen-treated soil led to a higher runoff than untreated soil.

Mousbach and Shrader (1975) applied PVA and PAM to a subsoil clay at

a rate of 336 kg ha'1 each, and the results showed that these treatments

minimised soil detachment and clod breakdown and therefore controlled sheet

erosion.

Gabriels and DeBoodt (1975) reported that the application of polyvinyl

acetate did not decrease splash erosion and runoff, but it did minimise soil loss.
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These authors also found out that small quantities of bitumen emulsion (0.35

litres m'2) highly diluted with water enabled the bitumen micelles to migrate and

penetrate deeper into the sand, binding sand particles after drying. However,

due to the hydrophobic nature of the treated sand, the treatment decreased

infiltration and increased runoff.

PAM decreased runoff significantly up lo 2Oo/" compared with a control

on kaolinite or illitic soils (Stern et al. 1991). These authors observed visually

that the PAM-treated surface soils were rough and aggregated in comparison

with untreated surfaces, which were smooth and had no stable aggregates.

PAM greatly minimised runotf, possibly due to the coating etfect of the polymer,

which hindered slaking and the dispersion of aggregates. Levin et. al. (1991)

applied PAM (20 kg ha-l¡ mixed with phosphogypsum (PG) at 5 Mg ha'1 and

found that infiltration increased 3 times compared with a control on clay or

sandy soils.

PAM maintained a high infiltration rate throughout rainfall

intensities up to 80 mm on veilisol and loess soils. PAM with molecular

weights of (10-15 x 106 Dalton) plus electrolyte (0.05N of NaCl-CaCl solution)

gave the highest value of hydraulic conductivity (Shainberg et a|.1992).

Based on the above findings, it may be concluded that water soluble

polymers minimised erosion by increasing water infiltration, and reducing run-

off; on the other hand, hydrophobic polymers decreased erosion by stabilising

soil aggregates physically against overland flow and rain drop energy.

However, bilumen might increase or decrease run-off, depending on soil type.

Thus the type of the polymer to be applied will depend on the purpose of the

annlinatinn
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1.4 The effects of polymers on plant growth

1.4.1 Positive effects

The purpose of using soil conditioners is to improve soil physical

properties, to minimise erosion, and to store water. Soil conditioners are useful

for erosion control in the stabilization of highways and stream banks. ln

agriculture, the aim of their use is to improve plant growth or to maintain high

yield (De Boodt, 1975).

Addition of VAMA and HPAN on saline loam soils increased water

stability of aggregates of > 0.1 mm, increased infiltration by up to 6 times, and

decreased surface crusting at all levels of exchangeable sodium, and resulted

in an increased sweet corn yield during 4 years of cropping (Allison, 1956).

Wallace et. al. (1986b) applied anionic polyacrylamide on a sodic soil of pH

9.9 and showed improvements in seedling emergence and plant growth, even

without the addition of gypsum, which was usually added to this soil. They

explained these results by the creation of better aeration and increased water

infiltration.

Rubio et. al. (1989) applied PAM in a seedbed preparation on a

calcareous fine silty soil. These authors reported that PAM did not increase the

total emergence of grasses. However oats emerged more rapidly in PAM-

treated soil than in the control. Deep and large cracks were formed in the

untreated pots and in those with the low applications of PAM, but not in soils

with applications of PAM greater than 20 kg ha'1.

ln calcareous soil, Fe-deficiency is usually a problem, as a result of an

excess of water and carbon dioxide (from microbial and root activities) forming

bicarbonate with lime (Wallace and Abouzamzam, 1984). The application of
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PAM decreased lime-induced chlorosis on soyabean plants (Glycine max,

Menill) by improving aeration and available water (Wallace et al. 1986c).

De Boodt (1975) reported that in Belgium, France and Germany, the

application oÍ O.2o/" of PAM on fertile silty loess soil had reduced erosion, and

in turn promoted better sugar beet germination and increased sugar beet yield

by from I up to about 1O%.

Carr and Greenland (1975) found that the application of polyvinyl acetate

had successfully increased emergence of rye grass by up to about 4O"/", and

increased dry weight of shoots by up to 50%. These authors also reported

significantly increased dry weight of tops and roots of tomatoes and barley

compared with a control.

The effect of polymers on root growth was examined by Danneels ef. a/.

(1992). These authors used a swollen hydrogel (potassium propenoate

propenamide copolymer), and repofted that Pisum roots grew more intensively

in the hydrogel than in a bone glue (organic polymer); hydrogel has a good

effect on root growth.

As reported by some authors (below), natural rubber as a soil conditioner

generally shows a positive effect on seedling emergence and plant growth.

Formation of natural rubber mixed wilh 2"/o aromatic oil, with emulsifier and

stabilizer, had minimised erosion and increased cover crop growth over a

period of 1 month with 210 mm rainfall in Malaysia, Soong and Yeoh (1975)

also used this formulation, incorporating it into 15 cm depth of sandy soils.

Their results showed that it increased maize yield by up to about 4Oo/" and

soyabean yield by up to about 907". However, Wah and Bachik (1985) found

that natura! rubber mixed with aromatic oi! could result in poor grass

germination possibly due to phytoxicity of the mineral oil. These authors added

potassium hydroxide to the natural rubber emulsion, and increased the

germination rate by up to about 35%.
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It seems that a hydrophobic polymer, such as rubber, is useful for

application in areas of intense rainfall. However, this type of polymer also had

an advantage when applied in arid areas as discussed by De Boodt (below).

When hydrophobic soil conditioners were applied on the soil surface,

they prevented evaporation and in turn hindered salinization and crusting on

the soil top layer, which usually retard plant growth (De Boodt, 1993).

Furthermore, De Boodt (1993) suggested supplying water for plant growth after

the hydrophobic emulsion had been incorporated in to the soil su¡.face.

On the other hand, hydrophilic soil conditioners, which can adsorb a lot

of water, could prevent deep percolation or lateral flow movement, and also

hold water against gravity when they were applied to soil. Nevertheless, the

water held was still available for plant growth, as discussed by De Boodt

(1ee3).

1.4.2 Negative effects

ln the 1950's there were about 100 patented polymer soil conditioners

(De Boodt, 1993). However, the phytotoxicity of these chemical materials were

not investigated, as it was thought that soil conditioners were just like adhesive

materials or glues. Since then the amount of soil conditioner used has

declined. Nowadays, the polymers used have to be environmentally safe,

nontoxic, and preferably even biodegradable. As chemicals, they can affect

plant growth. However, little information is available about the negative effects

of popular polymers used e.g. polyacrylamide and polyvinyl alcohol.

Sojka and Lentz, 1994 reported that polyacrylamide is toxic to plants.

Its toxicity might be caused by the presence of some monomers in the polymer.

ln the USA, polyacrylamide is considered safe if it contains less than O.OS%

monomer. Furthermore, Sojka and Lentz (1994) explained that the monomer
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can degrade rapidly in warm (3OoC¡ conditions in a few days. PAM also may

not be decomposed and broken down into the monomer, because

microorganisms feed on amide functional groups as nitrogen sources which in

turn hinders the formation of acrylamide. The negative effects of using >1%

PAlul has been reported by Wallace et. a!. (1986c). They found that the

application of high concentrations (1-5o/" of dry weight of soil) had reduced

phosphorus and silica contents in wheat and tomatoes, and the transpott of

manganese and boron in wheat.

The effect of polymers was also monitored by Danneels ef. al. (1992).

They used an organic soil conditioner which was called "bone glue", and found

that the roots avoided growing in the layer or spot where bone glue was

present. Unfortunately, they did not provide any explanation of why this

occurred, or of the chemistry of bone glue.

It might be concluded that applicationoÍ 0.2"/" polymer (PAM) reduced

erosion and increased plant growth. On the other hand, polymers will not have

any negative effect on plant growth,, if t[r¡ey contain <O.OO5% of their monomer.

1.5 The decomposition of organic polymers

When organic materials are added to soils, they will be utilised by

organisms as energy sources if the situation is favourable. There are many

factors affecting the decomposition of organic matter in the soil, ie the

environment, the soil, and the composition of organic matter itself. Environment

and soil factors affecting the decay of organic matter are temperature, moisture

aa{lar aaralinn onil fawfr¡ra anr{ onil nlJ / lanlzincnn 1O77\ Tha ¡nrnnncitinn nfql¡VrVl qglgtlvllt gvll ¡V^lVlVt qllV gv¡r l/l ¡ \Vvllll¡l¡vvr¡t tv. . Jt

plants also determines the process of decomposition (Collins ef a/. 1990;

Oades,1989).
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Jenkinson (1977) had monitored the decomposition of organic matter at

the Rothamsted Station for a long period of time, and he also collaborated with

Ayanaba in 1990 in examining the decomposition of rye grass in tropical Africa

(Nigeria). They found that the same type of organic matter decomposed 2

times faster in the tropical area than in the temperate area due to differences in

temperature (Figure 7).
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Figure 7. Decomposition of rye grass under temperate and tropical

conditions: 0 = temperate and n = tropical (After Jenkinson,

1977, and Ayanaba and Jenkinson, 1gg0).

Drying organic matter at different temperatures before incubation also

affected decomposition of humus (Joger and Bruins, 1975). These authors

treated organic matter by drying at ditferent temperatures , then moistening and

incubating it at 29oC lor 4 weeks. After about 60 cycles, the loss of organic

matter as CO2 was 31.2; 18.0; and 17.0% when the drying temperature was

85"C or 35oor not dried, respectively.
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In the short term there was no difference in decomposition of organic

matter between pH 4.9 and 8.1, but the extent of decomposition was different

with a strongly acid soil (pH 3.7) (Jenkinson, 1977). Over the long term (5

years), however the effects of pH on the decomposition of organic matter were

not significantly different even in the strongly acid soil.

Martin and Haider (1986) reported that under the same climate, soil

texture determined C in the humus form and found that up to two to four times

as rnuch C was stabilised in the fine textured soil as in the sandy soil. A. similar

result was also repofted by Jenkinson (1977); he found that a soil containing

higher clay (17.5%) retained more labelled C than the soil with a lower clay

content (7.6o/"') after a period of over 10 years.

Since plant materials are composed of different compounds (Oades,

1989), the decomposition of organic matter also depends on its composition.

ln general, lignin decomposes more slowly than carbohydrate (Herman et al.

1977), and Parr and Papendick (1978) also reported that the rates of

decomposition are in the order: cold water soluble plant material > structural

carbohydates > lignin. Because different parts of plants contain different

organic subtrates ie soluble C, nonstructural carbohydrates, cellulose and

hemicellulose, their decomposition depends on their content of the various

materials (Collins et.al. 1990). These authors found that decomposition as well

as the contents of soluble C plus nonstructural carbohydrate in plant parts

decreased in the order: leaf > leaf sheath > chaff. However, if decomposition

was based on the contents of cellulose and hemicellulose, the reverse order

would be followed. Amato et al. (1983) also measured the decomposition of

different oails of the Medic nlant. and found that the rate of deeomnosition afterf'-"'t

20 weeks was in the order: leaves > stems > roots > pods. However, ground

pods were decomposed as easily as stems.
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Martin and Haider (1986) specified in detail how the composition of

organic matter affected the rate of decay. These authors explained that easily

decomposed materials are small-molecular-weight substrates such as sugars,

amino acids, and aliphatic acids. These materials decay in a few hours or

days. Proteins and polysaccharides also rapidly decompose but at a slower

rate. The next most easily decomposable components were phenols (including

benzene rings), followed by phenolic polymers and then by microbial melanin.

It seems that the larger or higher the molecular weight of an organic molecule,

the longer it takes to be decomposed by organisms.

Since long chain synthetic organic polymers have high to very high

molecular weights, decomposition of this type of material will take as much

time as that of long chain polymers of organic material from plants. ln the

1950's, hydrolyzed polyacrylonitrile was one of the popular polymers, however

it is not used any longer due to its high cost. Decomposition of this polymer

was monitored by Martin (1953), who mixed labelled HPAN with silty clay loam

soil and incubated il at 27oC at field capacity water content. lt was reported

that, after 39 days of incubation, the carbon dioxide released was aboul0.97o/o

of the total amount of added soil conditioner; 13"/" of that amount was produced

during the first 24 h. Among other popular polymers used quite recently are

PVA and PVAc; these polymers could persist in the soil for some years (Carr

and Greenland, 1975). A very high molecular weight poly-acrylamide is used

nowadays in water irrigation. lt seems that this polymer does not breakdown

into monomers, because, with microorganisms using amide functional groups

as nitrogen sources, this evidently hindered the formation of acrylamide (Sojka

and Lentz, 1994). These authors also reported that some of the monomer in

poly-acrylamide could decay rapidly in a few days in warm (30oC) temperature.

Baruenik (1994) found that the decomposition rate of the monomer was even
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faster than this. This author repofted that the half life of acrylamide (AMD) was

from 18 to 45 h under aerobic conditions al22oC.

It has been recognized that natural rubber (poly-isoprene) is oxidised by

microbes. lt is for this reason that many experiments have been carried out to

oroduce lono term antioxidants for rubber eo ohcnols. amines. orqano sulfur,-"i7.*, _, _g r".-,, , -_g--_,

and organo phophorus compounds (Khorasani, et a\.1993).

1.6 Objectives

Since latex water emulsion and poly-DADMAC have not yet been used

for soil conditioners, as discussed in the literature review, this research aimed

to investigate the use of these two polymers in bringing about improvements in

soil physical properties and plant growth. There were 4 objectives of the

experiments which were designed to determine whether these polymers could

be used as a soil conditioner ie:

1. to assess the degree and mode of the stabilization produced by latex and

poly-DADMAC; this included measurement of water stable aggregates

under wet sieving, mechanically dispersible clay, tensile strength and

friability, water retention, and soil hydrophobicity,

2. to examine the effect of these polymers on infiltration, run-off and erosion,

3. to identify their effects on plant growth, and

4. to monitor the decomposition of latex.
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CHAPTER 2

The Comparison Of The Effects Of Latex And Poly-Dadmac On Water-

Stable Aggregates

2.1. lntroduction

Soil erosion is a serious problem in many tropical countries today.

The Rubber Research lnstitute of Malaysia (R.R.l.M.) has been investigating

the use of latex mixed with aromatic oil (petroleum products) and stabilisers

as a soil conditioner to minimise erosion in field trials since the early 1970's.

Soong (1979) reported that when a latex-aromatic oil mixture of <0.2"/" dry

rubber content (D.R.C.) was applied to sand, it increased yields of maize by

up to 90"/", soya beans by up to 30%, and ground nuts by up to 42o/o, and

also improved soil physical properties, i.e. it aggregated sand particles. This

research involved field experiments only, however, and no basic scientific

principles have yet been established. Neither has the application of latex

without aromatic oil and stabiliser been investigated. The possibility of

diluting natural, aqueous emulsions of latex and spraying it directly onto the

soil would simplify procedures, reduce costs and promote its wider use as a

soil conditioner.

The use of latex in the stabilisation of soil aggregates was

compared with that of poly-diallyl dimethyl ammonium chloride (poly-

DADMAC) another high molecular weight polymer having contrasting

properties; poly-DADMAC has never been used as a soil conditioner to our

knowledge.

PoIy-DADMAC, as a long chain polymer, might be considered an

effective soil conditioner, because the water stability of aggregates depends
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largely upon the molecular weight of water soluble polymer applied

(Schamp, et. al. 1975).

This experiment was to investigate and assess the stabilisation

produced by latex and poly-DADMAC polymers on a range of different soils,

with narticular reference to the basic meehanisms bv whieh these two"-"'' -t

materials might stabilise soil.

2.2. Materials

2.2.1. Polymers

An emulsion of latex and dilute ammonia, containing approximately

60% dry rubber content (D.R.C), was donated by The Rubber Research

lnstitute of Malaysia in Kuala Lumpur in 1992, and stored at 3o C. Before

application to the soil, the emulsion was diluted to aboul 1% D.R.C, (w/v)

with de-ionised water, since at this concentration the emulsion did not block

the nozzle of the sprayer. ln order to minimize any effects on soil structure

that might be caused by adding different amounts of water to the soils, the

1% stock solution was further diluted to appropriate concentrations so that

equal volumes of water were utilised at all application rates to all soils.

A stock solution of poly-DADMAC containing about 40% active

material (w/v) was obtained from the Allied Colloids Company in Melbourne,

and this solution was also diluted to 1o/" (w/v) before spraying on the soils.

The 1% stock solution was fufther diluted in a similar manner to the rubber

emulsion.
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2.2.2. Soils

These experiments were carried out using four soils from the 0 -

100 mm surface layer, including three Alfisols or Red brown earths, which

are referred to as "Urrbrae", "Evans", and "Quiggley", and one Mollisol,

referred to as "Wiesenboden". The Urrbrae soil is a structurally degraded

red brown earth sampled from a wheaVfallow rotation plot from the Waite

Long-term Rotation Trial, Waite Campus, University of Adelaide. The Evans

and Quiggley soils were from locations on the Martindale Farm, University of

Adelaide in the mid-North region of South Australia. The Mollisol is a self

mulching, hydromorphic black earth sampled from a permanent pasture in

the Waite Campus. Physical and chemical properties of the soils are shown

in Table 2. All soils were dried at 40o C for 3 days, then passed through a

9.5 mm sieve, before use in the experiments.

2.3. Methods

2.3.1. Measurement of water stable aggregates

Wet Aggregate Stability was measured for each soil based on the

method of Kemper and Rosenau (1986). Soil samples (25 g each,3

replicates) were sprayed with latex or poly-DADMAC at application rates of

0, 0.25. 0.50, O.75, 1.0, 1 .5, 2.0,3.0, and 5.0 g polymer per kg soil. After

drying for 3 days at 40o C, the soil samples were placed on a nest of sieves

(2.0, 0.5, 0.25, and 0.125 mm diameter apertures), and these sieves

immersed in water inside a cylinder, then raised and lowered through an

amplitude of 2 cm at a rate of 38 times per minute for 5 minutes. The

material on each sieve was then collected, dried at 105o C for 24 hr, and
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Table 2. Selected physical and chemical properties of soils used,

D = dominant clay mineral and p = clay mineral present (After

Chittleborough and Oades, 1980 and Stace et a1.,1972).

weighed. The amount of soil on each sieve was expressed as a proportion

of the total sample weight. These data were then analysed in order to

calculate any significant differences between treatments. The experimental

design used was baseci on a factoriai randomized complete block design.

Properties Soils
Red-brown earths Claremont

Urrbrae Quiggley Evans Wiesenboden

Particle size distribution
(%')

Clay

S¡It

Sand

pH (H2o)

EC (dSm-t)

C.E.C. (mmol kg'1¡

Carbon (%)

17

30

53

6.1

0.1 15

79

1.06

25

33

42

6.2

0.104

190

1.72

31

34

31

6.3

0.125

220

1.61

55

26

18

6.8

0.168

570

3.3

Clay minerals:
lllite D

p

p

p

D

p

p

p

D

p

p

p

p

p

D

p

Kaolinite

Random ly interstratif ied
minerals
Quartz
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2.3.2. Scanning electron microscopy of aggregates

Scanning electron microscopy (S.E.M.) was used for a qualitative

assessment of the extent to which latex penetrates aggregates and how

aggregate binding occurs. Samples were prepared as follows.

The soils described in Section 2.3.1 that remained on the 2 mm

sieve were recovered after drying and weighing. lndividual aggregates were

then crushed between parallel rigid plates such that they cracked through

their centres. All the crushed aggregates were then placed back on the 2

mm sieve, re-immersed in water, and agitated for an additional 30 minutes to

separate material strongly stabilised by latex (>2 mm) from that not as

strongly stabilised (<2 mm). The >2 mm fraction was collected, re-dried and

samples prepared for examination (gold-coated) under a Cambridge

Stereoscan X250 electron microscope. Control samples (not treated with

latex) were included in this procedure for comparison.

2.4. Results and discussion

Both latex and poly-DADMAC polymers were found to increase the

water stability of aggregates of all soils (Figures 8a and 8b), however the

degree and mode of stabilization by the two polymers were different. The

results will be discussed separately for each polymer.

2.4.1. Water stable aggregates of Iatex treated soils

Latex increased the proportion of water stable aggregates >2 mm of

all soils (Figures 8a and 8b). The percentage of water stable aggregates >2

mm were increased in proportion to the amount of latex added up to about 2
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g kg'1 soil, then the addition of >2 g kg'1 soil resulted in a plateau in the plot

of water stable aggregates against amount of latex added. Based on the

HSD Tuckey test (P=0.05), the optimum value (above which no significant

increase occurred) was achieved at an application rate of 1.5 g kg-1 for

Urrbrae and Evans soils, while 0.75 g kg-1 u,as required for the Quiggley soil

and 0.5 g kg'1 for the Wiesenboden soil.

The ability of latex to create and stabilise aggregates >2 mm of all

soils, may be caused by rubber as an uncharged polymer coating around

aggregates already in close proximity to each other. lt may attach to several

particles or smaller aggregates binding them together. These effects are

likely to be similar to those of another uncharged polymer (polyvinyl alcohol),

as explained by Greenland (1963). Uncharged rubber adsorbed onto soil

surfaces only through physical attraction ie H-bonding and van der Waals

forces, and may attach to any material in the soils. The hydrophobic nature

of rubber was also an important factor in explaining the increased water

stability of aggregates, because rubber-rubber and rubber-soil surface

interactions would not be broken by the action of water.

The differences in the optimum application rates for each soil may

be caused by the initial stability of each soil, and the stability of a soil may

depend on its organic matter content. The Wiesenboden had the highest

content of organic matter (Table 2). ln the case of the Wiesenboden, the

water stable aggregation was almost 1OO% (see Figure 8b). This may be

because the Wiesenboden was well aggregated when latex was sprayed on

it which led to a good coating on the surfaces of aggregates.
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Figure 8a. The effects of latex on water stable aggregates of Urrbrae and

Evans soils; Vertical bars represent levels of significant

difference (SD)o.os = 11.36 for Urrbrae and 8.06 for Evans.
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2.4.2. Water stable aggregates of poly-DADMAC treated soils

The application of poly-DADMAC generally increased the overall

size of water stable aggregates, although the magnitude of this effect was

small in comparison to that of the latex polymer, particularly with respect to

larger aggregates (>2 mm), The main effect of poly-DADMAC was to

moderately reduce the proportion of aggregates <0.125 mm in atl four soils.

Generally this reduction of fine aggregates has important implications for the

prevention of crust formation and increased infiltration rates (Loch and Foley,

1994). The application of poly-DADMAC (1 g kg't of soil) decreased the

proportion of aggregates <0.125 mm by about 30% in Urrbrae and Evans

soils. A similar decrease (of 30%) in aggregates <0.125 mm required about

twice this rate (2 g kg-1) in the Quiggley soil.

The magnitude of the effect on the fraction <0.125 mm would

appear to relate to the properties of the poly-DADMAC polymer i.e. its

positive charge, high molecular weight and hydrophilic nature. As a

positively charged polymer, it may interact electrically with clay or soil

surfaces, and this reaction is irreversible. Due to its high molecular weight,

initial attachment leads to "loops and tails". Thus it flocculates and binds

colloidal materials and creates aggregates >0.125 mm; this mechanism is

typical of other positively charged polymers (Greenland, 1go3). on the other

hand, the hydrophilic nature of poly-DADMAc gives it a relatively low

cohesive strength, which reduces its ability to surround and bind aggregates

into larger units (e.9. >2 mm)to the same extent as is possible with latex.
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Nonetheless, as with the latex polymer, the effect of poly-DADMAC

on water stable aggregation, however small, varied in accordance with the

initial stability of the soils. The reduction in aggregates <0.125 mm for

Urrbrae and Evans was accompanied by increases primarily in the

intermediate aggregate size ranges (0.25 to 2 mm), while this size range

was relatively unaffected in the Quiggley and Wiesenboden soils.

2.4.3. Scanning electron microscopy of water stable aggregates

Scanning electron micrographs (S.E.M.) of Urrbrae and

Wiesenboden soils are presented in Figures 10a,10b and 10c. These

showed that rubber acts as a binding or stabilising agent, it could be seen

under SEM as shown by arrow on Figure 10c; and the evidence of its effects

upon both soils also can be identified.

After 30 minutes repeated wet sieving, crushed latex treated soils

showed more porous aggregates than natural aggregates (without latex

treatment) for both soils. This could be caused by latex binding between

particles of the soil matrices where this binding was not destroyed by water

action during the wet sieving. Hence latex may have bound some of the soil

materials inside aggregates; soil material which was not bound by latex was

washed out, which left cavities between the latex-stabilised soil matrix. lt

seems that latex occurred between small soil particles or matrices, though

the depth which latex penetrated inside the aggregate could not be identified

from tha finlrro latev nnlrlrl harra ctahilicad artarartalae âc â rrr.nat nf nainÌrl

or else had penetrated inside aggregates and formed bonds between soil

materials.
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2.5. Conclusions

The experiments led to the following main conclusions:

Latex was able to increase aggregate stability without the use of the

traditional aromatic oil and stabilisers, at application rates comparable to

previously published values (ie. < 2 g polymer kg-1 ss¡¡¡.

Either latex penetrated inside the aggregates or else it acted

primarily as an external "coat of paint" which was capable of binding small

aggregates into larger aggregates >2 mm at relatively low application rates

(ie. between 0.5 and 1.5 g kg-1), depending upon the initial structural

stability of soils. Latex could be seen clearly under S.E.M. as a binding

agent between soil particles.

PoIy-DADMAC can decrease the amount of aggregates <0.12b mm

and slightly increase the proportion of aggregates >0.125 mm.

Latex and poly-DADMAC might be used as soil conditioners,

however further investigations ie their effects on tensile strength, water

retention, dispersible clay, hydrophobicity, and soil erosion are needed,

before they are recommended for this purpose.
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Figure 10a. Crushed-latex treated soil (above) and untreated (below) of

Urrbrae soil under S.E.M.
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Figure 1Ob. Crushed-latex treated (above) and untreated (below) of

Wiesenboden under S.E.M.
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Figure 10c. Close-up of latex as a binding agent between soil padicles

under S.E.M'
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CHAPTER 3

The Effect Of Latex And Poly-Dadmac On Tensile Strength And Friability

3.1. Introduction

Latex and poly-DADMAC as water emulsions have been shown to

increase the proportion of water stable aggregates (in Chapter 2). Latex

stabilised aggregates >2 mm and poly-DADMAC increased the proportion of

water stable aggregates >0.125 mm in the Urrbrae and Wiesenboden soils,

When polymers are applied to the soils, they may also affect soil

adhesion, because polymers can act as bonding agents between mineral

surfaces, especially when the polymer-treated soil is dried (Kemper, 1987

and Quirk and Panabokke, 1962).

High application rates of polymers such as polyvinyl alcohol have been

shown to increase the tensile strength of soils and clays (Williams et. al.,

1967 and Dowdy, 1975). However low application rates of butadiene and

isoprene did not affect the tensile strength of sand (Schamp et. a1.,1975).

Latex (uncharged) and poly-DADMAC (positively charged) may affect

soil adhesion or tensile strength differently, and soil type may also play an

important role in tensile strength.

Thís experiment was designed to find out how latex and poly-

DADMAC,when applied at typical application rates of not more than 2 g kg'1

(Soong 1979; Carr and Greenland 1975) affected soil tensile strength and

friability.
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3.2. Materials and methods

9.2.1. Soils This experiment was conducted using two soils: an Alfisol

(Urrbrae) and a Mollisol (Wiesenboden). Soil samples were taken from the 0

- 100 mm surface laver. The oronedies of the soils were nresented in

Chapter 2.

3.2.2. Preparation of latex and poly-DADMAC

Each polymer was diluted into 1T"w/v bulk solutions before spraying

onto the soils. The properties of the polymer have been discussed in

Chapters 1 and2.

3.2.3. Soil tensile strength and friability

Soil samples (about 20 kg) for each treatment were dried in the oven

at 40o C for 3 days. Then latex and/or poly-DADMAC was sprayed at

application rates of 1 and 2 g per kg soil, and dried again as above. Every

treated soil was sieved for 1 min on an Endicott shaker in order to isolate

nine different aggregates size classes: (>19, 19lo 12.7,12.7 to 9.5,9.5 to

6.7, 6.7 to 5.6, 5.6 to 5.0, 5.0 to 4.0, 4.0 to 3.4, and 3.4 to 2.0) mm.

Tensile strength was determined on each size class by an indirect

tension (crushing) (Brazilian) test described by Dexter and Kroesbergen

(1985). Each aggregate was crushed by a veftical force applied between two

flat hnrizontal nlatos nn a loadinn framo lFinr rra 'l 1\'ì' "-'
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Tensile strength (Y, kPa), was calculated for each aggregate using the

equation

Y = 0.576 F/d2

where F is the force (N) required to fracture the aggregate and d is the

effective spherical diameter (m) of each aggregate, calculated as

d = d (Mo/V"¡o'ss

where d is the mean diameter of aggregates (average of its shortest,

intermediate and longest diameters, m)l Mo is the mass (kg) of individual

aggregate; and M¿ is the mean mass (kg) of the twenty five aggregates used

as replicates.

The soil friability constant, k, was calculated according to the analysis

presented by Utomo and Dexter (1981), and represents the slope of the

linear regression of the log-transformed values of aggregate tensile strength,

s (kPa), against aggregate volume, V (ms):

loglos=A+klog1eV.

The regression intercept, A, represents the extrapolated tensile strength of

1 m3 samples of the bulk soil (Utomo and Dexter, 1981).

3.3 Results and discussion

Effects of soil fríability appeared to depend primarily upon soil type and

to a lesser extent upon the type of polymer applied and its application rate.

Firstly, the tensile strength of all aggregates of the Wiesenboden was greater
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than that of the Urrbrae soil, and this was largely due to its higher clay

content and more reactive clay fraction. For the Wiesenboden, latex had no

effect on the tensile strength of the soil aggregates across the entire range of

sizes lrom 2 mm up to 50 mm diameter, and therefore had no significant

effect on the friabilíty constant, k, regardless of application rate (bottom,

Figure 1 1a, Table 3).

As shown by the relatively large k values and small A values for the

Wiesenboden in Table 3, this soil was already 'very friable' to 'mechanically

unstable' according to the classification proposed by Utomo and Dexter

(1981). PoIy-DADMAC, on the other hand, appeared to reduce the friability

constant slightly in this soil, particularly at the higher application oÍ 2 g kg-1)

(Table 3). The fact that the overall elevations (average tensile strengths)

shown for the Wiesenboden in Table 3 d¡d not change substantially due to

poly-DADMAC (ranging trom 2.26 to 2.31, which corresponds to tensile

strengths of between 182 and 2O4 kPa) indicates that the polymer acted by

reducing the strengths of the smaller aggregates and increasing the

strengths of the larger ones (Figure 11b). Nonetheless, the Wiesenboden

remained in the'friable'to'very friable range, and so the physical significance

of this result is not entirely clear at this stage.

The Urrbrae soil by contrast, had a 'non friable' control (k =
0.049310.0395 in Table 3) and a slightly greater extrapolated tensile strength

(i.e. for 1 m3 aggregates) than"ll the other soils shown in Table 3 (A = 1.27,

representing 18.6 kPa), despite the lower clay content of this soil. The

overall low tensile strength measured for the Urrbrae soil (smaller elevations

in Table 3) eompared with that of the Wiesenboden. rendered this soil- -'-'r

sensitive to the effects of the polymers, pafticularly to those of poly-

DADMAC, even at the low application rates used here.
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fbbb g, Iliability constants, ß (slope) and á (intercept), plus Elevations and Percentages of Va¡iatlon, for the liliesenboden a¡d Urrbrae solb treated
with two polymers and applications rates

Polymer ßts.e. 95% conf. int.
for ßA

%Var.B

Control

[,atex

I g kg-r
2 g kg-'

Poly(DADMAC)

I g kg-l
2 g kg-r

Control

Latêx

I g kg-r
2 g kg-t

Poly(DADMAC)

'l g kg-r
2 g kg-r

0.365+0.032

0.361r+0.016
0.3891+0.024

0.3181+0.022
0.2481+0.023

0.04931+0.040

o.07471+0.o42
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Wiesenboden soil

(-0.427, -0.303)

(-0.392, -0.330)
(-0.437, -0.341)

(-0.362, -0-279)
(-0.294, -0.2O2)

Urrbrae soil

(-o.t27,0.0281)

(-0. 156, 0.00703)
(-0. 164, -0.0600)

(-0.127, -0.0654)
(-0.231, -0.0253)

.¿{*s.e.

-0.192t+O-22

-0.1581+0-11
-0.3261+0.17

0. 1031+0. 15
0.5821+0.16

L.27L+O.26

0.9971+0.28
0.7871+0. 18

1.201+0.10
0.8541+0.34

Eler¡ations
*s.e.

2.291+0.020

2 .291+0.01r
2.311+0.0022

2.27r+0.02t
2.261+0.O22

1.591+0.039

1.491+0.041
1.52r+0.031

1.801*0.020
1.681+0.049

95.6

98.9
97.7(¡

r'¡

97
v

I
I

6.6

6
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I
I

2t
67

81
38

A gS% confidence interv¿l for slope (: ¡t+t.96 s.e.).
B Percentage of r¡ariation aceounted for by the linear regression model.
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3.4 Conclusions

With increasing application rate, poly-DADMAC increased the friability

of the Urrbrae soil to a greater extent than did latex, and this was probably

because it could penetrate inside aggregates and thus create greater

adhesion between soil partieles upon drying. As the greater elevations in

Table 3 show for poly-DADMAC, it also increased the tensile strength of

virtually all aggregate sizes cmpared with latex (Figure 1 1b). While both

polymers increased k into the 'slightly friable' and 'friable' ranges, with

moderate reductions in A, the effects due to poly-DADMAC appeared to be

greater than those for latex.

It is doubtful whether higher application rates of latex than those for

the experiments on either of the two soils used here would cause any

signficiant increase in their friabilities. Furthermore, the associated problems

of adding too much latex (e.9. surface sealing and reduced infiltration) would

diminish the practical utility of applying this natural polymer.
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CHAPTER 4

The Effects Of Latex And Poly-Dadmac On The Dispersion Of Clay Or

Soils, Water Retention And Hydrophobicity

4.1. lntroduction

Latex (natural polymer) significantly increased the proportion of water

stable aggregates >2 mm and poly-DADMAC (synthetic polymer) increased the

proportion of those >0.125 mm as shown in Chapter 2.

Latex as a neutral and hydrophobic polymer bound smaller aggregates

into larger aggregates through Van der Waals forces, and this bonding was not

destroyed by the action of water during wet sieving.

The flocculation of clays by polymers depends on clay type, C.E.C., pH,

electrolyte concentration, saturating cation, and the molecular weight and type

of polymer, as discussed in Chapter 1.

The aims of this experiment were:

a) to investigate the effects of latex and poly-DADMAC on the mechanically

dispersible clay of two soils, i.e. a Red-brown eafih (Urrbrae) and a

Wiesenboden (Claremont),

b) to investigate how these two polymers affect soil water contents at different

water suctions, and

c) to examine the development of hydrophobicity of the Red-brown earth and

Wiesenboden soils after additionof these two polymers,
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4.2. Materials

4.2.1. Soils

Samples were taken from the 0-100 mm surface layer of the Red-brown

ea¡'th anC Wlesenboden. The preparation of soil and soi! properties are

presented in Chapter 2 and Table 2 respectively.

4.2.2. Polymers

Preparation of polymers before application to the soil is discussed in

Chapter 2.

4.3. Methods

4.3.1. Mechanically dispersible clay

Air dry soil samples were sprayed with either latex or poly-DADMAC at

application rates of 1 and 2 g kg't, then dried again at 40o C for 3 days and

sieved using an Endicott Shaker in order to isolate different aggregate size

classes : (12.7 - 19.05; 9.5 - 12.7; 6.7 - 9.5; 5.0 - 6.7; 4.0 - 5.0; 3.0 - 4.0; and

2.0 - 3.0) mm.

Mechanically dispersible clay was determined following a method of

Rengasamy et. al. (1984). Sub-samples (109, 3 replicates) from each

aggregate size group were placed in 150 cm3 bottles containing 50 cm3

deionised water, and then mixed on an end-over-end shaker for one hour. The

crrcnancinn r^râa francfarrad tn 1Ãô nm3 hoakarq Aftar an annrnnriate

sedimentation time, an aliquot was taken for measurement of clay content using

a Hach Ratio Turbidimeter which had been calibrated for each soil .
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4.3.2. Soil water retention

Air dried soil samples of <2 mm were sprayed with 1.5 g kg-1 latex or

poly-DADMAC and then dried in the oven at 35o C for 3 days. The treated

samples were put into a cylndrical column about 30 mm high and 30 mm

diameter, saturated and equilibrated at the following soil water potentials

(-0.003; -0.002; -0.01; -0.03; -0.1; -0.3; -1;-10; and -15 bar). The

measurements of water potentials >-0.1 bar were made using sintered funnels

and for <-0.3 bar were made using pressure plates. The soils were equilibrated

for 1 week for the higher potentialsand 2 weeks for lower potentials in order to

approach equilibrium (Klute, 1 986).

4.3.3. M.E.D. test

Because latex ís a hydrophobic organic material it was necessary to

check its effect on the wettability of soils. This test following King (1981)

measures the wettability of the soil in terms of the molarity of ethanol droplets

which just penetrate the soil surface in 10 seconds (M.E.D.). lt gives a measure

of hydrophobicity. Air dried soils were sieved through a 1 mm apefture, then

latex was added at application rates of 0; 0.5; 1.0; 1.5; and 2.0 g kg-1 soil;

treated soils were dried again in the oven at 40o C for 24 hr. The M.E.D. values

of the soils were then determined at a constant temperature (20o C).
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4.4. Results and discussion

4.4.1. Mechanically dispersible clay

Latex and poly-DADMAC both significantly reduced the amount of

mechanically dispersible clay in the Red brown earth and Wiesenboden (Figure

12b) compared with the untreated controls (Figure 12a). However there was

no significant difference between the application of 1 and 2 g of po[mer per kg

soil (Figure 12b).

There were no significant differences between the amounts of

mechanically dispersible clay from aggregates of different sizes treated with

latex or poly-DADMAC (Figure 12a). These results contradict those of Kay and

Dexter (1990). The reason may be that these authors measured mechanically

dispersible clay for only 3 minutes; while in this experiment measurements were

made after one hour end-over-end shaking (Rengasamy et al., 1984). One

hour end-over-end shaking may be enough to break the aggregates completely,

hence all of soil materials are exposed to water. lt may be that the

mechanically dispersible clay will correlate with aggregate surface area in only

stable aggregates, where only the clay on the outer sudace of aggregates will

disperse.

An increase in the amount of latex applied from 1 to 2 g kg'1 so¡l had no

significant effect on mechanically dispersed clay. lt appears that latex saturated

clay surfaces at the lower application rate and further application may have led

to coalescence of rubber micelles on the outside surface of aggregates.

Dispersed clay contents of poly-DADMAC treated soils were much lower

in the Red-brown eafth than in the Wiesenboden. This is probably because the

Flarl-hrnrrrn aa¡'ih cnil harl a lnrrrar ¡larrl,.nnlanl anr{ lhrra larrrar nalinn avnhanaaf¡. vvrr ¡rqs q ¡vrrvr v¡q, vv¡rlv¡¡t, qrtv tttsg tvyyvl vqftvlt g^vtlqt¡Yv

capacity than the Wiesenboden. Therefore, while the addition oÍ 2 g kg'1 soil of

poly-DADMAC was sufficient to cause almost complete flocculation in the Red-

brown earth, this was not the case in the Wiesenboden.
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4.4.2. Soil water retention

Figure 13 indicates that the Wiesenboden (with higher content of reactive

clay) has the capacity to adsorb more water than the Red-brown eafth. Latex

and poly-DADMAC did not affect the water retention of the Red-brown earth,

but both polymers reduced the water content of the Wiesenboden at small

potentials. At potentialss of about -0.003 and -0.005 bar, the water content of

the untreated Wiesenboden was aboul 42% and 50% respectively, and the

application of 1.5 g kg-t latex or poly-DADMAC decreased the water content to

about 38% and 40% respectively (Figure 13), indicating an influence primarily

on macro-porosity.

4.4.3. M.E.D. values of latex treated soils

Latex affected the M.E.D. values of the Red-brown earth and the

Wiesenboden significantly. The more latex that was applied, the higher was the

M.E.D. value of the soils.

For the Red-brown eafih, amendment with latex at 1.5 g kg-t led to an

increase in the M.E.D. value to about 1.4 M which indicates moderate water

repellence (King, 1981). According to this author, this dose will not affect plant

growth. However, 2 g kg't doubled the value lo 2.7 M (Tabte 4), a much more

severe water repellence, which may have implications for germination and

growth of crops and pastures (King, 1981). This effect could be caused by the

weak structure of the Red-brown earth, which disperses or slakes in water and

forms a seal on the soil suface (Figure 14). Hence, when aqueous latex

emulsion was applied at low concentrations in order to spread it evenly onto the

<1 mm air dried soil, soil aggregates slaked into smaller sizes, the sudaces of
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Table 4 . The effects of latex on M.E.D. value of the Red-brown earth and

Wiesenboden.

Latex M. E. D. value(Classification).

Wiesenboden Red brown earth1

0

0.5

1.0

1.5

2.0

0

0.5 (low)

1.5 (moderate)

1.8 (moderate)

2.1 (moderate)

0

0.5 (low)

1.2 (moderate)

1.4 (moderate)

2.7 (severe)

*According to King (1981).

which were coated by latex (Figure 14). Therefore 1.5 g kg-t of latex is

tentatively suggested as the optimum dose, this supports the results for the

optimum dose from wet sieving as discussed in Chapler 2.

ln the case of the Wiesenboden, applications of up to 2 g kg'1 latex to

the soil increased the M.E.D. to only 2.1 M, which indicates moderate water

repellence (King, 1981). This result could arise because the soil is a self

mulching clay, and remained self mulching at this dose of application of latex;

as seen in the Figure 14, the soil still produced many cracks. M.E.D. values

were only measured on the sudace where there were no cracks.

4.5. Gonclusions

Latex and poly-DADMAC decreased mechanically dispersible clay

significantly, however there were no statistically significant differences between

the two application rates of polymers of 1 and 2 g kg-1 soil.

Application of the polymers at rates of 1.5 g kg-1 primarily affected

macropores (drainage) in the Wiesenboden and had no effect on water

retention of the Red-brown eafth.
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Figure 14. The surface of latex amended soils during measurement of
M.E.D.
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Soils amended with 1.5 g kg-t latex showed increased M.E.D. values to

about 1.4 Íor the Red-brown earth and to about 1.8 for the Wiesenboden.

These values are'moderate'so would not be expected to adversely affect plant

growth. The application of latex at a rate of 2 g kg'1 so¡l could still be tolerated

on the Wiesenboden but might be expected to cause problems of water

penetration in the Red-brown eafth. Further investigations are needed into their

effects on erosion and plant growth.
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CHAPTER 5

The Effects Of Latex And Poly-Dadmac On Water lnfiltration, Run-

Off And Erosion

5.1. lntroduction

Erodibility of soil depends on texture, aggregate stability, shear

strength, infiltration capacity, organic matter content and chemical composition

(Morgan, 1986). All of these factors work together and determine the stability

of soil against rapid wetting, raindrop impact, and overland flow. Of these

factors, organic matter content correlates most strongly with the stability of the

soil (Haftmann and De Boodt,1974, Bruce-Okene and Lal, 1975, Tisdall and

Oades, 1982, De Ploey and Poesen, 1985 and Ekwue, 1991), and different

kinds of organic matter stabilise aggregates of different sizes (Tisdall and

Oades, 1982). One of the reasons is that natural organic materials provide a

hydrophobic coating to soil pores as well as providing inter-particle bonding,

therefore preventing the slaking of aggregates.

Lax and Garcia-Orenes (1993) reported that carbohydrates (from a

municipal waste composting plant), were etfective as aggregating agents in

soils. Some natural or synthetic soil conditioners such as carbohydrates, have

a similar effect on soils. Latex (natural polymer) and poly-DADMAC (synthetic

polymer) increased the proportion of water stable aggregates >2 and >0.125

mm, and simultaneously decreased mechanically dispersed clay significantly

(Chapter 2). These two materials, which are hydrophobic and hydrophilic

respectively, may affect infiltration and run-off, and thus soil erosion, differently.

Latex is a hydrophobic material and may decrease infiltration rates. However,

because it stabilises aggregates >2 mm and coats aggregates, it might prevent
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eros¡on. Aggregates >400 pm were detached by rainfall but not transpofted

by shallow overland flow (Bradford and Huang, 1993), and the erobility of

aggregates >2 mm was lower than of aggregates <2 mm (Quessar ef. a/.,

1993) . On the other hand, hydrophilic poly-DADMAC reacts electrostatically

with clay minerals and stabilises aggregates >0,125mm (Chapter 2). Soil

amended with poly-DADMAC might also be stable against erosion because

these aggregates can not be dispersed by water. lncreases in proportions of

aggregates <0.125 mm decreased infiltration rates acting as a seal (Glanville

and Smith,1988; Loch and Foley, 1994).

Since their influence on these important properties of soils is unknown,

the effects of latex and poly-DADMAC on infiltration, run-off and the stability of

soils to simulated rainfall were investigated.

5.2. Materials

5.2.1. Soils

Two soils, Urrbrae, a Red-brown earth (Alfisol) and Claremont, a

Wiesenboden (Mollisol) were used. The characteristic properties of these two

soils are taken from Stace et al. (1972) and Chittleborough and Oades (1980)

(see Table2). All soils weretaken from 0-100 mm depth, and were sieved to

<9.5 mm after drying. Ten kg of soil was then placed in a deep layer of 35 mm

depth in a tray 300 mm wide and 750 mm long and with drainage holes in its

base which was tilted at an angle of 5o and subjected to simulated rainfall, as

described below.
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5.2.2. Organic polymers

The methods of treatment of soils with latex and poly-DADMAC are

presented in Chapter 2. The application rates of latex were based on the

optimum dose for aggregate stability as indicated by wet sieving results, in this

case 1.5 g kg-1 for the Red-brown earth and 0.5 g kg-1 for the Wiesenboden.

PoIy-DADMAC were applied at rates of 1 g kg'1 for Red-brown earth and 0.5 g

kg-1 for Wiesenboden (Chapter 2). Untreated soils were also subjected to

simulated rainfall for comparison.

5.3. Methods

5.3.1. Simulated rainfall

A rotating disc rainfall simulator (Morin et. al., 1967) and associated

equipment described by Malinda et. al. (1992) was used to generate

simulated rainfall with an intensity of 100 mm h-1, and a kinetic energy of 29 J

m-2 mm'1 rain' The soils were subjected to simulated rainfall for 20 minutes

and the run-off was collected every 3 min after initiation of run-off. The total

run-off and sediment were then measured. The total infiltration was calculated

from total rainfall subtracted from total run-off. Photographs were taken after

the soils had been subjected to simulated rainfall. One of these (Fig 18) is

included as an example of the 3 replicates of each treatment.

These data were then analysed in order to calculate any significant

differences between treatments. The experimental design used was based on

a randomised complete block design. The Tukey's test which is called the

Honestly significant difference (hsd) was used to see if there was any

difference at the 0.05 level (Steel and Torrie, 1960).

73



5.3.2. Measurement of water stability of aggregates

After the soils were subjected to rainfall, samples wer'e taken from the 0 -

5 mm depth, put in plastic Petri dishes with lids on and sealed. The

proportion of water stable aggregates (wet soil samples) was measured

(Chapter 2). Data were analysed statistically as above.

5.4. Results and discussion

5.4.1. Run-off and infiltration

Latex

The effects of latex on water run-off and infiltration of the Red-brown

earth and Wiesenboden are presented in Figs 15 and 16. The results shows

that there were no significant differences between latex treated soils and

controls from both soils.

As a hydrophobic polymer, latex was expected to increase run-off and

decrease infiltration, because it hindered water penetration into soil. This

proved not to be the case, however, and while the differences were not

statistically significant at P = 0.05, application of latex at the rates used here

invariably caused a small decrease in runoff for both Wiesenboden and

Urrbrar soils (Figure 15). Corresponding increases in infiltration were

obserued for both soils (Figure 16), but these, too, were not statistically

significantatP=0.05.

Poly-DADMAC

Po|y-DADMAC d¡d not increase water run-otf and did not decrease

infiltration significantly compared with controls on the Red-brown earth.
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However, it decreased water run-off and increased infiltration significantly on

the Wiesenboden (Fig 15 and 16).

PoIy-DADMAC may have been more effective in reducing run-off and

increasino infiltration in the Wiesenboden than in the Red-brown eadh-'v .,"''-'

because as a positively charged polymer, its adsorption onto soil sudaces or

clay surfaces would be strongly influenced by the high cation exchange

capacity due to a high 2:1 type clay content of the Wiesenboden (Table 2). The

application of 0.5 g kg-1 poly-DADMAC might form inter linkages between clay

particles and create larger aggregates >0.125 mm compared with the Red-

brown earth. These aggregates would not block soil pores, Also, as a

hydrophilic material it enabled more water to infiltrate into the soil. The effect

was increased infiltration and decreased run-off. The untreated Wiesenboden

may have slaked and produced aggregates <0.125 mm and in turn these

aggregates blocked the pores thus increasing run-off and decreasing

infiltration.

Positively charged poly-DADMAC applied to the Red-brown earth at 1 g

kg-1 did not affect water run-off and infiltration. This is because the Red-brown

earth has a low clay content, and its clay fraction is dominated by illite, giving

the soil a very low C.E.C. (Table 2). The formation of >0.125 mm aggregates

did not affect the water infiltration of this soil, which contains a high sand

fraction 53% (Table 2). lt may be suggested that when a hydrophilic polymer is

applied to sandy soils or soils with a very low C.E.C., the addition of a cross

linker to the polymer is necessary, as proposed by Gabriels and De Boodt,

(1e78).

Hence the rate of application has to be considered in relation to the clay

content and type, which determines the cation exchange capacity of a soil.
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5.4.2. Erosion

Latex

The application of latex at rates of 1.5 g kg'1 on the Red-brown eafth and

0.5 o ko-1 on the Wiesenboden decreased erosion sionificantlv comnared with' -'9""'--"-'J --' "r-- -- "

controls. Latex decreased erosion by about T7o/o otl the Red-brown earth and

by about 74o/o on the Wiesenboden (Figure 17). As stated previously, latex did

not decrease water run-off significantly on both soils so latex behaves just like

a hydrophobic bitumen (De Boodt, 1975). This means that latex-stabilised

aggregates must be strong and are not broken or splashed by raindrop impact

and also are not detached by overland flow, thus decreasing erosion. Latex

seems to be effective on both the Red-brown eafth and Wiesenboden.

Poly-DADMAC

Treatment with poly-DADMAC limited erosion significantly on the Red-

brown earth, even though at this application rate, it did not affect run-off and

infiltration significantly as discussed previously. This was caused by the poly-

DADMAC polyme/s high molecular weight, which enabled soil aggregates to

be stabilised against raindrop impact and overland flow.

Poly-DADMAC decreased erosion of the Wiesenboden significantly

compared with the control. Decrease in erosion by the application of poly-

DADMAC on the Wiesenboden was possibly due to hydrophilic material

absorbing more water (though this was not confirmed) and hence decreasing

run-off of water and increasing water infiltration. Hence there was not enough

overland flow to erode the soil. Even though this soil has a high organic

matter content and is self mulching, erosion was still high without latex and

poly-DADMAC treatments, especially under a high energy and a high intensity
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of rainfall (Fig 17). This is particularly the case after tillage, when bonds

between soil particles are broken and the plant canopy has not yet covered

soil surfaces. This is the most fragile situation and a materia! like a polymer is

needed which can minimise erosion.

5.4.3. Water Stable Aggregation after Simulated Rainfall

The results of water stable aggregation for the Red brown eafth showed

that latex increased water stab¡lity of aggregates >2 mm significantly to about

90% and decreased the proportion of unstable aggregates <0.125 mm

significantly to about 5% compared with the control after the soils had been

subjected to simulated rainfall (Fig 19).

The application of latex (1.5 g kg-1) on the Red-brown earth maintained

the stability of aggregates > 2 mm against rainfall. This means that these

aggregates were not broken into smaller sizes even by high energy (29 J m'z

mm-1) and high intensity (100 mm hr1) after 20 min rainfall. This result is

similar to those from the previous study in which latex created aggregates >2

mm after wet sieving without the soil being subjected to simulated rainfall

(Chapter 2). lt showed that latex treated soil aggregates were very stable

against the action of water.

The application of poly-DADMAC (1 g kg't) on the Red-brown earth

also stabilised aggregates >0.5 mm significantly and decreased aggregates

<0.125 mm significantly compared with the control. This also means that

aggregates stabilised by poly-DADMAC were not broken into smaller sizes

k j25 mmì undcr a hioh cnerov of rainfall.""--, -'- '-'9" -"-'9J
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Figure 18. Untreated (right) and latex (1.5 g kg'1)treated Red-brown earth

(left) after 20 min subjected to rainfall.
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On the other hand, the application of latex and poty-DADMAC (0.S g

kg-l) to the Wiesenboden produced less effect than the application of 1.5 g

kg'1 latex and 1 g kg'1 poly-DADMAC to the Red-brown earth, and there was

no significant difference between treatments on the Wiesenboden; (Fig 1g).

On the other hand, the application of latex and poly-DADMAC (0.5 g kg-1) to

the Wiesenboden produced less effect than the application of 1.5 g kg-1 latex

and 1 g kg-1 poly-DADMAC to the Red-brown earth, and there was no

significant difference between treatments on the W¡esenboden; (Fig 1g). lt

seems that, at these doses of application on the Wiesenboden, the aggregates

>2 mm were broken into smaller sizes by high energy rain. The results also

indicate that water stable aggregates (from wet sieving) were not always stable

against raindrops. This finding is similar to that of Reichert and Nofton (1994).

However, soil aggregates, although broken down into smaller sizes under

rainfall, were still strong enough to resist erosion.

5.5. Gonclusions

The application of 1.5 g kg'1 of latex did not affect water run-off and

infiltration on the Red-brown eaûh, but it decreased water erosion significantly

compared with the control.

The application of 0.5 g kg-1 of latex also did not affect water run-off and

infiltration on the Wiesenboden, however it minimised erosion significantly

compared with the control.

Po!y-DADMAC at the application rate of 1 g kg-1 on the Red-brown eafth

did not decrease water run-off or increase water infiltration significantly

compared with the control, however it decreased erosion significantly

compared with the control.
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Po|y-DADMAC at the application rate of 0.5 g kg-1 on the Wiesenboden

decreased water run-off and erosion, and increased water infiltration

significantly compared with the control.

Aggregates of the Red-brown earth which were stabilised by latex and

poly-DADMAC against wet sieving were not broken into smaller sizes (<0.125

mm) after high energy rainfall for 20 min. However, aggregates of the

Wiesenboden, which were stabilised by latex and poly-DADMAC were not

stable to rainfall.

Both polymers can be used as soil conditioners. These polymers are

sufficiently effective to warrant testing under field conditions, including

investigations of their effects on plant growth.
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CHAPTER 6

The Effects Of Polymers On The Growth Of Rye Grass

6.1. lntroduction

The purpose of using soil conditioners is to improve soil physical

properties, minimise erosion, improve water storage, improve plant growth or

maintain a high yield (De Boodt, 1975; Gabriels, 1990; and Wallace and

Wallace, 1986).

Latex without aromatic oils and stabilisers and poly-DADMAC have been

shown to increase the proportion of water stable aggregates, decrease

mechanically dispersible clay, and significantly decrease erosion, as discussed

in the previous Chapters. This means that the two polymers can be used as

soil conditioners.

However, the application of latex at the rate of 1.5 g kg-1 soil increased

soil hydrophobicity to give only moderate water penetration (Chapter 4), but

moderate water repellance generally does not induce significant problems with

germination and plant growth (King, 1981). Hydrophilic poly-DADMAC as a

positively charged material may also affect plant growth i.e. as a large poly-

cation it may hinder the adsorption of cationic nutrients for plant growth or may

bind anionic nutrients, thus making them unavailable to plants.

Since these polymers may create the above problems, this experiment

aimed to investigate the effects of the two polymers on the growth of grass.

Poly-vinyl alcohol was also applied for comparison; this polymer has not been

found to have any negative effects on plant growth (Carr and Greenland, 1975;

Stefanson, 1974').
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6.2. Materials and methods

6.2.1. Soil

The Urrbrae Red-brown eafth (see Table 2) was sampled from 0 - 100

mm, wetted to a water eontent at its plastic limit and then passed through a 5

mm sieve, collecting everything held on a 2 mm sieve. This 2-5 mm fraction

was dried at 40'for 3 days.

6.2.2. Polymers

Besides latex and poly-DADMAC, poly-vinyl alcohol (PVA) was also

applied to the soil for comparison. All the polymers were applied at 1.5 g kg-1

soil. The polymers were sprayed evenly on to the aggregates of 2 to 5 mm

diameter, then the treated aggregates were dried as above. Soil (1.5 kg) was

placed in a plastic pot for the growth of grass.

6.2.3. Ryegrass

Four seeds of rye grass were planted in each pot in the glass house; 2

plants were left after 2 weeks. The plants were watered once a week to field

capacity (determined at -10 kPa) when they were 1-4 weeks old, and then twice

a week when they were older. The rye grass was haryested when it was 12

weeks old. Grass roots were separated from soil by washing with reverse

osmosis water. Shoot length and dried root weight were measured after drying

the roots in an oven at 70o C for 24hr.

6.2.4. Measurement of root length

The measurement of estimated root length followed the method of

Tennant (1975). The preparation of the root subsamples was as follows: each

root was cut into 0.5 cm lengths and dispersed in water, then spread evenly on
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black filter paper and sprayed with a diluted PVA glue (10%) in order to adhere

the roots on the filter paper. The paper plus roots was dried at 70o C for about

t hr, stored between 2 filter papers, and held under a heavy load. Using a

0.5 x 0.5 cm grid square on transparencies as shown in the Figure 20, the

measurement of root length was carried out by calculating the number of

intercepts between the grid line and the root under microscope with 10 times

magnification. The root length was calculated as following:

Root length (R) = Number of intercepts (N) x Length conversion factor.

Length conversion factor = 0.3928 for 0.5 cm grid squares.

Figure 20. Roots on the black filter paper and under the transparency gridline

(0.5 cm).
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6.4. Results and discussion

The effects of latex, poly-DADMAC and PVA on dried shoot weight, root

weight and root length plus visual effects are shown in Figs 21-24. The addition

of PVA And latex resulted in a signifieant inerease in root length (figure 22)

whereas the addition of poly-DADMAC did not. None of the polymers had

significant effects on shoot or root weight (Figure 21), despite the fact that they

all minimised crack development, and presumably improved the strueture for

plant growth (Figure 23) All pots were fertilised identically, and so it is possible

that polymer treatment effects were masked.

PVA and latex significantly increased root length of rye grass to about

1300 m and 1214 m, respectively, compared with 652 m for the control (see

also Figure 24).

6.5 Conclusions

The polymer treatment effects were minimal with respect to plant growth,

and there were no negative effects (e.9. toxicities) for any of the polymers

relative to the control.

Application of the polymers to the Urrbrae soil at the rates used here will

produce no difficulties with plant growth that might be associated with

hydrophobicity.
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CHAPTER 7

Decomposition Of Latex ln Soil As Determined By Monitoring

Changes ln ô13C

7.1 lntroduction

Several methods can be used to monitor the decomposition of organic

materials in soils. Labelling with 1aC and determining both 1aCO2 released

with time and the residual 14C has been used many times with labelled

chemicals and plant materials.

More recently with the availability of mass spectrometers for the

measurement of isotopes, particularly 13ç, it has been possible to monitor

õ13C. This has enabled the decomposition of organic materials to be studied

in soils when the added organic materials have possessed a different natural

abundance of 13C compared with the natural abundance of 13C in the

indigenous organic materials. The natural abundance of 13C in natural

organic materials is about 1.1T". However, it is different for C3 plants (Calvin

cycle) and C4 plants (Hatch Slack cycle) which have different photosynthetic

pathways. c3 plants generally have lower ô13c values (-24 to -34oioo)

compared to C4 plants (-6 to -19o/oo) (Smith and Epstein 1971). The ôlgC

values are measured in parts per thousand and are compared to a standard

the Pee Dee Belemnite from South Carolina (Smith and Epstein 1971). The

ô13C values are thus differences in parts per thousand from this standard.

Growing c3 plants in a soil which has previousry been under c4

vegetation can be viewed as an in situ labelling of the newly incorporated

organic matter because it has a ô13C value which is measurably different from

the original soil organic matter. With time after a change of vegetation from C4

to C3, or vice versa, it is possible to measure the change in ô13C of the soil
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organic matter and thus deduce rates of addition and turnover of organic

matter. This method has been used successfully by a range of workers (e.9.

Balesdent and Mariotti, 1987; Skjemstad et. a|.,1990; Golchin et. a|.,1995).

The aim of this experiment was to investigate the rate of decomposition

nf latcv anrl its hv-nroduets when latex lfrom a C3 nlantl was incoroorated !n

soil which had previously been under sugar cane (a C4 plant) for decades.

The fate of latex added to soil is unknown and it is necessary to establish that

latex is decomposed in soil before it is applied on a field scale.

Simultaneously we need to establish that latex has sufficient longevity in soil

to function as an effective stabiliser for a significant period. The work of earlier

chapters established that latex has promise as a soil stabiliser by stabilising

aggregates, decreasing erosion and not inhibiting the growth of grass.

7.2 Materials and methods

7.2.1 Soil

A soil sample was obtained from 0-100 mm depth at a site near lngham

in Queensland where sugarcane had been growing for approximately 30

years. This soil was kindly sent by Dr Ross Nable (CSIRO Townsville). The

soil is of the Trevonne series and is classífied as a Mottled Eutrophic Yellow

Kandozol in the New Australian system and a Haplustalf in Soil Taxonomy. lt

is a fine sandy loam with pH (H2O) of about 5.5. This soil was used because it

has A high ôtsQ (-13.So/oo¡. The soil sample was dried at 30oC for 3 days

and sieved using a 2 mm apeilure.
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7.2.2 Polymer (latex)

A latex emulsion containing 1% dry rubber content (DRC) was diluted to

O.2o/o with deionised water and sprayed evenly onto the dry soil to give an

amount of latex-C equal to that of the C content of the soil (0.66%). Untreated

soils (water only) and latex-amended soils were wetted further to a water

potential of -10 kPa and were incubated at 25oC for up to 20 weeks as

described below.

7.2.3 Incubation and sampling regime

Soil (259 < 2 mm) was placed in a plastic container (150 ml capacity)

and 20 ml of 0.1 M NaOH was placed in a plastic container of 50 ml capacity.

Both containers were placed inside a jar with a sealable lid (F¡g. 2s).

Untreated and latex-amended samples were replicated three times. The

NaoH solutions were removed after 1 , 2, 4 and z days and thereafter at

weekly intervals for up to 20 weeks.

7.2.4 The measurement of trapped CO2

Two ml of NaOH solution from jars incubated with untreated soil, latex-

amended soil and no soil (empty container) were titrated with 0.1 M HCI using

an ABU80 Autoburette and Titrigraph. The amount of HCI that was used to

decrease the pH from >10 to 8.3 and then to pH 4.3 was automatically

recorded and the values of C from CO2 evolved was calculated fotlowing

Franson (1980).
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Figure 25 Soil (E) and NaOH (26E) were incubated inside the jar during

trapPing COZ.

1ô





7.2.5 õ13C analyses

The untreated soil and latex-amended soils were sampled each week

for four weeks and then at interuals of 4 weeks up to 20 weeks. The carbon

isotopic ratio (ôtsQ) of these samples and latex (as dry rubber), the untreated

soil and the latex-amended soil were kindly determined on a VG lsogas SIRA

10 spectrometer by John Dighton (CSlRO, Adelaide). All data were calculated

with reference to the PDB standard.

7.3 Results and Discussion

The ôr3C of the untreated sugarcane soil was -'l4.Ooloo and the latex

-26.4o/oo. Thus when latex was added to the soil so that the latex C matched

that of the soil organic C, the d13C value would be expected to be -19.9so/oo.

This, in fact, was the ô13C value measured for the soil amended with latex

before incubation (Fig. 26), The data in Fig. 26 show a scatter of õ13C values

close to -1 4oloo for the untreated soil over the 20 week period of the

incubation as expected. For the latex-amended soil the d13C values

increased with time indicating that C from latex was being released as CO2.

This shows that the soil microbial biomass population was utilising latex as a

substrate and mineralising some of the latex C to produce COe. Some of the

latex C must have been incorporated into the soil microbial biomass and its

metabolic products.

lf we make the assumption that no indigenous C was lost during the

incubation period, we can calculate the relative proportions of indigenous C

(from sugarcane), plus the C from latex. lf õ1 = 6teg at time t for the latex-

amended soil, ôs = õ13C for latex, and ôe = g13Q for the C in the soil which
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has grown sugarcane, and f is the fraction of C in the soil from the sugarcane,

then their relationship can be expressed:

ôt = (ôo-õeX+de

The results of these calculations are shown in Table 5. The changes in

ô13C during the incubation (Fig. 26) were relatively rapid over the first four

weeks, and the calculations (Table 5) show that only one third of the C in the

latex-amended soil came from latex. Based on the assumption that no

indigenous C was lost from the soil, the indications are that after 4 weeks

incubation one half of the C from latex had been released as CO2. This

indicates that latex must be decomposed by the microbial population relatively

quickly and would certainly not persist in soils for any appreciable time.

The assumption that no indigenous soil c was lost during the

incubation, however, is clearly not tenable. Two attempts were therefore

made to determine the mineralisation of indigenous C during the incubation

period to enable corrections to be made to the data in Table 5. The first

approach was to measure the COe released from both the untreated soil and

the latex-amended soil during the incubation. Assuming that the addition of

latex did not influence the decomposition of the indigenous soil C, the amount

of C mineralised to CO2 that was derived from latex in the amended soil could

be calculated. Results for the first 4 weeks of the incubation are shown in

Table 6. The data show that after 4 weeks 10.4% of the indigenous C was

lost, and 39"/" of the latex C was lost. For the first two weeks there was not

much difference in the rates of decomposition of the two sources of C but from

2-4 weeks mineralisation of C from latex was much faster than that from the

indigenous C. From the data for 4 weeks in Table 6 it can be calculated that

the untreated and latex-amended soils contained 5.9 g kg-1 indigenous C,

and 4.0 g kg-1 latex C, respectively. Using the formula:
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Tabfe 5. Total C ('/.) from sugar cane plant and from latex in the latex-treated

soils for a 2O-weeks laboratory incubation based onl3C analyses

Time of incubation

(weeks)

The proportion of carbon (%) from
I

suqar cane plant I latex or rubber plant

0

1

2

3

4

I
12

16

20

50

55

55

60

65

64

71

68

68

50

45

45

40

35

35

30

32

32
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Table 6. Total carbon loss from untreated and latex-amended soil

during 4 weeks incubation

Time of incubation

(days)

1

2

4

7

14

21

28

C loss

untreated soil

g kg-1 o/o

C loss

latex-amended soil

g kg-1 o/o

C loss

from latex

g kg-1 %

0.05

0.15

0.27

0.50

0.50

1.69

2.57

0.7

2.3

4.1

5.3

5.3

25.6

39.0

0.10

0.18

0.25

o.37

0.37

0.61

0.69

1.5

2.7

3.8

5.6

5.6

9.2

10.4

0.15

0.33

0.52

0.87

0.87

2.30

3.26

1.14

2.5

3.9

6.5

6.5

17.4

24.7
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ù = (ôo-ôe)f +õe

the value of ô1 that should have occurred after 4 weeks incubation can be

calculated. The value obtained for ô13C of the latex-amended soil after 4

weeks incubation should have been -18=7oloo= This agrees well with the

value measured for the soil (-18.1oloo) and is well within the experimental

errors for the direct measurement of ô13C. The corrections that would need to

be made in Table 5 after 4 weeks incubation would be to change the

proportions of C in indigenous C and latex C from 65% and 35% to 60% and

40% respectively. Because COz measurements were not made beyond 4

weeks it was not possible to compare ô13C values calculated in this manner

with the measured values.

It is clear from the data in Fig. 26, however, that most of the change in

õ13C values during 20 weeks of incubation occurred by the 4th week; from 4 to

20 weeks, ô13C values remained between -18 and -17olss. After 4 weeks

incubation of the latex-amended soil the residual C content was 9.99 g kg-1

according to the data for 4 weeks incubation in Table 6. The C content

measured in the latex-amended soil after 20 weeks incubation was

10.5 g kg-1 t 0.5 (9 replicates) which confirms that mineralisation between 4

and 20 weeks was minimal.

We can thus use the propoftions of C from the soil and from latex in

Table 5 with some confidence. Most of the activity of the microbial population

in the soils was complete after 4 weeks, leaving the proportions of C in the

latex-amended soil with 213 from indigenous C and 1/3 from latex. This means

that about one half of the carbon from latex was mineralised, l.e. released as

COz, the other half either in undecomposed latex or in microbial biomass and

microbial metabolites. Based on decomposition experiments with a range of

other materials, we can assume that most of the original latex was probably
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altered in some way and most of it utilised by microorganisms; othenruise 50%

of the C would not have been mineralised.

The rate of decomposition of latex was similar to that of cow manures,

which have also been found to lose about half the C within 20 weeks of

incubation (Martin and Haider, 1986). Thus latex would not be expected to

accumulate in, or pollute, soils and clearly there were no toxic effects as far as

grasses were concerned (c.f. Chapter 6). Some other, synthetic soil

conditioners are not decomposed in soils, and these cause concerns in terms

of their accumulation. Others may decompose and lead to materials which are

toxic. For example Sojka and Lentz (199Q showed that the monomer

resulting from polyacrylamide was toxic to plants, which is why this polymer is

only considered safe if it contains less than 0.05% monomer.

7.4 Conclusions

The decomposition of latex in soils matches that of other natural organic

materials. The indications are that during 4 weeks the decomposition of latex

was probably almost complete as shown by release of about half the C as

coz.

From this experiment and that with the growth of grasses it can be

concluded that latex would not be expected to accumulate in soils nor produce

compounds toxic to plants.

The experiments indicate that monitoring of õ13C values can be used to

follow decomposition and mineralisation of C compounds in soils where the

ô13C values of the C in the soil and the organic material under study are

different.
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CHAPTER 8

General Discussion And Conclusions

8.1. General Discussion

Once soils are tilled, bonds between soil particles are destroyed and it

takes weeks or months to recover these bonds. The bonding processes in

natural conditions (Tisdall and Oades, 1982 and De Boodt, 1993) include:

1. flocculation of clay particles, which forms quasi-crystals, domains or

tactoids;

2. in situ production of organic matter such as polysaccharides, polyuronides,

fungal hyphae, and roots which adhere to associated clays and larger

soil particles; and

3. the deposition of cements like iron and aluminium oxides and

oxyhydroxides, calcium carbonates, calcium sulphate, and silica

crystals around associated clay structures..

Soil conditioners as emulsions or solutions can react quickly with soil

pafticles, providing rapid stabilisation.

Both latex as an aqueous emulsion and poly-DADMAC in aqueous

solution have been shown in this study to have abilities as soil conditioners, ie

through increased water stable aggregation (Chapter 2), decreases in

mechanically dispersible clay (Chapter 4); decreased erosion (Chapter 6); no

increases in soil hydrophobicity and water content at different water suctions in

the range of tolerance to the growth of plants; no negative effects on the growth

of grass; and no tendency to enhance crust formation on soil surfaces. Latex,

an uncharged hydrophobic natural polymer, and poly-DADMAC, a positively

charged hydrophilic, stabilised aggregates in different ways. Both polymers
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may be considered as soil conditioners depending on the soil and the particular

problem to be ameliorated.

8.1.1. Natural rubber latex as a soil conditioner

Natural rubber latex when physically adsorbed on soil particles will be a

good stabiliser in all soil types from sands to clays, or in soils dominated by

either positively, negatively, or non charged components" Thus latex can be

applied on all soil types. Latex can also be applied in a range of environments,

from drier to humid tropical areas.

As a hydrophobic material, it may also be used as a soil conditioner in

tropical areas or where rainfall is intense, as water was able to penetrate into

soils at an apptication rate <1.5 g kg't. However, at higher application rates, it

may increase run-off and may be employed to increase the water yield to

supply water storage in ponds.

Since latex can be prepared as an aqueous emulsion, its use as a soil

conditioner has the potential to be cheaper (than when mixed with synthetic

emulsifiers), and thus more readily available in producer countries. Thus estate

plantations and small holder farms can apply it at low cost. ln developing

countries like Malaysia, lndonesia and Thailand; the extent of intensive

agriculture such as rubber plantations, oil palm plantations, or crop plantations

increases every year. As these countries are in tropical areas which have

intense rainfall, they always face a high risk of erosion. Erosion usually is very

rapid once the land is cleared for agriculture, even though tropical soils are

relativelv sta-ble due to havino hioh iron and aluminlum contents. Even thouoh--J ----*-- '-'--"'iz "'¡r'- .'

a cover crop is established, a soil conditioner is required before the cover crop

is grown; this is especially necessary during the first 2 months, where the

canopy of cover crops is still not enough to protect soil surfaces.
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Shifting cultivation is still practiced in lndonesia, Malaysia, and the

Philippines; this usually occurs on small farms, where the area is not more than

3 ha. Small farmers commonly clear the land and abandon it after 2 or 3 years

of cultivation, due to a deterioration in the fertility of the soils. One of the

reasons is the high erosion in the first year of cultivation, when the top few cm

of fertile soil are eroded. Thus after the 2nd and 3rd year, the soils can no

longer support crops, especially upland rice, cassava, vegetables crops, and

yam (Librero, 1984; Morgan, 1986). The only weed which can grow on the

remaining infertile soils at first is a grass called "alang-alang" (lmperata

cylendrica L.). Latex, which is cheap and easily available from surrounding

rubber farms, may be applied with this type of cultivation, so that small farmers

might be able to grow crops on their farms for several years. This also means

that a lot of land can be made safe, and the energy of farmers or their power

resources used to clear new land or saved for other work.

The application of latex on engineering constructions such as road sides,

sand dunes, and stabilised steep slopes is also recommended, at least for a

few months before the growth of plants occurs. The application of latex as a

permanent stabiliser is not proposed, since latex decomposes and has a shoft

half life in soil (Chapter 7).

8.1.2. Po|y-DADMAC as a soil conditioner

In the case of this positively charged and hydrophilic polymer,

application may also vary depending on purposes. However, it will not be

effective on sands or in soils which are dominated by positively charged

materials. Since it is positively charged and hydrophilic, it cannot adhere to

sand pafticles, and it will be repelled by positively charged particles, Schamp ef

al. (1975) recommended mixing negatively charged clay with pure sands
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before the positively charged polymer was added, thus water stable aggregates

can be obtained.

Poly-DADMAC has a potential for application to sodic soils, which

commonly form a crust when dry. As a large polymer, it may displace sodium

on the exchange sites of minerals, replaeing the need for gypsum. The high

molecular weight polymer may adsorb more strongly than gypsum on clay

mineral surfaces, therefore it is more difficult to remove by leaching. Thus the

application of this polymer would need to be less frequent than that of gypsum.

It also can decrease crust formation on sodic soils, as it was shown that it

decreased tensile strength at a high application rates (Chapter 3). As a

hydrophilic polymer, it can be mixed with water for irrigation, thus it is easy to

apply.

ln very unstable soils, i.e. those which slake easily and form crusts on

their surface, such as Red-brown earth (Baldock and Oades, 1990), the

application of positively charged poly-DADMAC is also recommended even

though these soils commonly occur on gently sloping areas, where erosion risk

is low. This polymer can overcome slaking and crust formation as a result of

creating aggregates (>0. 1 25-2 mm).

A positively charged polymer may not be used on soils at low pH which

contain high contents of iron and aluminium oxides, because these soils are

dominated by positive charges on the surfaces of active soil materials. Since

tropical soils are highly leached, these soils have a relatively low pH and thus

are highly positively charged. lf poly-DADMAC is applied on these soils, it will

be repelled and then washed out from the soil. This polymer also displace

nutrient eations and thus induce further leaching in soils. ln tropica! areas, this

polymer may be applied on soils which are dominated by montmorillonite clays

or on soils which have a high cation exchange capacity e.g. Vertisols and
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some Mollisols, thus it may be adsorbed on active soil sudaces and will not be

washed out by water through overland flow or percolation.

8.2. General conclusions

8.2.1. Latex as a soil conditioner

As a result of several experiments, it may be concluded that latex without

the use of aromatic oils and stabilisers:

f . increased and stabilised >2 mm water stable aggregates by up to 80% on all

soils at relatively low application rates (ie between 0.5 and 1.S g kg't¡

2. significantly decreased mechanically dispersible clay on the two contrasting

soils examined

3. d¡d not affect water retention on both of these soils

4. increased the M.E.D. to moderate values which would not affect the

available water for plant growth on both soils

5. d¡d not affect the tensile strength and friability of both soils

6. did not affect water run-off and infiltration but significantly decreased erosion

on both soils

7. did not produce any negative effects on the growth of grass

8. can be used as a soil conditioner which is environmentally safe.

8.2.2. Po|y-DADMAC as a soil conditioner

Po|y-DADMAC also showed a capability to be as soil conditioner since it:

f . increased and stabilised >o.1zs-2 mm water stable aggregates and

significantly decreased the amount of <0.125 mm aggregates on all soils
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2. increased the tensile strength of a weak soil (Red-brown earth or Alfisol)

and, at higher rates, decreased the tensile strength of a Wiesenboden (Mollisol)

3. significantly decreased the proportion of mechanically dispersible clay on

both soils

4. d¡d not affect water retention by both soils within the range of water available

to plants

5. did not affect water infiltration and run-off on the Red-brown earth and

increased infiltration on the Wiesenboden; however, it decreased erosion

significantly on both soils

6. did not have any negative effects on the growth of grass

8.3. Future work

Experiments are suggested on the application of latex and poly-

DADMAC in the field eg. to investigate the depth that latex penetrates into soils

and to discover the best time to apply them in soils ie after tillage, before tillage

or at the time of tillage.

Since latex is a tropical product, an investigation of the effectiveness on

tropical soils in the field is also suggested because these soils have a relatively

higher moisture content than Mediterranean climate soils.

The effects of the two polymers on various crops also need to be

investigated. The residual effects of the poly-DADMAC also require

investigation.
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1. Comparison of the effects of latex and poly(DADMAC) on structural

stability and strength of soil aggregates.
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2. Effects of latex and poly-DADMAC on erosion, hydrophobicity and

water retention on two different soils.
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