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INTRODUCTION

~il physical properties playa major role in the growth and development of

-plonts. Soil compaction may destroy soil structure and create poor aeration, high

~isture conditions and considerable mechanical resistance for root growth.

9ver the past severa I decades, there has been an increased use of recreationa I

areas such as sports fields and parks. The continual passing of people and machin-

ery over the same site creates the problem of compaction on turfgrass areas. Cur-

rent practices such as soil modification with soil p,hysical amendments and periodic

aerification are used on turfgrass soils to reduce the effects of compaction; however,

the cost and time factors associated with such practices are considerable.

The recent development of relatively inexpensive synthetic chemical soil con-

ditioners has caused a resurgence of interest in soi I conditioning. These products

h-..ve potential for improving compacted soi I physical properties; however, they

have not been evaluated under such conditions.

The purpose of this investigation was two-fold: first, to determine if soils

treated with several chemical soil conditioners could maintain a stable structure

under compaction while improving the growth of cool season grasses; second,

whether an algal polymer culture of the soil algal Chalmydomonas mexicano had

soil conditioning capability under laboratory and field conditions.
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LITERA TURE REVIEW

$oi I Compaction

Problem

A desirable soil structure is one which will not hinder the movement of

water, nutrients, and oxygen to the plant and which will allow for proper

plant growth (8). Deterioration of structure by campactive forces is a common

problem on heavily trafficked areas.

Harris (38) described soil compaction as a change in the volume of the soil.

Forces that can change soi I volume are traffic from people and machinery, and

natural forces, such as rainfall impact, and wetting and drying of the soil (38).

Baver ~ ~. (7) defined soil compaction as an increase in soi I density as a result

of applied pressure. The degree to which any soil can be compacted depends on

the moisture content of the soi I and the magnitude of the compactive force (7).

In recent years the demand for recreational areas such as golf courses, parks,

etc., has increased substantially. The repeated passing of people and machinery

over the same site creates the problem of soil compaction on turfgrass areas which

in turn contributes to a decline in the turfgrass quality and vigor. Madison (38)

has stated, II Today, compaction is the foremost turf prob lem . "
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$oi I Physica I Responses to Compaction

An increase in soil density can result in the alteration of a number of soil

physical properties, such as the aggregate stability of the soil. Hubbell and

Gardner (45) noted that when Gi la clay soi I was compacted at a pressure of

2.42 bar, the water stable aggregation decreased from 65% for noncompacted

soil to 32% for compacted soil.According to Vomocil and Flocker (92), an in-

crease in bulk density from 1.5g/cc to 1.8g/cc decreased the aggregate sta-

bility from 9.4% to 1.5%, respectively. The decline in aggregate stability

was attributed to the change in aggregate shape from granular to plate-like.

Beacher and Stickling (9) observed a negative correlation between aggregate

stability and bulk density; the more dense the aggregates became the less water

stable they were.

The moisture retention properties are also influenced by $OiI compaction.

For most soil types, Hi/I and Summer (42) cone luded that moderate compaction

increased the moisture content at a constant matric suction. Trouse et al. (86)

and Veihmeyer ~ ~. (91) noted that as compaction became more severe, the

moisture content of the soil increased. However, Reeve et al. (71) observed

that for sandy and silty soils, the retained water capacity at 0.05 bar suction

declined with an increase in bulk density.

Compaction has been found to reduce water percolation substantially (80).

A fourteen-fold decrease in water percolation rate on severely compacted field

plots r.ompared to noncompacted plots was observed by Cordukes (19). Infi Itration

rates have also been reported to decrease under compacted soil conditions ( 3,62).
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~Soil compaction may produce poor aeration conditions. The oxygen

~HfflJsion rate (ODR), which is a measure of soi I aeration, was found to be

significantly lower in compacted than in noncompacted soi I (20). Letey

~ ~. (53) observed the °DR on compacted so i I to be 15 g 02 X 10-8cm-2mi n-1

9:S ~9ffipared to 20g 02 X 10-8cm-2min-1 on noncompacted soi I. As noted by

Y~;mDiest (89), ODR decreased from 32 g 02 X 1O-8cm-2min-l on control plots

-8 -2 -1-to 1Og 02 X 10 cm min where compaction was applied.

An increase in soi I strength has been associated with compaction. With on

increase in bulk density, Hughes ~ ~. (46) observed on increase in soi I strength,

r.egordless of soi I water pressure. Vomoci I and Flocker (92) reported that field

plots receiving vehicle compaction for six years exhibited a three-fold increase

in modules of rupture for remodeled soil samples, compared to plots receiving no

compaction.

Total and noncapillary porosity were found to be reduced by compaction (22).

Grable and Siemer (35) noted that as the bulk density increased from 0.93 g/cc to

1.23 glcc, the air porosity (at 60cm H20 suction) was reduced 25%. They also

observed tho t a decrease in aggregate size from 6-3 mm to ~. 5 mm diameter re-

suited in a 30% reduction in air porosity. Davis (22) demonstrated that the re-

duction in porosity on compacted turfgrass areas was contained in the top 9 cm

of the soil.
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Plant Growth Responses to Compaction

The effects of soi I compaction on plant growth has been reviewed by Rosenberg

(75). He summarized the effects of compaction on root growth, crop yie Ids, and

seedling emergence.

Mechani cal resistance to root penetration and inadequate soi I aeration are

thought to be the two main causes of poor root growth associated with soil com-

paction (43,53,70). Generally, an increase in mechanical resistance to root

growth is observed when soil bulk density is increased. Cordukes (19) observed

that bu Ik density increased 6%, total porosity decreased 12%, and root growth

was restricted by 1/3 on compacted field plots as compared to noncompacted

plots. Sunflower roots could not penetrate any soil type which had a bulk density

greater than 1 .9 g/ cc, as noted by Veihmeyer and Hendrickson (91). It was also

observed that in clay and sandy soils, root penetration was inhibited when the

soil bulk density w~s greater than 1.6 and 1.75g/cc, respectively. Trouse and

Humbert (86) reported that sugar cane root deve lopment was restri cted when the

bulk density of Paia silty clay soil exceeded 1.35g/cc. Voorhees ~:J. (93)

observed the root growth of barley seedlings into 1 cm diameter soil aggregates

with bulk densities of 1 .4 and 1 .8 g/ cc. Roots penetrated aggregates with the

1.4g/cc bulk density and were restricted to the periphery of the aggregates with

a 1.8g/cc bulk density. It was concluded that the difference in root penetration

into aggregates was most likely caused by structural features such as soil strength

and pore size distribution. Wilkinson and Duff (97) reported no inhibition of root

growth of several turfgrass species when the bulk density of a sandy loam soil was



6

increased from 1 .1 to 1.4 g/cc. Several factors were cited to explain this

phenomenon: the sandy loam soi I was not compacted enough to restrict root

growth; this soi I provided an adequate air porosity level; and the inherent

ability of grasses to withstand low oxygen diffusion rates.

Root growth can also be inhibited by an increase in soil strength. Taylor

-:! ~. (84) demonstrated that less than 50% of cotton tap roots could penetrate

the soil when the penetration resistance was 10.35 bar. However, when the

penetration resistance exceeded 20.70 bar, very few roots could penetrate.

According to Taylor and Gardner (82), a high negative correlation existed be-

tween root penetration and soil strength (measured by a stati c penetrometer).

The ability of roots to penetrate a number of wax substrates varying in rigidity

was examined by Taylor and Gardner (81). In most cases, an increase in the

penetration resistance of the wax substrate reduced root penetrabi lity.

Compacted soil conditions can create poor aeration. Letey «:.! ~. (53) ob-

served that under compacted condi tions the °OR was lowered to 15 g 02 X 10-8

-2 -1cm min which led to poor root growth for common bermudagrass. Waddington

and Baker (95) noted that root growth of Merion Kentucky bluegrass was greatly

-8 -2 -1
reduced when the OOR fell below a range of 5-9g O2 X 10 cm min whi Ie

Penncross creeping bentgrass and goosegrass were found to tolerate an OOR as

-8 -2 -1
low as 59 02 X 10 cm min

-8 -2 -1
An OOR of 209 02 X 10 cm min wosre-

quired for proper root growth of Newport bluegrass as reported by Letey ~ ~.

(54). Rickman -:! ~. (73) examined the interaction between oxygen supply and

physical resistance to root growth and it was concluded that low OOR's were the
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primary reasons for poor root growth. The effects of bulk density, aggregate

size, and soi I water suction on oxygen diffusion and corn root elongation were

investigated by Grable and Siemer (35). They concluded that, over the range

of soil water suction from 0 em to 68 em of H20 suction, the rate of root e lon9a-

tion was primarily control/ed by oxygen diffusion.

Soil compaction can have a harmful effect on crop yields (20, 28) and turf

quality (22,98,99). Phil/ips and Kirkham (67) observed that corn yields de-

creased 18.27 hl/ha on plots receiving vehicular traffic. Optimal fertility

levels were maintained throughout the three years of the experiment; thus,

fertilization did not compensate for the yield reduction caused by compaction.

Voloras ~ ~. (87) noted that common bermudagrass clipping yields were reduced

50% under compacted conditions. Analysis of the grass clippings revealed that

the top growth from the compaction treatment contained a slightly smaller amount

of Nand P than from the noncompaction treatment.

Seedling emergence can be drastically reduced under compacted soil conditions.

Taylor ~ ~. (83) noted that a slight decrease in percent seedling emergence oc-

curred when the penetrometer measured soi I strength increased to a 6 to 9 bar range.

Any further increase in soil strength showed a pronounced decrease in seedling

emergence for all the Graminase spp. investigated. No seedling emergence was

observed when the soi I strength reached a range of 12 to 18 bar. The effects of

soil moisture content, bulk density, ODR, and crust strength on wheat seedling

emergence were examined by Hanks and Thorp (37). They found that an ODR of

-8 -2 -175 to 100g O2 X 10 cm min was required to achieve an 80% germination
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rate of wheat seeds. A crust strength from 200 to 500 millibars limited seedling

emergence and this value decreased as the amount of available water decreased.

Bulk densities greater than 1.3gjcc for a silt clay soil and 1.6g/cc for a fine

sandy loam soil were found to inhibit seed germination by 20% when the soil

moistw~ ,(:ontent was of field capacity (1/3 bar). Hughes:! ~. (46) examined

the effects of bulk density and soil moisture pressure on seedling emergence of

common bermudagrass and weeping lovegrass. They concluded that the soil water

content WaS the primary factor influencing the seedling emergence of the two

grasses in a clay soil. It was also observed that both grasses germinated at a low

OOR of 9.7g 02 X 1O-8cm-2min-l.

Solution to Compaction

The problem of turfgrass soil compaction is quite complex and is not easily

corrected. The current means of alleviating this problem on turfgrass sites is by

the use of soil modification and cultivation practi ces.

According to Madison (59), the methods of soil modification fall into two

categories, soil aggregation and dilution. Aggregating agents such as vinyl

acetate-maleic acid (VAMA) can stabilize soil particles and improve the soil

structure (33). Soil particles stabilized by such chemicals have not been in-

vestigated under compacted soil conditions. Soil dilution refers to the addition

of materials to fine textured soils, so as to spread out or dilute the clay particles

(59). Beard(lCL Madison (59), and Waddington (94), have extensively reviewed

the use of many soil amendments on turfgrass areas. While many soil amendments
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_s~ch as coarse sand, peat, calcined clay and etc. have been shown to help

.:olleviate the harmful effects of soi I compaction, the cost of renovation with

:soi I amendments after the turf has been established is very costly and time con-

_suming and is used only as a last resort.

:T~ -most common method of alleviating turfgrass compaction is by the use

~ -cultivation practices such as aerification. Standard aerification equipment

remove soil cores 0.65 to 1.27 cm diameter, to a 1 .27 to 7.60cm soil depth

and with 5.08 to 10.18cm centers. An aerification treatment can increase the

water infi Itration rate and improve aeration. However, the treatment must be

repeated periodically if it is to be effective. Morgan ~ ~. (63) evaluated the

effect of deep aerification treatment on a severely compacted putting green.

The deep aerification treatment consisted of 2.54 cm diameter holes, 15.3cm

deep and with 7.6cm centers that were back-filled with various porous materials.

The treatment increased water infi Itration rate by 5.6 cm per hour over the stan-

dard aerification treatment. It was estimated that the cost of the deep aerification

treatment was approximately ten times less than a complete renovation of the putting

green.

Warkentin and La Flamme (96) demonstrated that a heat treatment of a clay soi I

could improve the soil structural conditions. A heat treatment of 260°C for two

hours greatly improve the water permeability of a clay loam soi /. In a field com-

paction, it was also observed that the water infiltration rate was increased due to

the heat treatment.
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Chemical Soil Conditioners

History

The brief history of chemical soil conditioners started in the early 1950.s

with the introduction of II Kri lium" type conditioners. Gardner (33) and Brandt

(16) have reviewed the earlier work related to these types of conditioners.

The first two II Kri lium" materials introduced were vinyl acetate-maleic

acid (VAWIA) and hydrolyzed polyacrylonitrate (HPAN) (33). These and

numerous similar materia Is were found to be very effective in improving the

soil structure and increasing crop yields (16, 23, 33). During the period of

1950 to 1963 approximately 200 research papers were published on this type

of chemical soi I conditioner (33). However, widespread use of such materials

was prohibited because of high cost (23,33).

New Types c ~ Soil Conditioners

In recent years there has been a resurgence of interest in chemica I soi I con-

ditioners (23, 61). DeBoodt (23) has emphasized an important shift inrhe basic

mode of action that soi I conditioners have taken. Formerly, flocculation of clay

particles was considered to be the essential function of soi I conditioners. With

the introduction of the new chemical soi I conditioners of the 1970's, however,

the essential function is now placed on bond formation between sand and clay

domains (23).
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OeBoodt has classified the new soil conditioners by thier effect on the soil

physical properties. Under this classification, materials such as polyacrylamide

(PAM) and hydrophylic bitumenous emulsion make soi Is more hydrophylic (water-

absorbing). New materials can also be classified into areas such as increasing

soil temperature, increasing cation exchange capacity, and making soi Is more

hydrophobic.

There are a number of new soi I condi tioners wh ich are re lative Iy inexpensive

and have shown to be promising for large scale use(23). The most promising of

these are bitumenous emulsions and solutions of PAM.

Moldenhauer and Gabriels (61) recently outlined the uses of chemical soil

conditioners in the United States today. They are two-fold: first is for steep

road and construction bank stabilization against erosion, second is soil stabili-

zation for high-value crops, such as sugar beets. However, cost sti" prevents

treatment of the entire plow layers with soil conditioners, but band treatment is

feasible.

Brandt (17) concluded from his review of chemi cal modification of soil physical

properties, " .•. that much effect has been directed toward synthetic organic chem-

icals .•. Yet, in almost no case is there a widespread acceptance and commercial

use of synthetic organic materials that have been designed for a specific task. II

Mechanism of Soil Aggregation

Harris c:! ~. (38) presented a review of the mechanism of soil aggregation and

the complexity of this phenomenon.
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A considerable amount of research has been conducted to explain the

mechanism of aggregation by bitumenous emulsions and PAM. PAM has been

demonstrated to have a sma II contact ang Ie and therefore has a tendency to

cover the entire soil particle and also can have a thread-like linkage with

soil particles (88). Emerson (26) observed that the polyacrylamide polymer

formed coordination compounds with the exchangeable calcium of montmor-

iIIonite. Electrostatic bonding forces between the amide group of the PAM

and the negative charge of clay particles is an important aggregating force.

Jt has also been shown that Van der Waals attractive forces that exist

between clay surfaces and the PAM playa role in the aggregating process.

Polyacrylamide polymer absorption on minerals and soils has been re-

ported to be related to surface area and degree of dispersion. With an increase

in surface area and degree of dispersion the amount of polymer absorbed was

increased (48). Schamp and Huylebroeck (76) noted that the absorption of

polyacrylamide on clay minerals followed a bimodal effect. There was an

immediate absorption of polymer on the external surfaces of the clay (within

15 minutes) and a much slower penetration into the cavities of the clay aggregates

(within 20 hours).

Through electron microscopic technique, bitumenous emulsions have been ob-

served to bind soil particles together at the contact points between particles (74).

Electrically charged micelles of the bitumenous emulsion glide over the thin water

film covering the particles and into the miniscus at the contact point between

particles (88). When the soil dries, the bitumenous emulsion is fixed at the
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contact points and binds the soil particles together. Migration of the bitumenous

emulsion to the contact poi nts is due to capi "ary forces and large contact angles

(74).
A major factor in the effectiveness of the bitumenous emulsion and poly-

acrylamide is a proper moisture content of the soil at treatment. The interaction

between soil moisture content and optimal structure formation has been observed

by several researchers (4,31,64,74,88). Optimal water stable aggregation for

a wide range of soi I types has been found to occur at the moisture content cor-

responding to a tension of 100 em of H20 on the moisture retention curve diagram

for each soil (31,88). This high moisture content is necessary for proper migration

of these so i I condit ioners to the contact points between the parti des.

For field application with these materials, it is recommended that the soil be

cultivated p;ior to treatment. Cultivation will improve the natural soil structure

which can then be stabilized by the bitumenous emulsion or polyacrylamide treat-

ment. (31, 88).

Soil Physical and Plant Growth Responses

Most research associated with chemical soil conditioners has centered on

improvement of the soil structure and the effects on plant yields. Shtatnovand

Shcherbakova (78) have reported a marked increase in water stable aggregation

t> .25 mm) on polyacrylamide treated field plots as compared to the control areas.

The rate of the polyacrylamide used was a 0.25% polymer by weight of the soil.

The aggregation remained stable throughout the two years of the experiment.
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Kackinskiy «:.! ~. (48) and Varnavskaya «:.! ~. (90) also obtained an increase in

water stable aggregation when soi Is were treated with polyacrylamide at simi lar

rates. In these experiments crop yields were improved approximately 30% in the

first year, but little or no yield increase was obtained in subsequent years (48,

78,90). The enhanced crop yield in the first year was attributed to the nitrogen

content of the polyacrylamide acting as a fertilizer (48,78). A band application

of PAM has been reported to increase sugar beet seed germination (61).

Vandervelde and DeBoodt (88) found that as the clay content of a number of

different soils increased, the aggregating effectiveness of bitumenous emulsion in-

creased and polyacrylamide decreased. They determined the rate need for optimal

aggregation of a number of soil types. Polyacrylamide was required at the rate of

2% polymer to the weight of the soil water for a pure sand. In soi Is containing

clay, polyacrylamide is applied at the rate of .1 to .2% polymer. When a cross-

linker was added to the polyacrylamide, maximum aggregation at aggregation at

any given concentration of polyacrylamide was obtained at a much lower soil

moisture content. Optimal aggregation for soi Is treated with bitumenous emulsions

was obtained at a rate of 1 to 2% emulsion to the weight of the soil.

Gabriels (30) and Gabriels ~ ~. (32) found increased saturated hydraulic

conductivity, decreased water infiltration, and considerable soil clod erosion

for $OiIs treated with Humofina FB63 (hydrophobic bitumenous emulsion). Bitu-

menous emulsions and polyacrylamide have also been used to help prevent soil

erosion by water impact with surface application of these materials (12,30,32).
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Soil Algae

Occurrence

Algae are naturally occurring microorganisms found in many soils. MacEntee

(56) and MacEntee :.! ~. (57) have encountered as many as 42 different genera

of soil algae in the Northeastern United States. The Chlamydomonas spp. was

one of the genera most often observed. Booth (14) has observed vast acreage in

the Southcentral United States covered with an algae stratum.

Soi I Structure

Accordi ng to Harri s :.! <:J. (39) IIDiverse bacteria, fung i, streptomycetes,

yeast, and algae are capable of binding soil particles together into stableaggre-

gates; however, the aggregating ability of these various microorganisms differs

widely. II There has been little research confirming the role of algae in soi I

aggregation. Bailey:.! <:J. (5) noted that when soils were incubated for a six-

week period with three different algae, there was a significant increase in soil

a~ ]regation (> 74\-1)compared to soils without the algae. The Oscillatoria spp.

of algae gave the greatest increase in aggregation.

Fogel:.! <:J. (29) found that the soil alga Chlamydomonas mexicana increased

water stable aggregation and infiltration of water, while penetration resistance

decreased as compared to untreated soil. The beneficial influence on soil structure

was attributed to a polysaccharide polymer excreted by this alga into the soil during

growth. The polysaccharide was found to aggregate kaolin at the ratio of 1 to

10,000 parts polysaccharide to clay. In field experiments with this algal applied

at rates of 14 to 224 kg/ha acre, a significant improvement of the soi I structure
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..r.esulted as compared to untreated soi I plots.

Algal crusts have been observed to cover large areas of badly eroded land in

the Southcentral United States (14,27,77). This crust has been shown not to

hinder water infi Itration and is somewhat resistant to erosion as compared to

5K.eas without an algal crust (14,27). The moisture content of the surface inch

~fsoil was found to be greater than that of the surrounding bare soil (14). The

algal crust contained 10 to 30% more organic carbon and as much as 240 ppm

more amino nitrogen in the surface inch of soil than in the underlying soil (27,

-77) .
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MATERIALS AND METHODS

Growth Chamber Experiments

Growth Chamber Experiment l-A

The effects of hydrophobic and hydrophylic bitumenous emulsions on the

physi ca I properties of a compacted sand and the growth of Manhattan perennial

ryegrass (Lolium perenne L. Manhattan) were investigated.

A Windsor series sand, collected from a tobacco field in Whately, Mass-

achusetts, was used in this investigation. The physical and chemical properties

are listed in Table 1 .

The bitumenous emulsions were obtained from the Petrofina Co. of Brussels,

Belgium. The trade names of the materials are Humofina H.A. for the hydro-

phobic bitumenous emulsion and Humofina A-49 for the hydrophylic bitumenous

emulsion. The rate of material applied was 1.5% undiluted emulsion to the dry

weight of the soi I. Prior to treatment, the emulsions were di luted three times

with distilled water, bringing the total amount of liquid applied to 6% by weight.

A check treatment, in which distilled water was applied to the soil at the rate of

6% by weight, was included.

The two emulsions and the check treatment were each applied separately to

11 ,000g air-dried soil samples, which had previously been passed through a

1.OOmm sieve. The procedure for handling and treatment of the soil was similar

to that used by Gabriels (30), and is as follows: first, representative soi I samples



TobIe 1 - The physical and chemical ana',.is for the soils used in ~r"Fi~ld, 'Growth Chamber'ah~lL.6bor~tor/Expe~lmehts

, '

Experiment Soil Sand Silt Clay pH Total Organic -:Moisture content --
c lassifj cation CEC matter Fi~ldcap.* 80%field cap.

% me/l00g %
Field l-A Hadley silt loam 33.5 54.8 11.7 6.49 7.3 24.62

l-B Loamy sand 75.6 20.2 4.2 6.33 3.5 18.44
2-A Hadley siIt loam 23.5 63.8 12.7 6.58 5.6 23.99
2-B Hadley silt loam 23.3 64.7 12.0 6.74 5.4 25.30--------------------------------------------------------------------------------------------------------------

Growth Chamber
l-A, l-B Windsor sand 90.3 5.0 4.7 5.95 3.9 2.08 4.41 3.53
1-C,1-D Hadley silt loam 19.3 65.7 15.0 6.27 7.3 3.37 19.60 15.68

2 Sandy loam 58.6 32.0 10.4 4.76 16.10
Clay loam 42.8 31.6 25.6 5.48 23.00
Loam 48.0 34.8 17.2 5.23 19.40--------------------------------------------------------------------------------------------------------------

laboratory
1
2

Windsor sand
Hadley si It loam

90.3
19.3

5.0
65.7

4.7
15.0

5.95
6.27

3.9
7.3

2.08
3.37

4.41
19.60

3.53
15.68

* Moisture content at field capacity is at a suction of 1/3 bar.
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were oven-dried at 105°C for 24 hours to determine the moisture content and an

approximate oven-dry weight of the whole sample; the soil was then placed in

plastic containers and distilled water was added to bring the moisture content up

to 80% field capacity (Table 1); the plastic containers were sealed for a 24-hour

equilibration period; then the soil was mixed in a small soils mixer and sprayed

with 660g of diluted emulsion (165g undiluted plus 495g distilled water) or dis-

tilled water by a small hand sprayer; finally, the treated soil was air-dried for

48 hours and then passed through a 12.75mm sieve. Soils handled in this manner

will subsequently be referred to as treated soil.

Clear plexiglass cylinders, 7 cm ID by 33 cm long enclosed at the bottom

with cheesecloth and fastened with a rubber band, were used as growth con-

tainers. This type of growth container allowed for periodic visual root counts,

ODR measurements, and removal of the soil with very little disturbance.

Three methods of application with soil conditioners were investigated. The

first method involved the packing of the entire cylinder with untreated soi I

(refers to samples that were only brought up to 80% field capacity with water

and allowed to dry). Following the compaction treatment, the cylinders re-

ceived surface application with the emulsions at a rate previously described.

Each cylinder treated in this manner received 3.3g of undiluted emulsion plus

9.9g of distilled water sprayed on the soil surface. The amount of material

appl ied was enough to treat the top 3 cm of the soi I (approxi mate Iy 200 g of

soil). In the second method, untreated soil was packed to within 3 em of the

top of the cylinder. The remaining 3cm were packed with treated soil. The
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third method involved the packing of the entire cylinder with treated soi I. The

methods of application just described will subsequently be referred to as surface,

top 3 em, and throughout treatments.

The experiment was set up in a complete randomized block 3 X 3 factorial

design, in which all combinations of emulsion and check treatments and the three

methods of application were investigated. Four replications of each treatment

were included, making the total number of experimental units 36.

The treated and untreated soils were packed into the cylinders by the following

procedure: the soil was added to the cylinders using a wide-mouthed funnel with

a piece of plastic tubing attached; the soil was then packed into the cylinders at

2 em increments, and the outside of the cylinders were tapped for a short period

of time with a small hand vibrator; the packing and tapping process continued

until the cylinders were filled. This procedure was followed to insure that the

cylinders were uniformly packed.

The cylinders were saturated with distilled water for a 48-hour period and

allowed to drain for 24 hours prior to compaction. The compaction treatment

was administered by a Proctor penetrometer fitted with a wooden plug slightly

smaller than the inside diameter of the cylinders. Each cylinder received three

applications daily of 1.41 kg cm-2 compacting force for three consecutive days.

The cylinders were placed in a Percival growth chamber, model MB-60.

Manhattan perennial ryegrass was seeded at the rate of 2.83 seed/cm2 on

3/14/74. The seeds were mixed in with 15g of untreated soil to insure proper

germination. A black plastic cover with holes cut out for the soil surface was



placed on top of the cylinders. A barrier of black plastic was also placed

around the outside perimeter of the cylinders to eliminate light in the root zone.

The growth chamber was maintained at a constant temperature of 18°C, a

photoperiod of 14 hours, and a relative humidity of 75%. The light intensity at

the soil surface was 800 foot-candles. The cylinders were lightly watered daily

and at 3-day intervals were watered to field capacity by weight.

A high germination percentage was observed on 3/18/74 which was indepen-

dent of any treatment. Each cylinder was clipped at a height of 9cm on 4/2/74

and 4/10/74. All remaining top growth was clipped on 4/13/74. All clippings

were oven-dried for 24 hours at 55°C prior to weighing. Visual root counts were

taken around the outside of the cylinders at soil deprhs of 4cm, 8cm, 16cm, and

24cm on 3/26/74, 4/2/74, and 4/10/74. The plant growth section was termin-

ated on 4/13/74.

DDR's were obtained aj- soil depths of 2.54cm and 7.64cm on 3/27/74,

4/3/74, and 4/11/74. Bulk density measurements were made prior to and

following the compaction treatment. At the termination of the plant growth

section, soil samples were obtained at soil depths of 0-3 cm and 7.62-10.16cm

for aggregate stability analysis.
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Growth Chamber Experiment l-B

The effects of compaction on the physical properties of a Windsor sand and

growth of Manhattan perennial ryegrass were explored. This study was conducted

simuItaneously with Growth Chamber Experiment 1-A.
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The experiment was a complete randomized block design with (+) compaction

and (-) compaction treatments replicated four times. Untreated Windsor sand

soil was packed into plexiglass cylinders by the procedure used in Growth Chamber

Experiment 1-A. A compaction treatment (see Growth Chamber Exoeriment 1-A)

was administered to half of the cylinders. The other half received no compaction.

The cylinders were placed in the growth chamber and each was seeded with 100

Monhattan oerennial ryegross seeds (2.84 seeds/cm2). The environmental con-

ditions were maintained as described in the previous study. Plant growth measure-

ments and soil physical analyses were determined as outlined in Growth Chamber

Experiment 1-A.

Growth Chamber Experiment 1-C

The effects of a hydrophobic bitumenous emulsion and a solution of poly-

acrylamide (Pl".M) on the physical oroperties of a compacted silt loam soil and

growth of Manhattan perennial ryegrass were examined.

A Hadley silt loom soil was used in this investigation. The soil was collected

from the University of Massachusetts Research Farm in South Deerfield, 1~J\ass-

achusetts. The physical and chemical characteristics of this soil are listed in

Table 1.

The chemical soil conditioners used in this study were obtained from the

Petrofina Co. of Brussels, Belgium. The trade names of the soil conditioners

are Humofina HA for the hydrophobic bitumenous emulsion and Humofina PAM

for the polyacrylamide solution. Humofina PAM is a low molecular weight oolymer

to whi ch a cross Iinker is added. The rate of application of the emulsion was
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1.5% undiluted emulsion to the oven-dry weight of the soil. The emulsion was

diluted three times with distilled water prior to the soil treatment. PAM was

applied at the rate of 0.5% actual PAM to the oven-dry weight of the soil.

PAM was obtained as a 4% solution and was diluted three times with distilled

water, r;.esulting in a 1% solution. During the dilution process, one volume of

a cross-linking additive was added to every 1000 volumes of the 1% PAM solu-

tion. The pH of the 1% PAM solution was adjusted to 8.5 with ammonium hy-

droxide. A check treatment in which distilled water was added to the soil at

the rate of 6% water to the dry weight of the soi I was included.

A complete randomized block 3 X 2 factorial experimental design was

uti Iized. All combinations of the three soi I treatments and two methods of

application were included. All treatments were replicated 4 times, making

the tota I number of experi menta I un its 24.

The three soil treatments were each applied separately to 8581 g air-dried

soil samples by the procedure outlined in Growth Chamber Experiment 1-A.

Also, 8581 g of air-dried soil were brought up to an 80% field capacity moisture

content and then air-dried (to be referred to as untreated soi I). The amount of

materials used were as follows: 118 9 of undi luted bitumenous emulsion plus

354g of distilled water; 78g of 1% PAM solution; 475g of distilled water (6%)

for the check treatment.
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Plexiglass cylinders (see Growth Chamber Experiment 1-A) were utilized

as growth containers. Two methods of application investigated were the top

3 cm and throughout treatments. The so i I was packed into the cy Iinders and

compacted by the methods described previously.

The containers were placed in the growth chamber and maintained at the

environmental conditions specified in the previous growth chamber studies.

Each cylinder was seeded with 150 Manhattan ryegrass seeds (4.25 seeds/cm2)

on 6/7/74. The seeds were mixed in with 109 of untreated soil and placed on

the soil surface. Due to poor germination, all cylinders were reseeded on

6/21/74. A germination count was made on 7/6/74. The grass was

clipped at a 9cm height on 7/14/74. All remaining top growth was removed

on 7/23/74. Visual root counts were made at soil depths of 3cm, 10cm, and

18cm on 7/15/74 and 7/21/74. Root samples were collected at soil depths of

4-6cm and 1O-12cm at the termination of the experiment (7/24/74). The root

samples were washed free of any soil particles or other debris prior to drying.

All clippings and root samples were dried at 55°C for 24 hours prior to weighing.

Bulk density measurements were ascertained preceeding and following the

compaction treatment. 0DR's were determined at soi I depths of 2.5 em and

7.6cm on 7/7/74 and 7/22/74. Aggregate stability samples were collected

at soil depths of 0-3 cm and 7-9 cm at the termination of the study for later

analysis.
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Growth Chamber Experiment 1-D

The effects of compaction on the physical properties of a Hadley silt loam

soil and growth of Manhattan perennial ryegrass were investigated. This study

was conducted in conjunction with Growth Chamber Experiment 1-C.

T~ ~xperimental design used in this study was a complete randomized

block which included a (+) compaction and a (-) compaction treatment. Each

treatment was replicated four times, making the total number of experimental

units 8.

Untreated Hadley silt loam soil was handled and packed into growth contain-

ers by the methods previously mentioned. A compaction treatment (see Growth

Chamber Experiment 1-A) was applied to half the cylinders, while the other half

received no compaction. The cylinders were placed in the growth chamber and

each was seed3d with 150 Manhattan perennial ryegrass seeds (4.25 seeds/cm2).

The environmental conditions were maintained as described in the previous ex-

periments. The plant growth measurements and soil physical analyses were de-

termined as outlined in Growth Chamber Experiment 1-C.

Growth Chamber Experiment 2

This study was conducted to ascertain the effects of an a/gal polymer culture

and a solution of polyacrylamide (PAM) on water stable aggregate formation of

3 soi Is at 2 pH levels.
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Sandy loam, loam, and clay loam soils were selected for this investigation

because of their textural variation and their initially low pH levels (Table 1).

The $OiIs were collected at the following locations: the sandy loam soi I in a

wooded area adjacent to Puffer's Pond in North Amherst, Massochusetts; the

loam soil at the University of Massachusetts farm in South Deerfield, Mass-

achusetts; the clay loam soi I from a farm south of Amherst, Massachusetts.

Air-dried samples of each soil, weighing 2730g, were placed in large plastic

bags. Calcium hydroxide (Ca(OH)2) was added to the sandy loam, loam, and

clay loam soils at the rate of 0.40, 0.44, and 0.26g Ca(OH)21100g of soil,

respectively. On a weekly basis, each soil sample was wetted with distilled

water, mixed by hand, and air-dried. This continued for a 7-week incubation

period. The pH values for the sandy loam, loam, and clay loam soi Is after the

incubation period were 6.6, 7.2, and 7.4, respectively.

The experiment involved a three-way classification, which included all

interactions of 3 soil textural classes, 3 soil treatments, and 2pH levels,

arranged in a complete randomized block experimental design. Three replica-

tions of each treatment were included. The three soil treatments refer to an

application to the soil of either an algal polymer culture, a solution of PAM,

or a check treatment of distilled water. The Process Research Inc. of Cambridge,

Massachusetts supplied the algal polymer culture. The polymer is produced in a

culture medium when the soi I alga Chlamydomonas mexicana is grown under a

nitrogen deficient condition. The algal culture was applied at the rate of 5g

culture to 50g air-dried soil, or at an actual rate of 0.01% algal polymer to
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.the dry weight of the soi I. A powdered form of PAM was obta ined from the

American Cyanamid Co. of Linden, New Jersey. This type of PAM will be

referred to as Cyanamer P-250 and is marketed under the trade name of Gelamide

2.50 (M.W. 5-6,000,000). A rate of 0.15% PAM to the air-dried weight of the soil

(P.o-7Sg PAM/50g of soil) was used. A check treatment, in which distilled water

Wt::J5 applied to the soils so as to bring the moisture content up to field capacity was

included •

:Each of the soils was handled and treated in the foil owing manner. First, the

soil was air-dried and passed through a 1 .00mm sieve. A 50 g sample of the soil

was placed in a 14 cm diameter by 1.2 cm plastic petri dish and was then treated

by one of the materials. A small hand atmoizer was used to apply the materials

in the form of a fine mist on the soil surface. The algal culture and Pam were

diluted with enough distilled water so as to bring the soil moisture content up to

field capacity level. The petri dishes were covered and placed in the growth

chamber for 48 hours. The growth chamber was kept at a temperature of 21°C

and a daylength of 14 hours. No additional water was applied to the petri

dishes.

Following the 48-hour incubation period, the soil was removed from the petri

dishes and samples were obtained for aggregate stability analysis.
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laboratory Experiments

-Two laboratory experiments were conducted during the summer of 1974.

-The soils used in series 1 (A-D) of the growth chamber studies, Windsor sand

:and Hadley silt loam, were investigated without the presence of any plant

~terial.

laboratory Experiment 1-A

-The effects of a hydrophylic bitumenous emulsion and a polyacrylamide

(PAM) solution on the physical properties of a compacted Windsor sand soil

were investigated.

Five treatments were arranged in a completely tandom experimental design

and were each replicated 10 times. The various treatments exa'11ined were as

follows: a check treatment, in which untreated soil was not compacted; a check

treatment, in which untreated soil received a compaction treatment; a check

treatment, in which the soil received an application of 6% demineralized water

to the dry soil weight, plus compaction; a treatment of the soil with the hydro-

phylic emulsion (Humofina A-49) at the rate of 1.5% emulsion to the dry weight

of the soil, plus compaction; the soil, treated with 0.15% PAM (Cyanamer P-

250), plus compaction.

Prior to the above applications, the soils were air-dried and passed through

a 1.00 mm sieve. Representative samples were obtained to estimate the oven-dry

weight of the soil. Five 1000g soil samples (oven-dry estimate) were placed in
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plastic containers and demineralized water was added to bring the moisture content

up to 3.52% by weight (80% field capacity). The containers were sealed for a

24-hour equilibration period. At this point, two samples were air-dried and set

aside for the first two check treatments. The remaining three samples were treated

with either the hydrophylic emulsion, the PAM, or the demineralized water by the

procedure used in Growth Chamber Experiment 1-A. Fifteen grams of the hydro-

phylic emulsion were diluted with 45 g of demineralized water prior to the appli-

cation. The amount of PAM applied was 300g of a 0.5% PAM solution.

Following the treatment, the soils were allowed to air-dry for 24 hours and

were placed through a 12.75mm sieve. Brass cores, 5.4 cm IDby 3cm in height

and covered at the bottom with No.4 Whatman fi Iter paper, were fi lied with soi I.

To uniformly pack each soil core, the outsides were tapped with a small hand vi-

brator. The packed cores were placed in a large pan containing demineralized

water; they rt.,Tlained in this saturated state for 24 hours. After a short draining

period, nine applications of a compacting force of 1.4 kg/cm2 were administered

to each core receiving the compaction treatment. The Proctor penetrom'~ter, re-

ferred to in the previous growth chamber studies, was used to deliver the com-

paction treatment.

The cores were resaturated for 24 hours and placed in a pressure plate extractor

apparatus. The moisture content of each core was determined at tensions of 0.06-,

1/3-, 1-, and 2-bar, ot 24-hour intervals. ODR (2 values per core) and pocket

penetrometer measurements (3 readings per core) were obtained when the soil was

at a moisture content corresponding to a 2-bar tension. The bulk density of the

soil cores was determined following the compaction treatment.
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laboratory Experiment l-B

This study examined the effects of a hydrophobic bitumenous emulsion and a

solution of polyacrylamide (PAM) on the physical properties of a compacted

Hadley silt loam soil (Table 1).

The five treatments outlined in the preceeding laboratory study were also

utilized in this investigation. However, one exception should be noted; the

hydrophobic bitumenous emulsion (Humofina HA) replaced the hydrophylic

emulsion treatment. Each of the treatments was replicated 8 times and arranged

in a completely random experimental design.

Soil samples weighing 1000g were handled, treated, packed into cores,

and compacted using the procedures described in Laboratory Experiment 1-A.

The amount of hydrophobic bitumenous emulsion applied was 15g emulsion plus

75 g demineralized water (used in diluting the emulsion). As noted in the pre-

ceeding laboratory experiment, 300g of a 0.5% PAM (Cyanamer P-250) was

applied to the soil.

The moisture content of each soil core was determined at tensions of 0.06,

1/3, 1, and 2 bar at 48-hour interval s. Prior to each determ inatj on of the

moisture content, the soil cores were saturated with demineralized water end

allowed to equilibrate for 24 hours. Following the compaction treatment, the

bulk density of each core was obtained.
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Field Studies

-The field studies conducted in the summer of 1974 were of two types.

Experiments 1-A and 1-B were field evaluation studies of synthetic, chemical

soil conditioners. Experiments 2-A and 2-B were designed to evaluate the

~f(ec::tiveness of an algal polymer as a soil conditioner.

Field Experiment l-A

The purpose of this study was to evaluate the effects of severa I chemica I

soil conditioners on compacted soil physical properties and the growth of Penn-

cross creeping bentgrass (Agrostis palustris Hud. Penncross).

A Penncross creeping bentgrass plot was established in the spring of 1973

and maintained under putting green conditions. The plot was fertilized at the

rate of 145 kg/ha of nitrogen per year and mowed twice a week at a height of

O.65cm. The soil type was a Hadley silt loam (Table 1).

The experiment was arranged in a split plot design with the main plots con-

sting of all combinations of four soil conditioner treatments and 2 methods of

application. Each of the main plots were subdivided into (+) and (-) compaction

treatments. The total number of subplots was 48, which included 3 replications

of each treatment. The size of the subplots was 0.91 m by 3.64 m.

The soil conditioners were applied on 7/17/74. At the time of application,

soil samples were obtained from the surface 3cm of soil. The % moisture by

weight of the soil was determined to be 20.8 or 84.4% field capacity.
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The soil conditioner treatments, methods of application, and amount of

material applied were as follows:

Treatment Soil Method of Amount of
number conditioner application material applied

-liters/mL liters/plot -

Hydrophobic bitu- spray treatment 0.045 0.33
menous emulsion after aerifi cation
(Humofina H.A')

2 Hydrophobic bitu- injection 0.084 0.69
menous emulsion
(Humofina H.A.)

3 Hydrophy Iic b itu- spray treatment 0.045 0.33
menous emulsion afteraerifi cation
(Humofina A-49)

4 Hydrophylic bitu- injection 0.038 0.28
menous emulsion
(Humofina A-49)

5 Polyacrylamide spray treatment 0.045 0.33
. {Humofina PAM) after aerifi cation

6 Polyacrylamide injection 0.584 4.27
(Humofina PAM)

7 Check (water applied) spray treatment 0.045 0.33
after aerifi cation

8 Check (water applied) injection 0.584 4.27

A description of the chemical soil conditioners can be found in Growth Chamber

Experiments 1-A, 1-(, The hydrophobic and hydrophylic bitumenous emulsions

were diluted 5 times with water prior to treatment. The Humofina PAM was

handled and di luted as outlined in Growth Chamber Experiment 1-(,
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The two methods of applying the soil conditioners were (a) by spray treatment

of the soil removed by aerification and (b) by injection of the soil conditioners

into the soil. Each plot was aerified with a Ryan's Model Greens Aire II aeriFier

prior to the addition of the soil conditioners. The following procedure was used

in the spray treatment of the soil removed by aerification: the cores were raked

into a row in the center of the plot and sprayed with a soil conditioner using a

small hand pesticide sprayer; the treated soil was air-dried for several hours and

then broken up with a rake and dragmatted back into the core holes. The injection

of the soil conditioners followed this procedure: the cores were dragmatted into

the plot; the plot then received one pass with an Umbilla-Kal injection system

(obtained from Agresult Inc. of Miami, Florida) which was attached to a Ryan's

Greens Aire II aerifier; the soil conditioners were injected at a pressure of 10.35

bar; following the treatment each plot was lightly watered to wash off any remain-

ing conditioner from the foliage of the turf.

The amount of the different soil conditioners injected was related to the vis-

cosity of the 'llate;ial; the more viscous the soil conditioner, the less in jeded.

The rate of soil conditioners used to spray the cores was 0.045 I per m2. This is

a very low appl ication rate per unit area of soil. However, this is equivalent to

a rate of 0.75 I per m2 if all the soil in the plot had been treated instead of only

the 6% of soil removed by aerification.

Half of each main plot received compaction treatments on 7/22/74, 7/30/74,

8/5/74, 8/12/74, 8/26/74 and 9/10/74/ using a compaction device similar to

that used by Goss and Roberts (34). The (+) compaction subplots were passed over
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one time at each date. Each pass of the compactor was equivalent to the passing

of 5.6 walking men over the plot (34).

Undisturbed soil samples were obtained for moisture retention, bulk density,

water stable aggregate, and dry sieving aggregate analyses. One sample per

subplot, obtained at a soil depth of 0 to 3cm and with a diameter of 5.4cm, was

obtained on 10/8/74 for moisture retention and bulk density measurements. Per-

cent water stable aggregation was determined from 2 samples per subplot, taken

on 10/30/74. The size of each sample, obtained from a soil depth of 0 to 3cm,

was 2 em in diameter. Three samples per subplot, taken on 12/9/74, were used

for dry sieving aggregate analysis. The three samples, which were 2.54 cm in

diameter and taken from a soil depth of 0 to 7.62'cm, were combined and anal-

yzed as one sample.

Root weights were determined from samples taken at two soi I depths, 0 through

9 cm and 10 through 18cm. Two samples per subplot, 4.8 cm in diameter, were

taken on 9/26/74. Each root sample was washed free of all soil and any other

debris, and then oven-dried at 55°( for 24 hours prior to weighing.

Field Experiment l-B

This study was a preliminary investigation into the effects of a hydrophylic

bitumenous emulsion (Humofina A-49) on the physical properties of a loamy sand

soil and the growth of turfgrass.

The experiment was conducted on a loamy sand soil (Table 1) located at the

home of Joseph Troll in Hadley, Massachusetts. The test site was maintained

under typical home lawn conditions. The lawn was primari Iy composed of blue-
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grass, fine leaf fescue, and tall fescue.

Three treatments were replicated three times and arranged in a randomized

complete-block experimental design. The treatments were as follows: (1) an

untouched check treatment; (2) a check treatment in whi ch water was in jected

into the soil, then followed by aerification of the plot; and (3) an injection

treatment with the hydrophylic bitumenous emulsion, followed by aerification

of the plot. The size of each plot was 0.9m by 1.8m with a spacing of 0.3m

between plots.

The above treatments were administered on 8/6/74. One day prior to treat-

ment, the soil was irrigated to a depth of 15 cm. Soi I samples of the top 3 cm of

soil were collected just prior to treatment. The moisture content of the samples

indicated that the soi I moisture content at application was 11.6% by weight or

65.5% of the field capacity.

The injection application was carried out with an Umbilla-Kal injection

system (see Field Experiment l-A). The plots that were injected received 2

passes with the injection apparatus. Immediately following the injection, treat-

ment areas No.2 and No.3 were aerified with a Ryan's Model Greens Aire /I

aerifier.

The amount of hydrophylic bitumenous emulsion injected was 2.40 I/m2 of

diluted emulsion with a dilution of 1 part emulsion to 5 parts water. The amount

of undiluted emulsion injected per plot was 0.40 11m2.



36

Three random undisturbed sail samples per plot were collected for moisture

retention analysis on 9/20/74. The samples, 5.4 cm in diameter, were obtained

at a soi I depth of 0 through 3 em. Samples of the upper 3 cm section of the thatch

layer were obtained on 11/18/74 and used for moisture retention analysis. In each

plot three undisturbed samples were taken with a sai I sampler that extracted samples

5.4 cm in diameter. Organic matter content of these samples were determined from

ash weight (550°C for 24 hours) of each sample.

The percentage of water stable aggregation was analyzed from 3 undisturbed

sail samples per plot, collected on 11/18/74. Each sample was 5.4 cm in diameter

and taken from the upper 3 cm of the sai I.

Root weights were determined from 3 samples per plot, taken at soi I depths

within 0 through 9 cm and 10 through 18 em. Prior to weighing, each sample was

washed free of all sail and other debris and oven-dried for 24 hours at 55°C. The

plots were visually rated on 8/27/74 for both color and density of the turf.

Field Experiment 2-A

The purpose of this experiment was to study the effects of an algal polymer

culture solution on the structure of a Hadley silt loam soil in the presence of

turfgrass.

The Hadley si It loam soi I uti lized in this experiment was simi lor to other

sai Is in previous studies (Table 1). The experimental site was a two-year old

stand of a mixture of 75% Baron Kentucky bluegrass and 25% creeping red fescue.

An 8-6-4 lawn fertilizer was applied on 5/1/74 at the rate of 48.76 kg/ha.
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The plot was mowed twice weekly at a cutting height of 3.8cm, with clippings

removed. No further care (such as water or chemicals) was given to this site.

Algal polymer cultures of two types were investigated for their potential as

$OiI conditioners. Process Research Inc. supplied vegetative and floccu lent

culture types of the soil algae Cha Imydomanas mexicana. The vegetative was

in on immature growth stage, whereas the flocculent culture was in a mature

growth stage containing a larger quantity of polysaccharide polymer. The

cultures names were given by Process Research Inc.

The following is a list of treatments and rates of materials that were applied

on 6/5/74:

Rate
Treatment Supplementa I Algal

number Material Water fertilizer polymer*

-l/m2 - 91m2

1 Check - water 1.14

2 Vegetative cu Iture 1.13 6.64 0.01
and Ca(N03}2

3 Vegetative culture 1. 13 0.01

4 Flocculent culture 0.84 0.21

*The rate of actual algal p.:>/ymer applied, see Growth Chamber Experiment 2
for further description.

The algal polymer cultures and Ca(N03}2 were mixed into the water and

applied with a sprinkler can. The check treatment received 1 . 14 I of water

per m2.
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ihe previous treatments were replicated three times and set up in a split

plot design. The four treatments comprised the main plots and were subdivided

into subplots, 1.82 m by 1.82 m. Half of each main plot received compaction

(+) ond the other half receiving no compaction (-). The (+) compaction subplots

were subjected to compaction treatments (see Field Experiment 1-A) on 6/28/74,

7/5/74, 7/7/74, 7/9/74, 7/11/74, 7/15/74, 7/16/74, 7/22/74, and 7/30/74.

Two undisturbed soil samples per subplot were obtained for moisture retention,

bulk density, and water stable aggregate analyses. The size of each sample was

5.2cm in diameter by 3cm in height. Samples obtained on 10/22/74 were utilized

for moisture retention and bulk density measurements, and samples taken on 10/29/

74 were used for water stable aggregate analysis.

Dry sieving aggregation was determined from soil samples obtained on 12/9/74.

Three undisturbed samples per subplot were combined and analyzed as one sample.

The size of each semple was 2.54 cm in diameter by 7.62 cm in height.

Field Experiment 2-B

The purpose of this experiment was to study the effects of two algal polymer

solutions on the physical properties of an unvegetated Hadley si It loam soi I.

Table 1 contains the physical and chemical properties of the Hadley silt loam

soil. The site was free of all vegetation and was periodically hand weeded. There

were no chemicals or other materials applied to this site other than the treatments.

Vegetative and flocculent cultures were utilized in this investigation. Also in-

cluded was a positive check treatment of a hydrophobic bitumenous emulsion
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(Humofina H.A.). A description of these materials can be found in the previous

sections.

The treatments were applied on 6/5/74. In addition to the initial application,

the flocculent polymer culture treatment was repeated on 6/17/74 and 8/2/74. A

list of the treatments and rates applied is as follows:

WaterTreatment
number

Material
--------Rate --------

Supplemental Algal *
fertilizer polymer

(emulsion)

1

2

3

4

5

Check - water

Vegetative cu Iture
Ca(N03)

Vegetative culture

Floccu lent cu Iture

6/ 5/74

6/17/74

8/ 2/74

Hydrophobic emulsion

-l/m2 -

1.14

1.13

1.13

0.84
0.35

1.50

6.64 0.01

0.01

0.21

0.86
1.71

(0.5I/m2)

*Amount of actual algal polymer applied.

The five treatments were replicated 3 times and placed in a randomized com-

plete-block design. The treatments were applied to 1.82m by 3.74m plots. The

entire site was first cultivated to a depth of 10cm and rolled once with a common

yard roller. The algal polymer cultures were mixed with the water (and fertilizer)

and cpplied by a small sprinkler can. The hydrophobic bitumenous emulsion was
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slil!,lted 3 times with water and sprayed on the plots with a small hand pesticide

:sprayer. The emulsion plots were lightly raked after the application.

Undisturbed $OiI samples were extracted for moisture retention, bulk density,

and water stable aggregate analyses. For each analysis, 3 samples per plot were

wtQined on 7/1/74 and 2 samples per plot on 10/22/74. Dry sieving aggregate

Qnalysis was determined as outlined in Field Experiment 2-A.

Soil Analytical Procedures

Water Stable Aggregation

The aggregate stability was determined for all studies using the procedure

outlined by Kemper (49). Exceptions to this procedure were as follows: Samples.
from Field Experiments 1-A, 2-A, and 2-B were wetted by capillary rise instead

of vacuum wetting, to cause a greater destruction of the aggregates (the level of

aggregation of these soils being naturally high). Only one determination was

made for each s:lmple instead of the recommended two.

Bulk Density

The core method of determining bulk density (Do), as described by Blake (11),

was used in all field experiments. Bulk densities were calculated for all growth

chamber and laboratory experi ments by the followi ng procedure: Soi I samples

were taken during the filling process of the cylinder or core; the moisture content

was determined and an estimate of the oven-dry weight of the soi I in each cylinder

or core was obtained; the bulk density was then calculated by the following equation:

MD =-
b V
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where M equals the oven-dry weight (mass) and V corresponds to the volume of

the cy Iinder or core.

Oxygen Diffusion Rate (ODR)

ODR's were calculated utilizing the microelectrode technique (51). The

electrodes used for the analysis were composed of gauge wire which had a 4 mm

exposed platinum tip. A 3.5 minute equilibration period at an applied potential

of -0.65 V was maintained.

In the growth chamber studies, holes were drilled in each cylinder at soil

depths of 2.54 cm and 7.62 cm following the compaction treatment. The holes

were slightly larger than the diameter of the microelectrode. Drilling was care-

fully done so as not to disturb the soil column. In Growth Chamber Experiments

1-A and 1-B, one hole per cylinder was drilled at each soil depth. Two holes

per cylinder.'lt each soil depth were drilled for Growth Chamber Experiments 1-C

and 1-D. A two cm hole was also drilled near the bottom of each cylind8r to pro-

vide access for the salt bridge. Following each ODR measurement, all noles were

sealed with black electric tape to prevent oxygen from penetrating the soil column

and to prevent drying of the soil.

In loboratory Experiment l-A, two electrodes per core were placed at a depth

of 1 .5 cm. The cores were set on a moistened soi I block to which the salt bridge

was attached.
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.tv\oisture Retention

-The procedure described by Richards (72) with a pressure-plate extractor

apparatus was used to measure the moisture retention of the soi I. One exception

should be noted: all undisturbed field samples were left in the brass cores in

..whi.ch they were extracted and placed directly on the ceramic pressure-plate

.for analysis. It was determined that a 24-hour equilibration period for sandy

soils and a 48-hour equi libration period for heavier soi Is were required at each

motric suction. Except where otherwise specified, the percent moisture by

weight at suctions of 0.06, 1/3, 1 and 2 bar were obtained. In addition, for

laboratory Experiments l-A and l-B, the percent moisture by volumes (P ) wasv

calculated for each of the above tensions from the following equation:

where q, equals the bulk density of the soil and Pw represents the percent

moisture by weight of the soil at a given matric patential.

Penetrometer

The unconfined compressive strength or penetrometer reading was determined

for treated soil cores in laboratory Experiment l-A by the pocket penetrometer

technique (21). A Soiltest model CL-700 pocket penetrometer was used to obtain

the penetrometer va lues.

Dry Stable Aggregation

Determination of the percent dry sieving aggregation in the field experiments

followed this procedure: first, the samples were passed through a 4.75 mm sieve



43

and then oven-dried at 700
( for 36 hours; the samples were then weighed and

evenly distributed on the surface of a 20mm diameter, 1.00mm sieve; the samples

were sieved for 30 seconds on a reprocative type, Ro Top sieving machine (without

the tapping apparatus in use). The samples remaining on the sieve (the aggregates)

were weighed, and the percent dry sieving aggregation was calculated using the

following equation:
Sa

% dry sieving aggregation = s-
t

where Sa is the weight of the aggregates remaining after sieving and St corresponds

to the total weight of the initial soil sample.

Other Measurements

The following are the procedures used to determine the chemical and physical

properties of the soils listed in Table 1. The soil texture was determined by the

Bouyoucos method (15). pH values were analyzed on a 1:1 soil to water mixture

which was equilibrated for 30 minutes prior to the determination. The organic

matter fraction of the soi I was obtained by the wet-combustion technique (1).

The field capacity was ascertained at a matric suction of 1/3 bar as outlined in

the fv\oisture Retention section. The cation exchange capacities for selected

soils were determined by the University of Massachusetts Soil Testing laboratory,

Amherst, Massachusetts 01002.
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plant Growth M~asurements

Visible Root Counts

In the Growth Chamber Experiments root counts were obtained by the following

method. The number of roots counted included all roots at a particular soil depth,

which were visible around the outside of the cylinder.

Clipping Yield

The top growth Was periodically collected and weighed in the Growth Chamber

Experiments. Where specified, the turf was c1ippedat a particular height. At the

termination of each study, all top growth was removed. The weights from all

clipping yields and the final total yield were combined and are referred to as

cumulative top growth.

Statistical Analysis

The data was subjected to ana lysis of variance. Standard computer programs

were used to perform the analysis. When a significant difference (P ~0.5) between

treatments occurred, the treatment means were subjected to a Duncan's New Multiple

Range Test (25). In the case where a significant interaction existed between two or

more experimental factors, it was necessary to test all treatment means, including

interactions, by the Duncan's New Multiple Range Test (25). An example of such

a case is found in Table 2, under the 24cm soil depth reading on the 4/10/74

sampling date.
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RESULTS

Growth Chamber Experiment l-A

The effects of hydrophobic and hydrophylic bitumenous emulsions on the

physical properties of a compacted sand and the growth of Manhattan perennial

ryegrass:

The average of visible roots at different soi I depths for three sampling dates

is shown in Table 2. Figure 1 contains the root counts averaged over all sampling

dates and methods of application for each soil co~ditioner. A significant im-

provement in root growth over all sampling dates was noted for soil receiving

the hydrophylic bitumenous emulsion. Treatment with the hydrophobic emulsion

resulted in a slight increase in root growth. As the experiment progressed, more

extensive root growth was observed on soils receiving either a top 3 cm treatment

(. a througout treatment. Yields from root crops, such as radish and carrot, have

increased in response to other chemical soil conditioners (41).

Results of clipping yields are found in Table 3. It is apparent that a throughout

treatment of the soil column with either the hydrophylic or hydrophobic bitumenous

emulsion showed a significant reduction in top growth.

Treatment of the soil with the hydrophobic or hydrophylic emulsions resulted

in a significant increase in the water aggregate stabi lity (Table 4). This is evident

at both soil depths, particularly at the 7.6 to 9.2cm depth, where aggregation was



Table 2 - Average number of visible roots at different soil depths for Growth Chamber Experiment l-A

--3/26--'.-
4 8 16

Soil Method
conditioner of

opplication*

----------- Roots by soil depth (em) --------------
Date of measurement ---------------

----4/2 --- --- 4/10 ---
4 8 16 24 4 8 16 24

number of roots

Check A 22.3 10.0 0 25.0 16.8 0.3 0 35.2 22.5 5.0 0 c
B 18.5 5.3 0 21.3 12.8 0.3 0 27.5 21.5 2.5 0.8bc
C 13.3 9.5 0 19.3 16.3 2.5 0 24.0 20.5 8.8 0 c

Avg. 18.0b** 8:3b 22.8b 14.8b l.Ob 28.9b 21.1 b 5.4b---------------------------------------------------------------------------------------------------------
Hydrophobic A 28.3 10.3 0.3 37.8 18.0 3.5 0 41.3 27.0 6.8 1.0bc
Emulsion B 29.5 7.8 0 39.0 27.8 4.8 0 44.0 33.0 18.3 0.8bc

C 13.8 8.0 0 19.8 21.8 5.8 0 22.0 26.0 15.5 2.0b
Avg. 23.8b 8:7b 32.20b 22.5b 4.7b 35.80b 28.7 ob 13.7 ob---------------------------------------------------------------------------------------------------------

Hydrophy lie
Emulsion

A
B
C

Avg.

28.3
36.0
33.8
32.70

15.3
15.0
26.0
18.80

o
o
1.3

41.0
44.8
45.0
43:60

27.8
32.3
41.0
33.70

3.3
9.8

15.6
930

o
o
0.3

44.5
50.5
44.8
46.60

33.8 10.0
41.5 25.8
41.8 23.4
39.00 19.80

0.5bc
0.3bc
3.80

---------------------------------------------------------------------------------------------------------
Average val. A 26.3abt 11.80 35.60 20.40 2.3b 40.30 27.80 7.3b
formethodof B 28.00 9.30 35.00 24.30 4.90b 40.70 32.00 15.70
application C 20.3b 14.50 28.00 26.30 7.90 30.3b 29.00 15.90

* A = surface; B = top 3 em treated; C = treated throughout.
** Values within columns followed by same letter are not significantly different at the 1% level according to Duncan's

New Multiple Range Test.
t Values within columns followed by same letter are not significantly different at the 5% level according to Duncan1s

New Multiple Range Test.
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Figure 1 - Number of visible roots for each soil conditioner treatment
averaged over three sampling dates and methods of application for

Growth Chamber Experi ment 1-A.



Table 3 - Average clipping yield data for Growth Chamber Experiment l-A

Soil Method Clipping yield** Cumulative

conditioner of Date top
opplicotion* 4/2 4/10 4/13 growth

g,/pot
Check A 0.024 0.033 0.138 0.1950bt

B 0.028 0.040 0.180 0.2480
C 0.032 0.044 0.187 0.2640-------------------------------------------------------------------------------------------

Hydrophobic A 0.028 0.044 0.173 0.2460
Emu/sion B 0.008 0.027 0.131 0.1660b

C 0.003 0.007 0.125 0.136 cd-------------------------------------------------------------------------------------------
Hydrophylic A 0.036 0.040 0.167 O.2360b
Emulsion B 0.010 0'.033 0.148 0.1950b

C 0.001 0.012 0.106 0.120d

* A = Surface; B = Top 3 cm treated; C = Treated throughout.
** Clipping yields from sampling dates 4/2,4/10 represent a cutting height of 9cm; sampling dote 4/13

represent a final clipping of all topgrowth.
t Values within columns followed by same letter are not significantly different at 5% level.
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Tobie 4 - Average values of % water stable aggregation at different soil depths

ond bulk density measurements prior and following compaction for

Growth Chamber Experiment 1-A

--"
Soil Method -Aggregation -- - Bulk density -

(:()nditioner of - SoiI depth (cm) - - Compaction -
appli cation * 0-3 7.6-9.2 prior after

% -- g/cc

Check A 33.7 10.8d 1.61 1.64a
B 33.4 12.2d 1.58 1.64a
C 57.8 37.7c 1.42 1.50b

Avg . 41.6b** 1.53a
.---------------------------------------------------------------------
Hydrophob ic
Emulsion

A
B
C

Avg.

62.4
66.0
89.3
72.6a

20.8d
23.0d
74.6a

1.58
1.54
1.31
1 .48 b

1.63a
1.61 a
1.39d

----------------------------------------------------------------------
Hydrophy Iic , '
Emulsion

A
B
C

Avg.

51.9
80.9
77.7
70.2a

11.3d
36.3c
63.1 b

1.57
1.56
1.36
1.50b

1.62a
1.62a
1.43c

----------------------------------------------------------------------
Average va lues A
for method of B
application C

49.3b
60.1 a
74.9a

1.58a
1.56a
1.36b

* A = Surface; B = Top 3 cm treated; C = Treated throughout.

** Values within columns followed by same letter are not significantly different
at the 5% level according to Duncan's New Multiple Range Test.



50

approximately doubled. The increase in aggregate stabi lity was consistent with

the findings of Vandenvelde and OeBoodt (88). Aggregate analysis of the upper

3~m of the soil column revealed that, in general, both the top 3 cm and through-

9~t treatment methods had a higher level of aggregation than the surface appli-

~tion method. Aggregate stability, with respect to any soi I conditioner, was

higher at the surface 3cm of the soil column than the 7.6 to 9.2cm soil depth

section. This could be a result of the increased number of roots in the surface

3 cm section, since an actively growing root system in the presence of soil mi-

crobes can cause the formation and stabi Iization of aggregates (39, 44).

The bulk density was lower on soil columns treated throughout with the hydro-

phobic and hydrophylic emulsions (Table 4). After compaction, the bulk densities

were lower than the check treatment, which indicated that the increased aggre-

gate stabi lity resulted in a decrease in compressibi lily.

Average 0 DR for three measurement dates and soi I moisture contents at the

time of sampling are shown in Table 5. Each soil column was watered to a 9%

moisture content by weight 24 hours prior to the OOR measurement. The 9%

moisture content for field capacity was determined by saturating the columns

and allowing them to drain for 24 hours. The OOR ranged from a high of 81 .1

-8 -2 -1
to a low of 4.2 g of O2 X 10 cm min . Measurements taken at soil depths

of 2.5cm and 7.6cm indicated that OOR increased as the soil depth increased.

The difference in OOR between soil depths may be related to the degree of com-

pactior •. The magnitude of compaction applied in this study is representative of

norma I foot traffic wh ich affects the top 9 cm of the soi I and is most harmfu I on



Table 5 - Average oxygen diffusion rate (ODR) and moisture content for Growth '01amberExperiment '-A

-4/11-
2.5 7.6

Soil ~ethod

d .. of
con Itloner I' . *app Icatlon

----- ODR by soil depth (cm) -----
----- Date of measurement -----
- 3/27- -- 4/3-
2.5 7.6 2.5 7.6

-- Moisture content**--
- Date of measurement -
3/27 4/3 4/11

65.0
39.5
41.6

----- % -----

Check A
B
C

22.3
27.9
15.4

g of 02 X 10-8 cm-2 min-1 ----

52.0 34.8 81.1 31.2
35.4 26.0 50.2 22.3
41.2 25.0 56.1 23.1

8.40
8.42
8.53

8.30
8.35
8.31

8.08
8.19
8.21--------------------------------------------------------------------------------------------------------

Hydrophobic A 22.2 48.2 23.2 49.0 23.1 32.3 9.48 8.20 8.25
Emulsion B 7.1 46.7 6.1 25.8 4.2 25.6 10.83 8.58 8.19

C 4.2 13.8 4.3 17.5 8.3 17.0 8.41 8.11 8.26
--------------------------------------------------------------------------------------------------------
Hydrophylic A 21.1 28.0 20.0 41.2 20.3 36.7 9.47 8.30 8.13
Emulsion B 10.9 34.0 8.7 28.7 6.9 24.8 11.72 8.80 8.28

C 8.6 12.2 15.2 20.4 20.3 20.8 7.72 8.39 8.32

* A = Surface; B = Top 3 em treated; C = Treated throughout.

** % moisture by weight of soi I at time ODR were taken.

<.n-
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the upper 2 cm section (22). It has been observed in other studies that compaction

causes a reduction in ODR (20,53). Very low levels of ODR were observed on

soils treated with either bitumenous emulsion (see laboratory Experiment 1-A for

discussion) .

Growth Chamber Experiment 1-B

The effects of compaction on the physical properties of a sand and growth of

Manhattan perennial ryegrass:

Average root growth values for several measurement dates are found in Table

6. The deleterious effect of compaction root growth was apparent even though

not significant at the 5% level. A small difference in the amount of visible

roots was observed at a 4 cm soi I depth; however, at a soi I depth of 8 cm, com-

paction resulted in a greater decrease in visible roots. Similar deleterious effects

of compaction on the root growth of turfgrass was observed by Cordukes (19) and

Letey ~ ~. (53).

Compaction had little effect on top growth of lolium perenne L. (Table 7).

The degree of compaction and/or the relatively short duration of the investigation

may have been responsible for the noninhibitory effect of compaction on top growth

in this instance.

Average aggregate stability determinations at two soil depths and bulk density

measurements are shown in Table 8. While the results were not significantly dif-

ferent at the 5% level, compaction appeared to reduce the water stable aggrega-

tion (i.e., by 27% in the upper 3 cm of the soi I column). Several other investi-



Table 6 - Average number of visible roots at different $Oi I depths for

Growth Chamber Experiment 1-B

Roots by soi I depth (cm)

Treatment Date of measurement
-3/26- 4/2- 4/10

4 8 4 8 4 8 16

number of roots

(+) Compaction 14.80* 1.30 16.50 3.80 21.00 5.80 0.50

(-) Compaction 17.00 2.50 18.50 5.80 32.00 11.80 0.30

* Values within columns followed by same letter are 'not significantly different at
the 5% level.
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Table 7 - Average clipping yield data for Growth Chamber Experiment 1-B

Clipping yield * Cumulative
Treatment Date of measurement-- top

4/2 4/10 4/13 growth

g/pot

(+) Compaction 0.0190** 0.0300 0.1500 0.1990

(-) Compaction 0.0330 0.0240 0.1300 0.1870

* Clipping yields from sampling dates 4/2 and 4/10 represents a cutting
height of 9cmi sampling date 4/13 represents 0 final clipping of all
topgrowth.

** Values within columns followed by same letter are not significantly
different at the 5% level.
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Table 8 - Average values of % water stable aggregation at different soil

depths and bulk density measurements prior and following compaction for

Growth Chamber Experiment l-B

55

Treatment
- Aggregation --
- Soil depth (cm)-
0-3 7.6-9.2

---%---

-- Bulk density-
- Compaction -
prior after

---g/cc---

(+) Compaction

(-) Compaction

26.6a*

36.3a

16.1 a

17.7a

1.55a

1.57a

1.61 a

1.57a

*Values within columns followed by same letter are not significantly
di fferent at the 5% leve I.
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gat ions have shown that compaction resulted in destruction of water stable

aggregates (9,45, 92). No essential difference in aggregation existed between

compacted and noncompacted soil columns at a soi I depth of 7.6 to 9.2 cm. It is

apparent that compaction had a minimal effect on aggregation at the 7.6 to 9.2 cm

soil depth. The results obtained for aggregate analyses at both soil depths coincide

with the effect of compaction from foot traffic on the top 9cm of the soil as noted

by Davis (22). Compacting the soil columns resulted in a slight increase in bulk

density.

Average ODR and soil moisture contents at the time of sampling are contained

in Table 9. Generally, compaction produced slightly elevated ODR levels and

soil moisture contents for all measurement dates. 'The slight increase in moisture

content associated with compaction may have influenced the 0 DR measurements.

The findings of Lemon and Erickson (52) suggested that an increase in soi I moisture

content (reduction in suction) above a certain point (> field capacity) resulted in

an increase in ODR. ODR for this study also increased with an increase in soi I

depth as noted in the previous experiment.

Growth Chamber Experiment l-C

The effects of a hydrophobic bitumenous emulsion and a solution of poly-

acrylamide (PAM) on the physical properties of a compacted silt loam soil and

growth of Manhattan perennial ryegrass:

The results obtained in Growth Chamber Experiment l-A indicated that the

surface application with the bitumenous emulsions had little or no beneficial



Table 9 - Average oxygen diffusion rates (0 OR) and moisture content for Growth o,amber Experiment 1-B

3/27-
2.5 7.6

Treatment

----0 OR by i.iil depth (cm) ----
Date of measurement -----

- 4/3 - 4/11 - .
2.5 7.6 2.5 7.6

- Moisture content*-
Date

3/7 4/3 4/11

31.6
-----%----

(+) Compaction

---- g of O2 X 1O-8cm-2min-1 ----

74.3 43.5 65.9 15.3 52.5 9.10 8.43 8.30

(-) Compaction 21.6 43.1 27.4 74.3 30.0 37.3 8.00 8.11 8.05

* % moisture by weight of soi I at time OOR were taken.
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effects on all parameters measured. Thus, the surface method of application was

eliminated in this study.

Results of root growth determinations are found in Table 10. Treatment of

the entire soil column with the hydrophobic emulsion produced the greatest root

growth as determined from root dry matter yields and visible root counts. This

highly significant increase in root growth was consistent throughout the experi-

ment and at each sampling depth. The PAM treatments had only a minimaleHect

on root growth.

The germination percentage was affected by different soil conditioner treat-

ments (Table 11). Untreated soi I was used to cover the grass seeds so as to elimin-

ate any of the treatment effects on germination. However, germination on soi I

columns treated throughout with the hydrophobic emulsion was 15% higher than

the other treatments.

Clipping yields were substantially improved by the throughout treatment with

the hydrophobic emulsion (Table 11). Doyle and Hamlyn (24) and Hedrick and

Mowry (41) noted increased cropyield were directly related to the structural im-

provement by chemical soil conditioners. Top growth and germination were not

influenced by PAM.

Treatment with either the hydrophobic emulsion or PAM resulted in a highly

significant increase in water stable aggregation in the upper 3cm of the soil

column (Table 12). However, at the 7 to 10cm soil depth, aggregation was much

greater for the throughout hydrophobic emulsion treatment. Regardless of treatment,

bulk density increased following compaction. The hydrophobic emulsion showed a



Table 10 - Average dry matter yield of roots and visible root counts at different soil depths for

Growth Chamber Experiment 1-C

Soil Method
ofcondtioner

application*

Check A
B

----------- Soil depth (cm) ------------
------ Date of measurement -------

- Root wei ght- 7/1S 7/21
3-7 10-14 3 10 18 3 10 18

9 number of roots

0.012b** 0 b 0.8b 0 b 0 b LOc 0 b 0 b
0.006b 0 b O.Sb 0 b 0 b O.Sc O.Sb 0 b--------------------------------------------------------------------------------------------------------

Hydrophobic
Emulsion

A
B

O.OOSb
0.0410

0.001 b
0.0170

2.Sb
14.Sa

o b
19.00

o b
7.30

2.8bc
16.Sa

o b
24.30

o b
14.00--------------------------------------------------------------------------------------------------------

Humafina
PAM

A
B

o .013b
0.008b

o
o

b
b

S.8b
L3b

O.3bo b
o bo b

8.3b
1.8bc

O.8b
O.Sb

o b
o b

* A = Top 3 cm treated; B = Treated throughout.

H Values within columns followed by same letter are not significantly different at the 1% level according to Duncan's
New Multiple Range Test.



Table 11 - Average % germination and clipping yield for Growth Chamber Experiment 1-C

Soil Method Clipping yieldt

conditioner
of Germination Date

application* 7/14 7/23

_%_ g/pot

Check A 54.2ab** O.072b 0.168b
B 43.7b 0.021 c 0.163b

Cumulative
topgrowth

0.240b
0.184b

Hydrophob ic
Emulsion

A
B

46.3b
70.7a

0.013 c
0.098a

0.132b
0.479a

0.145b
0.577a-----------------------------------------------------------------------------------------

Humafina
PAM

A
B

54.9ab
32.8b

0.023 c
0.006 c

0.183b
0.124b

0.206b
0.130b

k A = Top 3cm treated, B = Treated throughout. ,
** Values within columns followed by same letter are not significantly different at the 1% level accord-

ing to Duncan's New Multiple Range Test.

t Clipping yields from sampling date 7/14 received a 10cm cutting height; sampling date 7/23 was a
final clipping of all topgrowth.



Table 12 - Average % water stable aggregation at different soi I depths and

bulk density measurements prior and following compaction for

Growth Chamber Experiment 1-C

61

$oi I Method*

d •. of
con Itloner I' .app Icatlon

- Aggregation -
- Soil depth (cm) -
0-3 7-10

- Bulk density --
- Compaction -
prior after

---%----
1.24
1.28
1.26a

Check A
B

Avg.

26.7
29.4
28.1 c**

38.8bc
29.5c

--g/cc--
0.99d
1. lOb

Hydrophobic
Emulsion

A
B

Avg.

86.1
89.3
87.7a

40.1 bc
91.1 a

1.07bc
1.14b

1.20
1.25
1.23b--------------------------------------------------------------------

Humafina
PAM

A
B

Avg.

37.1
48.7
42.9b

51.6 b
51.2b

1.03 cd
1.25a

1.25
1.30
1.28a--------------------------------------------------------------------

Average values A
for method of B
application

50.0b
55.80

1.23b
1.280

* A = Top 3 cm treated; B = Treated throughout.

** Values within columns followed by same letter are not significantly different
at the 1% level according to Duncan's New Multiple Range Test.



62

slightly lower bulk density than the other soil conditioner treatments. For all

soil conditioners, bulk densities and water stable aggregation analyses were con-

siderably higher with a throughout treatment than the surface 3 cm method of

application. All treatments had OOR's sufficient for normal root growth of turf-

grass (Tab Ie 13). No treatment trends were apparent wi th respect to 0OR.

Growth Chamber Experiment 1-0

The effects of compaction on the physical properties of a silt loam soil and

growth of Manhattan perennial ryegrass:

Root growth in this study was very minimal with few roots penetrating further

than 10cm (Table 14). Root response to compaction treatment was not evident.

Average germination percentage and clipping yields are contained in Table

15. Compaction produced a two-fold increase in percent germination. Pre-

cautions, such as uniform watering and covering of the grass seeds with untreated

soil, apparently did not diminish the treatment effects on germination. The in-

( eased germination is thought to be mainly caused by an increase in soil moisture

content at the surface 3 cm of the column reflecting the moisture retention data

shown in Table 20. As a result of increased number of seedlings, top growth on

the compacted soil columns was significantly larger than on noncompacted soil.

Average water stable aggregate analyses and bulk density values are found in

Table 16. Compaction of the soil columns reduced the water stable aggregation

at both soil depths; however, the difference was only at the 10% confidence level.

The aggregation results suggest that compaction adversely affects at least the top

10cm of the Hadley silt loam soil. The bulk density, as expected, increased with

compaction.



Table 13 - Average oxygen diffusion rates (ODR) and moisture content for Growth Chamber Experiment 1-C

Soil
conditioner

Method
of

application*

--- 0 DR'.iJy $OiI depth (cm) ---
--- Date of measurement ----
-- 7/7-- -- 7/22-
2.5 7.6 2.5 7.6

-Moisture content **-
Date ---

7/7 7/22

---%---

Check A
B

53.6
67.8

g of O2 X 10-8 cm-2 min-1 --

53.2 40.5 66.2
80.4 32.3 30.0

14.1
10.9

13.0
13.2-----------------------------------------------------------------------------------------------

Hydrophob ic
Emulsion

A
B

66.4
50.6

84.5
40.9

69.2
51.5

23.3
45.4

14.4
10.4

13.5
9.6-----------------------------------------------------------------------------------------------

Humafina
PAM

A
B

75.6
87.1

79.1
70.4

47.6
42.3

51.3
43.3

13.7
13.9

13.9
12.6

* A = Top 3 em; B = Treated throughout.

** % moisture by weight of soi I at time ODR were taken.
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Table 14 - Average dry matter yield of root and visible root counts at

different soil depths for Growth Chamber Experiment 1-0

-Root weight-

10-143-7

------ Soil depth (cm) -------
- Date of measurement --
- 7/15- - 7/21-

3 10 3 10

Treatment

number of roots --

(+) Compaction

--g/pot--
0.0040* 0 a 0.30 00 1.00 00

(-) Compaction 0.0090 0.001 a 0.80 00 0.80 00

* Values within columns followed by same letter are not significantly
different at the 5% leve I.



Table 15 - Average % germination and clipping yields for

Growth Chamber Experiment 1-D

Clipping yield*
Treatment Germination Date Cumulative

7/14 7/23 topgrowth

-%- g/pot

(+) Compaction 47.3a** 0.013 a 0.143a 0.156a

(-) Compaction 18.7b 0.002b 0.037b 0.039b

* Clipping yield from sampling date 7/14 rece,ived a 10cm height of cut;
sampling date 7/23 was a final clipping of all topgrowth.

** Values within columns followed by same letter are not significantly
different at the 5% leve I.
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Table 16 - Average values of % water stable aggregation at different

soil depths and bulk density measurements prior and following

compaction for Growth Chamber Experiment 1-0

66

Treatment
- Aggregation-
- Soil depth (cm) -

0-3 7-10

---%---

- Bulk density--
- Compaction -

prior after

g/cc---

(+) Compaction

(-) Compaction

27.8a*

48.0a

34.8a

50.1 a

0.99a

1.01 a

1.26a

1.Olb

* Values within columns with same letter are not significantly different
at the 5% level.
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ODR for (+) and (-) compaction treatments were at a sufficient level for

normal root growth (Table 17). No consistent treatment trends were apparent

due to differences in soil moisture content at the time of ODR measurements.

This occurred because of separation of the soil from the cylinder side. Watering

to a uniform specific moisture content by weight, therefore, was very diffi cult.

Growth Chamber Experiment 2

The effects of an algal polymer culture and polyacrylamide on water stable

aggregate formation of three soi Is at two pH levels:

Average water stable aggregation values are shown in Table 18. Both the

algal polymer culture and the PAM chemical soil conditioner greatly increased

the percent water aggregate stability for all three soil types and pH levels. The

benefi cia I effects of a Igae on aggregation have a Iso been observed by Foga I ~ ~ .

(29) and Bat'~y ~~. (5). Soil pH, in general, did not affect aggregation; how-

ever, the lower pH did enhance aggreage stabi Iization on the loam and clay loam

soils. Independent of the soil treatment and/or pH, the level of aggregation of

the si It and clay loam soi I was considerably higher than the sandy loam soi I.

laboratory Experiment l-A

The effects of a hydrophylic bitumenous emulsion and polyacrylamide (PAM)

on the physical properties of a compacted sand soi I:

Average measurements for moisture retention, bulk density, penetrometer,

and ODR are shown in Table 19. Percent moisture by weight (Pw) and percent

moisture by volume (P ) at different matric suctions for each treafment are con-
v
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Table 17 - Average oxygen diffusion rates (OOR) and moisture content for

Growth Chamber Experiment 1-0

Treatment

(+) Compact ion

-- OOR by soil depth (cm)--
-- Date of measurement ---
- 7/7- -7/22-
2.5 7.6 2.5 7.6

- g of O2 X 10-8 cm-2 min-1-

69.0 56.6 37.8 41.8

Moisture content*
--Oate--
7/7 7/22

--%--

11.8 13.0

(-) Compaction 44.1 53.1 69.2 41.0 16.5 16.7

* % moisture by weight of soil at time OOR were taken.



Table 18 - Average % water stable aggregation for

Growth Chamber Experiment 2

69

Treatment Soil type* pH Aggregation Average

-----%----
Check Sl 6.46

4.76

l 7.23
5.23

Cl 7.36
5.48

41.8
33.2 (37.5 d**)

55.0
66.3 (60.7c)

51.5
61.4 (56.5 c) 51 .5 z***

1:10algae culture to soil Sl 6.46 75.6
4.76 82.3 (78.9b).

l 7.23 76.7
5.23 85.8 (81.3ab)

Cl 7.36 76.5
5.48 84.7 (80.6ab) 80.2y

0.15%PAM(Cyanamer P-25Q) Sl 6.46 86.5
4.76 84.2 (85.4ab)

l 7.23 84.9
5.23 92.8 (88.9 a)

Cl 7.36 88.4
5.48 90.7(89.60) 87.9x

*SL refers to sandy loam soil; L refers to loam soil; CL refers to clay loam soil.

**Values within column followed by same letter are not significantly different at
the 5% level according to Duncan's New Multiple Range Test.

***Values within column followed by same letter are not significantly different
at the 1% level according to Duncan's New Multiple Range Test.



Table 19 - Average moisture retention data, bulk density, penetrometer and oxygen diffusion rate (ODR) meosurerlents for laboratory Experiment 1-A

tv\oisture by weight Moisture by volume-- Bulk
Treatment Tension (bar) Tension (bar) . Penetrometer ODR*

.06 1/3 2 .06 1/3 1 2 density

% -g/ee - - kg/em2-
-2 . -1

-I-Ig 02 em mm

Check (-) compaction 17.8ab** 13.80 10.50 9.10 29.20 22.6a 17.20 14.90 1.640 1.580 0.135

Check (+) compaction 18.30 14.00 10.70 8.80 29.50 22.50 17.20 14.20 1.610b 1.32b 0.125

Check (Treated with H2O) 17.0abc 13.3a 10.9a 9.40 26.5b 20.70b 17.0ab 14.70 1.56b 1.07e 0.131

Hydrophylic emulsion 7.6d 7.0b 6.5b 6.3b 10.2 d 9.4c 8.7c 8.4b 1.34c 0.65d 0.020

PAM (Cyonomer P-250) 16.0c 13.10 10.6a 9.60 22.2c 18.2b 14.7b 13.30 1.39c' 0.95c O.ln

* ODR were taken at 2 bar tension.

** Values within columns followed by same letter are not significantly different at the 1% level according to Duncan's New Multiple Range Test.
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tained in Figure 2 and Figure 3, respectively. The hydrophylic bitumenous emulsion

treatment significantly reduced the moisture retentativity (Pw and Pv), bulk density,

vertical penetration resistance (penetrometer), and OOR. Treatment of the soil with

PAM (Cyanamer P-250) resulted in lower moisture retention (Pv), bulk density and

vertical penetration resistance than that of the check treatment (demineralized water

plus compaction). The soil conditioners VAMA and HPAN were found to slightly reduce

the available moisture equivalent with increased aggregation (65). The moisture reten-

tativity as affected by the hydrophyl ic emulsion may have been caused by the inabil ity of

the soil to be wetted by capillary action. In this study, in Growth Chamber Experiment

1-A and in another prel iminary study, wetting of hydrophyl ic emulsion treated sand soil

by capillary rise was almost impossible. This made it necessary to wet these soils by a

positive hydraul ic head for a short period oftime. Incomplete wetting may have occurred,

whi ch could have been partially responsible forthe moisture retention differences.

The hydrophyl ic bitumenous emulsion treatment, in this study and in Growth Chamber

Experiment1-A(Tabie 5), resuitedinalowOORstatus(0.02 1-9 of 02cm-2min-l). The

findings of other investigators (53,54, 73) suggest that OOR as low as 0.02 pg of 02 cm-2

min-1 would restrict normal root growth ofturfgrass. The rooting data in Table 2 indicated

that the low OORdid not inhibit root growth; therefore, it appeared that a true measurement

ofthe soil aeration (OOR), with respect tothe hydrophylic emulsion treatment, was not ob-

tainable in this study and in Growth Chamber Experiment l-A. The low OORarethought to

be a result ofthe effect ofthe hydrophylic emulsions on soil moisture content. In Experiment

1-A, soi I moi sture contents for the entire so iI col umn were consistent for each treatment.

However, the moisture retention data in Table 19 suggests that a difference in moisture con-

tent existed between treatments at the surface 3cm of the soil column, which is where OOR

measurements were obtained. Also, Krisensen(50)noted that as the soi I moisture content decreased
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Figure 2 - Average percent moisture, by weight (Pw)' at different

matri c suctions for each treatment in Laboratory Experiment l-A.
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A Check, (-) compaction

• Check, (+) compaction
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10~

o o

21/3
~ ...I __ .1..... "-- _
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Figure 3 - Average percent moisture, by volume (P ), at differentv
matric suctions for each treatment in laboratory Experiment l-A.
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(increasing soil suction) the OOR were greatly increased. The findings of Lemon

and Erickson (52) revealed that for coarse textured soils, as the soil suction in-

creases, water films surrounding the micraelectrodes contract and the OORls are

reduced. Stolzyand Letey (79) also concluded that the decrease in OOR with

a decrease in soil moisture is a result of incomplete wetting of electrode. This

could explain the erratic nature of the OOR results.

Compaction had little effect on moisture retention or bulk density on the

Wi ndsor sand soi I. However, the penetrometer and 0 OR parameters were reduced

under compo cted condi tions.

Treating the soil with only demineralized water (check treatment - H20 plus

compaction) produced a lower bulk density and penetrometer value and slightly

higher OOR than the untreated check plus compaction treatment. The increased

level of aggregate stability of the former treatment (Tables 4 and 8) might have

caused these results.

l boratory Experiment 1-B

The effects of a hydrophobic bitumenous emulsion and a solution of polyacryl-

amide on the physical properties of a compacted si It loam soi I:

Results of moisture retention and bulk density analyses are found in Table 20.

~isture retention curves, expressed as P and P , are shown in Figure 4 andw v

Figure 5, respectively. The percent moisture retained by weight was substantially

reduced on the hydrophobic bitumenous emulsion treated soil. In this study, no

problem was encountered in wetting the soi I by capi Ilary action. The moisture



Table 20 - Average moisturp°'3tention data and bulk density measurement for laboratory Expo')riment 1-B

tv\oisture by weight --- --- tv\oisture by volume
Treatment Tension (bar) Tension (bar) Bulk density

.06 1/3 1 2 .06 1/3 1 2

% - glcc-
Check (-) compaction 35.1 b* 31. 1b 28.2b 24.5b 39.0b 34.5c 31.3c 27.2c l.llb

Check (+) compaction 37.70 34.60 32.70 30.00 47.50 43.60 41.20 37.80 1.260

Check (Treated with H2O) 37.70 34.90 33.30 31.50 48.30 44.70 42.60 40.30 1.280

Hydrophobic emulsion 32.3c 29.7b 27.8b 25.7b 41.0b 37.7b 35.3b 32.6b 1.270

PAM (Cyanomer P-250) 36.50b 34.20 32.20 29.40 39.8b 37.3bc 35.1 b 32.0b 1.09b

*Volues within columns followed by sarna letter ora not significantly different at the 1% level according to Duncan's New Multiple Range Test.
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Figure 4 - Average percent moisture, by weight, at different matric

suctions for each treatment in laboratory Experiment 1-B.



77

30 -

M 40E
uM'
E
u

&. Check, (-) compaction

A Check, (+) compaction

50
0 Check (H2O)

• Hydrophobic emulsion

• PAM (Cyanamer P-250)

..
>

0.

0.06 1/3 2

Suction, bar

Figure 5 - Average percent moisture, by volume (P), at different

matric suctions for each treatment in Laboratory Experiment 1-B.
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release curves, represented volumetrically (Figure 5), were affected by the PAM

and the hydrophobic bitumenous emulsion treatments. The lowering of the vol-

umetric water release curve, in response to structural improvement by the hydro-

phobic bitumenous emulsion and PAM, represents an increase in total porosity.

Improvement of soil aeration (ODR) should have accompanied the increase in

total porosity; however, for the reasons stated previously, this was not observed.

The PAM reduced the bulk density equivalent to that of noncompacted soil.

Compaction caused an increase in the moisture retained by weight and by

volume and an increase in bulk density. The increased moisture retentativity,

attributed to compaction, has been noted by others (42, 86, 91).

Field Experiment l-A

The effects of several chemical soil conditioners on a compacted silt loam

$OiI and the growth of Penncross creeping bentgrass;

The chemical soil conditioners showed no effect on the moisture retention

property of the Hadley silt loam soil (Table 21). In Table 22, average root dry

matter yields, water and dry stable aggregation, and bulk density values are

shown. Root dry weight yields at a soil depth of 0 to 9cm, water and dry stable

aggregation and bulk density analysis were not affected by any soi I conditioner

or any method of application. The lack of improved soil physical properties and

root growth by the chemical soil conditioners might have been a result of the low

rates of application, the naturally well-structured soil masking the treatment

effects, or the relatively few compaction applications. Treatment of the soil
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Table 21 - Average moisture retention data for Field Experiment 1-A

Method (:1:) Moisture by weight
Treatment of Compo Tension (bar)

application* .06 1/3 1 2

%

Hydrophob ic 1 + 27.7 24.9 23.0 20.4
Emulsion 27.3 24.9 22.9 20.6

2 + 26.4 24.6 22.2 19.7
27.3 25.4 23.0 20.4

Avg. 27.2a** 24.9 a 22.8a 20.1 a

Hydrophylic
Emulsion

2

+

+

Avg.

27.7
28.2
27.5
27.8
27.8a

25.2
25.3
24.8
25.2.
25.1 a

23.5
23.8
22.8
23.2
23.3a

21.1
21.3
20.3
20.8
20.9a

Humafina 1 + 26.8 24.7 22.5 19.9
PAM 27.0 24.7 22.8 20.5

2 + 27.3 24.9 22.7 19.9
28.0 25.4 23.5 20.9

Avg. 27.2a 24.9a 22.9a 20.3a-----------------------------------------------------------------------
Che ,( (H2O) + 26.3 24.1 22.0 19.3

27.8 25.3 23.2 20.4
2 + 26.7 24.7 22.6 19.8

27.4 25.1 23.2 21.1
Avg. 27.0a 24.8a 22.8a 20.1 a-----------------------------------------------------------------------

Average for
method of
application 2

27.3a

27.3a

24.9a

25.0a

23.0a

22.9a

20.4a

20.3a-----------------------------------------------------------------------
Average for

(:1:) compaction

+ 27.0b

27.6a

24.7b

25.1 a

22.7b

23.2a

20.0b

20.7a

* 1 = Treatment of aerification core soil and dragmatting of soil into aerifying
holes; 2 = injection of material after plots were aerifjed.

** Values within columns followed by same letter are not significant at the 5%
level according to Duncan's New Multiple Range Test.
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Table 22 - Average root yield at different soil depths, % water and dry stable

aggregation and bulk density measurement for Field Experiment l-A

Treat-
Method (:i:) - Root weight - -Aggregation-

of Soi I depth (cm) Water Dry
Bulk

ment compaction densityappl ication * 0-9 10-18 stable sieved

-g/pot- --%-- g/cc
Hydrophobic + 0.165 0.045 83.2 41.9 1.25
Emulsion 0.125 0.061 79.7 45.6 1.32

2 + 0.149 0.037 82.1 43.1 1.29
0.189 0.048 83.4 43.0 1.25

Avg. 0.157a** 0.0480 82.1 a 43.40 1.280---------------------------------------------------------------------------
Hydrophyli c + 0.189 0.063 81.3 44.2 1.24
Emulsion 0.152 0.061 81.8 47.4 1.27

2 + 0.176 0.047 86.1 42.3 1.27
0.146 0.045 81.1 47.1 1.29

Avg. 0.1660 0.054a 82.60 45.20 1.260

---------------------------------------------------------------------------
Humafina + 0.184 0.059 82.0 42.2 1.31
PAM 0.153 0.052 84.6 45.2 1.32

2 + 0.171 0.045 82.9 44.1 1.24
0.154 0.045 86.0 47.0 1.33

Avg. 0.166a 0.051 a 83.80 44:6 a ~a---------------------------------------------------------------------------
Check (H2O) + 0.166 0.047 75.6 40.0 1.33

0.151 0.053 79.3 46.2 1.24
2 + 0.165 0.048 77.1 39.8 1.30

0.144 0.037 84.8 45.1 1.27
Avg. 0.1570 0.0460 79.20 42.80 1.280---------------------------------------------------------------------------

Average for 0.161 a 0.055a 80.90 44.1 a 1.280
method of
application 2 0.1610 0.044b 82.90 44.00 1.280

---------------------------------------------------------------------------
Average for + 0.171 a 0.0490 81.30 42.2b 1.290

(:i:) compaction 0.152b 0.050a 82.60 45.80 1.270

* 1 = Treatment of aerification core $OiI and dragmatting of soi I into aerifying holes;
2 = injection of material after plots were aerified.

** Values within columns followed by same letter are not significant at the 5°~ level
accordir.g to Duncan's New Multiple Range Test.
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following aerification slightly increased the root growth at a soil depth of 10

to 18 cm. In general, compaction reduced the moisture retention and the dry

stable aggregation and showed a slight increase in root growth at the 0 to 9 cm

soil depth.

Field Experiment 1-B

Effects of a hydrophylic bitumenous emulsion on the physical properties of

a loamy sand soil and turfgrass growth (preliminary investigation):

Determination of the moisture retentativity of the thatch layer and upper

3 cm section of the soil indicated that the hydrophylic bitumenous emulsion in-

creased the moisture content by 3% in the thatch layer and had no effect on the

soil layer (Table 23); however, this was not significant at the 5% level. The

thatch layer of this turfgrass stand ranged from 3 to 10cm in thickness. Since

most of the rmulsion injected remained in the thatch layer, an increase in

moisture retention resulted in the thatch layer and not in the upper 3 cm of the

soil.

Root dry weight yield I as shown in Table 24, appeared to be slightly lower

on the hydrophylic bitumenous emulsion plots. The moisture retention data would

suggest that under moisture stress conditions roots would tend to grow in the thatch

layer and not penetrate the soi I.

Overall grass quality, as measured by visual plot ratings (Table 24) I was

greater on the hydrophylic emulsion injection plots. These ratings were obtained

3 weeks after treatment and were based on color and density.



Table 23 - Average moisture retention data for Field Experiment l-B

Moisture by weight

Treatment Tension (bar)
- Thatch-- Soil sample

.06 2 .06 1/3 1 2

%

Check 23.1 a* 15.80 16.7a 15.00 12.20 11.00

H20 injected 22.40 14.20 17.20 15.70 12.70 11 .10

Hydrophylic emulsion 25.2a 18.00 16.20 14.50 11.70 10.50

* Values within columns followed by some letter ore not significantly different
at the 5% leve I .

82



Table 24 - Average root yield, visual plot rating, % water stable aggregation, % organic matter and

Treatment

Check

H20 injected

Hydrophylic emulsion

bulk density for Field Experiment 1-B

- Root weight -- Visual Organic Bulk
-Soil depth (cm)- plant Aggregation matter density-0-9- -10-18- rating*

g/pot % - g/ce-

0.1990** 0.0850 6.3c 38.8a 30.30 0.980

0.1920 0.083a 7.2b 43.1 a 36.00 1.090

0.1330 0.0620 8.50 44.1 a 32.3a 0.96a

* Scale 1-9, 1 = brown turf color and poor density; $) = excellent color and density.

** Values within columns followed by same letter are not significantly different at the 5% level
according to Duncan's New Multiple Range Test.
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Water stable aggregation, organi c matter content of the thatch layer, and

bulk density were not affected by any treatment (Table 24). Observations of

the treated soil indicated that the hydrophylic emulsion was injected into the

surroundi ng soi I and thatch layer as far as 1 cm.

Field Experiments 2-A and 2-8

The effects of an algal polymer culture on the soil physical properties of a

si It loam soi I and turfgrass growth:

Average moisture retention, water and dry stable aggregation, and bulk

density analyses are shown in Table 25 for Field Experiment 2-A and in Table

26 for Field Experiment 2-B. No difference was observed on any parameter

measured in response to any treatment in either experiment. Both the bulk

density and the water stable aggregation increased as the investigation pro-

gressed (Table 26). Settling of the soil and the natural stabilization of aggre-

gates following cultivation may have caused the increase.



Table 25 - Average moisture retention data, % water and dry stable aggregation and bulk density measurement for

Field Experiment 2-A

Treatment (:I:)
b ** t'num er compac Ion

---- Moisture by weight ----
-----Terdon (bar) -----
.06 1/3" 1 2

-Aggregation -
Water Dry
stable sieved

Bulk
density

------------%------------
+

Avg.

28.6
26.6
27.60*

26.8
24.8
25.80

24.1
21.9
23.00

21.6
20.2
20.90

79.9
82.6
81.20

45.7
43.2
44.40

-g/cc-
1.29
1.30
1.300---------------------------------------------------------------------------------------------------

2 +

Avg.

24.0
26.3
25.10

21.8
24.6
23.20

19.0
22.1
20.60

17.1
19.9
18 . .50

79.2
78.4
78.80

44.8
44.6
44.70

1.28
1.28
1.280---------------------------------------------------------------------------------------------------

3 +

Avg.

26.6
24.4
25.50

25.6
23.7
24.60

23.8
22.1
22.90

21.6
20.3
20.90

79.6
80.2
79:9 a

43.2
41.9
42.50

1.32
1.29
r:3Ta---------------------------------------------------------------------------------------------------

4 +

Avg.

25.4
24.8
25.1 a

24.2
22.9
23:6 a

22.2
20.5
'2f:40

20.5
18.8
'i9':i a

79.2
81. 7mo

47.0
45.4
46.20

1.23
1.20
1:220---------------------------------------------------------------------------------------------------

Average for + 26.2a 24.60 22.3a 20.20 . 79.50 45.20 1.280
(:!:)compaction 25.5a 24.00 21.60 19.80 80.70 43.70 1.270

* Values within columns followed by same letter are not significantly different at the 5% level according to
Duncan's New Multiple Range Test.

**Treotment numbers refer to treatments listed on page 37.
00
01



Table 26 - Average moisture retention data, bulk density and % water and dry stable aggregation for Field Experiment 2-B

Moisture by weight Date of measurement

Treatment Tension (bar) Aggregation

Number** Date of meosurement Dry
7/8 10/22 - Bulk density - - Water stobie - sieved

1/3 1 2 .06 1/3 2 7/8 10/22 7/1 10/22 12/9

% -- g/cc -- %

25.10* 23.70 22.40 30.60 28.00 24.40 20.90 1.250 1.290 56.00 76.40 44.00

2 25.50 24.1 a 22.50 30.40 27.60 24.40 21.40 1.170 1.290 55.60 68.70 43.60

3 25.10 23.60 22.20 29.80 27.10 24.20 21.10 1.220 1.340 58.00 71.20 41.40

4 25.30 23.70 22.50 30.30 27.30 24.20 21.00 1.240 1.31 a 55.30 71.70 40.90

5 23.60 22.30 20.80 29.20 26.50 23.30 20.20 1.260 1.290 52.40 79.60 44.30

* Values within columns followed by same letter are not significontly different at the 5% level according to Duncan's New Multiple
Ronge Test.

**Treotment numbers refer to treotments listed on poge 39.
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DISCUSSION

Chemical Soil Conditioners

Other investigators have shown the soil conditioning values of the hydrophobic

and hydrophylic bitumenous emulsions and PAM (30, 31,32,68,74, 78); however,

data on the aggregate stability under mechanical stress is very scarce in the liter-

ature. This author found only one reference on the use of the three conditioners

to stabilize soils under compacted conditions. Pia (68) determined that artificially

stabilized soils were somewhat resistant to compaction. On heavily trafficked sites

(i.e., sports fields, parks, etc.), compaction is a major problem. Thus, the em-

phasis of this study was on the determination of the ability of chemically stabilized

soils to resist compaction.

Growth Chamber and Laboratory Experiments

The effectiveness of several chemical soil conditioners to alleviate the detri-

mental effects of compaction on two soils and the growth of Manhattan perennial

ryegrass was our main objective. The Hadley silt loam and Windsor sand soils were

chosen because of the broad difference in textural classification. Generally, fine

textured soils, such as Hadley silt loam, are utilized in compaction studies primarily

because of the susceptibility of these soils to compaction. On heavily traveled

sandy areas, such as golf putting greens, compaction can also cause serious problems.
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The Hadley silt loam soil and Windsor sand soil were affected differently by

chemical soil conditioners and compaction. The hydrophylic, and to a lesser

degree, the hydrophobic bitumenous emulsions enhanced root growth and reduced

top growth on the Windsor sand soil. Several factors may have been responsible

for the reduction in top growth associated with the maximization of root growth.

First, the temperature was maintained at 18°(, which was shown to be optimal

for root growth of ryegrass (60). Second, the grass plants were clipped at a rel-

atively high height of cut (9 cm) which would favor root growth (40). Third, since

the turf plants were not subjected to stress conditions, (i .e. high temperatures,low

height of cut) or excessive nitrogen fertility levels, much of the plants' carbohy-

drates may have been utilized for root growth instead of top growth. If the study

had been continued for a longer period, top growth should have been the greatest

on plants with the most extensive root system.

Top and root growth and the physical properties of the Hadley silt loam soil

were also dramatically improved by the hydrophobic emulsion. In addition, germ-

ination responded favorably to the hydrophobic emulsion. This may have been due

to the inabil ity of the grass seeding radicles to penetrate the treated soil surface.

Results of vertical penetration resistance (penetrometer) in laboratory Experiment

1-A (Table 19) indicate that soil strength was influenced by the different treatments.

The hydrophylic emulsion had a substantially lower penetrometer value than the check

treatments. Restricted root penetration and growth in response to an increase in soil

strength due to compaction has been noted by several investigators (81, 82, 84).
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It appeared that compaction adversely affected the water stable aggregation,

moisture retention and bulk density properties far more on the Hadley silt loom

than the Windsor sand. The initial structural difference between soils (i.e., the

silt loom had a much greater structure as compared to the relatively structureless

sand) may have influenced the effects of compaction noted here. Bodman and

Constantin (13) noted similar soil textural differences in relation to the degree of

compaction.

The magnitude of compaction on the Windsor sand may not have been severe

enough to have an appreciable effect on the physi cal properties measured. Also,

compaction was applied to the soil during relatively high soil moisture conditions,

which has a cushioning effect against compaction (80).

The depth of treatment determined the effectiveness of the chemically improved

soils to resist compaction. Results from Growth Chamber Experiment 1-A suggest

that at least the top 3 cm of sand soil must be stabilized by the bitumenous emulsions

before the harmful effects of compaction on root growth were diminished. Soils con-

taining a greater portion of silt and clay (Growth Chamber Experiment 1-C) required

a substantially deeper treatment with the hydrophobic bitumenous emulsion to allev-

iate the detrimental effects of compaction on plant growth.

The new soil conditianers, as classified by DeBoodt (23), were developed to

have several beneficial qualities, such as aggregation properties and effects on

moisture retention, and cation exchange capacity. Moisture retention curves from

the labrxatory experiments indicate that hydrophobic and hydrophylic bitumenous

emulsions and PAM (Cyanamer P-250) altered the soil to a hydrophobic or "water
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repelling" nature. Structural improvement by VAMA and HPAN has been shown

to result in a reduction in the moisture retention or available moisture equivalent

(24, 65). It was not ascertained whether these soil conditioners truly affected

the moisture characteristics by chemical means or whether an improvement in soil

structure altered the moisture status. The hydrophylic bitumenous emulsion appar-

ently reverted the soil to hydrophobic in nature. Rigole and De Bisschop (74) ob-

served that in some cases organic compounds (emulsifiers) transformed hydrophylic

surfaces into hydrophobic surfaces during evaporation. This phenomenon was re-

ferred to as an "autophobic characteristic of a solid-liquid system". Similar re-

sults were noted on a fine sand soil by McGuire and Carrow (unpublished data,

E. McGuire and R. N. Carrow). Even though the total moisture content was

initially lower, the hydrophylic emulsion treated soil retained a higher p-ercentage

of water as the soil suction increased.

Humofina PAM had a minimal effect on alleviation of compaction. The results

of aggregate analyses, coupled with the rooting data, suggest that water stable

aggregation had to be 80% or greater to effectively inhibit the harmful effects of

compaction. The PAM treatment resulted in a much lower aggregate percentage.

Destruction of PAM stabilized aggregates by compaction, and/or the ineffective-

ness of PAM to aggregate the soil are two factors that could have resulted in only

a slight resistance to compaction. Results from other studies (30, 31, 32,48,78,

90) suggest that PAM should have affected the physical properties and plant growth

to a much greater extent; however, in these studies compaction effects were not de-

termined. Vandevelde and DeBoodt (88) noted that as the clay content of the soil
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increased, a reduction in the effectiveness of PAM to form water stable aggregates

occurred.

Improvements in the soil structure by chemi cal means appeared to influence

root growth to a much greater extent than compaction. In Growth Chamber Experi-

ments 1-A and 1-B the hydrophylic emulsion improved root growth by 98% on the

last measurement data, whereas compaction reduced root growth by 48%. Similar

results are shown in Growth Chamber Experiments 1-C and 1-0 where root dry

matter yield was increased 90% by the hydrophobic emulsion as compared with a

55% hindrance with compaction.

Field Experiments

The usefulness of several chemical soil conditioners and methods of application

to alleviate the compaction problem on established turfgrass areas were investigated.

Compactis'1 on a mature stand of turfgrass presents a very serious and difficult

problem to solve. The two primary ways of handling turfgrass compaction are by

the renovation of the existing site with soil amendments and by cultural practices

such as aerifying. Complete renovation is often impractical from an economic and

time standpoint. Periodic aerification will improve infiltration of water and air into

the root zone, but effects tend to be of short duration.

The two application procedures, injection and treatment of soil following aerifi-

cation, were developed to hopefully duplicate the aerification process and prolong

the beneficial effects by stabilizing the aerifying holes from natural and mechanical

destructive forces.
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The three chemical soil conditioners investigated, as well as the two treatment

methods, had only a minimal effect on the soil physical properties and the growth

of the cool season turfgrass. Other studies (48,78,90) have shown that underfield

conditions PAM resulted in increased water stable aggregation and crop yields.

However, it should be noted that a considerably higher rate of PAM (0.25% PAM

to soil weight) was applied as compared to the rate used in these field studies.

Several modifications of the experimental procedures could have resulted in

beneficial treatment effects. First, higher rates of application with the soil con-

ditioners were indicated from the data of the Growth Chamber Experiments. The

pumping apparatus used in the experiments limited the amount of material applied.

Possibly repeated applications may have overcome this limitation. Second, the

soil physical data suggest that compaction had only a slight effect on the soil

structure; therefore, the number of compaction treatments should have been in-

creased. Third, the studies were carried out for a short period of time. The use-

fulness of any soil conditioners should be evaluated over a considerable time

period in order to determine its stability over time.

Algal Polymer

The evaluation of the effectiveness of an algal polymer culture as a soil con-

ditioner was our primary objective. The algal culture, under controlled conditions

of the growth chamber, substantially improved the water stable aggregation, in-

dependent of soil texture or pH differences.
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Field experimentation showed that neither type of algal polymer culture had

any beneficial influence on the physical properties of the Hadley silt loam soil.

There are several possible reasons for the inability of the algal polymer culture to

affect the various soil physical properties measured. First, the naturally high level

of aggregation may have masked the effects of the algal polymer cui ture. Second,

the relatively high organic matter content (Table 1) may have also inhibited the

influence of the algal polymer culture, since the culture could have acted purely

as an inorganic matter source. In the fie Id study of Fogel =! ~. (29), there was

a significant increase in the water stable aggregation caused by the algal polymer

culture; however, the soil utilized in their study was relatively low in organic

matter. Third, the algal polymer cui ture may have. affected the physical param-

eters of the soil, but with time, the effects diminished. Organic compounds which

are utilized as a rapidly available energy source for bacteria and fungi often affect

aggregation in this manner (2, 39). Data from other preliminary growth chamber

studies indicated that the algal polymer produced maximum aggregation three days

after appl ication, and with time aggregation decl ined. Fourth, inadequate soi I

moisture and sunlight may also have inhibited the algal polymer culture from in-

fluencing the physical properties. Fifth, the algal polymer may not possess aggre-

gating capabilities under field conditions.

In Field Experiment 2-B, the hydrophobic bitumenous emulsion did not improve

any of the physical parameters of the soil. It is apparent from the results obtained

from the growth chamber studies that the hydrophobic emulsion required a thorough

mixing, more deeply into the soil, before structural improvements would occur.
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CONCLUSIONS

Compaction from foot traffic and machinery presents a serious problem on

turfgrass areas as well as other agricultural land. Complete or partial modification

with various soil physical amendments is extremely costly and renders the area un-

usable for a considerable time period. Aerification, which is the standard practice

for alleviating compaction effects, is required often on heavily traveled sites and

tokes considerable man hours.

This investigotion was initiated to ascertain if soi Is stabil ized by synthetic,

chemical soil conditioners or algal cultures could improve the compacted soil

physical properties and the growth of turfgrass.

Growth c.hmber studies were designed to examine the effects of treatment
,'- )

depth and several chemical soil conditioners on alleviation of compaction and

growth of Manhattan ryegrass. The results showed that under compaction the hy-

drophylic and to a lesser degree, the hydrophobic bitumenous emulsions improved

the water stable aggregation, bulk density properties, and the root growth on

Windsor sand soil. The bitumenous emulsions increased aggregation from approx-

imately 20 to 35% over the comparable check treatments. The number of visible

roots was approximately doubled by the hydrophylic emulsion in relation to the

check.
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Treatment of the surface 3 cm of the Windsor sand with hydrophyl ic bitumenous

emulsion was as effective on root growth and water stable aggregation as treatrrent

of the entire soil column. Root growth measurements did not support this relation-

ship until the final measurement date (4/10). The level of aggregation for the top

3 cm treatment was comparable to treatment of the entire soil column.

The harmful effects of compaction on soil structure and plant growth were elimin-

ated on the Hadley silt loam by the hydrophobic bitumenous emulsion. Treatment of

the total soil column with hydrophobic emulsion resulted in an increase in root dry

matter yield (9-fold), water stable aggregation (3-fold), cumulative top growth

(3-fold), germination (by 27%) and a slight reduction in bulk density as compared

to the check treatment. Humofina PAM had no appreciable influence on the soil

physical properties or on plant growth.

laboratory studies revealed that PAM (Cyanamer P-250) and the hydrophobic

and hydrophylic bitumenous emulsions influenced the physical nature of the two

soils. The hydrophylic emulsion reduced moisture retention, of the Windsor sand,

from 16% to 6% (by volume), and from 9.4 to 3.1% (by weight) over the matric

suction range of 0.06 to 2 bar. Moisture retentativity of the Hadley silt loam

soil was substantially lowered by hydrophobic emulsion treatment in the order

5% by weight and 7% by volume at each suction. PAM caused a lowering of

the moisture retention curve (P) and bulk density of the two soils. Reduction in

moisture retention status of each soil suggests that total porosity or aeration porosity

was improved by the three soil conditioners. In addition, the reduction in bulk

density, associated with structural improvements by the hydrophylic emulsion and
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PAM, indicated a resistance of the chemical stabilized soils to compaction

(compression) •

The growth chamber and laboratory studies indicated that chemical soil con-

ditioners can alleviate the harmful effects of compaction; however, field trials

were inconclusive. Improved application techniques and higher application

rates were believed to be necessary in order to provide a useful field evaluation.

An algal polymer culture of the soil algae Chalmydomonas mexicana was in-

vestigated as to its usefulness as a soil conditioner in growth chamber and labor-

atory studies. Results of the growth chamber study and preliminary studies dem-

onstrated that the algal polymer culture caused aggregate formation; however,

the effects diminished with time. Under field conditions, the algal polymer

cui ture had no measurabl e effect on soi I structure or the growth of turfgrass.
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