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Chapter 1

INTRODUCTION

The popu]arity of golf has increased dramatically in the past
decade, Along with this has come a concomitant increase in foot
traffic #hich has been especfa]ly serious on putting greens. As the
play increased, so did the problem of soil compaction on the greens.

To heip alleviate this problem, many golf course superintendents have
turned o sand as a base for their greens, since it does not become
compacted even under heavy traffic,

As sand bhased greens became more common, superintendents in areas
with niyh summer temperatures roticed a problem developing on the
greens. In the surmmer greens develop areas that do not absorb water
when the dry greens are irrigated. These hydrophobic "dry spots® can
become a serious management priblem waere they occur,

The symptoms of a dry spot ire usually pronounced. An area,
usually less than one foot in diameter, takes on a smoky, gray-green
color cdue to wilting of the grass. This area retains these symptoms
after {rrigation. In contrast, the s. rounding turf rooted in
wetéab]e soil returns to its healthy, bright green color after irrijatic .
If a core is taken from the affected area, one finds that the sand :low
the spot is dry; the 1rrigat15n water has not penetrated the sand. later
runs of * the top of the sand layer and does not penetrate into fhe dry
sand, if this area does not receive special watering, it will soon turn
brown a:d will eventually die, leaving an unsightly spot on the green.

Usually supplemental hand watering, along with the use of surfactants



will temporarily solve the problem. However, if the green is allowed to
‘dry out aciin, the problem will reoccur, The problem completely disappears
in the rainy season, but returns with dry weather in the late spring and
summer, The "dry spots" may increase in size and number over the years
until large areas of a green are affected. lhether the dry spots reoccur
in exactly the same location remains to be seen, Observation of the
Experimentaf Green at the University of California, Davis, indicates

that they do not.

No obvious morphological or micro-relief differences between wettable
and'nonwettabIe areas haQe been noticod, pH readings indicated that the
non?ettab]e san’s wer2 ,3 to 1.1 pH units lower than the surroundirj
weté1b1e sand. This is the only obvious chemical difference that has been
de;;cted.

; Often variations in the soil mix, differences in elevation on the
gréen, or poor sprinkler coverage, cause an area of a green to dry out
faster than the rest of the green. These "dry spots" however, may no" be
water repellent and water will inf{ltrate during irrigation., This
investigation is concerned only with situations where the sand beneath a
dry spot actually becomes water repellent.

The terrs watar repellent, hydrophobic, and nonwettable wi11 be used
synony. .usly in this report, tc denote a sand wiich has developed an
aversion to water. A water drap, when applied to this type of sand,
remains beacad up on the surface'for a long period of time before it
finélly pen.:rates into the sand.

" The intent of this research project was to (1) find out exactly where
in the soil profile this problem was located, (2) discover the cause of

the problem and (3) recommend means of avoiding the problem through

‘management techniques.



Chapter 2

LITERATURE REVIEW

Nunerous explanations have been proposed to account for nonwettability
of sands in varfous situations throughout the world.

V. C. Jamison (1945) worked onlthe problem of nonwettable sands at
the Citrus Experiment Station, Lake Alfred, Florida.

He used dif‘erent solvents to try and extract the substance responsible
for the hydrophobic state. He found that all solvents used, except water,
readily penetrated the sands but did not dissolve any substance that
accounted for the wa{er repellence. The sands remained nonwettable.

He state’ that alternately mixing and veetting the surface layer of
these soils was effective in ir ~oving the '-attability. Tests adding clay
soils to the sands proved to be of some benefit, but only at rates of 20
tons per acre six inches, which was too high to be of practical value,

He stated that developrment of the nonwettable surface layer is associated
with colloidal organic matter. It is this water impermeable "roof" thét
prevents the wetting of the subsoils. ﬁater enters the soil only through
deep cracks in the surface layer or in the suil beneath irrigation pipes.
The remainder of the soil stays dry eveh after heavy rainfall. The
aut.ior suggests that, "the cause is related to the orientation of the
molecules in the surfaces of colloidal organic debris, such that water
insoluble par:s of large molecule. are exhibited in the outer surface.
Wetting with water may disrupt this arrangement and cause water soluble
parts to be exposed !n the outer surfaces, thus imparting wettability to

the sand.®
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Soil, stirred and wetted at frequent intervals, retained wettability,
Jamison concluded that the nonwettable condition was a surface phenomenon
and was not due to an accurnulation of oily or waxy water repellent
materials, since merely wetting with water destroyed the hydrophobic
condition and ex:raction with solvents had no definjte effect,

A few years later, I, W, Yander (1949), also working at the Citrus
Experiment Station, Lake Alfred. Florida, offered another possible
explanation for water repellent sands in citrus groves of central Florida,
He noted differences in the prevalence of nonwettability were seemingly
related to different fertilizer treatments. Specific fertilizer formu-
1ations were applied for ten years, then the percent water repellence was
detérmined for the soil by taking 80 samp1es‘from each plot and noting
wheéher or not a water drop penetrated the sample in a ten second perici.
Frq% this study it appeared that the use of magnesium in the fertilizer,
aTSng with a separate application of Timestone to control the soil pH at
5.8 was associated with the water repellent condition., Citing work by |
Yaksman (1936) as to the presence of fatty acids in soils, he concluc:d
thét the calcium and magnesium combined with fatty acids in the soil to
form insoluble soaps. Hhen dry, these soaps became extremely water
repellent, HNonwettable soil samples were "heated with strong sodium
hydrpxidé s: lution, neutralized with sulfuric acid and steam distilled
in the presence ot a slighc excess of acid, A small amount of solid
matgrial was observed which gave a test for a carboxylic group", The
autﬁor gave this as evidence of the presence of fatty acids in the
nonwettable so.1. Uander ‘treated wettable soils with stearic acid in
ether, chen calcium or magnesi.im hydroxide which produced an extremely
water repellent 5611. He concluded that a coating of water repellent
mataf¥1c~soap on the sand pérticles caused the Lydiophobic properties

of riny Florida sofls,



Work done at Adelaide, South Aistralia by Bond and Harris (19€4)
was concerned with microbial effacts on sandy soils. They studied various
sands in South Australia and found that hydrophobic sands were always
associated with well devoloped plant cover. However, the accumulation
of large amounts of organic debris was not necessary for water repellence,
Samples with as little as C.1% total organic matter were very hydrophobic,
Clay content was always less than 5%, They found the soils to contain
fungal hyphae of variable morphology, thought to be mainly basidiomycetes.

Laccaria laccata, Cort’narius spp., Naucoria arenacolens, Clathrus

gracilis, Polystictus oblectas, Psilocybe subaerugincsa anc Peziza

vesiculosa were the species most commonly encountered. Crumbs of soil
with associated mycelia flcited on tae surface when placed 1h vater,
Bond and Harris did not r:aka any deinite statement as to the degree of
vater repellence caused by the basiciomycetes. They noted that there
were also many bacteria and other fungal species present in the sofls,
Bond (1963) did field stulies on nonwettable soils in South Australia,
noting the infiltration patterns and contact angles of wetting., He
believed that organic pr ducts of microbial activity coated the sand
grains and thus caused nonwettability. He observed that water penetrate!
the soil in narrow channels leaving the intervening soil dry. This
situatior produced a mottled vegetation pattern in pastures, with grass
growing .1 areas where penetration was good, the bare areas beihg dryer,
mare water resistant, and haviny a slower infiltration rate. He also
found that the ~eacies of plant was very.important in deter.iining the
degree ¢ ropellc ze, Soil under a Phalaris pastura was the most
repellent, with m: lee, heath arl pine vegetation giving increasing
iniiltration ratec. (Pine, 0.4 inches/min., Phalaris 0.04 {inches/m:.)

He also found that rcpellence increased as the age of the pasture
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increased. A pasture eleven years old had an infiltration rate of only
0.02 inches per minute, a four year old pasture 0.08 1nchesAper minute
and a ploughed plot, left fallow for one year had a 0.24 inch per minute
infiltration rate,

Krammes and Debano /19565) studied the nonwettable condition of
sandy soils after wild-fires had swept over t-e chaparral land in the
San Dimas Forest, near Glendora, California. They wanted to determine
{f the hydrophobic condition v.as the result of a somewhat permanent
condition or a temporary state, due to lcw moisture levels, They
applied water to thoroughly dry soils under vacuum precsure. They found
that the water readily penetrated normally wattable soils, However,
naturally hydrophobic soils did not take up water to any appreciable
degree under vacum, Thue, they concluded that the nonwettable character
was of a permanent nature, e.en in soils with a 10-15 percent mqisture
content. They postulated that the hydrophobic substance was an organic
coating on the soil particl.s, derived from the litter of the overlying
plant cover,

Letey (1962) showed that medium grain beach sand can be made hydro-
phobic by treat:ant with an ammonium hydroxide extract of chaparral
19t »r. This increased “he time it took water to penetrate by a factor '
of tvo or three. Studies of soils aftér fires showed that all si.e
fractions repelled water.with the general trend being that water
repellence decreased as particle size decreased, and clay loa:: soils
did not beco 2 nonwettable after treatment with chaparral leachate.

The hydrophotic condition of soils was eliminated by temperatures of
800°C and higher. However, the nonwettable properties were intensified

byvtenperatures of 300° to 600°C for 10 to 15 minutes,
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In a later paper, Debano et al (1967) ranked plant species by the
degree of nonwettability produced when extracts (using 0.1 MaOH) of leaf

material were applied to a wettable sand., Chamise, (Adenostoma fascicu-

latum) r ted highest, with Mountain mahogany, shrub oak and Ceanothus
spp. giving decreasing nonwettability. As a result of tests simulating
fire conditions they theorized that nonwettable substances in the over-
lying litter vaporized and then condensed at a lower level in the soil
column. They concluded that vaporization and condensation were
responsible for the production of a nonwettable layer below the soil
surface,

They also mentioned the textural relationship, observing that
nonwettability was difficult to induce in sofls with a high clay ccatent.
They reasoned that this was due to the greater specific area in the clays.
A given amount of hydrophobic substances would coat a smaller proportion
of the sai1 particles in a clay soil than in the larger sand particles,
With fewer soil particles coated, water repellency would be decreased.

A paper by van't iouct (1959) discussed soil wettability and
offered theories of the physical properties involved, He observed a
volcanic ash soil from the central plateau on the North Island of liew
Zealand. He studied the behavior of water drops applied to :the soil
surface. Heating ¢’ the water reduced the time needed for penetration
into the .onwettable soil. He a]so»observed that the volcanic soil
remained nonwettable after ether extrac..on for 20 hours. This indicated
to him that soil narticles were not coated by a loosely adhering. film,
but that t“e hydrophobic prop%rvfes vere jmparted by hydrophobic bonds
on complex radicles well adsorbed to the sand particles. He claimed

that this ether extract made other (wettable) soils nonwettable.
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Savage, Martin and Letey (1969) studied water repellency in sand
in relation to effects of microbial products. They used a loam humic
acid, a microbial polysaccharide, peat humic acid, and microbial humie

acids recovered from solutions of Epicoccum ninrum, Stachybotrys atra

and Streptomvces snp. They also studied the effect of metallic

caticns and of pH on the dearee of water repellency. They mixed varying
amounts of organic matter with the sand, added the solution containing
the desfired meta:lic cation, and mixed by shaking: Only S. atra humic
acid caused water repellency in th: sand. PResults indicated that pH was
important with gqreatest repellercy occuring at pH 10 and decreasing with
lower pH's. (Concentration of -umic acid was 0.05%). Concentrations of
Fe+3 and A1+3 as low as 0.001 N wher added to the above treatment caused
vater rene]lenty. These concentrations are unlikely to be found in
nature, and the authors concluded that these substances probably
contribute 1ittle to water renellency in sands.

None of the work revicwed t: date has positively indicated the
cause of nonwettability. However, a number of theories offer interesting
explanations which may apply to the aolf areen situation,

Wander's work (1949) offers a reasonable explanation of the nonQ
wottshle condition when applied to a golf green situation. The possibiiity
of high catt and Mo’ concentrations (from water and/or fertilizer) along
wiih fatty acids in the ~-nd 1s credible,

Jariison (1945) ofiered some ccnvincing evidence that nonwettability
was not caused by waxv or fatty substances coating the sand bar*icles.
Wetting the nonuettable suils v th fat solvents (Ethanol, methanol and
ether) decreac.d the dearee ¢ ¢ “:ater repellence, but none made the soil
wettable, fhus removina the waxy substances from the sofls did not

correct the hydrophobic condition,
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York on plant extracts by Debano, Osborn, Krammes and Letcy (1967)
suggested that substances from plant litter were coating the sofl
particles. They did not offer any explanation as to the nature of the
substances, |

Bond and Marris (1964) gqave no evidence that microbial products
were responsible for the nonwettability of sands. They showed that
fungal mycelium itself was hydrophobic in some cases when dried out.

Thus if a very extensive mat of mycelium permeated the soil, a nonwett-ble
condftion could exist. They did not suggest that such a condition was a
main factor in the nonwettable sands, and could not give any indication

as to how extensive a role fungal my:zlium plays in hydrophobic sands.



Chapter 3

INVESTIGATION TECHNIQUES

Tha determination or measurement of the degree of nonwettability
of a sand is a relative process. Bord and Harris (1964) termed a sand
nonwettable if a 4 mm drop of water remained on the surface for 5 '
seconds or longer without penetrating. Uander judged a soil nonwettable
if a water drop failed to penetrate after 10 seconds. Jamison (1945)
measured relative wettability by the rate of water entry (infiltra“ion).
Letey (1962) used a method for determining ihe relative degree of non-
wettability by measuring the contact angle formed between the soil
surface an! the side of thé v..ter crop. Water on a hydrophobic surface
balls up, giving a large liquid-solid contact angle, ‘ater placed on
a wettable surface spreads out giving a smaller angle., The effect of
wetting agents or other agents to increase wettability can theoretically
be evaluited by measuring the change in the solid-liquid contact angle,
In practice this method gives a useful qualitative estimation that cun
be used to compare the wettability of soils having different textures,
Wthile wettability affects sofl infiltration rates, comparing infiltratic»
rates {s valid only between soils of tie same texture, Since this ztudy
| was concerned with degree of nonwe:tebility .nd not with comparin: the
effect of .ifferent tréatments o the sand, the simple infiltration or
absorpt .on rai2 was used to determine the degree of nonwettabilfty of
sand samples,

The water drop absorption method ::as the technique used throughout

this study to test the relative degree of nonwettability of-sands.

-10-
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A capillary pipet was used to place a droo of defonized water on the sand
surface., The time elapsed until the drop had completely penetrated the
sdnd was then recorded as the infiltration time. This test was used to
determine the deqree of nonwettability produced in the laboratory
experiments, and in gieenhouse studies, It was also used to determine
the degree of norn.ettability of field samples,

In January 1972, 24 pots of Seaside Bentarass (Aarostis palustris)

were sown on Robertson sand in six inch plastic pots, 12 were sown on
Dillon Beach sand and 12 on Yolo Clay Loam. These pots were gro.n in the
greenhouse with €65°F day temperature and 55°F nig' : temperature. These
pots ware used for experiments throughout the Spring, Summer and Fall of
1972, The Robertson sand is a coarse sized sand with 80 percent of the
particles qreater than ,5 rm in diameter. Dillon Beach sand {is a medium
fine sand '.ith a uniform particle size, having 94 percent in the 1) mm
to .50 mm range,

For laboratory work, a clean, 20 mesh silica sand was used., It was
selected to reduce the introduction of unknown factors that would be
present in a field sand. Robertson sand was used at times to compare
results on a field sand with those btained using silica sand, Unless
otherwise stated, the sand used for laboratory experiments was silica
sand.,

- uch early work on this project was carried out on the Experiment !
Golf 5Green at the Envixunmenta] Horticulture Department, University of
California, Davis, Californfa. This green was built in the F.11 of 1971,
vith seccions of ither Robertson sand, Dillon Beach Sand or USGA g-eens
mix, all p1anted_with 'Penncross’ Bentgrass.

Obs.rvations during the Surmer of 1972 showed that of the thrée soil

types, only the Pobertson sanﬁ developed nonwettable arecas. A partial
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explanatfon for this si*uation is the fact that both the Dillon Beach
sand and the USGA mix held mare moisture, so they did not dry out as
saverely or as frequently as the Robertson sand.

Many of the sand samples from nonwettable areas were obtained from
the experimental qraen, Field samples were collected from the Los Arroyos
Golf Coursa, Sonoma, Californfa and the Wikiup Golf Course, Santa Rosa,
California. Both courses had creens that contained large areas of
nonwettable sand beneath brownish ¢~ yellowish turf, The sand base used
on both of these courses had a very wide particle size distribution with
92 percent of the particles fairly evenly distributed in the rance from
.10 rm to 2,00 mm,

Cores were taken from "dry spots" and normal areas, with a 3/4 inch
diameter coring tool, The cores were then carefully removed and placed
in srall plastic bags, which weke rolled around the cores, keeping them
intact. Upon returninc :o the laboratory, the cores were removed from
the bags, sliced with a razor blade at measured intervals and dried at
rocn temperature. Th2 cores were allowed to dry until they reached
equilibrium with the room air. This was necessary to assure that the
water diop cbsorption tests were run on samples that contained appr x-
imately the same amountvof moisture. Otherwise the moisture content would

influence the {afiltration time,



Chapter 4

DETERMINING THE LOCATION OF HYDROPHOBIC
AREAS IN THE SOIL PROFILE

One primary area of investigation was that of locating the level
in the sofl profile at which the nonwettable condition occurred.

Cores, approximately 10 cm long were taken from "dry spots® on golf
greens using a coring tool., These cores were then sliced transvérse]y
with a ~azo. blade at roughly 1 cm intervals along the core. A water
drop vwas then placed on the surface of each section and the 1nf1itrat10n
time was recorded for each level in the core. This relatfonship between
depth In the soil profile and water drop infiltration time was plotted
on graph paper,

The graphs show that the area of gre test nonwettability is located
directly bene_th the thatch layer, at the .urface of the sand. The
thatch layer itself is not hydrophobic. This 1s shown in Figure 1,
an 11lustration taken from time lapse p -~tograrhs of water uptake by a
dry nonwettable core (from :ha Experimental Green)., The core vas placed
on 1t§ side 1n a shallow pan and distillcd water was added to the level
indicated by the arrows (approximately 1 ! to 1/2 cm deep). Time lap-e
photoaraphs were tak-n to rec rd the arecs of water uptake in the core.
o1l over half of the thatch region was saturated 2 minutes after the
vator was addzd., Further proof is szen in Figure la, which g{ves>the
resui.s from an infiltration test on a core sample from a "dry spot®
tak:n two hours after a normil (30 minute) frrication of the experimantal

green, This acain shows that the thatch layer was not nonwettable,

-] 3d



Fiqure 1.

Water uptake by a dry nonwettable core
(from Experimental Green). The thatch
region readily absorbed the water at
the end of two minutes as shown, After
48 hours the 12gion below the thatch
remained dry.
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Figure a,

W-ter drop absorption test on dry spot
core fiom ~xperimantal qr:en, Core
taken 2 ho.rs after a normal 30 minute
frrication, The core was tested
{rmediately to show the sharp {ncrease
{fn infiltration time beluw the thatche
san' interface,
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since the mofst thatch readily absorbed water while the sand directly
below wzs still dry, As scon as the water reached‘the nonwettable
sand surface in the field it moved horizontally until it reached an
area of wettuble sand and moved down fnto the sand.

Fiqure 2 compares the infiltration rates of two cores, one from a
nonwettable area and the other from an adjacent wettable part of a green
at the Los Arroyos Golf Course., Both cores were dried in the laboratory
at room temperature hefore the infiltration test was conducted.
Infiltration time for the nonwettable core had a maximum of over 60
minutes, while the time for infiltration of the wettable (normal)
portion of the qreen had a maximum value of only 6 minutes, This gives
an indication of the maagnitude of the problem. Samples from dry spots
collected during the coursa of this st:dy had infiltration times rangina
from 20 to ove~ 120 minutes.

;n aversne infiltration value for twelve nonwettable cores taken
from the Pobertson sand sections of the Experimental Green {s presente
_in Efou-e 3, This gives a qeneral picture of the situation found on sand-
based qolf greens. The dried thatch area is more readily wettahle than
the sand su:face irmediately bolow the thatch. The deqree of water
repellency decreases with distance below the sand surface, Since this
is aﬁ‘averaqe. the curve 1s spr-ad out over a wider distance, giving
the impression tha: t'e conditfon is found in a rather wide region of
“he soil profile., In actuality, the situatfon {s rather sharply
dafined in each individual core sample tested, as can be seen in-

Fieure 4, a ara=h reoresenting the values obtained from a single core

of nonwcttable . sburtson sand.



The nonwettable condition found on sand-based qolf qreens 1s
concentrated in the upper region of the sand, directly belcw the thatch
layer, The thatch layer did not prevent wetting of the sand, since the
thatch {tself was always obsarved to be totally saturated after irrigation,
and the sand in the uppermos: regfon of the profile repelled water drops
for periods ranging from 20 to 120 minutes, Clearly the sand particles
themselves were affected by some condition which rendered the surface

water repellent,



Figure 2,

Infiltration “imes from a dry spot sample
and a wet spot (rormal) sarmple from the

Los Arroyos Golf Course., The thatch area
contained a high "mount of sand and loamite
(from top dressing) which may explain the
"1gh degree of nonwettability in the lower
hatch area,
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Figure 3. Average infiltration time of twelve
nonwettable coras from the U.C.
Experimental Grean, The standard
deviation for the 1-5 c¢m values
was 30 minutes.
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Figure 4, Example of infiltration time of a dry spot
core from the experimc:tal green, U.C, Davis,
showing the dramatic increase in infiltration
time at the thatch-sand interface, even when
the core has been dr'ed at room temperature,
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Chapter 5

ATTEMPTS TO INDUCE NONWETTABILITY BY DRYING

The role of dryirg in inducirg a nonwettable condition was studied
since drying of the gol1f green was necessary for develonment of none
wettability. »

Four pots of Seaside Bentgrass were selected for dry;down studies
in the greenhouse, Six similar pots w2re placed outsida for dry-down
studies under conditions to which greens are exposed. The pots were
watered with tap water and were then allowed to dry until the grass
reached the wilting point, Next, an infiltration test was run on the
side surface of the sa 1 ball, exposed by partially removing the intact
sand-root ball from the plastic pot. (See Fig. 13, p. 63). After
replacing the ball i1 the pot, the turf was wateréd. Once the water had
penetrated, some of the turf was cut with a knife and spread apart to
aﬁcertain if the sand had actually adsorbed the water or if the water had
run down the side of the sand-root ball., Similar studies were carried o' :
on .he pots dried outside the greenhouse., This experiment was coﬁducted
from June through September 1972. In all instanqes, the pots remained
wettable throughout the stuly. HMNo increase in.infi1tration time was
evident. It was thorefure zoncluded that cyclic drying itself did not
produce a nonwettable condition and hypothesized that soma condition
nresent :ith the sand was -endei :d hydrophobic upon severe drying..

The "=mperature 1t w&ich the sand was dried also was considered,
Teriperature readings at the sand léyer (2 cm below the turf) on the

green rarely reached 100°F even when air temperature in the shade wvas

-23-
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over 110°F. Studies of sands and thatch dried in laboratory ovens at
100°F showed no increase in infiltration ti.es. Témperatures around
200°F did give slight increases in infiltration time in some samples
of organic matter, such as thatch, and even in bacterial suspensions
evaporated at that temperature. However this high a temperature was
not encountered on the turf area, so it was not considered a critical
factor in the nonwettable phenomenon on golf greens.

Effects of Drving Temperature on Wettable Cores., Various drying

temperatures were used on moist wettable cores from the experimental
green. Temperatures of 25, 70 and 110°C were used to dry intact cores.
The dry cores were then sliced at various depths and a water drop
absorption test was made on each section.

Figure 5 compares the absorption times of three wettable cores
dried at 25°, 70° and 110°C res.ectively. The 25° and 70°C temperatures
caused no noticeable increase in absorption tiize. The cor: dried at
110°C did become nonwettable in the upper 3 cm. This section included
the thatch iayer plus approxfi ately 1.5 cm of sand. The large decrease
{in infil<ration *ime at the 1 cm level cznnot be explained.

An important fact to no.e is that .he thatch, along with the sand
was rendered nonwettable, Nonwettable cores from the field never
exhibited nonwetiability in the thatch region,

Controlled Dryinq of Wettable Coras, Although the 110°C drying of

cores gave an indication of causing norwettability, such severe temperature
conditions are not found on a golf green. "The primary means of water loss
{s through uptake by the grass roots. Since the majority of the roots

are concentrated in the upper 1-2 cm of th: sand, this region is subject

to more frequent and rapid dryfﬁg than the lo.er portions of the soil

yrofile. Also, the air temperature at the surface of ti.2 green rarely



Figure 5.

Absorption timas of three wettable cores
(from Experimental Green, U,C, Davis) oven
dried at 25°C, 70°C and 110°C, !ote the
2pparent nonwettable cnndition produced in
the thatch as well as the sand of the core
dried at 110°C. (The drop in absorption
time at 1 cm on the core dried at 110°C
cannot be explained).
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exceeds 120°F and the sand temperature does not rise above 100°F,
Temperature readings were taken on the experimenfaI golf green for six
days in July 1972. The thatch temperature (1 cm below the surface of
the green) ranged from 1°F above air temperature to 4°F below afr
temperature, The sand at 3 cm below the green's surface was generally
4-10°F below the afr temperature reading. For example, at 3PY on

July 11, 1972 the air temperature at the surface of the green (in full
sun) was 102°F, the thatch (at 1 cm depth) was 101°F and the sand (at

3 cm depth) was G°°F,

| In order to test cores under more realistfc conditions, wettable
cores with 1{ve grass plants were placed in glass test tubes to prevent
evaporation from the sides and bottom of the cores. Cores were subjected
:0 drying in full sun or i.der an incardescent 1ight bulb in the labo-a-
tory. The full-sun cores were submerged in a 20°C water bath, with o'y
the top 1 cm of the core above the water. The cores fn the laboratcry
were placed in a room temperatu. e water bath (24°C) wifh the surface of
the co-e above the w: er level, This allowed a slow drying of the sand,
sinilar to the conditions found on a qolf green, The cores were dried
under these conditions for approximately one week., The air temperature
bencath the 1ight bulb was approximately 85-90°F, The bulb was turned
of f during the night, The outside temperature ranged from arproximately
60°F at night to 110°F during the day. After 7-10 days the cores were
removed from the test tubes. The grass plants were dead, most having
died aiter 3-4 days. The lower portfons of the cores were still moist
tut the top 3-5 cm (thatch and upper 1.5 to 3.5 cm of sand) verc dry,
The cores were rermoved intact f.om the test tubes, sliced at 1 cm
intervals and t.sted, by the water drop absorption test. The cores

represénted in Fiqures 6 and'7 were tested immediately after removal



Figure 6. Absorption times of three wettable cores
(from experimental green) after slow drying
in a room temperature water bath under an
incandescent light, Cores were tested
immediately upan removal from water bath,
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Figure 7.

Absorption times of cores from slow drying

experiment in direct sunlight. Two cores

were dried outsiie in a 20°C water tath,

Cores were tested immediately upon removal
om water bath,
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from the water baths, The cores in Figure 8 were dried at room temp-
erature after removal from the water bath and test tube., A curve
representing the absorption time of a wettable core (from the experi-
mental golf green) dried at room temperature after removal from the
green {s shown as a comparison (Figure 9),

Both the cores in Figures 6 and 7 hcd areas of.nonwettability that
directly correlated with the dry regions of the cores. This appeared to
indicate that drying at a slow rate induced nonwettability in wettable
cores, The thatch became as nonwettable as the sand, which was rot the
case found in cores from golf green dry spots.

é This experiment more closely resembled the drying conditions thought
to éxist on a golf green, The slow evaporative conditions produced a
definite nonwattable condition in the'thatch.and upper region of the sand
of;% wettable core. Relatively rapid drying of wettable cores at 25°C
d1d no: cause a nonwettable é~nd1tfon to develop in wattable corces
(Figures ™ and 9). This {ndicates that rate ~f diying may play a major
role in the pioduction of dry spots,

Volatilization of a Monvettable ubstance from Thatch. An experiment

was devised to test the Debano hypothesis concerning the volatilization
and condensatfon of a nonwettable substance in sofls after forest fircs
have sept a chaparral area. Debar: used temperatures ranging from 300°7°
to Soobr, while air temperatures at the surface of a turf area are

around 100°F on a hot surmor  .y.

. The expc.-iment was cqnducted using direct spn]ight or a 75 watt
{ncandascent 1ight bulb four inches above the suiface of the thatch (.
in the control’ad ¢ ~e-.ryl.g expei.ient), Core c.ctions of thatch
from the experiment.l areen were virapped {n aluminum foil Teaving the

top and bottonm open, This thatch cylinder was placed over a .5 g tumple



Figure 8.

Absorption times of three cores, two dried
outside as those in Figure 7, and one

dried in the laboratory, similar to those
in Figure 6. These cores were removed

from thie test tutes after the slow drying
treatment and were then allowed to continue
drving at room temperature !for 48 hours)
be ore testing,
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Figure 9.

Absorption time of a wettable core (from
experimental qreen) after drying at room
temperature, HNote the difference between
this core and those that underwent slow
drying in the water baths whil2 enclosed
in test tubes. {Figures 6, 7, 8).
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Figure 10, Illustration of apparatus used to
test for vrlatilization of a non-
wettable substance from turf thatch.



38.

;k~’_’___,——Thatch Core
S Aluminum Foil Cylinder

. : S{lica Sand (1lg)
- Gitf \e—m———— P ‘rma=-gum Ring
~ Aluminum Foil

1. iter Bath Levelnu::\s (.

Glass Bottle Filled
With Water




39,

of silica sand resting on a 1" square of aluminum foil. The fofl cylinder
around the thatch was held to the foil square with a ring of "Perma-qun"
making a complete seal. The foil square containing the sand and thatch
was placed over the mouth of a small bottle filled with water so the foil
was in contact with the water, The bottle was placed in a water bath
whic!: kept “he sand at a cooler temperature than the thatch above, (See
Figure ]0). Two such samples were placed in a 25°C water bath in the
laboratory with a 1ight bulb overhead, The afr temperature at the thatch
surface in the laboratory experiment was approximately 85-90°F, Two
similar samplcs were placed outside in the 20°C water bath. The outside
maximum temperatures often reached over 100°F,

The samples were kept fn the water baths for 10 days. The 1ight
over the sambles in the laboratory wis turned off at night, The thatch
was reroved and the sand tested four times during the experiment. The
results of the tests are compiled in Table 1.

Although Debano’s experiment utflized high temperature volatilizatien
of a nonwettable <ubstaice, the possibilfty of a nonweitable substance
with a low volatilization tumperature existing on a golf green was
considered, The volatilization experiment offered no evidence of such a
mechnism existing on a golf green. It was concluded that at tempera-
tures incurred at the surface of a golf green, v>latilization of a on
wett-ble substance and subsequent condensation at a lower level in the
sand was not likely tc "o the rase,

Fvaporition of Sodium Mot--silicate Solution on Silica Sand., Since

silica 1s "nown to be ¢ strong binding agent in soils, an experim:ant vas
performed to determine 1f a silica solution could render sand nonvettable

upon drying.
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TABLE 1

Results of Yater Drop Abs>rption Test on Sand Samples
from the Volatilization Experiment on Thatch
from tie Experimental Golf Green

DATE OUTSIDE YATER BATH iNSIDE WATER BATH
1 July 72 Start treatment Start treatment
2 July 72 Hettable Wettable
5 July 72 Hettable ' Hettable
6 July 72 Wettable Hettable

10 July 72 Yettable Wettable
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Sodfum Meta~-silicate (Na28103) vias dissolved in distilled water at
a 100 ppn concentration, The pH was adjusted to 5.4 by adding .01l HC1,
This so]dtion‘w;s added until 1 gram samples of 20 mesh silica sand vere
saturated. Two sand samples were then allowed to evaporate to dryness
at room temperature, the other two were placed in a 70°C oven until
dry (18 hours). Sixteen applications of silica solution were made with
the samples tested by the water drop absorption method between appli=-
cations. (See Table 2). .

Throug'out the test all of the samples remained completely wet;able.
The sand samples were strongly heid to the watch glasses by the silica
solution, but nonwettabilit’ was in no way produced.

It was concluded that silica in the water and/or sand itself had

no apparent affect on the infiltration time on the sand,



TABLE 2

Results of Evaporation of Sodium Meta-silicate
Solution on Silica Sands

Results of Water Drop Absorption Test

Number of

Date Applications |[Samples dried at 70°C } Samples dried at 25°C
13 Sept 72 1 Wettable Hettable °
14 Sept 72 4 Hettable Hettable
15 Sept 72 6 Wettable Hettable
18 Sept 72 7 Hettable Hettable
20 Sent 72 8 Wettable Hettable
21 Sept 72 9 Hettable llettable
22 Sept 72 N Hettadle lettable
24 Sept 72 12 Jettable Hettable
25 Sept 72 13 Wettable Wettable
26 Sept 72 14 Yettable Wettable
3 Oct 72 15 Hettable Hettable
16 Oct 72 15 Hettable Wettable




Chapter 6

SOLVENT EXTRACTS

The hypoth»sis is widely held that the hydrophobic condition results
from changes involving the surface of the sand grains, Studies were
carried out to determine if a sﬁbstance was coating the surface of the
sand grains, rendering them nonwettable. The studies were con;erned with
a) trying to remove the nonvettable condition from the sand, b) transferr-
ing the condition to wattabic sani, and ¢) testing varfous thatch and
grass clippings as possible sources of hydrcohobic substances.

V- “er Extracts., In an attempt to produce nonwettability in the
laboratory, water extracts of bentgra.s clippings were applied to 20 mesh
sflica sand and then were allowed to evaporate at room temperature,

Clippings firom Greenhouse gqrown pots of Seaside bentgrass were
dried in the greenhous2 for 1, 3, 7, and 14 days. It was thought that
" the aiount of drying might be related to the release of the nonwettable
material from the clippings., The clippings were extracted by shaking
2 g of the clip. Ings with 25 ml of distilled water for one hour. The
extracts were then aided to 10 g samples of silica sand and were allowed
to ¢ .porate at rcom temperature, \hen dry they were tested by the watar
drop absorption muthod. In all cases the sand was unaffected by the
extract application, since all the samples had infiltration times of
zero to five seconds,

The next step was to use mu1tip1e anplications of the extrac. on
the sand sampl~s. % was hopes that this method viould mora clnse y

parallel th. conditions thought to -xist on a qolf green, The grass

-43-
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extract was obtained by shaking 20 g of cliopings (dried 5 days in the
greenhouse) in 200 m! of tap water. A sofl extract obtained by shaking
5 g of field sofl (Yolo clay loam) in 50 ml of tap water was used as a
source of soil microorganisms for some of the treatments, A totaf of
five treatﬁents vere used for this experiment. Each treatment was
applied to efcht 5§ g Pobertson sand samples, covered and then fncuoated
at 70°F for five days, then dried at room temperature, The treatments
were as follows: |

control - 6 ml tap water plus the 70°F incubation
period

treatment A -~ 5 ml of the clippings extract plus 1 ml
of the soil extract and iacubation at 70°F

treatment B - 5 ml clippings extract and 70°F
{ncubation

treatmeat € ~ 5 ml clippincs extract with immediate
drying at 60 > (no incubation)

A total of six upplications were made, with the results tabulated in
Table 3. Yo change had been brought alout by the treaments on the sand
grains, with all treztments essentially ineffective in producing an
increase in the infiltration time on the samples.,

From these studies ft appeared unlikely t»at the hydrophobic
condition was derived from the thatch layer in the form of a water
soluble substance that was leach~d doun onto the -and grains,

Nonpolar Solvent Extracts. A st.ong nonpolar solvent, Benzene,

was used to try and ext. -t the hydropho. i¢ substante from clippinas
and thatch, Benzéne exurac’s were obtained by shaking dry qrass
clinpings, fresh arass clinpings and thai :h {rom -he Txperimer:al green
(5 g plant matter with 25 ml Senzene for 1 hour), Each extract was
then applied to 1 g samples of silfca sand and allowed to tvapor::@e at

room temperature. Th's was repeate! .til all 25 ml had beon added to



TABLE 3

Infiltration Timesl(in seconds) after Multiple
Applications of llater Extracts of Grass

Clippings to Robertson Sand Samples

Number of Anplications

Trez.ment 1 2 3 4 5 6
Control - Tap H,0

plus incubation? 0 0 0 0 0 0
Grass Extract,

Soil suspension, 0 4 3.5 2 2 1.4
Incubation

Grass Extract .

Incubation ' 0 7 4 2.3 2.6 2.5
Grass Extract, 0 0 0 0 0 0

Drying at £0°C

1Aver‘age times from eight replications

45,
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the sand, Thoroughly dried sand samples were then tested by the water
drop absorption method. Tha extract from the dried clippings and from
the thatch both produced a hydrophobic response on the sand. The
response from. the extract of fresh clippings was small. The control
(adding pure benzene) showed no water repellence. The infiltration times
are recorded in Table 4,

Benzene was used to extract samples of nonwettable soils., It was
" theorized +' .t benzene would dissolve the water repellent substance
which could then te evaporated onto a wettable sand, thus transferring
the hydrophobic state to that sand.

Sariples of nonw:ttable sand i.ere shaken with benze..e for approx-
imately 1 hour (10 g sand per 25 ml benzene). The sand-benzene mixture
was then filtered through !fatman #1 filter paper to separate the sand
from the solvert, The benzene extract was collected in a flask and the
sand was allowed to dry at room temperature, then was tested for degree
of nonwettability by the water drop absorptio: method. In all cases the
sand samples vare still nonwettable, The absorption times were only
slightly reduced, remaining in the highly water repellent range, The
extraction process was r peated on each sand sample until wettability
was attained, Generally, it required over 4 extracts before the cand
became re]ativé1y vetta' le,

Since the hyd. ophobic condition was not readily removed by the
nonpolar solvent, 1t was concludad that the ronwettable substance
associated with the sand grains was probably uf a polar nature,

Polar Solvant Extr--ts, Mater was used as the polar solven. to

extract nonwettable sand sampl.s. The procedure “ar the extraction was
the same as with the benze.e. Ten grams of s.i1 and 25 ml -of distilled

water vere shaken for app axinately 1 hour, then the extraict was
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Table 4

Infilt: ition Times on Silica Sand Samples
after Evaporztion of Benzene Extracts
of Plant Matter

Treatment Infiltraticn Time (minutes)
Control . 0
Dry Grass Clippings 126
Fresh Grass Clippings - 26

Thatch from Green 68
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filtered through filter paper and collected in a flask. The extracted
soil was allowed to dry At room temparature, then was tested by the
water drop absorption method. The soil samples all proved to be
completely wettable. _ .

To determine if the shaking and physical movi g of the soil was an
important factor in the removal of the nonwettable condition, intact, |
nonwettable cores were wetted by sprinkling with water for up to six
hours. Uhen thoroughly saturated the cores were dried at room temperature,
then tested by'the water drop absorption :ethod., All cores were found i
be wettable, with the drors penetrating in a matter of seconds; Figure 11
compares the initial infiltration times with those after the core was
thoroughly wetted and then tested.

Thus the water itself and not the disruption cof the sand structure
was in some way resporsible for reroving or changing the nonwettable
condition in the sand,

The ' ater extract was applied to three 1 g samples of Robertson
sand in approximate]y 1/2 ml aliquots with dr:ing at room temperature
between_app]ications. After seven :pplicaticas, the sand was dried at
room temp ratura and .hen tested for evidence of transfer of the non-
wettable condition., The water drop casorption test showed that no water
repgllent substance had been deposit:d4 on the sand grains, all three
Samples.were vettable, |

A nonwettable sample, shaken with water, was set out in the
laboratory and the water extract was allowed to evaporate from the sand.
Whon the 25 m1 had evaporated, .he sofl (sand) was dried at 1005F and
tested. The soil sample was entirely wettable., This demonstrated that
the wate~ extract did not reinﬁtate the nonwettable condition on the
sand by simple evapor .tion. This test, along :ith previous tésts.

indfcated a more complex condition than had been anticipated.



Figure 11, Comparison of infiltration times before
and after thorough wettina of a nonwettable
core from the U,C., Experimental Green,
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The work by Wand2r (1949) employed solvents to extract the non-
wetfab]e substance from sofls, He found that ether had no effect on
nonwettable soils, but that methanol readily extracted the nonwettable
substance (possibly a calcium-magnesium soap) and the extract produced
nonwettauility when evavoratad on an easily wettable sqil. The ethar
extract had no effect when evaporated on a wettable soil. Wander's
theory was well substantiated by his solvent extract findings.

Wander's method was duplicated on Los Arroyos and Wikiup non-
wettable sands to determine if these soils responded similarly to. the
nonwet}ab1e soils Wander used Ten-gram samples of nonwettable soil
were e}tracced with water, tonzene, ether and methanol. The samples
were éxtracted with 25 ml of solvent for 30 minutes, with periodic
shakiég. The soil was *hen filtered through filter paper and rinsed
withlé-]O ml of clean solvent. The extract was collected and th2 sanc
was allowed to dry 1t room temperature, After each extraction the dried
sand sai)les were tested by the watur drop absorption test. The results
from the Los Arroyos samples aré contained in Table 5 and those from the
Wikiup samples in Table 6. At the conclusion of the extract experiment,
: apprdximatelj 250 ml of each soivent extract had been collected., These
extracts were then evaporated on 1 g samples f silica sand. A total of
arproximately 15 ml was evaporated on each sample, 1/2 ml at a time., The
extracts di¢ not transfer any nonwettable substance to the sand samples.
The results are tabulated in Table 7. |

The water removed th: nonwettable ~ondi*io- after one extract in both
the Yikiup anc Los Ar. oyos samples. The benzen 1ad little effect after
four extracis. The ether had no effect on the Wikjup sand after five
extracts, but did rerove the nonweitable condition in the Los Arroyos

sampie after the fif;} extrict, The mothanol removed the ncawettability



TABLE 5
Absorption Time After Solvent Extractions - Nonwettable Los Arroyos Sand Samples]

Number of Time in Minutes
Extractions Water Extractions Benzcie Extractions Ether Extractions Methanol Extractions
Initial Absor-*ion Test 140, 165, 170 - - -
1 . 3, 3, 4 99, 80, 102 165, 165, 160 0, 0, 60
2 80, 120, 150 60, 80, 90 0,0, O
3 120, 130, 135 109, 100, 100 0,0, O
4 80, 120, 120 90, 70, 99 -
5 - o, o0, O -

'Sample. were sieved to remove particles larger than 1 -= in diameter,



TABLE 6

‘Absorptien Time After Solvent Extr:ction- - Nonwettable Wikiup S-ad Samples]
Number of Time in Minutes ‘
Extractions 4 Water Benzene Ether Methanol
initial Absorption Test 40, 70, 10C
1 2, 2, 3 30, 50, 90, 100 70, 90, 110 5, 20, 90, 115
2 - 90, 90, 90 150, 160, 150 90, 70, 70
3 - 180, 180, 180 90, 90, 90 66, 60, 90
4 - 85, 120, 130 80, 130, 150 90, 20, 135

TSampTes sicved to remove particles greater than ‘1 mm in diameter.
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TABLE 7

Solvent Extract Evaporation on 1 g Samples of Silica Sand

Absorption Time in Minutes
Test 1 Test 2 iest 3 Test 4

5 10 15 20
Applications Applications Applications Aoplications

A. Wikiup

Ether 2 2 2 1.5

MeOH 0 0 0 0

Benzene 1 0 0 0
B. Los Arrovos

Ether 0 0 0 0

!1eOH ] 0 0 0

Benzene 0 0 0 0
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after two extracts on the Los Arrovos sand, The Yikfup samples remained
nonwettable after five methanol extracts.

Following Wander's example, the ether extracted Wikiup sample was
extracted with methanol, The methanol did not remove the nonwettable
condition after 3 extracts as shown in Table 8, Although the results of
the methannl extractions of nonwettab’ 2 qolf gre-n sands were not as
definitive as those reported by Yander using nonwettable Florida sands,
the methanol did remove the nonwettable condition in the Los Arroyos
sample.

This result dictates a need for more investigation of the Wander

theory in relation to the problem on golf greens.
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TABLE 8

Absorption Test on Ether and Methanol Extracted
Monwettable Sand from '!ikiup "21f Course

After 5 Ether Extractions

Humber of MeOH Extractions Absorption Time in Minutes
1 70, 80, 95
2 85, 105, 120

3 90, 110, 115




Chapter 7

INVESTIGATICN OF FUNGAL AND MICROBIAL
POPULATINNS AS PCSSIBLE SOURCES
OF THE .iONHETTABLE CONDITION

In the paper by Bond and Harris (1964) it was suqggested that fungfi
and/or bacteria were responsible for the hydrophobic condition found on
sandy soils in South Austiralia, This possibility was investiacated using
samples from the Experimental green and qreenhouse pots,

Direct observations of sand were made from layers at upproxiuately
1 ¢m intervals to find out if a relationship existed between the number
of fungal mycelia in a layer and its degree of nonwettability.

Grains of sand were rlacad on a dry slide with a cover slip and
observed under 190 and 160 power, A number of g:rains had strands
partially attached to them. It could not be detcrmined 1f the strands
were, in fact, mycelia or some other organic matter such as roots.

The large size of the sand qrains made it difficult to focus on
the strands, which were too small to pull off the sand grains for a
thorough micro.copic examination, For this reason, no definite stateme: :
can be made co: :er-ing the role of fungal mycelia in nonwettable soil:.
Observation showed no apparent dii ‘2rence between the number of stran's
in the hydrophobic and normal sand samples., HNo concentration o strands
appeared to be present in any of the core samples observed.

A recent report by Dr, R, i, Endo and P, F, Colbaugh (1971) lead
to the.forwulatirn of a hypcthesis concerning the cause of "dry spots"

on golf graens,
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In their study of drought stress as a factor whiéh triggers diseases
of turfgrass, Endo and Colbaugh discussed an interesting aspect of
dehydration of the thatch layer. It was found that rewetting of dried
thatch brought about release of ISrge quantities of sugarsvénd proteins,
Both the amount and rate of release were greater from dried thatch that
was rewetted than from moist thatch (Figure 12). As a result, the
microbial population in the underlying soil was greatly stimulated by the
increased food supply.

This suggests the hypothesis that bacteria actively lead to the
hydrophobic condition, During the change from winter to summer, drying
of the thatch layer increases in degree and frequency, which suggests that
the carbohydrates released upon rewetting also increase. Thus the bacteria’
population increases until severe drought takes place. When thiéioccurs
the substances p*oduced by the microorganisms are dehydrated and the
bacterial population and activity i{s lowered. The dehydration of these
microbial products, perhaps jums o gels, (McLaren 1967, Wolfrom 1961)
might render them resistant to wetting so that when the thatch and sc 1
are irrigated these substances ar¢ not disso]ved or leached, but remain
closely attached :o the surface of the sand grains. As the season
progresses and these drying cyclas increasc to perhaps a daily frequency,
thé‘hydrophobic substances build up on the surfacé of the sand grains 1in
the regfon below the ti:atch layer. Yhen a high proportion of *he sand
grains are cove. :d with this substance and a severa drought takes place.
the area 1s rendered hydrophqbic; Appaéently “he environmental paramat:rs
and/or biological factors nc-essary to prod-ce this conditfon are raths °
specific and are rat found over an entire green, since usually only
certain areas of a green or perhaps just a few small spots are affected

at one time,



Figure 12, Taken from "Drought Stress as a Factor
Triggerin:. Fungal Niseases of Turfgrass",
by R, M, Endo and P, F. Colbauah, 1972,
USGA Green Section Record, Jul: 1972,

Vol. 10, No. 4, page 11,




MG Carbohydrate 7 Gm. ( Lry Wt.)

Dried —Remoistened

Continuousty Moist

60,

i 2 3

Time of sampling (hes)

Release of soluble tarbohydrates by bluegrass thatch residue.

4

B3 wmrmmm.tmwiw'__&&.A



61,

Tq test this hypothesis a longer term experiment was started using
nine month old Seaside bentgrass grown in six inch pots in the greenhouse.
Two pots were used as checks, two vere given sucrose solution and two
pots containing only Robertson sand were given sucrose solution. If
the hypothesis were correct, some significant change in the infiltration
rate of the sucrose trea.ed turf pots would be expected.

Before starting the treatments, the pots were watered thoroughly,
drained, and weighed. They were then placéd in an 80°F growth chamber
and reweighed at two hour intervals in order to determine the rate of
water loss from each pot, This was done for 12 hours and then a mean
rate of water loss/pot/24 hours was calculated.

Using the maximum value for dried thatch, (10 mg sucrose/gram dry
weight of thatch) the amount of sucrose per pot wa: calculated as 52 ma
per pot. (See Figure 12)., This much sucrose was dissolved in thc arunt
of distilled water to allow the turf pot to dry to the wilting point in
24 hours, The same method was uc2d for the Robertson sand pots. The
control turf pots received distiiled water in the appropriate amount to
21low drying in 24 hours,

In general, two sucrose applica:ions were followed by two aprlications
of nutrient solution of the same volume and then a thorough leaching wifh
nutrient solution was male as the turf began t> deteriorate,

Affer the daily weights were taken o. the pots, they were tested by
the water dron absorption method tc see if any decrease in infiltratior
had taken place. ~he Robertson sand pot w~s tested by placing a water
'drop on the sur .e, The turf pots were tested by partia11y removing the
turf from the pot, placing it on its side, making a radial cut through
the sand and turf at the surface and then placing a drop on the

horizontal plane of th. cut. (Sce Figure 13).



Figure 13,

Method used to tc.t infiltration time
on turf pots, bota in the dry-down
studfes and the bacterial stimulation
exneriment. The water drop was placed
on the sand surface whecre the wooden
label {s resting.
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After eight weeks no chang~ had occurred in the infiltration rates
of any of the pots. All of the pots remained wettable.

This nypothesis was also explored by use of cultures of bacteria
from nonwettable and wettable soil samples.

A 1/100 soil extract was taken from nonwettable and wettable soil,
These were streaked on PDA in petri dishes. Then 1/1000 and 1/10,000
dilutions v2re made and struck., (Salle 1967). These were incubated at
72°F for five days to one wveek.

Hydrophobic bacteria often form colonies that appear dry on the
surface (not qlisteninc) and have a wrinkled rather than a smooth surface,
The plates were then examined for colonfes that appeared dry and wrinkled,
or that looked out of the ordinary. Two of these different colonies were
scraped off the surface of the agar and each suspended in 5 ml of
deionized water. These suspensions were then added to dry Robertson
sand in 1/2 ml increments wafting for the sand to dry between applications
(24 hours). Half of the samples were dried at room temperature and the
other half were dried at 100°F, Four applications of the concentrated
bacterial suspensions were made, At the end of the treatments, no
appreciable change in the infiltration rates had occurred.

Other experiments in which solutions of sucrose and Hoagland
sofu:fon were used.to culture bacteria also proved to be fruitlese, The
bacterié were concentrated by centrifugation, then suspended in 5 rl
tap water and applied to 1 g Robertson sand samples and dried at 70°C.
These samples remained completely wettable.

Another test was designed to observe the effect of different drying
temperatures on the bact~rial suspensions added to Robertson sand samples.
‘he bacterial suspensinns added consfsted >f th.: following: .3 ml |

concentrat:d bacterial suspension in tap water plus .1 ml of a mixture o/
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.'% sucrose solution and 20 ml of 1/2X Hoagland solution. This was added
to all samples twice 1n 24 hours. Then the temperature treatments weré
begun, Two samples were dried at each of the following temperatures,
with one rec2iving a bacteria-sucrose-Hoagland aliquot every 24 hours and
th2 other no additional applications after the initial two,
Room Temperature

80°F

110°F

160°F

212°F

After application of the suspension the samples were 1ef£ at room
tehperature for approximately 6 hours to incubate, then were placed at
thé varicus temberatures for drying overaight,

Aft r five days the daily application samples aﬁ all temperatures
e?cept 212°F showed a very slight (less than 1 second) increase in
1hf11tration time when compared to the controls. After 16 applications
none of the samples showed more than a 1 second infiltration time.

‘ In an effort to produce a bacterial population similar to a

natural population on the surface of a golf green, grass clippings vare
allowed to dgcompose under anaerobic conditions. One batch was placed

at 100°F and the other left at room teuperature. After one week the

dark bfown exud.te was poured off the decompssing clippings. This exudate
was applied to eight 1 gram samples of Rober.son sand, Five applications
were made, one per Y. The exudate ﬁas evaporated at room temperature
‘fér half the samples and at 100°F on the ofhers. |

Agafﬁ no increased in the wi.ter drop wssorption time on the samples

occurred,



Chapter 8

CONCLUSIONS

Previous explanations for dry spots on golf greens often implicated
thz:ch build-up as a major contributor to the problem. It was believed
that a thick thatch layer impeded the downward movement of water, thus
allowing spots to dry out even with normal irrigation, This research
brought out the fact that the thatch layer was not a direct contributor
to the nonwettable situation., Greens with relatively thin thatch layérs
(1 to 1-1/2 cm) contained serfous dry scot problems. Also, infiltration
studizs and direct observation (Figure la) showed that the thitch layer
was not hydiaphobic, evan when very dry. It was determined that the sand
1tsé1f had taken on a water repellent nature, which prevented the
penetration of irrigation water into these areas.

Two of the conditions necessary to produce noawettable areas are a
coarse grade sand bise and climatic conditions which bring about frequent
dryina of the surface of the green. These two conditions often occur
together, The coar:er sands hold less water to beqin with so they
naturally dry ov. faster than a fine sand or a greens mix. Thus, factors
which contribute to the dryfug out > a green will also increase the
possibility of prob]ems witﬁ "dry s:ots", Another'reason that the
coarser sa ds are inviived with this preblem is the fact that they have
a smaller curface area ihan a fine sand or a soil mix. A hydropiobic
substance can more readi’y coat the surfaces of the coarse sand, si:ce

there 1s less area to cover. A finer textured soi! possibly has too
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large a surface area to .2 totally covered by the amount of materfal
pfoduced or released by the source of this hydrophobic substance.

Two rather simple solutions are evident. If a sand based green {is
to be built, 1t should consist of a fine to medium sand base, not a
coarse grade sand, The second remedy is to prevent the green from drying
out. Ih certain situations this may be e-sier said than done. Perhaps
watering once in the morning and then again in the early afternoon would
be necessary to prevent drying of the green during periods of high
evapotransporation.

As far as the cause of che nonwettable condition is concerned, the
numerous theories proposed’give some indication of the complexity of fhe
problem,

- Seemingly, the most logical and widely held theory concerning the
cause of nonwettable sand is that an organic substance coats the sand
grains and when this material {s dried out it becomes nonwettable.

Wander (1949), Bond cnd Harris (1964), Savage et al (1969), and
Debano et al (1967) all gave some amount of credit to this general theory.

Wander offered exper~imental evideace that fatty acids combined with
Cat++ and Mg++ to form a nonwettable substance. This theory could be
applfed .o golf green conditions. Further investigation of this possibility
fs warranted since mathanol did, fn ona case, remove the nonwettable
substance from a nonwettable golf green sand,

Although Debano et 1 (1967) found that extracts of the plant cover
produced aorwettability when placed on wettable sands, this did not .em
to be the :ase in the golf green situatfon. Water extracts of plant
matter di not produce nonwettability in any degree. The fact that benzene
extracts of plant matter /grass clippings) did produce nonvetiability

when evaporated on wettable sand was not taken as evidence of the source
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of nonwettability for two reasons; a) the benzene did not readily remove
the nonwettable substance from actual nonwettable sand samples, and b) the
benzene extract was not selective, !lo less than 20 substances in the
extract were separated using florescent thin-layer chromatography plates.
It appeared that the benzene extracted waxes and oils in large quantities.
These probabl resulted in production of a water repellent condition

when the extract was applied to sands. It was concluded that the benzene
was not a solvent for the actual nﬁnwettéble substance.

The temperature effect on nonwettability appears to be of a secondary
nature., Drying of wettable cores in laboratory ovens at 25°C, 70°C, and
110°C indicated that temperature itself was not a causal factor in tk2
nonwettable condition. The 110°C temperature did produce a nonwettable
condition in the thatch as well as the sand. Since this temperature
would never be found on a golf green it was not considered as a possible
factor in the production of nonwettable éand. The 25°C and 70°C drying
temperatures caused no decrease in the wettability of the cores, they
re-ained completely wettable, However, controlled drying of wettable
cores in the water baths .t $imilar temperatures (gpproximate1y 25°C)

did produce a definite nonwettable response in the thatch and upper
portion of ihe cand. It is important to note that the thatch, as well

«s the sand, wis rendered nonwettable. This s contrary to th. situation
found on cores taken rom "dry spots" in which the thatch proved to be

" relatively wettable,

The controliled dry-down experiment seems to indicate that the rate
of dry down, not the temperature, is an important factor in the non-
wettable condition. Cores which had evaporation restricted to only the
turf covered surfac* showed a definite nonwettacie response; Cores which
vere dried ith all surfaces éxposed to the air showed no degrn2 of non-

wettability except at very high temperatures (110°C).
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The fact that enclosed cores ‘at 25°C became nonwettable and fully
exposed cores dried at 25°C did not become nonwettable, indicates that
tenperature is not a direct factor in the nonwettable sftuation,

This leads to the conclusfon that the rate of dry-down is a
determining factor in the nonwettable phenomenon. Controlled drying with
the saﬁd kept at a relatively cool temperature in comparison to the
overlying thatch and turf was the only condition which produced non-
wettability in originally wettable sand. Whether the temperature
difference between the turf and the sand 1s of significance cannot be
cormented on at this time, The rate of dry-down and perhaps a temperature
difference appear to be of primary importance in producing nonwettability
on golf graens, .

Work to date investigating bacterial populations as the causal
agents has not yielded any conclusive results,

It has been established that of the bacterial colonfes isolated from
nonwettable sands, none of those tested were hydrophobic under the growing
condition in the patri dishes, Suspensions of the colonies {n water
followed by evaporation of the suspension resulted in no change in the
wettabi1{ty of the bacteria, Drying of the bacteria seemingly did not
induce nonwet:ability, hovaver, only three species have been tested thus
far: Continued invaestigation of the numerous bacterial colonies will -
result 1n a more conclusive statement concerning the direct affect f
bacterial populations on 1 nwett bility,

The investigation of 1iving bacterial populations in a turf
situation seemed to be the most realistic method of determining whether
or not - bacterial product was befng produced which, when dried, caused
nonwettability. Altiough th» first experiment met with 1ittle success,

nunarous modifice::fons of the experimentai condi .ions could possibly
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result in producing the environment for production of the nonwettable
substance. For instance, the experiment was run at 80°F under continuous
light; perhaps temperature fluctuations of 60°F night to 95°F day are
necessary to induce the produc’fon of the nonwettable substance. Also,
the balance between the amount of sucrose added and the nitrogen available
to the turf environment is 1ikely to Se of importance, An extensive study
of this relationship was beyond the scope of this study, but future work
in this arca could be fruitful. The frequency and severity of drying is
also an important aspect which could be more closely studied. In the
sucrose-bacterfal stimulation experiment run on turf pots in the growth
chamber, the above parameters were not closely regulated, The sugar
concentration applied and the frequent drying of the pots led to the
rapid deterioration of the turfgrass, Clearly less severe conditions are
necessary if the turfgrass-bacteria system is going to produce a non-
wettable substance. Just what these environmental parameters are can
only be found by extensive studies of actual nonwettable areas on golf
greens, or by trial and error methods under closely controlled environ-
mental and experimental conditions,

A number of factors including rate of dry-down, sofl type and
particle sfze, releas2 of carbohydrates from thatch, and size and type
of bacterial populations present in the turfgrass-soil environmant méy
co:tribute to the de1fcate1yvba1ancec environment which can develop a

nonvettable character under tha proper conditions.
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