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Abstract

Oostindie K., Dekker L.W., Aguilera H, Ritsema CM/esseling J.G., Zeiliguer A. and Pintar M.
2009.Effects of surfactants on soil wetting and turf parfance of fairways with a water repellent
behavior.Wageningen, Alterra report 1819, 84 pp., 46 Fig®A\ppendix, 46 References.

This study reports about the applications of soifasiants to reduce the occurrence of water
repellency and to improve the soil wetting of thévays 5, 7, 11, and 18 of golf course De Pan,
located at Bosch en Duin near Utrecht, The NethddaThe sandy soil of the fairways exhibits a
water repellent behavior resulting in a lot of liwed dry spots during dry periods in spring and
summer. The influence of the treatments on the meeitif the soil was studied by measuring the
volumetric water content with a hand-held Time DomRReflectometry (TDR) probe. Actual water
repellency was assessed by putting water dropegatar distances on soil cores taken to a depth of
25 cm with a small auger with a diameter of 1.5 cm.

Differences in grass performance, soil water cantand occurrence of water repellency between
untreated and (in 2007) surfactant treated plotewgll clearly present in June 2008. In March and
April 2008 with Revolution treated ridges of fairyvd1 had a better grass performance, higher soil
water contents, and less water repellency tharutieeated lower environments in May, June, and
July. Low-rate treatments with Dispatch in a sfalitway experiment on fairway 7 did not have clear
effects on soil wetting and grass performance. gécrairway 5 one strip was treated with ACA
2766 and another strip with ACA 2766 + Dispatchghdir soil water contents and a better grass
performance were established in the ACA 2766 + &lidp strip. The 3 plots on fairway 18 treated
with Revolution and the 3 plots treated with ACA8Z7resulted in higher soil water contents, less
water repellency and a better grass performancetti®a3 untreated plots.

Keywords: actual water repellency, water drop petien time (WDPT) test, Time Domain
Reflectometry (TDR), critical soil water content
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Summary and Conclusions

The present studies have been performed on fagrvay, 11, and 18 of golf
course De Pan, located on inland dunes at BoscBwen near Utrecht in the
Netherlands, between 21 May and 17 November, 2808.water contents were
measured in the upper 0-5 cm across the surfatteated and untreated plots.
Measurements were made at intervals of 10 cm an2®ver a length of 90 cm to
600 cm. At the same time soil cores were takendterchine the actual water
repellency.

The sandy topsoil of fairway 18 exhibits extremetevaepellency after a
prolonged dry period. In 2007 the effects were istidof the surfactants
Revolution, ACA 1936, RD 153718 and RD 153720 am wWretting of the soil and
the turf performance (Oostindie et al., 2008d). $hdactants were applied 9 times
to plots of 1.5 m by 1.5 m. The configurations loé untreated plots of the sites 1
and 2 were still clearly visible by the presenceaobad turf performance in
comparison with the surfactant treated plots odurée, 2008. Also evidently lower
soil water contents were established in the urgckatots in comparison with the
nine month before for the last time with surfacsan¢ated plots.

The surfaces of the fairways of the golf courseHa@ are undulating with
the higher ridges being more susceptible to drowgfa turning in color in late
spring and summer. However, the head greenkeepatett some ridges of the
fairways in March and April with Revolution. Theetited ridges exhibited in May
and June green grass, while a brown coloring wasemt at the lower lying
surroundings. The water contents in the upper 5So€rthe soil were less than 5
vol.% at the untreated shoulders of the ridge odur&, while contents between 5
and 20 vol.% were measured at the Revolution tdelaigher part of the ridge. It is
also remarkable that soil water repellency wasgiresom the surface to depths of
15-25 cm in the untreated parts, while it only locwas present between 10 and 17
cm depth in the treated part of the ridge.

It is hypothesized that fairways can be protetteiecome water repellent
by regular Dispatch applications, keeping the sibve its critical soil water
content. In a split fairway experiment on fairwaywg investigated if Dispatch
could achieve this. One part of the fairway was meated, the other part once
every week during the period June until the endwjust, 2008. The Dispatch was
applied at a rate of 1 L/hectare. The low-ratetinemts with Dispatch in June and
July did not have clear effects on the height efghil water contents in the upper 5
cm nor on the homogeneity of the wetting. Besidesewno significant differences
in the presence of water repellency between theddit and untreated part of the
fairway established in June, July and August, 2008.

Across fairway 5 one strip with a length of 45 ndaa width of 6 m was
treated with ACA 2766 in a concentration of 30 f0Infin 4 L water and another
strip with the same dimensions was treated with AAZA6 in a concentration of 30
ml/100 m2 + 150 ml/100 frDispatch in 4 L water. Besides, an untreated svep
used as control. The surfactants were applied ittty between 2 July and 10
September, 2008. On 13 and 27 August varied thevabér contents in the upper 5
cm of the ACA 2766 + Dispatch strip between 10 @&&dvol.%, while in the
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untreated and ACA 2766 strips many times less thaol.% was measured. The
higher soil water contents in the surface layethef ACA 2766 + Dispatch strip
resulted in a better grass performance.

To study the effects of surfactant applicationstioe wetting of the soil,
three experimental sites were chosen on fairwayTh@se sites were divided into
three plots with an area of 1.5 m by 1.5 m. At esitdh one plot was randomly used
as control and two plots were randomly treated wotie of the surfactants
Revolution and ACA 2787. The surfactants were &opf times between 21 May
and 10 September, 2008. The better quality of thesggon the 3 Revolution and 3
ACA 2787 treated plots compared with the 3 untralets was present on 2 July

More than 80% green grass was established irD@lcbmpartments of the 6
surfactant treated plots on 10 September, 6 Octadredt 17 November, 2008.
However, in the untreated plots contained 32-49%hef compartments only 50-
80% green grass on 10 September and 6 Octobegn#isant improvement of the
grass quality in the untreated plots took finaligge on 17 November, 2008.

The Revolution and ACA 2787 treated plots contaiee@ently higher
mean soil water contents in the surface layer tih@nuntreated plots after three
applications till the end of the experiment. Theamesoil water contents in the
surfactant treated plots were 5-15 vol.% highentinahe untreated plots during the
period studied. The standard deviations of the watler content were decreasing
for the surfactant treated plots and increasingHeruntreated plots in the course of
the experiment.

At the start of the experiment (21 May, 2008) cored the profiles of all
nine plots a minor to major part of water repellsoi till a depth of 12 to 20 cm.
Repellency started at the soil surface and besidm® preferential flow paths
present. The decrease of water repellency in tiag more obvious in the treated
than in the untreated plots. Besides, it is remaeahat water repellency in the
surfactant treated plots often starts at more thaom depth, whereas in the
untreated plots repellency mostly starts withinnd. @he repellent soil volume in
the untreated plots was higher than in the sunfdteated plots between 18 June
and 17 November, 2008. The water repellent soiima in the ACA 2787 plots
was on nearly all sampling occasions less thaharRevolution plots.

1. Introduction

The phenomenon of soil water repellency has beswgrezed in sand, sandy
loam, loam, clay, peaty clay, clayey peat and sgmeit soils all over the world
(Dekkeret al., 2005b). It results in ongoing management problemsand-based
turfgrass systems (Cisat al, 2000; Dekkert al., 2004, 2008; Oostindiet al.,
2008a, 2009).

However, the phenomenon is most pronounced in edesgured soils and is
common in sandy soils supporting turf or pasturasges (Wilkinson and Miller,
1978; York and Canaway, 2000; Karnok and Tuckef120 Dekkeret al., 1998,
2004; Oostindiest al.,2005a, 2005b, 2006, 2007a, 2008b, 2008c).

Water repellency is influenced by season and sailewcontent. In most
cases, repellency decreases during wet autumn amerwnonths and is most

Alterra report 1819 7



severe during dry periods in spring and summers $aasonal variation may be due
to soil moisture conditions. Extended dry periodsederate the formation of water

repellent soils. Likewise, extremely wet weathes baen found to lessen or even
eliminate water repellent behavior for several veedResearch has identified that
there is a critical soil water content for eachelayn a water repellent soil, below

which the soil is water repellent and above whiod $oil is wettable (Dekker and

Ritsema, 1994; Dekket al.,2001b; Ritsemat al.,2008).

Soil water repellency may dramatically affect fislchle water and solute
movement and has often been underestimated (Baeteral., 2000). Water
repellency and its spatial variability have beervan to cause a reduction in
infiltration of irrigation water and precipitationpon-uniform wetting of soll
profiles, increased runoff, and leaching due tofgwemtial flow (Ritsema and
Dekker, 1995, 1996, 2000; Ritsened al., 1993, 2004; Dekkeet al., 2001a;
Oostindieet al.,2005a, 2006, 2007b).

Soil surfactants have been developed as a meansvercoming the
problems of water repellency in soils (Letyal, 1962; Moore, 1981; Rieke, 1981;
Kostka et al., 1997; Kostka, 2000; Thomas and Karcher, 2000; i@distet al,
2002, 2003, 2005b; Dekket al, 2000, 2005a). Wetting agents that have a strong
affinity for the surfaces of hydrophobic soil paltis will adsorb to those surfaces
and enhance infiltration and water distributiorthe regions of the soil where they
have been applied. Surfactants are well documefotethe management of water
repellency in thatch and surface layers in sandlg smd for the enhancement of
soil hydration in managed turfgrass (Miller and #as 1998; Kostka 2000; Karnok
and Tucker, 2001b; Dekket al, 2003). An interesting overview of the evolution
of soil wetting agents for managing soil water tegrey has been published by
Moore and Moore, 2005.

Maintenance of turf quality and simultaneous optattion of irrigation and
conservation of water are goals of turfgrass marsagespecially under dry
conditions. Water may be conserved by maximizire dffectiveness of irrigation
and precipitation or by minimizing the losses oftevaby surface runoff and
leaching or drainage below the rootzone. Soil stiafats may have a role to play in
this (Kostka et al., 2007a, b, 2008; Oostineti@l.,2008a).

An important test of the effectiveness of a soiffattant must include the
assessment of the uniformity of distribution of thiater in the soil, as well as the
increase in water content. The objective of ourdgtwas to investigate the
effectiveness of surfactants for amelioration ofexaepellent fairways.

In chapter 2 we give a description of the soil #ml methods used to assess
soil water content and to determine the presen@eifal soil water repellency. In
chapter 3 we show the influence of surfactantsiegpin plots of the sites 1 and 2
of fairway 18 in 2007 (Oostindiet al.,2008d) on the wetting of the soil and grass
performance on 16 June 2008. In chapter 4 we desthie effects of Revolution
applied on ridges of fairway 11 by the head greepke Mark Lampe. Chapter 5
gives an overview of the effects of applicationa@&urfactant at a low rate to a part
of fairway 7. The effects of two surfactants apgliem 2008 on fairway 5 are
described in chapter 6 and the results of apptinatof two surfactants on fairway
18 are represented in chapter 7.
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2. Soil and Measurements

2.1. The Soil Profile

The present studies have been performed on fagay, 11, and 18 of golf
course De Pan, located on inland dunes at Boscbwen near Utrecht in the
Netherlands, between 21 May and 17 November, 2088. soil of the fairways
consists of fine non-calcareous sand with less #arclay to a depth of more than
2 m. An organic matter content of 5-12 w.% wasl@disthed in the surface layer at
depths of 0-2.5 cm and of 3.5-7 w.% at depths ®f52cm. At depths of 7-12 cm an
organic matter content was detected of 2-5 w.%urther decreased to 2-3 w.% at
depths of 20-25 cm. Below this depth the organittenacontent was found to be
less than 1 w.%.

2.2. Measurement of Soil Water Content in the $erfaayer (0-5 cm)

Beginning on 21 May, 2008 soil water contents wereasured with the
portable TDR-device (Fig. 2.1) in the upper O-5a&rnoss the surfactant treated and
untreated plots. Measurements were made at infenfalO cm or 25 cm over a
length of 90 cm to 600 cm.

Figure 2.1 Portable TDR-device for measuremersindfwater content.

2.3. Assessment of Actual Soil Water Repellency
At the same time of the soil water content measerds soil cores were
taken at these points, using a small auger, andcatihgal water repellency was

Alterra report 1819 9



determined in the field by placing drops of watetrtle cores with intervals of 1 cm
(Fig. 2.2). Depth and thickness of the actual wegpellent soil were recorded.

Figure 2.2 Determination of the occurrence, deptid ahickness of a water
repellent layer in the field, by using a small cesempler.
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3. Long-term Effects of Surfactants Applied on Faiway 18 in 2007

3.1. Effects of Treatments in 2007

The sandy topsoil of fairway 18 exhibits extrematev repellency after a
prolonged dry period. In 2007 the effects were istidof the surfactants
Revolution, ACA 1936, RD 153718 and RD 153720 (Aquia, Paulsboro, New
Jersey, USA) on the wetting of the soil and thé performance (Oostindie et al.,
2008d). The surfactants were applied 9 times ttspd 1.5 m by 1.5 m between 6
June and 18 September, 2007 at a rate of 1.85%im/mwater volume of 70 ml/m
using a backpack sprayer. On the same dates aticmleamount of water (70
ml/m? equal to 0.07 mm) was applied to untreated copimis.

The effects of the surfactants on grass growthsanldvetting were evident.
There was a large difference in grass performaeteden the untreated plots and
the surfactant treated plots of sites 1 and 2 betw2s July and 20 November,
2007. The mean soil water contents in the surfagerlof the surfactant treated
plots of site 1 and 2 were very similar and alwhiggher than those of the untreated
plots. The water repellent soil volume decreasedntiost during the experiment in
the profiles of the surfactant treated plots.

3.2. Effects of Surfactants 9 Months After Appiorat

The configurations of the untreated plots of titess1 and 2 were still
clearly visible by the presence of a bad turf penfance in comparison with the
surfactant treated plots on 16 June, 2008, adréitesl by Figure 3.1.

We mapped the turf performance of the 10 plotbaih sites by using an
iron grid of 1 m by 1 m consisting of 10 cm by 1@ cutting faces (see Fig. 3.2). In
any of these compartments the percentage of gmeas gvas estimated by using the
following classes: >80%, 50-80%, and <50% greesgyrim the untreated plots we
established in 45 of the 100 compartments in s@adlLin 30 compartments of site 2
less than 50% green grass and in only 5, respéctivecompartments >80% green
grass, as illustrated by Figure 3.3. The most cotnpnts with >80% green grass
were present in the ACA 1936, RD 153718 and RD 283glots of site 1. The
Revolution plot of site 2 was a little bit strikingvith less than half of the
compartments containing >80% green grass.

We measured also the soil water contents with tneaple TDR-device (see
Fig. 2.1, chapter 2) in the upper 0-5 cm acrosssthiéactant treated and untreated
plots of both sites. Measurements were made atvaiteof 10 cm over a length of
90 cm. The soil water contents in the untreatedspiere very low with contents
not exceeding 5 vol.% in site 2 and 9 vol.% in dité-igure 3.4). Mean higher soil
water contents, although varying strongly over shiistances, were measured in
the 8 surfactant treated plots, as illustratediguie 3.4.

At the points of the soil water content measureserd took also soil cores,
using a small core sampler, to determine the wafszllency in the field by placing
drops of water on the cores with intervals of 1 (@®e Fig. 2.2, chapter 2). Depth
and thickness of the water repellent soil were né®d. Figure 3.5 shows that water
repellency recurred completely in the untreatedsplarhereas a thin surface layer
and some preferential flow paths were wettabl&ésurfactant treated plots.
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Figure 3.1 The influence of surfactant applicatiamssite 1 and site 2 of fairway 18
in 2007 are still visible in the grass performarare16 June, 2008.

N,

-

Figure 3.2 Estimation of the percentage of greeasgrin adjacent compartments,
squares of 10 cm by 10 cm, by using an iron gritl wf by 1 m.

12 Alterra report 1819



Site 1 Site 2

Untreated

Revolution

ACA 1936

RD 153718

RD 153720

Green Grass . >80% |:| 50-80% . <50%

Figure 3.3 Turf performance on the untreated amd2Q07) surfactant treated plots
of site 1 and 2 on 16 June, 2008.
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Untreated Revolution ACA 1936 RD 153718 RD 153720

Site 1

Site 2

Depth (cm)

Depth (cm)

Site 1
Depth (cm)

Site 2
Depth (cm)

0 30 60 9 O 30 60 90 0 30 60 9 O 30 60 9 o

30 60 90

Distance (cm
Il Wettable [l Water repellent ! (cm)

Figure 3.5 Contours of actual water repellency lre topsoil of the untreated and
surfactant treated plots of site 1 and site 2 fribra 2007 experiment,

measured on 20 November, 2007 (upper diagrams)and6 June,
2008 (lower diagrams).
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Figure 4.1 The Revolution treated ridges of fairwidywere still green on 11 and
18 June, while the lower lying surroundings changedolor in spring.
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4. Revolution Treated and Untreated Ridges of thea&rways

The surfaces of the fairways of the golf courseHa@ are undulating with
the higher ridges being more susceptible to drowgiat turning in color in late
spring and summer. During dry periods gets the turfthese ridges the first a
yellow or brown color, while the lower lying envitment still keeps green.

The head greenkeeper treated some ridges of tlveaj@ once in March
and once again in April, 2008 with the Surfactaewv®ution. The surfactant was
sprayed mechanically at a rate of 19 L per ha hi8Water.

The effects of the applications were clearly V&siuring the relatively dry
periods in May and June. The treated ridges exdbgreen grass, while a brown
coloring of the turf represented the lower lyingreundings. The upper picture of
Figure 4.1 shows this reversed image of the grakwrs; as photographed for a
treated ridge on 11 June, 2008. Also on 18 June2@niuly was the difference in
grass color between the treated ridge and untreadgatent part of the fairway
sharp and clear.

Some measurements were made in a cross sectionhevedge of fairway
11 on 18 June and 22 July, 2008. We measuredeavais of 50 cm the level of the
surface, the water content of the upper 5 cm ofsthiewith the TDR-device (see
Fig. 2.1 in chapter 2) and the presence and ddptlater repellency with the core
sampler (see Fig. 2.2 in chapter 2).

The upper diagrams of Figure 4.2 with the levet Ishow that the center of
the ridge was 160 cm higher than the lower planethé surrounding. The water
contents in the upper 5 cm of the soil were lessmth vol.% at the untreated
shoulders of the ridge on 18 June, while conteetsvéen 5 and 20 vol.% were
measured at the Revolution treated higher parhefridge. It is also remarkable
that soil water repellency was present from théaserto depths of 15-25 cm in the
untreated parts, while it only locally was predesiween 10 and 17 cm depth in the
treated part of the ridge (Figure 4.2, left side).

Due to the total amount of 105 mm precipitatiomsen 18 June and 22
July increased the soil water content in the tabatat of the ridge to 25-35 vol.%,
while an irregular wetting of the surface layerlwitater contents between 5 and 35
vol.% were measured in the untreated parts (Figueright side). In the untreated
parts started the water repellency at around 2 manaanumber of preferential flow
paths with wettable soil were present. A major pathe profiles in the Revolution
treated ridge were again completely wettable.

For comparison we did similar measurements acaosantreated ridge in
fairway 18 on 22 July, 2008. The top of the ridgeoanted to about 90 cm above
the adjacent area (Fig. 4.3). An irregular pattefrsoil water contents, varying
between 7 and 33 vol.% was present in the uppen Dfcthe soil. No significant
differences in soil water content and in occurreméewater repellency were
established between the ridge and the lower suidiadbe right-hand side of the
ridge. Relatively higher and less variable soilevatontents and more wettable soll
were present at the left-hand side of the ridgeillastrated in the diagrams of
Figure 4.3.
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Figure 4.2 Soil water contents in the surface lay@f5 cm depth) and water
repellency present in the soil profiles till 25 dapth in cross sections
through the treated ridge of fairway 11 on 18 Jamel 22 July, 2008.
Also the level line of the surface has been indidat
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22 July, 2008
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Figure 4.3 Soil water contents in the surface layer5 cm depth) and water
repellency present in the soil profiles till 25 d®pth in a cross section
through un untreated ridge of fairway 18 on 22 JW908. Also the
level line of the surface has been indicated.
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30 July, 2008
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Figure 4.4 Soil water contents in the surface layer5 cm depth) and water
repellency present in the soil profiles till 25 d®pth in a cross section
through un untreated ridge of fairway 5 on 30 J@@08. Also the level
line of the surface has been indicated.

20 Alterra report 1819



Another untreated ridge for comparison was studiefdirway 5 on 30 July,
2008. The center of the ridge lies about 115 cnvalibe adjacent lower area, as
illustrated in the upper diagram of Figure 4.4. Thenth July was relatively wet
with a total precipitation of 127 mm. In spite bf¢ large amount of rain, contained
the surface layer (0-5 cm) in the central parthef idge mainly soil water contents
between 3 and 10 vol.%. Remarkable was also thie Yagiability in soil water
content (5-30 vol.%) on the left side of the sheuldf the ridge, whereas on the
right side mainly water contents between 25 and@%6 were measured. Striking
was also the presence of water repellency stadinfe surface in the center and
left side of the ridge after only 3 days withouegpitation, which followed a
relatively wet period. Much of the rainwater hasl@bly been moved to the right
side of the ridge, where higher soil water conteintsthe surface layer were
measured and a major part of the soil profiles weettable. Another part of the
rain has probably been moved to the subsoil vigptieéerential flow paths, which
were locally present in the ridge, as indicatedhgypresence of wettable soil.
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20 Untreated 3 June, 2008 Dispatch
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Figure 5.1 Volumetric soil water contents in theface layer (0-5 cm) of the
untreated and Dispatch treated parts of fairwaymgasured every 25
cm over an distance of 6 m on 5 dates between 8 dand 28 July,
2008.
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5. Influence of Low-rate Dispatch Applications on Rirway 7

It is hypothesized that fairways can be protettelecome water repellent
by regular Dispatch applications, keeping the sdibve its critical soil water
content. In a split fairway experiment on fairwaywe investigated if Dispatch
could achieve this. One part of the fairway was meated, the other part once
every week during the period June until the endudust, 2008. The Dispatch was
applied at a rate of 1 L/hectare.

Soil water contents of the upper 5 cm and the piesef water repellency at
depths of 0-25 cm were established 7 times bet@edune and 27 August, 2008.
These measurements were made along transects #oedssrway over a distance
of 6 m with intervals of 25 cm, in the untreatedvesll as treated parts of the
fairway.

The soil water contents in the upper 5 cm rangadden 5 and 32 vol.% at
both parts of the fairway on 3 June, as illustratedrigure 5.1. The soil water
contents decreased to between 0 and 23 vol.% @urdd, due to the relatively dry
period in the preceding two weeks, with only 11 mam. More or less the same
water contents were measured on 2 July, after andth mm rain. On both parts of
the fairway were mainly water contents measuredb-db vol.% on 14 July,
although 59 mm rain fell between 2 and 14 July. theo 63 mm rain in the next
two weeks resulted in an irregular wetting in bp#rts of the fairway on 28 July,
with soil water contents varying between 5 vol.%d 80 vol.% (Fig. 5.1). The low-
rate treatments with Dispatch in June and Julyrditl have clear effects on the
height of the soil water contents in the upper 5ran on the homogeneity of the
wetting.

Large parts of the soil profile between 1 and 15 depth were water
repellent at the start of the experiment on 3 J@068, as illustrated in Figure 5.2.
Besides were preferential flow paths present widitable soil. Water repellency
increased in the weeks that followed, with a maxiexdension on the untreated as
well as the treated part of the fairway on 2 JWater repellency was on this date
on several places present from 0 to 25 cm. No feigmt differences in the
presence of water repellency between the Dispatdiuatreated part of the fairway
were established in June and July, as is maddeisili-igure 5.2.

Preferential flow paths in the profiles and higkerl water contents in the
surface layer are clearly related as one can beealyacomparison of Figure 5.2
with Figure 5.1.

Also on 13 and 27 August, 2008 were no signifidifierences in soil water
contents present between the upper 5 cm of theatett and Dispatch treated soil,
as shown in Figure 5.3. The variability was highbmth dates and on both parts of
the fairway with soil water contents varying ovhpd distances between 1 and 20-
30 vol.%.

The higher soil water contents were again relaedthe presence of
preferential flow paths, as can be seen by comgdfigure 5.3 with Figure 5.4.
Also on 13 and 27 August were no evident differsnicewater repellency present
between the untreated and Dispatch treated p#nedairway (Fig. 5.4).
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Dispatch treated parts of fairway 7 on 5 dates lestw 3 June and 28
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6. Effects of Two Surfactants on Fairway 5

Across fairway 5 one strip with a length of 45 ndaa width of 6 m was
treated with ACA 2766 in a concentration of 30 r0Inf in 4 L water and another
strip with the same dimensions was treated with AAZA6 in a concentration of 30
ml/100 m2 + 150 ml/100 frDispatch in 4 L water. Besides, an untreated svep
used as control. The surfactants were applied ightly between 2 July and 10
September, 2008.

Soil water contents of the upper 5 cm and the piesef water repellency at
depths of 0-25 cm were established 7 times betWeéunly and 6 October, 2008.
These measurements were made along transects #oedssrway over a distance
of 6 m with intervals of 25 cm, in the untreatedvesll as treated parts of the
fairway.

On 2 July at the start of the experiment werestiiewater contents in the 3
strips very low and ranged between 0 and 5 vol.8osleown in Figure 6.1. Soil
water contents varied mainly between 5 and 20 vah%he 3 strips on 14 July.
Slightly higher soil water contents were measurethé ACA 2766 + Dispatch strip
compared with the ACA 2766 and untreated strip 8@y, 2008. On 13 and 27
August varied the soil water contents in the uppecm of the ACA 2766 +
Dispatch strip between 10 and 25 vol.%, while ie tintreated and ACA 2766
strips many times less than 5 vol.% was measured.

On 2 July was the soil profile on all 3 strips aratepellent from the surface
till depths between 15 and 25 cm, as illustratedrigure 6.2. Water repellent
volumes and preferential flow paths were clearlgyspnt in all 3 strips between 28
July and 27 August. The upper 1-3 cm was wettabliné ACA 2766 + Dispatch
strip on 13 and 27 August, while water repellentyhe untreated and ACA 2766
strips on several spots started at the surface.

Large variations in soil water content varyingvize¢n 8 and 35 vol.% were
measured in the upper 5 cm of the untreated and A% strips on 10 September
and 6 October, 2008, while fluctuations betweem2@® 32 vol.% were noted in the
ACA 2766 + Dispatch strip on 10 September and enlariation between 25 and
33 vol.% on 6 October (see Figure 6.3).

The water repellent soil volume in the ACA 276®ispatch strip was also
less in comparison with the other 2 strips on 1pt&aber and 6 October, 2008, as
illustrated in Figure 6.4.

The higher soil water contents in the surface rlagfethe ACA 2766 +
Dispatch strip resulted in a better grass perfooneamas evidently shown on the
photo of Figure 6.5 taken on 10 September, 2008.
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Figure 6.5 The grass performance at the ACA 27@Bispatch treated strip on 10
September, 2008.
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7. Effects of Revolution and ACA 2787 on Soil \&tting and Grass Performance
of Fairway 18

7.1. Surfactant Applications

The sandy topsoil of fairway 18 exhibits extrematev repellency after a
prolonged dry period. To study the effects of sttdat applications on the wetting
of the soil, three experimental sites were chosenthes fairway (Fig. 7.1). These
sites were divided into three plots with an ared.6fm by 1.5 m. At each site one
plot was randomly used as control and two plotsewandomly treated with one of
the surfactants Revolution and ACA 2787 (Aquatrd®sulsboro, New Jersey,
USA). The surfactants were applied 9 times betwZkriMay and 10 September,
2008 at a rate of 1.85 mifnin a water volume of 70 mlfmusing a backpack
sprayer. The 9 dates of applications are givenabld 7.1. On the same occasions
an identical amount of water (70 mfraqual to 0.07 mm) has been applied to the
untreated control plots.

Table 7.1 Dates of treatments with surfactants datés of measurements of turf
performance, soil water content and actual soil evatepellency in the
plots of the 3 study sites in 2008.

Application Date Measurements: Date
Surfactants Turf performance

Soil water content

Water repellency

1 21 May 1 21 May

2 3 June 2 3 June

3 18 June 3 18 June

4 2 July 4 2 July

5 16 July 5 16 July

6 30 July 6 30 July

7 13 August 7 13 August

8 27 August 8 27 August

9 10 September 9 10 September
10 6 October
11 17 November

7.2. Estimation of Turf Performance

The turf performance of the 9 plots was mappedirhés between 21 May
and 17 November, 2008 (Table 7.1). For this purpesenade use of the iron grid
of 1 m by 1 m consisting of 10 cm by 10 cm cuttfages (see Fig. 3.2 in chapter
3). In any of these compartments the percentaggesn grass was estimated by
using the following classes: >80%, 50-80%, and <%0é&n grass.

Digital photographs of the grass performance efdIplots were made on all
sampling days and have been separately deliveraduatrols on a CD.
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Figure 7.1 Layout of the experimental field witle thiree plots on the three sites of
fairway 18.
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7.3. Measurement of Soil Water Content in the $erfaayer (0-5 cm)

Beginning on 21 May, 2008 soil water contents wereasured with the
portable TDR-device (see Fig. 2.1 in chapter 2}he@ upper 0-5 cm across the
surfactant treated and untreated plots on elevéesdas indicated in Table 7.1.
Measurements were made at intervals of 10 cm olesgih of 90 cm.

Additionally 100 soil water content measuremengsenmade in the upper 5
cm at intervals of 10 cm in horizontal planes of01€m by 100 cm. These
measurements were done in the plots of site 1 8e@ember and 17 November, in
those of site 2 on 10 September, and in the platge3 on 6 October, 2008.

7.4. Assessment of Actual Soil Water Repellency

At the same time of the soil water content measardgs soil cores were
taken at these points, using a small core samalet,the actual water repellency
was determined in the field by placing drops ofewain the cores with intervals of
1 cm (see Fig. 2.2 in chapter 2). Depth and thiskne# the actual water repellent
soil were recorded. Dates of determination of doieter repellency are given in
Table 7.1.

Additionally actual soil water repellency was maasl at 36 places at
intervals of 10 cm by 10 cm in the central partshef horizontal planes of 100 cm
by 100 cm, where soil water contents were measasatescribed in section 7.3.

7.5. Precipitation

Precipitation at the experimental field has besgorded with a rain gauge,
provided with a tipping bucket system. The accureaicthis device is 0.1 mm. Date
and time of each 0.1 mm precipitation were storedhie memory and retrieved
regularly. The total amount of precipitation betweke dates of estimating the turf
performance, measuring the soil water content@ftirface layer and assessing the
actual soil water repellency in the topsoil arespreed in Table 7.2.

The precipitation before the start of the experitraanounted in total to 96.3
mm for the month of January, to 39.2 mm for Febyutr 91.9 mm for March and
to 33.9 mm for April, whereas 15.9 mm precipitatietl between 1 May and 21
May, 2008.

Table 7.2 Precipitation (mm) between the dates sbimation turf performance,
measurement soil water content in the surface laf@b cm) and
assessment of actual water repellency in the uteéckand treated plots
of fairway 18 in 2008.

Dates of measurements Precipitation Dates osurements Precipitation
21 May — 3 June 39.0 30 July — 13 August 55.4
3 June — 18 June 9.7 13 August — 27 Augu 58.3
18 June — 2 July 11.1 27 August — 108Suaper 28.7
2 July — 16 July 59.3 10 September — ® ey 124.7
16 July — 30 July 64.2 6 October — 17 &aber 87.5
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Figure 7.2 Turf performance on the untreated andasant treated plots on 21
May (upper diagrams) and 3 June, 2008 (lower diagsy of
respectively site 1, 2, and 3.
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7.6. Effects of the Surfactants on Turf Performance

At the start of the experiment on 21 May, 2008¢heere slight differences
in the grass performance between the nine ploteeothree sites of fairway 18. A
substantial part of the 10 cm by 10 cm compartmentsll plots contained more
than 80% green grass (upper diagrams of Fig. @&)the randomly chosen plots
exhibited 12-32% of the compartments on the urgceatots 50-80% green grass,
while this varied from 13 to 40% on the Revolutiamd from 10 to 30% on the
ACA 2787 plots. A significant increase in grasswgito for most plots was noticed
on 3 June (lower diagrams of Fig. 7.2), after altof 39 mm precipitation in the
preceding two weeks (Table 7.2). A decrease insggaswth was observed for all
plots on 18 June, after two weeks with only 9.7 pmecipitation, as shown in the
upper diagrams of Figure 7.3. However, significdifferences in grass growth
were established between the untreated plots cadpanth the two times
surfactant treated plots. More compartments ofuhieated plots contained less
than 80% green grass, and locally even less th&mn B0further decrease in grass
quality was noticed for the untreated plots on B Juith more compartments
containing less than 50% green grass (Fig. 7.3elaiagrams). The precipitation
in the two weeks before amounted to only 11.1 mire differences between the
untreated and three times surfactant treated ploteased evidently, because only
slight changes in the grass quality of the surfadi@ated plots occurred.

The better quality of the grass on the 3 Revofudad 3 ACA 2787 treated
plots compared with the 3 untreated plots is itatstd by the photo of Figure 7.4,
made on 2 July.

Due to the total amount of 59.3 mm rain fallenwestn 2 and 16 July, a
slight improvement in grass quality was observedh@nuntreated plots, while on
the surfactant treated plots 90-100% of the compamts exhibited more than 80%
green grass (Fig. 7.5, upper diagrams).

In the two weeks that followed a significant des® in grass quality took
place in the 3 untreated plots (Fig. 7.5, lowegdhms), although the precipitation
amounted to 64.2 mm during this period. Unlike dased the quality of the grass
in the 6 surfactant treated plots only slightlyidgrthis period.

The grass quality improved clearly on all 9 plbetween 30 July and 13
August (with a total of 55.4 mm rain), as showrnthe upper diagrams of Figure
7.6. Although, still evidently more green grass wasesent on the 6 surfactant
treated plots than on the three untreated plotss Was again the case on 27
August, after another 58.3 mm of rain (Fig. 7.6ydo diagrams).

More than 80% green grass was established irD@lcbmpartments of the 6
surfactant treated plots on 10 September, 6 Octelmer 17 November, 2008 (Fig.
7.7 and Fig. 7.8). However, in the untreated plotéitained 32-49% of the
compartments still 50-80% green grass on 10 Sememnand 6 October. A
significant improvement of the grass quality in tirdreated plots took finally place
on 17 November, 2008 (Fig. 7.8).

Figure 7.9 clearly shows the differences in petages of compartments
with >80% green grass between the surfactant atréated plots of the three sites
between 21 May and 17 November, 2008. Both suriéctaad quite similar effects
on the grass performance during the period studied.
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Figure 7.3 Turf performance on the untreated andasant treated plots on 18
June (upper diagrams) and 2 July, 2008 (lower dienys), of
respectively site 1, 2, and 3.
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Figure 7.4 Overview of the grass performance omihe experimental plots of
fairway 18 on 2 July, 2008.
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Figure 7.5 Turf performance on the untreated andasant treated plots on 16
July (upper diagrams) and 30 July, 2008 (lower dé&gs), of
respectively site 1, 2, and 3.
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Figure 7.6 Turf performance on the untreated andasant treated plots on 13
August (upper diagrams) and 27 August, 2008 (lodiagrams), of
respectively site 1, 2, and 3.
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Figure 7.7 Turf performance on the untreated andasant treated plots on 10
September (upper diagrams) and 6 October, 2008eflaliagrams), of
respectively site 1, 2, and 3.
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Figure 7.8 Turf performance on the untreated andastiant treated plots on 17
November, 2008 of respectively site 1, 2, and 3.
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grass on the untreated and surfactant treated platgshe three sites
between 21 May and 17 November, 2008.
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7.7. Effects of the Surfactants on Soil Water Qaritethe Surface Layer (0-5 cm)

At the start of the experiment on 21 May, 2008adthe soil water content
of the surface layer in the 9 plots between 0 &ndd.%, as shown in Appendix
Figure I-A. The surface layers of the plots of dteere the driest and those of site
2 were the wettest. The surface layer of 2 plotsitef 3 contained throughout the
cross sections less than 5 vol.% water. This maleeto the relatively dry period
between 1 May and 21 May with in total merely 16 maim.

The soil water content in the surface layer inseglain the plots, as shown in
the diagrams of 3 June (Appendix Fig. I-B), dueh® supplementary precipitation
of 39 mm during the period 21 May to 3 June (TahB®. The soil water content
varied over short distances between 10 and 20-B&wa the surface layer of the
surfactant treated plots, whereas a remarkable genamus wetting with a water
content of around 10 vol.% was measured in thet@ated plots.

The relatively dry period between 3 and 18 Jungh wnly 9.7 mm rain
resulted in a very dry surface layer of the untdgplots and of both surfactant
treated plots of site 3, as shown in Appendix FHG. Only locally soil moisture
contents above 10 vol.% were measured in the garfatreated plots of site 1 and
2.

The 11.1 mm rain that fell between 18 June andly2skarcely changed the
soil moisture status of the surface layer on 2 ltgn compared with 18 June as
shown in Appendix Fig. I-D.

During the period between 2 and 16 July 59.3 min veas registered.
However, the surface layer of the untreated pletsained very dry with soil water
contents below 5 vol.% (Appendix Fig. I-E). Thelseater contents in the surface
layer of the surfactant treated plots was on ait8s higher than in the untreated
plots. Although, still relatively low soil water otents were present in the
Revolution treated plots of site 2 and 3 and inAKA 2787 plot of site 3.

A slight increase in soil water content to aroingol.% was measured in
the surface layer of the 3 untreated plots on 39 dfter 64.2 mm rain in the
previous two weeks. An irregular wetting with watemtents between 10 and 30
vol.% was established in the surface layer of teedRition and ACA 2787 plots
(Appendix Fig. I-F).

On 13 August we measured on all nine plots moréess the same soil
water content values as on 30 July, after an amoiu®%.4 mm precipitation in the
previous 2 weeks (Appendix Fig. I-G).

Also the 58.3 mm precipitation in the next two w&eaused only a slight
increase of the soil water content in the surfagel of the Revolution and ACA
2787 plots of site 1, as measured on 30 August€Agix Fig. I-H).

Although in the two weeks that followed only 281n rain fell, a clear
increase in soil water content was detected instinéace layer of all 9 plots, as
measured on 10 September. A soil water contentrotird 10 vol.% was
established in the 3 untreated plots and of 200te3.% in the surfactant treated
plots (Appendix Fig. I-i).
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Figure 7.10 Mean volumetric soil water contenthe surface layer of the untreated
and surfactant treated plots of site 1, 2, and 8veen 21 May and 17
November, 2008.
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Figure 7.11 Standard deviation of the volumetrid g@ter content in the surface
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layer of the untreated and surfactant treated plotssites 1, 2 and 3
between 21 May and 17 November, 2008.
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The 124.7 mm precipitation between 10 SeptembdrGa@ctober resulted
in a homogeneous wetting of the 3 Revolution andlCA 2787 plots with soil
water contents in the surface layer of around 30%owhile in the 3 untreated
plots the soil water content ranged between 10838nebl.% (Appendix Fig. 1-J).

The soil water content increased in the untreptets to 20-30 vol.% and in
the surfactant treated plots to 30-40 vol.% aftether 87.5 mm rain, as shown for
the 17 November measurements in Appendix Fig. I-K.

Mean soil water content and standard deviation

Figure 7.10 shows the mean soil water contentbensurface layer of the
untreated and surfactant treated plots during ém®@ studied. The Revolution and
ACA 2787 treated plots contained evidently higheam soil water contents in the
surface layer than the untreated plots after tlagglications till the end of the
experiment. The mean soil water contents in theoR&en and ACA 2787 plots of
site 1 were quite similar on all sampling datesl ®ater contents in the ACA 2787
plots of site 2 and site 3 were on several datghtk} higher than in the Revolution
treated plots.

The standard deviations of the soil water conteaged between 0 and 9
vol.%, as illustrated in Figure 7.11. Till Septemb®y were evidently lower in the
untreated plots compared with the surfactant tceplets.

Figure 7.12 gives an overview of the mean soilewabntents and mean
standard variations of the soil water contenthangurface layer of the 3 untreated,
3 Revolution and 3 ACA 2787 treated plots during greriod studied. The mean
soil water contents in the surfactant treated phase 5-15 vol.% higher than in the
untreated plots. The standard deviations of thevsaier content were decreasing
for the surfactant treated plots and increasingtli@r untreated plots during the
experiment.
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Figure 7.12 Mean and standard deviation of the m@tric soil water content in the
surface layer of the three untreated, three Reumiytand three ACA
2787 treated plots between 21 May and 17 Noven2bé8.
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Figure 7.13 Top views with contours of the voluimedoil water content at 0-5 cm

depth in the untreated and treated plots on 8 Seipée and 10
September, 2008, respectively in site 1 and suef@irway 18.
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Figure 7.14 Relative frequency histograms of tHametric soil water content at O-
5 cm depth in the untreated and treated plots @an@ 10 September,
2008, respectively in site 1 and site 2 of faind&8y(n = 100).
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Soil water distribution in the upper 5 cm of theéreated and treated plots

The spatial variability of the soil water contémtthe surface layer (0-5 cm)
of the three plots of site 1 on 8 September, argltef2 on 10 September, 2008 are
shown in the diagrams of Figure 7.13. Large are#ls water contents below 8
vol.% were detected in both untreated plots, wlaitge parts of the Revolution and
ACA 2787 plots contained water contents of more tBé vol.%. The variability of
the soil water content was high in the untreated pf site 2 and was least in both
ACA 2787 plots, as also is clearly to see in thagchms with the frequency
distributions of the soil water contents in Figudr&4.

Soil water contents measured at site 3 on 6 Octadnéed mainly between
8-24 vol.% in the untreated plot and between 244hgol.% in both treated plots,
as illustrated in the diagrams of Figure 7.15 aiggife 7.16.

The measurements at site 1 on 17 November shavidant increase of the
soil water content in the untreated plot, nearlgrapching the soil water contents
in the surface layer of both surfactant treatedsplsee Fig. 7.17 and Fig. 7.18).

Untreated Rewolution ACA 2787

4

:T A t
TP "y'

9
m
Vs \\ 8
L _
| 4 Q l g 2
NENZa.
/1L 1 -__\n_-
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Distance (m) Distance (m) Distance (m)

Soil water content (vol.%)

|:| 8-16 |:| 16-24 |:| 24-32 - 32-40

Figure 7.15 Top views with contours of the volumetpil water content at 0-5 cm
depth in the untreated and treated plots of sitg® October, 2008.
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Figure 7.16 Relative frequency histograms of tHametric soil water content at O-
5 cm depth in the untreated and treated plots @& 3ion 6 October,
2008 (n =100).
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Figure 7.17 Top views with contours of the volumetpil water content at 0-5 cm
depth in the untreated and treated plots of sita L7 November, 2008.
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5 cm depth in the untreated and treated plotstef 5f November, 2008
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7.8. Effects of the Surfactants on the Presenc&ctial Water Repellency in the
Soil Profile

At the start of the experiment (21 May, 2008) eaméd the profiles of all
nine plots of the sites a minor to major part ofually water repellent soil till a
depth of 12 to 20 cm, as presented in the diagdrRggure 7.19. Water repellency
started at the soil surface and besides were prgfal flow paths present with
wettable soil.

The precipitation amount of 39 mm between 21 Mag & June (Table 7.2)
mainly wetted only the upper centimeter in the plot all three sites, as shown in
the diagrams of Figure 7.20.

The merely 10 mm rain that fell between 3 and di&eJdwas far beyond the
evaporation of the grass vegetation and resultecnnincrease of the water
repellency and disappearance of preferential flathg in the 3 untreated plots at
both surfactant treated plots of site 3 (see Egfl)/

A slight increase in the presence of actual wedpellency was detected in
the profiles on 2 July in comparison with 12 Juaiger 11 mm of rain during this
period (Fig. 7.22). However, some preferential flpaths and an irregular wetting
of the surface layer are present in and restritié¢te six surfactant treated plots, as
is shown in the respective diagrams of Figure 7.22.

Another 59 mm of rain between 2 and 16 July resluit the disappearance
of most dry soil pockets with actual water repetiein the ACA 2787 plot of site
2, and preferential flow paths with wettable sa@bvdloped in the ACA 2787 plots
of site 1 and 3, as illustrated in Figure 7.23.i8es, a larges area of actual water
repellent soil was present in the untreated plotsamparison with the surfactant
treated plots.

Figure 7.24 shows that also on 30 July a largea af the untreated plots
exhibited actual water repellency in comparisorhwthie surfactant treated plots.
The 64 mm precipitation in the previous two weegsutted in the wetting of the
upper centimeters of the 6 surfactant treated plmis did not change the water
repellent behavior of the surface layer of the B8eated plots.

On 13 August, after another 55 mm of rain, moréess the same situations
occurred in the soil profiles as on 30 July (Fi@5j.

Also on 27 August, 10 September and 6 Octoberdifierences in water
repellent soil volumes between the untreated @ots surfactant treated plots were
remarkably (Fig. 7.26, Fig. 7.27, and Fig. 7.28).

A slight decrease in actual water repellency m gbil profiles was noticed
on 17 November, 2008 (Fig. 7.29). However, actuatew repellency was still
present in a major part of the profiles of the eated plots, but also locally present
in the Revolution and ACA 2787 plots.

Figure 7.30 shows that the decrease of actualrwepellency in time in the
treated plots was more obvious than in the untdepliets. Besides, it is remarkable
that actual water repellency in the surfactantté@alots often starts at depths of
more than 5 cm, whereas in the untreated plotsrwepellency mostly starts within
5 cm. From 16 July to 17 November were more corapletvettable soil cores
detected in the ACA 2787 plots than in the Revoluflots.
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Figure 7.19 Contours of actual water repellencythie topsoil of the untreated
and surfactant treated plots of respectively sif@dper diagrams),
site 2, and site 3 (lower diagrams) on 21 May, 2008
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Figure 7.20 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 3 June, 2008.
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Figure 7.21 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 18 June, 2008.
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Figure 7.22 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 2 July, 2008.
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Figure 7.23 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 16 July, 2008.
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Figure 7.24 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 30 July, 2008.
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Figure 7.25 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 13 August, 2008.
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Figure 7.26 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 27 August, 2008.
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Figure 7.27 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 10 September, 2008.

58 Alterra report 1819



Untreated Revolution ACA 2787

Depth (cm)

Depth (cm)

Depth (cm)

0 30 60 90 0 30 60 90 0 30 60 90

Distance (cm)
Il Wettable [l Water repellent

Figure 7.28 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 6 October, 2008.
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Figure 7.29 Contours of actual water repellencythie topsoil of the untreated and
surfactant treated plots of respectively site 1p@mpdiagrams), site 2,
and site 3 (lower diagrams) on 17 November, 2008.
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Figure 7.30 The relative frequency of the presesfaactual water repellency within
or deeper than 5 cm depth in the 30 soil coresnakethe untreated
and surfactant treated plots between 21 May antldvember, 2008.
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Figure 7.31 Percentage of water repellent soil wadu(n = 30) between 1 and 25
cm depth in the untreated and Revolution and AC3V Zveated plots
on the 11 sampling occasions.
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Figure 7.31 shows that the water repellent soilir in the untreated plots
at all depths between 0 and 25 cm is higher thatheénsurfactant treated plots
between 18 June and 17 November, 2008. The watetleat soil volume in the
ACA 2787 plots was on nearly all sampling occasi@ss than in the Revolution
plots.

Figure 7.32 gives an overview of the volumes afialty water repellent soil
between 0 and 25 cm depth in the untreated andctant treated plots of the 3
sites between 21 May and 17 November, 2008. Tla¢ aoéa of the soil profiles of
the distinguished plots on one date were 3 x (2% xm) = 6750 cf This means
that for instance on 21 May 40% or a total are2#J0 cnf of the soil profiles till
25 cm depth in the three Revolution treated plaas water repellent. The actually
water repellent volume in the soil profiles increésn all plots from the start of the
experiment to 2 July, after which it decreased. Elav, the water repellent volume
in the untreated plots was from 3 June till the efdthe experiment always
evidently higher than in the Revolution and ACA 278eated plots, as shown in
Figure 7.32.

Figure 7.33 shows the distribution of actually watepellent and wettable
soil as assessed with the core sampler on 36 pladbs center (60 cm by 60 cm)
of the plots at site 2 on 10 September, 2008. Biiersboth surfactant treated plots
was wettable at 2 cm depth, while in the untregiet the soil was repellent with
the exception of one core. The whole horizontahglaf 60 cm by 60 cm was
repellent in the untreated plot at 4 and 7 cm depliereas a part of the planes were
repellent in the Revolution and ACA 2787 plots. Tfigure shows that the
untreated and ACA 2787 profiles were completelytalge at 25 cm depth.

Figure 7.34 illustrates the large differences ie thistribution of water
repellency at different depths between the untceplet and surfactant treated plots
at site 3 on 6 October. Most wettable soil was detkat this site on 6 October in
the ACA 2787 plot. A large portion of the untreatedfile was still water repellent
at 25 cm depth.

Figure 7.35 shows the differences in water repejldretween the untreated
and surfactant treated plots in the horizontal gdaat different depths on 17
November, 2008. Most wettable soil was detectatiatsite on 17 November in the
Revolution plot.
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Figure 7.32 Course of the mean total actually watkspellent soil volume in the
untreated and surfactant treated plots of the 8ssibetween 21 May
and 17 November, 2008.
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Figure 7.33 Distribution of actual water repelleahd wettable soil in horizontal
planes of 60 cm by 60 cm at 6 depths in the urdtgdevolution and
ACA 2787 plots of site 2 on 10 September, 2008.
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Figure 7.34 Distribution of actual water repelleahd wettable soil in horizontal
planes of 60 cm by 60 cm at 6 depths in the urdtgdevolution and
ACA 2787 plots of site 3 on 6 October, 2008.
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Figure 7.35 Distribution of actual water repelleahd wettable soil in horizontal
planes of 60 cm by 60 cm at 6 depths in the urdtgdevolution and
ACA 2787 plots of site 1 on 17 November, 2008.
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Appendix |: Soil water contents in the surface taje5 cm) of the untreated and
surfactant treated plots of the three sites ofvfaly 18 on eleven dates
between 6 June and 17 November, 2008.
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Figure I-A Volumetric soil water contents in the surface lag@®5 cm) of the untreated and surfactant treatbdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams1 May, 2008.
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Figure I-B Volumetric soil water contents in the surface lag@®5 cm) of the untreated and surfactant treatkdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams)3 June, 2008.
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Figure I-C Volumetric soil water contents in the surface lag@5 cm) of the untreated and surfactant treatkdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams)L8 June, 2008.
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Figure I-D Volumetric soil water contents in the surface laf@5 cm) of the untreated and surfactant treatdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams? July, 2008.
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Figure I-E Volumetric soil water contents in the surface lag@®5 cm) of the untreated and surfactant treatbdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams)L6 July, 2008.
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Figure I-F Volumetric soil water contents in the surface lag@®5 cm) of the untreated and surfactant treatbdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagrams)30 July, 2008.
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Figure |-G Volumetric soil water contents in the surface laf@5 cm) of the untreated and surfactant treatdspof fairway 18,
over a distance of 90 cm, at respectively siteppén diagrams), site 2, and site 3 (lower diagrams)L3 August, 2008.
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Figure I-H Volumetric soil water contents in the surface laf@b5 cm) of the untreated and surfactant treatdspof fairway 18,
over a distance of 90 cm, at respectively siteppéun diagrams), site 2, and site 3 (lower diagramsR7 August, 2008.
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Figure i Volumetric soil water contents in the surface lag@5 cm) of the untreated and surfactant treateatspof fairway 18,

over a distance of 90 cm, at respectively sitepgpbéun diagrams), site 2, and site 3 (lower diagrams)10 September,
2008.
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Figure I-J Volumetric soil water contents in the surface lag@®5 cm) of the untreated and surfactant treatetspof fairway 18,
over a distance of 90 cm, at respectively siteppéu diagrams), site 2, and site 3 (lower diagrams)s October, 2008.
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Figure I-K Volumetric soil water contents in the surface lag@b5 cm) of the untreated and surfactant treatkdspof fairway 18,

over a distance of 90 cm, at respectively sitedpéu diagrams), site 2, and site 3 (lower diagrams)17 November,
2008.
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