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Chapter 1

IUTRODUCTION

The pOrJulaiity of golf has increased dramatically in the past
decade. Along with this has come a concomitant increase in foot
traffic ~hich has been especially serious on putting greens. As the
play increased. so did the problem of soil compaction on the greens.
To help alleviate this problem. many golf course superintendents have
turned ~o sand as a base for their greens. since it does not become
compact2d even under heavy traffic.

As sand based greens became more common. superintendents in areas
with hish summer temperatures r0ticed a problem developing on the
greens. In the summer greens develop areas that do not absorb water
when the dry greens are irrigated. These hydrophobic "dry spots" can
become a serfous managenent prL~lem hnere they occur.

The symptoms of a dry spot 1re usually pronounced. An area.
u~~ally le~s than one foot in diameter. takes on a smoky. gray-green
color due to \Jilting of the grass. This area retains these symptoms
after frrigatiol1. In contrast. the sLrounding turf rooted in
wettable so11 returns to its healthy. bright green color after irri]atfr. •
If a core is taken from the affected area. one finds that the sand ~low
the spot is dry~ the irrigation \'laterhas not penetrated the sand. Hater
runs of' the to~ of the sand layer and does not penetrate into the dry
sand. if this area does not receive special ~atering. it will soon turn
brown a d will eventually die. leaving an unsightly spot o~ the green.
Lsually supplern~ntal hand watering. along with the use of surfactants
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will temporarily $olv~ the problem. However. if the green is allowed to
dry out as)in. the problem \'1111 reoccur. The problem COJ:1pletelydisappears
in the rainy season. but returns with dry weather in the late spring and
surrrner. The "dry spots" may increase in size and number over the years
until large areas of a green are affected. Hhether the dry spots reoccur
in exactly the same location remains to be seen. Observation of the
Experimental Green at the University of California. Davis. indicates
that they do not.

No obvious morphological or micro-relief differences between wettable
and nonwettable areas have been notic~d. pH readings indicated that the

\nonwettab1e sanr's wer~ .3 to 1.1 pH units lower than the surroundir]
iwett'1ble sand. This;s the only obvious chemical difference that has been

/

I

detected.
Often variations in the soil mix. differences in elevation on the

green. or poor sprinkler ~overage. 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 infiltrate during irrigation. This
investigation is concerned only with situations where the sand beneath a
dry spot actually becJmes water repellent.

The ~eros wat~r repellent. hydrophobic. and nonwettaJle will be used
synony ,usly in this report. to denote a sand \'/hichhas developed an
aversion to water. A water drJP. when applied to this type of sand.
rem~ins beac~d up on the surface for a long period of time before it

finally pen~~rates into the sand.
The intent of this research project was to (1) find out exactly where

in the soil profile this problem \'Jaslocated. (2) discover the cause of
the problem and '(3) recor.1i:1endmeans of avoiding the prob1em,through

'management techniques.



Chapter 2

LITERATURE REVIEW

'lu8erous explanations have been proposed to account for nonwettability
of sands in various situations throughout the world.

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

He used difeerent 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 water repellence. The sands remained nonwettable.

He state' that alternately mixing and \~tting the surface layer of
these soils was effective in i~ toving the 'ettab11ity. Tests adding clay
soils to the sands ~roved to be of some benefit, but only at rates of 20
tons per acre six inches, ~/hich was too high to be of practical value.
He stated that developnent of the nonwettable surface layer 1s associated
with colloidal organic matter. It is this water impermeable "roof" that
prevents the wetting of the subsoils. Water enters the soil only through
deep £racks in the surface layer or in the SJil beneath irrigation pipes.
The remainder of the soil stays dry even after heavy rainfall. The
autlior suggests that, "the cause is related to the orientation of the
nolecules 1n the surfaces of colloidal organic debris, such that ~ater
insoluble par~s of large moleculej are exhib)ted in the outer surface.
Wetting wfth water may disrupt this arrangement and cau~e water soluble
parts to be exposed tn the outer surfaces, thus imparting wettability to
the sand."

-3-
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Soil, stirred and wetted at frequent intervals, retained wettability.
Jamison concluded that the nomlettable condition was a surface phenomenon
and was not due to an accumulation of oily or waxy water repellent
materials, since merely wetting with water destroyed the hydrophobic
condition and extraction with solvents had no definite effect.

A few year:. later, I. \~.\'lander(1949), also \'lOrkingat 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-
lations were applied for ten years, then the percent water re~ellence was

:det~rmined for the s011 by taking 80 samples from each plot and noting
whe~her or not a water drop penetrated the sample in a ten second pericJ.
Fr~m this study it appeared that the use of magnesium in the fertilizer,
along with a separate application of liMestone to control the s011 pH at
5.8 \-/asassociated\-Ifth the water repellent condition. Citing \-lorkby.
Haksman (1936) as to the presence of fatty ad ds in soil s, he concl ur';d
that the calcium and magnesium combined with fatty acids in the soil to
form insoluble soaps. Hhen dry, these soaps became extremely \-later
repellent. Nonwettable soil samples were "heated with strong sodium
hydrpxide s, lutton, neutralized \-lith3ulfurtc acid and ste~m distilled
in the presence or a sligh~ excess of acid. A small amount of solid
material was Jbserved \'/hichgave a test for a carboxylic group". The
author gave this as evidence of the presence of fatty acids in the
nonwcttable so.l. Wander treated wettable soils with stearic acid in
ether. chen calcium 01'"magnesiJm hydroxide which produced an extremely
\'laterrepellents011. Heconcludrd that a coating of \'/ater-repellent
l'3atal11csoap on the sand p'articles caused the hjdl Jphob1c properties
of r!ny Florida soils.
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\~ork done at Adelaide, South At ;tralia by Bond and Harris (19f4)
was concerned with microbial effects on sandy soils. They studied various
sands in South Australia and found that hydrophobic sands were always
associated with Nell developed plant cover. However, the accumulatian
of large amounts of organic debris was not necessary for water repel1ence.
Samples with as little as C.l% 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 1accat~, Cort~narius ~., Naucoria arenaco1ens, C1athrus
gracilis, Po1ystictus oblectas, Psilocybe subaeruqinosa an~ Peziza
vesicu10sa were the species most commonly encountered. Crumbs of soil
with associated mycelia flclted on t~e surface when placed in water.
Bond and Harris did not r.:ab any de "inite statement as to the degree of
"tater repellence caused by t"le basidomycetes. They noted that there
were also many bacteria and other fungal species present in the soils.

Bond (1963) did field stuJies on nonwettab1e 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 nomlettability. He observed that water p.:netrate!
the soil in narro\~ channels leaving the intervening soil dry. This
situptior: produced a mottled vegetation pattern in pastures, with grass
gro\.t1ngL' areas \-therepenetration was good, the bare areas being dryer,
m're water resistant, and havjn~ a slower infiltration rate. He also
found that the '1t.!ciesof plant \'/asvery,important in deter ..lining the
degree i..t r'pcllc -.:e.Soil under a Pha1aris pastur;~ "tas the most
repellent, with m~ lee, heath all pine vegetation giving increasing
in.iltration rate~. (Pine, 0.4 incheS/Min., Phalaris 0.04 i~chcs/m;'.)
He also found that r(;pellence.inct'easedas the age of the pasture
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increased. A pasture e1even years old had an infiltration rate of only
0.02 inche; per minute, a four yea.' old pasture 0.08 inches per minute
and a ploughed plot, left fallow for one year had a 0.24 inch per minute
infiltration rate.

Kramr.1esand Debano (1955) studied the non','/ettablecondition 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
if the hydrophobic condition \',3S the result of a some\'lhatpermanent
condition or a temporary state, due to low moisture levels. They
applied water to thoroughly dry soils under vacuum pre~$ure. They found
that the water readily penetrated normally \':~ttablesoils. However,
naturally hydrophobic soils did not take up water to any appreciabl~
degree li:ldervaCW'l1. Thu~, they concluded that the nonwettable character
was of a permanent natur~, e;en in soils with a 10-15 percent moi5ture
content. They postulated that the hydrophobic substance was an organic
coating on the soil particle_5, derived from the litter of the overlying
plant cover.

Letey (l962) showed that medium grain beach sand can be made hydro-
phobic by treat:,ent ...lith an ammonium hydroxide extract of chaparral
1it ~r. This increased :.he time it took "later to penetrate by a factor
of two or three. Studies of soils after fires showed that all si,e
fractions' repelled water.with the general trend being that water
repell~nce decreased as particle size decreased, and clay loa" soils
did not becc-e non\'tettableafter treatment wit:, chaparral leachate.
The hydrophobic condition of soils was eliminated by temperatures of
aoaoe and higher. However, the nonwettable properties "tere intensified
by tcnpera tUl'es of 3000 to 600"C for 1a to 15 mi nutes.
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In a later paper, Debano et a1 (1967) ranked p1ant"species by the
degree of nOn\'lettabl1ity produced '"Jhenextracts (using O. 1 flaOH) of 1ea f

material \«ere applied to a wettable sand. Chamise. (Adenostoma fascfcll-
latum) r ted highest, \'Iitht10untain mahogany, shrub oak and Ceanothus
~. giving decreasing nonwettability. As a result of tests simulating
fire conditions they theorized that nonwettab1e 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
nonwettabi1ity was difficult to induce in soils with a high clay cc~tent.
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 soil particles in a clay soil than in the larqer sand particles.
With fe~er soil particles coated, water repellency would be decreased.

A paper by van't Houct (1959) discussed soil \>lettabilityand
offered theories of the physical properties involved. He observed a
volcanic ash soil from th~ central plateau on the North Island of r:ew
Zealand. He studied the behavior of water drops applied to :he soil
surfa"ce. Heating L' the water reduced the time needed for penetration
into the lIonwettab1e sol1. He also observed that the volcanic SJl1
remained nonwettable after ether extrac~IJn for 20 hours. This indicated
to him that soil narticles \'terenot coated by a loosely adhering. fl1m,
but that tt'e hydrophobi c prop,:!,_ies \'l~re imparted by hydrophobi c bonds
on complex radicles well adsorbed to the sand particles. He claimed
that thil ether extract made other (\'tettable)soils nonwcttable.
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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 h~m1c
acids recovered from solutions of Eoicoccum niorum, Stachvbotrys !!!!
and StreDto~vces~. They also studied the effect of Metallic
cations and of pH on the de9ree of \'laterrepellency. They mixed varyinq
amounts of or~anic matter Wit:l the sand, added the solution containing
the desired meta~1ic cation, and mixed by shakinq. Only S •.atra humic--
acid caused water repellency in th~ sand. Results indicated that pH was
important with qreatest repeller~y occuring at pH 10 and decreasing with
lower pWs. (Concentration of 'ur-dcacid "!as0.05%). Concentrations of
Fe+3 and Al+3 as low as 0.001 N wher added to the above treatment caused
water rc)ellency. These concentrations are unlikely to be found in
nature, and the authors concluded that these substances probably
contribute little to water repellency in sands.

None of the work revi~wed t. date has positively indicated the
cause of nonwettability. However, a number of theories offer interestina
explanations which may aoplj to the aolf areen situation.

Wander's work (1949) offers a reasonable explanation of the non-
wettr~le condition when applied to a qolf qreen situation. The possibility
of h:gh Ca++ ar-J MQ++ concentrations (from water and/or fertilizer) along
with fatty acids in the ~-nd is credible.

Jar.1son (1945) offered some CGnvincina evidence that nonwettability
was not caused by wa~y or fatty substances coating the sandpar.\cles.
\':ettinqthe nOnl/ettable svils \,'.11 fat solvents (Ethanol, methanol and
ether) decrea~Jd the deoree (~'ater repellence, but none made the soil
wettable. Thus removin~ the \1axy substances from the soils did not
correct the hydrophobic condition.
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~10rk on plant extracts by Debano, Osborn, Krammes and letcy (1967)
suggested that substances from plant litter \'ierecoating the soil
particles. They did not offer any explanation as to the nature of the
substances.

Bond and Harris (1964) gave 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 non\.Jett~ble
condition could exist. They did not suggest that such a condition was a
main factar in the non~ettable sands, and could not give any indication
as to how extensive a role fungal my~~lium plays in hydrophobic sands.



Chapter 3

U:'!ESTI GATI ON TECHNI QUES

Th~ determination or measurement of the degree of nonwettability
of a s~nd 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. Wander judged a s011 nonwettable
if a water drop failed to penetrate after 10 seconds. Jamison (1945)
measured relative wettabi1ity by the rate of water entry (infiltra~ion).
Letey (1962) used a ~ethod for determining the relative degree of non-
wettabil ity by measuring the contact angle formed bebJeen the soil
surface an' the side of the ~~ter ~rop. Water on a hydrophobic surface
balls up, giving a large liquid-solid contact angle. Water placed on
a \'Iettablesurface spreads out giving a smaller angle. The effect of
wetting agents or other agents to increase wettability can theoretically
be evalL,lted by measuring the change in the solid-liquid contact angle.
In practice this method gives a useful qualitative estimation that CJn
be used to compare the wettability of soils having different textures.
t'lhi1.€v/ettability affects soil inffltration l'ates, comparing inffltraticl
rates is 'valid only bet\\'ccnsons of t le same texture. Since this::.tudy
was concerned vlith degree of nom'/e':tabflity -nd not ",ith comparin~ the
effect of ~ifferent treatments O' the sand, the sfmple infiltration or
absorpt.on rat1 was used to determine the degree of nonwettability of
sand samples.

The \'laterdrop absorption method ','asthe technique used throughout
this study to test the relative dr:c;rceof nom'lcttability of sands.

-10-
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A capill~ry oipet was used to placp. a dro~ of deionized water on the sand
surface. The time ela~scd until the drop had eOr.lpletelypenetrated the
sand was then recorded as the infiltration tiMe. This test was used to
determine the deqree of nonwettability produced in the laboratory
experiments. and in greenhouse studies. It was also used to determine
the degree of non~ettability of field saMples.

In January 1972. 24 pots of Seaside Sentorass (Aorostis oalustris)
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 \o:eregrO\;n in the
greenhouse \'lith65°F day teMperature and 55°F nig!-: tem!lerature. These
pots ~ere used for p.xperiments throu~hout the Spring. Summer and Fall of
1972. The Robertson sand is a coarse sized sand with 80 percent of the
particles Qreater than .5 nm in diaMeter. Dillon Beach sand is a medium
fine sand \.ith a uniforn particle size. havinq 94 percent 1n the .11 Mrn

to .50 r:1m i'a nqe.

For 1Clhoratol'Y'dorl<.a clean. 2')mesh sil ica ';andwas used. It \'las
selected to reduce the introduction of unknown factors that \lould be
present in a field sand. Robe'"tson sand was used at times to compare
results on a field sand with those ~btained using silica sand. Unless
othe~lise stated. the sand used for laboratory experiments \'lassilica
sant;f .•

'.~uchearly \'101'1< on thf s project was cat'ri ed out on the Experi ment ,
Golf Green at the EnvilJnnental Horticulture Department. University of
California. Davis, California. This gre-en was built in the F:_11 of 1971.
\.'1thsee..;ions of :.ither Robertson sand. Dill on Reach Sund or USGA g ,'eens
mix. all planted with 'Penncross' nentgrass.

Obs._r'lationsduring theSUifler of 1972 shJv:ed that of" ~he three son
types. only the °obertson san~ developed nonwettable areas. A partial
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explanation for this si.uation is the fact that both the Dillon Beach
sand and the USGA mix held More Il'tvisture,so they did not dry out as
severely or as frequently as the Robertson sand.

Many of the sand samples from nonwettable areas were obtained from
the experimental qr~er.. Field samoles were collected from the Los Arroyos
Golf Cours~, Sonoma, California and the '~ikiup Golf Course, Santa ~osa,
California. Both courses had <::reensthat contained large areas of
nonwettable sand beneath brown1sh c~ 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 ran~e from
.10 ~ to 2.0a mm.

Cores \olere taken from "dry spots" and nomal areas, with a 3/4 inch
dia~eter coring tool. The cores \~ere then carefully removed and placed
in s~all plastic bags, which were rolled around the cores, keeping them
intact. Upon returninr ~o the laboratory, the cores were removed from
the baQs, sliced Hith a razor blade at neasured intervals and dried at
roc, temperature. The cores \'lelOeallowed to dry until they reached
equilibrium with t,e room air. This was necessary to assure that the
water drop rbsorption tests were run on samples that contained appr x-
imately the same amount of moisture. Otherwise the moisture content would
influence the 11filtration 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 soil profile at which the ~onwettable condition occurred.

Cores. approximately 10 cm long Here taken from "dry spots" on golf
greens using a coring tool. These cores were then sliced transversely
with a ,'aze,'blade at roughly 1 cm intervals along the core. A water
drop was then placed on the surface of each section and the infiltration
time was recorded for each level in the core. This relationship between
depth in the soil profile ~nd 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 is shown in Figure 1.
an illustration taken from time lapse p .'togra;)hs of water upta~e by a
dry nomlettable core (from :h~ Experimental Green). The core "/as placed.
on its side in a shallow pan and distilled water was added to the level
indicated ,by the arro\'ls(arproximately 1. ~ to 1/2 cm deep). Time lap-e
photooraphs Here tak 'n to rec'l'd the are<:5 of I!ater uptake in the core.
~'!ell over half of the thatch region \laS 5i1turated 2 minutes after the
watQr was added. Further proof is s~en in Figure la. which gives the
rC5ui ~s ft'om an infiltration test on a core semple from a "dry spot"
tak' n blO hours after a norm:.l (30 minute) frri!1atfon of the e;{perfm~ntal
green. This Boafn shows that the thatch layer was not nonwettable.

-13-



Figure 1. Hater uptake by a dry non\'1ettablecore
(from Experi~ental Green). The thatch
region readily absorbed the water at
tLe end of tv/o minutes as sho~"n. After
48 hours the l~gion below the thatch
remained dry.
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Figure 'a. W-ter rlrop absorption test on dry spot
Clre flom ~xperiM~ntal gr~en. Core
taken 2 ho~rs after a norMal 30 minute
irrioation. The core was tested
i~ediately to show the ~harp increase
in infiltration time below the thatch-
san' interface.
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since the moist thatch readily absorbed water while the ~and directly
below w~s still dry. As seon as the water reached the nonwcttable
sand surface in the field it moved horizontally until it reached an
area of wett~ble sand and moved down into 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 before the infiltration test was conducted.
Infiltration time for the non\~ettable core had a Maximum of over' 60
minutes, while the time for infiltration of the wettable (normal)
portion of the green had a maxiMum value of only 6 minutes. This qives
an in~ication of the magniturle of the problem. Samples from dry spots
collected during the course of this st'dy had infiltration times rangin~
from 20 to over 120 minutes.

;n aver~~e infiltration value for twelve nonwettablc cores taken
from the Robertson sand sections of the Experimental Green is presentc
in Fj9u'e 3. This gives a qC1cral picture of the situation found on sand-
based qolf qreens. The dried thatch area is more readily wettahle than
the sand 5U -face immediately b0.lowthe thatch. The degree of water
repellency decreases with distance below the sand surface. Since this
is a~ average. the curve is spr'ad out over a wider distance. qiving
the i8pression th2~ t: e condition is found in a rather ~/ide region of
~he soil profile. In actuality, the situation is rather sharply
dcfin2d ;n each individual core sample tested, as can be seen in-
Figul'~ ~. a qrJ~i reoresenting th~ values obtained from a single core
of nonw~tt}ble .Jb~rtson sand.



l6a.

The nonwettable condition found on sand-based Qolf qreens is
concentrated in the upper region of the sand. d1r~ctly below the thatch
layer. The thatch layer did not prevent wetting of the sand. since the
thatch itself was always observ~d to be totally saturated after irr1qation.
and the sand in the uppermosc region of the profile repelled water drops
for periods ranging from 20 to 120 minutes. Clearly the sand particles
t1emselves were affected by some condition which rendered the surface
water repellent.



Figure 2. Infiltration ~imes from a dry spot sample
and a wet spot (rJrmal) sa~Dle from the
Los Arroyos Golf Course. 1he thatch area
contained a high.ii1ount of sand and loamite
(from top dresiing) which ~ay explain the
'~igh degree of nomoJettability in the lowerhatch area.
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Figure 3. Average infiltration time of twelve
nonwettable cor~s from the U.C.
Experimental Gre~n. The standard
deviation for the 1-5 em values
was 30 minutes.
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Figure 4. Example of infiltration time of a dry spot
core fro~ the experimc ltal 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

ATTEt.1PTS TO INDtlCE tlDrNETTAB IUTY BY DRYIUG

The role of dryi~g in inducing n nonwettab1e condition was studied
since drying of the golf green was necessary for deve1o~Ment of non-
wettabi1ity.

Four pots of Seaside Bentgrass \...ere selected for dry-down studies
in the greenhouse. Six siMilar pots w~re placed outsid~ for dry-down
studies under conditions to whic~ greens are exposed. The pots were
\'latered\'Ii th tap \...ater and \-lerethen a11owed to dry unti 1 the grass
reached the wilting point. Next, an infiltration test was run on the
side surface of the so' i 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 watered. Once the water had
penetrated, some of the turf vias cut with a knife and spread apart to
ascertain if the sand had act~ally adsorbed the water or if the water had
run down the side of the sand-root ball. Similar studies were carried a' :
on ~he pots dried outside the greenhouse. This experiment was conduct~d
from June throuqh September 1972. In all instances. the pots remained
wettable throughout the stuly. No increase in infiltration time was
evident. It vias tt;~ref(;re:oncluded that cyclic drying itself did not
produce a nom'lcttable condition and hypothesized that sor.;a condition
present ':ith the sand was ~endei ~d hydrophobic upon severe drying.

The '~rnperature lt w;;ich the sand was dried also was considered.
TeMperature readinos at the sand layer (2 em below the turf) on the
green rarely reached 10QoF even when air temperature in the shade was

-23-
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over llaoF. Studies of sends and thatch dried in laboratory ovens at
laO°F sho\"/edno increase in infi1t14ation ti.les. Ter..i>eratur~saround
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. limo/everthis 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 OryinQ Temperature o~Wettabl~. e~. Various drying
temperatures were used on moist wettable cores from the experimental
green. Temperatures of 25. 10 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 co~pares the absorption times of three wettable cores
dried at 25°. 70° and llaoe res~ectively. The 25° and 10°C temperatures
caused no noticeable increase in absorption ti~e. The cor~ dried at
llaoe did become nom ...ettable in the upper 3 em. This section included
the thatch layer plus approxii ately 1.5 cm of sand. The large decrease
in infil~ration .irneat the 1 em level r1nnot 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
exhibfted n;>m"etcabl1ity in the thatch ,'egion.

Controlled Drying of \~ettable eorl?,. Although the llaoC drying of
cores gave an indication of cJu'sing nOT'l'/ettabl1ity.such severe temperature
conditions are not found on a golf green. "The primary means of water loss
1s through uptake by the grass roots. Since the majority of the roots
are concentrated in the upper 1-2 cm of th~ sand. thi~ region is subject
to more frequent and rapid drying than the lo.,'erportions of the so11
:)rofl1e. Also. the air tef.1peratureat the surface of t:i~ green rarely



Figure 5. Absorption times of three wettable cores
(from Experimental Green, u.e. Davis) oven
dried at 25°C. 70°C and 110°C. Hote the
apparent nonwettable c~ndition produced in
the thatch as well as the sand of the core
dried at 110°C. (The drop in absorption
time at 1 em on the core dried at 110°C
cannot be explained).
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exceeds 120°F and the sand tenp~rature does not rise above 100°F.
Temperature readings were taken on the experimental golf green for six
days in July 1972. The thatch te~perature (1 cm below the surface of
the green) ranged fr~m 1°F above air temperature to 4°F below air
temperature. The sand at 3 cm be10w the ~reen's surface was generally
4-10oF below the air temperature reading. For example, at 3PM 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 9:oF.

In order to test cores under more realistic conditions, wettable
cores with live grass plants were placed in glass test tubes to prevent
evaporation from the sides and bottom of the cores. Cores were subjected
to drying in full sun or uder an incadescent liqht bulb in the labo"'a-
tory. The full-sun cores were submerqed in a 20~C water bath, with o:'y
the top 1 cm of the core above the water. The cores in the laboratcry
were placed in a room tampcratu,e watc~ bath (24°C) with the. surface of
the co~e above the we::er level. This allO\,teda slO\'Idrying of t:ll!sand,
similar to the conditions found on a qolf green. The cores were dried
under these c~nditions for approximately one week. The air teMperature
beneat~ the light bulb was approximately as-90°F. The bulb was turned
ofr'dur1n~ the night. The outside temoerature ranged from ap~rox1mately
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 ai ter 3-4 days. The lo',':erportion'; of the cores \-terestill l'1oist
but the top 3-5 em (thatch llnd upper 1.5 to 3.5 cm of sand) \-tere dry.

The cores Here re~oved intact f,'om the test tubes, sliced at 1 cm
intervals and t._~ted, by the water drop absorption test. The cores
r0pres2nted in FilJurcs 6 and '7 ''1eretested immediately after rer.Y.>val



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 ur1n removal from water bath.
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Figure 7. Absorpti9n ti~es of cores from slo\~drying
experiment in direct sunlight. T~IO cores
were dried oJts~Je in a 20°C water bath.
C1res were tested immediately upon removal

om water bath.
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from the water baths. The cores in Figure 8 were drie~ 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 is sho\'ffias a comparison (Figure 9).

Both the cores in Fi9ur~s 6 and 7 hcd areas of nonwettability that
directly correlated ~iith 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 ,...as,r~ot the
case found in cores from golf green dry spots.

\, This experiment more closely resembled the drying conditions t~Jught
I
!to ~xist on a golf green. The slow evaporative conditions produced a

definite nonwettable condition in the thatch and upper region of the sand
of:a ~lettable core. Relatively rapid drying of \.tettablecores at L5°C
did not cause a nonwet~abl1 c'ndition tJ develop in wettable co.'es
(Figures rand 9). This fndicJtes that rate ~f diying may playa major
)'ole in the ptoduction of dry spots.

Volatilization of a Nonwettable ubstance from Thatch. An experiment
\iaS devised to test the Debano hypothesis concerning the volatilization
and condensation of a nonvlettable ;ubstance in soils after forest fires
have \lc:pta ch~p<lrra1 area. D~bar:.\used temperatures ranging from 300" ,:

to 30aoF, \lhOe air ter.1pcratur~sat the surface of a turf area al'e
around 100° F on a hot sur11:,r ~y.

, The expc 'imont was conducted using direct sunlight or a 75ytatt
inc.:nd2$Ccnt light bulb four inches ubo'/~ the sUi~face of the thatch (,.,;

in the control':!d c .~e"~ry11Igexpe, ...;~nt). Core S .ctions of thatch
from the cxpel'fri:lllLJ green Here \,:l'apped in aluminum foil Te,i1'/ingthe
top and bottom open. This' thatch cytfnder Has pl.::.ccdover a .5 9 ~;..mplc



Figure 8. Absorption ti~es of three corrs, 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 t:ietest tutes after'the slo\'I drying
treat~ent 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 green) after drying at room
temperature. Note the difference between
this core and those that unden~ent slow
drying in the water baths whi13 enclosed
in test tubes. (Figures 6, 7, 8).
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Figure 10. Illustration of arpara~us used to
test for vrlatilization of a non-
wettable substance from turf thatch.
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of silica sand resting on a 1" square of aluminum foil. The foil cylinder
around the thatch was held to the foil square "lith a ring of "Penna-gu..,"
making a complete seal. The foil square containing the sand and thatch
was placed over the- mouth of a s:-1a11bottle 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 10). Two such samples were placed in a 2Soe water bath In the
laboratory '..11th a light bulb overhead. The air temperature at the thatch
surface in the laboratory experiment was approximately 8S-90°F. Two
similar samples were placed outside in the 200e water bath. The outside
maximum temperatures often reached over 100°F.

The samples "tere kept in the water baths for 10 days. The light
over the Sam?leS in the laboratory W~~ turned off at night. The t~latch
was removed and the sand tested four times during the experiment. The
results of the tests are conpiled in Table 1.

Although Debano's experiment utilized hfgh temperature volatilization
of a nonwettable ~_:Jbstunce,the possibl1ity of a nom'le-:.cablesubstance
\iith a low volatilization t~mperature existing on a golf green was
considered. The volatilization experiment offered no evidence of such a
rnecl'~nismexisting on a golf green. It "/as concluded that at tempera-
tu~es incurred at the surf~ce of a golf green, \Jlatilization of aon
wett~ble substance und sub~equcnt condensation at a lower level in i:he

sand was not likely tt 's the ~ase.
Evaoor~tion of Sod1u~ ~~t--silicate Solution on Silica San~. Since

silica is ~nown to be r strong binding agent in soils, an expcrim!nt was
performed to determine if a silica solution could render sand nonwettab1e
upon drying.



TABLE 1

Results of I-laterDrop AbsJrption Test on Sand Samples
from the Volatilization Experiment on Thatch

from t!-e Experimental Golf Green

DATE OUTSIDE HATER BATH INSIDE HATER BATH
1 July 72 Start treatment Start treatment
2 July 72 Hettab1e Hettab1e
5 July 72 Hettable Hettab1e
6 July 72 Hettable Hettab1e

10 July 72 Hettable l~ettab1e

40.
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Sodium Meta-silicate (Na2Si03' was dissolved in distilled water at
a 100 ppm concentration. The pH \'/asadjusted to 5.4 by adding .OHI BCl.
This solution~as added until 1 gram samples of 20 mesh silica sand were
saturated. T\'Iosand samples were then allo\"ed 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 solJtion 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 \'lettable.
The sand samples \'Ierestrongly he-ld to the \'latch9lasses by the silica
solution, but nonwcttabilit' was in no way produced.

It was concluded that silica in the w~ter and/or sand itself had
no apparent affect on the infiltration time on the sanrl.



TABLE 2

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

Number of Results of I-taterDrop Ajsorotion Test
Date Applications Samples dried at 700e Samples dried at 25°e

13 Sept 72 1 Hettab1e Hettable .
14 Sept 72 4 Hettab1e Hettable
15 Sept 72 6 Wettable Hettable
18 Sept 72 7 Uettable Hettab1e
20 Sept 72 8 ~!ettable Hettable
21 Sept 72 9 Hettab1e Hettab1e
22 Sept 72 11 \lettable Hettab1e
24 Sept 72 12 Hettab1e Hettab1e
25 Sept 72 13 Hettab1e Wettable
26 Sept 72 14 !'!ettable Hettable
3 Oct 72 15 Hettable Hettable

16 Oct 72 1'5 Hettab1e Hettable



Chapter 6

SOLVEtlT 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 detennine if a substance '''ascoating the surface of the
sand grains. renderfngthem nonwettable. The studies were concerned with
a) trying to remove the nom/ettable condition from the sand. b) transferr-
ing the condition to ~ettab~~ sanl. and c) testing various thatch and
grass clippin9s as possible sources of hydrc~hobic substances.

\! '-erExtracts. In an attemilt to produce nOn\'/ettabl11tyin the
laboratory. water extracts of bentqra~s clippings were applied to 20 mesh
silica sand and then were allowed to evaporate at room temperature.

Clippings from greenhouse grown pots of Seaside b~ntgrass were
dried in the greenhous~ for 1. 3. 7. and 14 days. It was thought that
the ai',ountof dryinq might be related to the release of the nOIl\tlettable
material from the clippings. The clippings were extracted by shaking
2 9 of the clip; ings ,.,.fth25 ml of distilled I-taterfor one hour. The
ext!"?cts '....ere then a,~ried to 10 9 sampl es of si1ica sand and \'/ereallowed
to epo.rate at rrOli1 tC::";Jerature.Hhen dry they ,'{eretested by the "later

drop absorption ~~thod. 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 multiple anplicatfon5 of the extrac~ on
the sand SJr:1Plr's. !':\'Ias hoperl that thi s r.lcthod ...:ould mor~ chsc J

parallel th: conditions thou1ht to ~xist on a golf green. The grass
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extract \'/as obtained by shaking 20 9 of clippings (dried 5 days in the
greenhouse) in 200 rnlof tap \/ater. A soil extract obtained by shakinq
5 9 of field soil (Yolo clay loam) in 50 ml of tap water was used as a
source of soil microorqan1sms for some of the treatments. A total of
five treatments were used for this experiment. Each treatment was
arplied to eight 5 g P.obertson sand samples, covered and then fnc~Jated
at 70°F for five days. then dried at room temperature. The treatments
were as fallO\'/S:

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

treatment A - 5 ml of the cliPDinqs extract plus 1 ml
of t'le soil extract and Llcubation at 70°F

treatment B ..5 ml clippings extract and 70°F
incubation

treatmc.1t C ..5 ml clippin(:s extract \'/ith immediate
drying at 60~ (no incubation)

A total of six ~pp1ications \'/ere made. with the results tabulated in
Table 3. No change had been brought auout by the trea ":mentson the sand
grains, with all treotmcnts essentially ineffective in producing an
increase in the infiltrvtion time on the samples.

From these studies it appeared unlikely t:.at the hydroilhobic
condition was derived from the thatch layer in the form of a water
soluble substance that \...as leal.h,"'ddO\',Jl onto the and grains.

lIo"001ar Solve!l!.l;:~racts. A st,onq nonpolar solvent. Benzene,
was used to try and ext, .:t the hydropho~ic substance from clippinn,s
and thatch. Benzene ex..:rac"s \-lere obta1Red by shakinq dry grass.
clippings. fresh grass clippiri05 ~~d tha~:h from ~hQ~~perimel.:al green
(S 9 plant matter with 25 ml gcnzen~ for 1 hour). E~ch extract was
then applied to 1 q samples rif silica sand and allowed to ~~npor~:e at
roor.'! tCr1;'let'ature. ThIs \'las rr;!peatc I .ltil all 25 ml had bc~n add8d to



TABLE 3

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

Clippinqs to Robertson Sand Samples

Number of Aoolications
Tree ~;nem:. 1 2 3 4 5 6

Control - Tap H2O 0 0 0 0 0 0plus incubation
Grass Extract.
Soil suspension. 0 4 3.5 2 2 1.4
Incubation
Grass Extract. 0 7 4 2.3 2.6 2.5Incubation
Grass Extract. 0 0 0 0 0 0Drying at 60°C

1Avetage times from eight replications

45.
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the sand. Thoroughly dried sand samples we~e then tested by the water
drop absorption method. The 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 Has used to extract sar.lplesof nOn\'lettablesoils. 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.

Sanples of non~'::ttable sand \.ere shaken \.Jithbenzei.e for approx-
imately 1 hour (10 g sand per 25 ml benzene). The sand-benzene mixture
was then filtered through llatman #1 filter paller to se~arate the sand
from the solve~t. The benzene extra~t was collected in a flask and the
sand was allo\'/ed to dry at room ter.1perature,th~n \'/astested for degree
of nonwettabi1ity by thellater drop absorptio! method. In all cases the
sand samples ~ere still nonwettable. The absorption ti~es were only
slightly reduced, rer.1ainingin 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 :and
became relatively v:etta:le.

Since the hye'ophobic condition \'IaS not readily removed by the
nonpolar solvent, it was con~lud~d that the r~nwettable substance
associated with the sand grains was probably uf a polar nature.

rolar_S()'\J::~ntF.xtr-~~. \.!<\ter\.tasused as the polar salven. to
extract 11om'l'ettablesand sampld. The pl"ocedure "'orthe extraction \'ias
the same as \.tiththe benzr:.e Ten gran's of s;il and 25 ml'of distilled
Hater \':ere shaken for app 1X~n]tely 1 hour, then the extrLict \'/as



Table 4

Infiltl 1tion Times on S11ica Sand Samples
after Evaporation of Benzene Extracts

of Pl ant ~1atter

47.

Treatment

Control
Dry Grass Clippings
Fresh Grass Clippings
Thatch from Green

Infiltraticn Time (minutes)

o
126

26

68
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filtered through filter paper and collected in a flask. The extracted
soil \:as allowed to dry at room ter;Jpcrature,then was tested by the
water drop absorption method. The 5011 samples all proved to be
completely wettable.

To determine if the shaking and physical movi.'g of the soil \olas an
important factor in the removal of the nonwettable condition, intact,
nonwettable cores were wetted by sprinkling ~iith water for up to six
hours. When thoroughly saturated the cores were dried at room temperature,
then tested by the \'Iaterdrop absorption:ethod. All cores were found t J

be wettable, with the dro~~ 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 of the sand structure
was in some way responsible for recoving or ch~nging the nunwettable
condition in the sand.

The 'ater extract was ap~lied to three 1 g samples of Robertson
sand in approximately 1/2 ml aliquots with dr:'ing at roo~ temperature
between applications. After seven ~pplicatic.is, the sand was dried at
room temr- ratur~ and .hen tested for evidence of transfer of the non-
wettable condition. The water drop ~Jsorption test showed that no wat~r
repellent substance had been deposit:J on the sand grains, all three
sa~p1es ~ere wettable.

A nonwettable sample, shaken with water, was set out in the
laboratory and the water extract was a110v/ed to evaporate from the sand.
Hh'n th<!25 ml had evaporated •. !le soil (sand) Has dried at lOOoF and
tested. The soil 5am~le was entirely wettable. This demonstrated that
the watc~ extract did not reinstate the nonwettable condition on the
sand by simple evapor.tion. This test, along :ith previous tests,
indicated a more complex condition t1lan had been anticipated.



Figure 11. Comparison of infiltration times before
and after thorou~h wettinq of a nonwettable
core from the U.C. Experimental Green.
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The work by Wand~r (1949) em~loyed solvents to extract the non-
wettable substance from soils. lie found that ether had no effect on
nonwettable s011s, but that methanol readily extracted the non\~ettable
substance (possibly a calciuM-magnesium soap) and the ext~act produced
nonwetta0ility when evaooratad on an easily wettable soil. The eth~r
extract had no effect when evaporated on a wettable soil. Wander's
theory waS well substantiated by his solvent extract f~ndings.

Wander's method was duplicated on Los Arroyos and W1kiup non-
wettable sands to determine if these soils responded simflarlyto. the
nonwet~able soils Wander used Ten-gram samples of nonwettable s611
were extrac~ed with water. t~nzene, ether and methanol. The samples

I
iwere ~xtracted with 25 ml of solvent for 30 m1~utes. with periodic

shaking. The soil was then filtered through filter paper and rinsed
with ,5-10 ml of clean solvent. The extract was collected and tr~ sanG
\'/aSiillO\oJedto dry "!troom temperature. After each extraction the dried
sand saL)les \'Ieretested by the \'Jat.::rdrop absorption test. The results
from the Los Arroyos samples are contained in Table 5 and those from the
Wikiup samples in Tabl~ 6. At the conclusion of the extract experiment,
approximate1; 250 ml of each solvent extract had been collected. These
extracts were then evaporated on 1 9 samples f silica sand. A total of
arpro~imately 15 ml was evaporated on each sample, 1/2 ml at a time. The
extracts die not transfer any nonwettable substanc~ to the sand samples.
The r.esults are tabulated in Table 7.

The water removed th1 nonwettable ~ondi.i~' ~fter one extract in both
the Wikiup an( Los Ar,JYos samples. Th~ benzen lad little effect after
four extracts. The ether had no effect on the Wikiup sand after five
extracts, but did re~lve the nonwettablc condition in the [~s Arroyos
sample after the fif~ i extract. 'TL~ m,' thanol removed the nC;Mettabil fty



TABLE 5
Absorption Time After Solvent Extractions - rlonwettable Los Arroyos Sand Samples1

Number of
Extractions

Ti~p. in Minutes
Water Extractions Oenzc~e Extr~ctions Ether Extractions !~thanol ExtracLlons

Initial Absol"""'ionTest 140. 165. 170
1 3. 3. 4 99. 80. 10~ 165. 165, 160
2 80. 120. 150 60. 80, 90
3 120. 130. 135 100. 100. 100

4 80, 120. 120 90, 70, 99
5 0, 0, 0

0, 0, 60
0, O. 0

0, O. 0

ISampl~~ wer~ sieved to rernove particles larger than 1 ~~ in diameter.



TABLE 6

-AbsorptiGj)Time After Solvent Extr~ction - ..NoJu.rettab1e~/ikiup S.,)d Samples 1

Humber of Time in r.Unutes
Extractions ~!ater Benzene Ether Methanol

initial Absorption Test 40, 70, lOC
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 60, 60, 90
4 85, 120, 130 80, 130, 150 90, 120, 135
5 90, lOa, 120 130, 180, 140 35. 55. 70

1Samples siL;ed to remove ~art;cles greater than '1 mrn in diameter.



TABLE 7
Solvent Extract Evaporation on 1 g Samples of Silica Sand

54.

Absorotion Time in ~inutes,

Test 1 Test 2 Test 3 Test 4
5 10 15 20

Applications Applications Applications Aoolications
A. Hikiuo

Ether 2 2 2 1.5

~'eOH 0 0 0 0

Benzene 1 0 0 0

B. Los Arrovos
"

Ether 0 0 0 0

fleaH 0 a 0 0

Benzene a a a 0
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after t\.:oextracts on the Los Arroyos sand. The Hildup 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 non\~ettable
condition after 3 extracts as shown in Table 8. Although the results of
the methanQl extractions of nonwettab.~ golf green sands were not as
definitive as those reported bJ \'landerusing nonwettable Florida sands,
the methanol did remove the nonwettablp. condition in the Los Arroyos
sample.

This result dictates a need for more investigation of the Wander
theory in relatio~ to the problem on golf ~reens.



TABLE 8

Absorption Test on Ether and Methanol Extracted
~lom'lettab1eSand from ':ikiup ~31f Course

56.

After 5 Ether Extractions
Number of ~eOH Extractions

2

3

Absorption Time in MinutE~
70, 80, 95

85, 105, 120

90, 110, 115



Chapter 7

INVESTIGATIC~~ OF FUNGAL AND HICRO£3IAL
POPULATIONS AS PCSSIBLE SOURCES

OF THE :IONHETTABloE CONDITION

In the paper by Bond and Harris (1964) it was suggested that fungi
and/or bacteria were responsible for the hydrophobic condition found on
sandy soils in South Australia. This possibility \t/asinvestiaated using
samplas from the Experimental green and qreenhouse pots.

Direct observations of sand were made fro~ layers at Lpproxi~ately
1 ~rn intervals to find out if a relationship existed bet\ieen the number
of fungal mycelia in a layer and its degree of nonwettabflity.

Grains of sand \'1'ereplaced on a dry slide \t/1tha cover slip and
observed under 100 and 160 power. A number of g;'ains had strands
partially attached to th~~. It could not be det~rmined if the strands
were, in fact, mycelia or some other or9anic matter such as roots.

The large size of the sand qrains made it difficult to focus on
the strands,whicn were too s~all to pull off the sand grains for a
thorough micro;.copic exaT:11nat1on. For this reason. no definite statel.1e,;
ca"n be made cor ;er'1ng the role of fungal mycelia in nonwettable soil',.
Observation shm'l(~dno apparent dL'crence bet\'reenthe number of stran's
in the hydrophobic and nonnal sand samples. No concentration of strands
appeared to be pre~~nt in any of the core samples observed.

A recent t'eport by Dr. R. 1\. Endo alid P. F. Colbaugh (1971) leud

to the fOr'li'!J1atirn of a hYP0thesis concerning the cause or' "dry spots"

on IJO 1f greefls.

-57-



58.

In their study of drought stress as a factor which triggers diseases
of turfgrass, Endo a~d Colbaugh discussed an interesting aspect of
dehydration of the thatch layer. It \'Iasfou,nd that re\'/ettingof dried
thatch brought about release of large quantities of sugars and 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
~icrobia1 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 rewett1ng also increase. Thus the bacteria'
population increases until severe drought takes place. When this occurs
the substances p'oduced by the microorganisms are dehydrated and the
bacterial population and acti' ity is 10\'/ered. The dehydration of these
microbial products, perhaps 1ums 0" gelS, (~lclaren 1967, Holfrom 1961)
might render them resist1nt to ''lettingso that when the thatch and St 1
are irrigated t~iese substances art not dissolved or leached, but remain
closely at~ached ~o the surface of the sand grains. As the season
progresses and these drying cycl~s increase to perhaps a daily frequency,
Cle' hydrophobi c substances build up on the surface of the sand grains in
the region be1m..,the t:!atch layer. Hhen a high proportion of ":he sand
grains are cove, ~d with this' substance and a severe drought takes place
the area is rendered hydrophobic. Apparently ~he environmental' parametlrs
and/or biological factors nr:'cssat'yto prod"ce t:lis condition are ratlF •
specific and are nJt found over an entire green. since usually only
certain areas of a green or perhaps just a fe\'1 small spots aloe affected
at one tirr.e.



Figure 12. Taken froM "Drought Stress as a Factor
TriQgerin~ Fungal Diseases of Turfgrass",
by R. M. Endo and P. F. Colbauqh, 1972,
USG~ Green Section Recorj, July 1912.
Vol. 10, No. 4. p~ge 11.
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To test this hypothesis a longer term experiment was started using
nine month old Seaside bentqrass grown in six inch pots in the greenhouse.
T,.,opots were used as checks, two \';cregiven sucrose solution and t\'IO
pots containing only Robertson sand were given sucrose solution. If
the hypothesis were correct, some significant change in the 1nfiltrat~on
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 placed 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 mo
per pot. (See Figure 12). This much sucrose was dissolved in the a~~unt
of distilled water to allow the turf pot to dry to the wilting point in
24 hours. The same ~ethod was u~~d for the Robertson sand pots. The
control turf pots received di~til1ed v/ater in the appropriate amount to
~llow drying in 24 hours.

In general, two s~crose app1ica~ions were followed by t~/O ap~~ications
of nutrient solution of the sane volume and then a thorough leaching with
nut~icnt solution was m~Je as the turf began t1 deteriorate.

After the daily \oJe"ights\'/ere taken O.i the pots, they were tested by

the water dror absorption method tc see if any decrease in infiltratio~
had taken place. :he Robertson sand pot w~s tested ~y placing a water
dtop on the sUt' -.:e.The turf pots vtct'e tested by partially removing the
turf from the pot, placing it on its jide, making a radial cut through
the sand and turf at the surfa~a and then placing a drop on the
horizontal plane of th cut. (See Figure 13).



Figure 13. Method used to tf.t infiltration time
on turf pots, bot!1 in the dry-dOl"n
studies and the bacte~ial stimulation
experiment. The water drop was placed
on the sand surface where the wooden
label is 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 hypothesis \'/asalso explored by use of cultures of bacteria
from nonwettable and wettable soil samples.

A 1/100 5011 extract was taken from nonwettable and wettable soi1.
These were streaked on PDA in petri dishes. Then 1/1000 and 1/10,000
dilutions ~,~re mzde and struck. (Salle 1967). These were incubated at
72°F for five days to one week.

Hydrophobic bacteria often form colonies that appear dry on the
surface (not glistening) and have a wrinkled rather than a smooth surface.
The plates were then examined for colonies that appe~red dry nnd ~rrinkled,
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 \'/ater. These suspensions \.rere then added to dry Robertson
sand in 1/2 ml increments waiting for the sand to dry between applicat10ns
(24 hours). HaH 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
soiu":ionwere used to culture bacteria also proved to be fru1tles~. The
bacteria were concentrated by centrifugation, then suspended in 5 ~l
tap water and applied to 1 gRobertson sand samples and dried at 70°C.
These samples remained completely wettable.

Another test \'/asdesigned to observe the effect of di fferent drying
temperatures on the bact~rial ~uspensions added to Robertson sand samples.
:he bacterial suspensirJns added consisted )f the: fonOl'lin!}:'~3 ml
concentrat~d bacterial suspension in tap water plus .1 ml of a mixture 0.'
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• 1% sucrose solution and 20 ml of 1/2X Hoagland solution. This was added

tJ all samples twice in 24 houl's. Then the temperature treatments were
begun. Two samples were dried at each of the following temperatures.
with one rec2iving a bacteria-sucrase-Hoagland aliquot every 24 hours and
t~~ other no additional applications after the ini~ial two.

Room Temperature
80°F

110°F
160°F
212°F

After application of the suspension the samples were left at room
tetperature for approximately 6 hours to incubate. then were placed at

ith~ various temperatures for drying over;'\ight.
Aft r five days the daily application 'samples at all temperatures

e*cept 212°F showed a very slight (less than 1 second) increase in
I

infiltration 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 ~:~re

allowed to decompQse under anaerobic conditions. One batch was placed
at 10QoF and the other left at room telilperature. After one \'Jeek the
dark brown exud~te was poured off the decomp~sfng clippings. This exudate
was applied to eight 1 gram samples of Robet v$on sand. Five applications
were made. one per ~y. The exudate was evaporated at room temperature

,

f9r half the samples and at 100°F on the others.
Again no increased in the w~ter drop ~.)sorption time on the samples

occurred.



Chapter 8

CONCLUSIONS

Previous explanations for dry spots on golf greens often implicated
th?~ch build-up as a major contributor to the problem. It was believed
that a thick thatch layer impeded the do~mward movement of water, thus
allowing spots to dry out even with normal irrigation. This r~search
brought out the fact that the thatch layer was not a direct contributor
to the nonwettable situation. Greens with relatively thin thatch layers
(1 to 1-1/2 cm) contained serious dry SJot problems. Also, infiltration
studi~s and direct observation (Figure la) sho\~ed that the th:tch layer
\'iasnot hydrJphobic, ev:?n \.,henvery dry. It \'Iasdetennined that the sand
itself had taken on a \'/atcrrcpellent nature, which prevented the
penetration of irrigation w~ter into these areas.

Two of the conditions necessary to produce noiMettable areas are a
coarse grade sand b~~e and climatic conditions which bring about frequent
.dryin9 of the surface of the 9reen. These t\'/Oconditions often occur
together. The coareer sands hold less water to begin with so they
naturally dry oc; faster than a fine sand or a qreens mix. Thus, factors
\'Ihichcontribute to the drying out J: a qreen will also increase the
possibility of probleM5 with IIdry s:ots". Another reason that the
coarser sa ds a'r"einv)'tved ,.l1ththis problem is the fact that they have
a smaller ~urf(lcc area ',_~lana fine sand o'r a soil mix. A hydroP:iob'lc
substance I..anrr.orereadi' y coat the ~urfaces of the coarse sand, s1:;ce
there is less area to cover. A finer textured 50'1: possibly has too
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large a surface area to ~~ totally covered by the amount of material
produced or released by the source of this hydrophobic substance.

Two rather si~ple solutions are evident. If a sand based green is
to be built, it should consist of a fine to medium sand base, n6t a
coarse grade sand. The second remedy is to prevent the green from drying
out. In 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 the nonwettable condition is concerned, the
numerous theories proposed give some indication of the complexity of the
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 thi~ material is dried out it becomes nonwettable.

W~nder (1949). Bond tnd Harris (1964), Savage et al (1969), and
Debano et al (1967) all gave some amount of credit to this general theory •.

Wander offeredexpe~1mental evidc~ce that fatty acids combined with
Ca++ and ~tg++ to form a nonwettable substance. This theory could be
applied ~~ golf green conditions. Further investigation of this possibility
is wa~rantcd since m~thanol did, in on~ case, remove the nonwettable
substance from a nonwettable golf green sand.

Although Debano et rl (1967) found that extracts of the plant cover
produced ~o~wettability when placed on wettable sands, this did not em
to be thc:ase in the golf green situation. Water extracts of plant
matter di not produce nonwettability in any degree. The fact that benzene
extracts of plJnt rr.3ttcr(grass clippings) did produce nonw~t~ability
when evaporated on ~icttable 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. no less than 20 substances in the
extract were separated using florescent thin-layer chromatography plates.
It appeared t:lat the benzene extracted \'taxesand 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 n~nwettable substance.

The temperature effect on nonwett3bflity appears to be of a ~econdary
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 t~~
nonwettable condition. The 110°C temperature did produce a nonwettable
condition in the thatch as well as the sand. Since this temperature
wou1d never be found on a golf green it was not considered as a possible
factor in the production of nOn\'lettablesand. The 25°C and 70°C drying
temperatures caused no decrease in the wettability of the cores. they
re-ained completely wettable. HO\'/ever.controlled drying of \'lettable
cores in the water baths .Ltsimilar temperatures (approximately 25°C)
did produce a definite nonwettable response in the thatch and upper
portion of the ~and. It is important to note that the thatch. as well
'-s t.he sand, \''::isrendered non\'/ettable. This is contrary to the situation
found on cores taken rom "dry spots II in \'1hich the thatch proved to be
relatively wettable.

The controlled dry-down experiment ~eems to indicate that the rate
of dry dO\'ln.not the temperature, is an important factor in the non-
wettable condition. Cores which had evaporation resti'icted to only the
turf covered surfac~ showed a definite nonwetta~le response; Cores which
~ere dried ;lfth all surfaces expos~d to the air showed no degr~e of nor:4

,

\'lettabilit~.except at very high temperatures (110°C).
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The fact that en,losed cores 'at 25°C becaMe nonwettable and fully
exposed cores dried at 25°C did not become nonwettable, indicates that
tempet'ature is not a direct factor in the nonuettable s1tuatiocl.

This leads to the conclusion that the rate of dry-down is a
determining factor in the nonwettable phenomenon. Controlled drying with
the sand kept at a relatively cool temperature in comparison to the
overlying thatch and turf was the only condition which produced non-
wettabl1ity in originally \'iettablesand. Whether the temperature
difference bet\o/eenthe turf and tile sand is of significance cannot be
commented on at this time. The rate of dry.do\~n and perhaps a temperature
difference appear to be of primary importance in producing non~/ettability
on golf gr!!ens.

Hark to date investigating bactedal populations as the caus"l
agents has not yielded any conclusive results.

It has been established that of the bacterial colonies isolated from
nonwettable sands, none of tho~e t~~ted \~ere hydrophobic under the g~owing
condition in the petri dishes. Suspensions of the colonies in water'
followed by evaporation of the suspension resulted in no change in the
wcttabil1ty of the bacteria. Drying of the bacteria seemingly did not
induce nom.,et':abil1ty, hO\':~ver,only three species have been tested thus
far; Continued investigation of thd numerous bacterial colonies will
result in a more conclusiv~ stateme~t concerning the direct affect f

bacterial populations on r Jnwett~bility.
The investigation of living bacterial populations in a turf

situation seemed to be the most realistic method of determining whether
or not 2 bacterial product was beillg produced which, when dried, caused
nomlcttabil1ty. AltiluUgh th' f1l'~t experim!:!ntmet \'lithlittle success,
numerous modificu~ions of the eAperimental condi~ions could possibly
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result in producing the envfron~ent for production of the nonwettable
substance. For instance, the experiment was run at 80°F under contfnuous
light; perhaps temperature fluctuations of 60°F night to 95°F day are
necessary to induce the produc'~1on of the nonwettahle substance. Also,
the balance between the amount of sucrose added and the nitroQen available
to the turf environment is likelY to be of importance. An extensive study
of this relationship was beyond the scope of thfs study, but future work
in this area could be fruitful. The frequency and severity of drying is
also an important aspect which could be more closely studied. 1n the
sucrose-bacterial stimulation experiment run on turf pots in the growth
chamber, the above parameters were not closely regulated. The sugar
concentr1tion 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 90ing to produce a non-
wettable substance. JL~t what these environmental parameters are can
only be found by extensive studies of actual nonwcttable areas on golf
greens, or by trial and error methods under closely controlled environ-
mental and experimental conditions.

A number of factors includinq rate of dry-down, soil type and
particle size,' releas~ of carbohydrates from thatch, and size and type
of bacterial popul1tions present in the turfgrass-soil environm~nt may
cOitribute to the delicately balancec environment which can develop a
nonwettable character under t~a prope~ conditions.
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