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Soil water repellency causes at least temporal changes in the hydrological properties of a soil which 
result in, among other things, suboptimal growing conditions and increased irrigation requirements. Water 
repellency in soil is more widespread than previously thought and has been identified in many soil types 
under a wide array of climatic conditions worldwide. Consequences of soil water repellency include loss of 
wettability, increased runoff and preferential flow, reduced access to water for plants, reduced irrigation 
efficiency, increased requirement for water and other inputs, and increased potential for non-point source 
pollution. Research indicates that certain soil surfactants can be used to manage soil water repellency by 
modifying the flow dynamics of water and restoring soil wettability. This results in improved hydrological 
behavior of those soils. Consequently, the plant growth environment is also improved and significant water 
conservation is possible through more efficient functioning of the soil.  
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Vodoodpudivosť pôdy spôsobuje prinajmenšom dočasné zmeny v hydrologických vlastnostiach pôdy, 

ktoré okrem iného môžu viesť k suboptimálnym podmienkam rastu rastlín a k zvýšenej potrebe závlah. 
Vodoodpudivosť pôdy je rozšírenejší jav, ako sa pôvodne predpokladalo; bola identifikovaná v mnohých 
pôdnych typoch a klimatických podmienkach na celom svete. Dôsledkom vodoodpudivosti pôdy je strata 
zmáčavosti, zvýšený povrchový odtok a preferenčné prúdenie, znížená dostupnosť vody a iných vstupov 
pre rastliny, znížený účinok závlah, zvýšené požiadavky na vodu a iné vstupy, ako aj zvýšené riziko 
plošného znečistenia. Výskum naznačuje, že niektoré povrchovo aktívne látky (soil surfactants) môžu 
upraviť vodoodpudivosť pôdy obnovením omáčania a modifikáciou dynamiky vody. Výsledkom je 
zlepšenie hydrologických vlastností pôdy. Podobne, výsledkom je zlepšenie prostredia pre rast rastlín, 
zvýšenie retencie vody v pôde a teda aj efektívnejšia funkcia pôdy.  

 
KĽÚČOVÉ SLOVÁ: vodoodpudivosť pôdy, efektívnosť závlahy, povrchovo aktívne látky, preferované 
prúdenie, retencia pôdy.  

 
Introduction 
 

Factors affecting soil hydrological behavior, es-
pecially the development of soil water repellency 
(SWR), can lead to suboptimal growing conditions 

and increased irrigation requirements. SWR leads 
to reduction or loss of soil wettability causing at 
least temporal changes in the hydrological proper-
ties of a soil. Consequences include increased run-
off and preferential flow, reduced access to water 
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for plants, reduced irrigation efficiency, increased 
requirement for water and other inputs, and in-
creased potential for non-point source pollution. 
Restoration of soil wettability will improve the 
hydrological behavior of soils allowing increased 
irrigation efficiency and significant water conserva-
tion in irrigated crop and landscape systems.  

Soil surfactants can be used to improve the wet-
tability of soils. Soil surfactants are materials that 
lower the surface tension of water and, depending 
upon formulation, can also restore wettability to 
water repellent mineral or organic soils. Since the 
invention of the original soil surfactant, AquaGro, 
in the 1950’s, there have been many advances in 
soil surfactant formulation making their use more 
economically viable for a variety of cropping sys-
tems. Where soil wettability is less than optimal, 
soil surfactants in combination with appropriate 
irrigation and soil cultivation practices can improve 
soil hydrological behavior resulting in improved 
irrigation efficiency and water conservation (Kostka 
et al., 2007). 

A growing body of research shows that SWR and 
associated preferential flow are more common than 
previously thought – and that application of soil 
surfactants is an effective remediation strategy 
(Dekker et al., 2005). This paper summarizes the 
findings citing some of the recent research results.  
 
Soil water repellency and preferential flow 
 

SWR is a condition that develops in soils causing 
the soil to resist wetting. It is caused by the accu-
mulation of water repellent/hydrophobic coatings 
on soil particle surfaces (Dekker et al., 2001; Hal-
lett et al., 2001; Karnok and Tucker, 2002), and 
triggered when a soil drops below a certain critical 
soil moisture content for that particular soil (Dekker 
and Ritsema, 1994). A direct consequence of SWR 
is a reduction in a soil’s ability to wet and retain 
water (Hallett, 2007).  

The development of water repellent behavior in 
soils is more wide-spread than previously thought. 
Among the first to mention water repellency were 
Schreiner and Shorey in North America (1910) who 
wrote: ”…there was found in California a soil 
which could not be properly wetted, either by man, 
by rain, irrigation, or movement of water from the 
subsoil, with the result that the land could not be 
used properly for agriculture. On investigation it 
was found that this peculiarity of the soil was due 
to the organic material, which when extracted had 
the properties of a varnish – repelling water to an 

extreme degree.” Since that time, water repellent 
soils have been identified in a wide variety of soils 
worldwide and studied in 35 countries on six conti-
nents (Dekker et al., 2005). Dekker et al. (2001) and 
Karnok and Tucker (2002) also report that SWR 
develops under a wide range of different plant sys-
tems. All of this has lead researchers to the view 
that occurrence of SWR seems to be more the norm 
than exception (Wallis and Horne, 1992; Ritsema 
and Dekker, 2005). 

Preferential flow refers to the movement of water 
and solutes through specific pathways in only a 
portion of the soil matrix rather than in a more uni-
form wetting front as expected from lateral diffu-
sion of water in the soil. Because SWR reduces the 
wettability of portions of the soil, it leads to the 
development of preferential flow paths (Dekker et 
al., 2001). The preferential flow paths often carry 
applied water and solutes past the active root zone, 
reducing efficiency of both precipitation and irriga-
tion, limiting plant available water and increasing 
environmental risk. 

As noted, soil scientists and hydrologists now 
consider water repellency and preferential flow to 
be more the norm than the exception in a wide vari-
ety of soils (Dekker et al., 2005). Water repellency 
in soil and the associated preferential flow are like 
“barriers” and “leaks” in the soil plumbing system 
respectively. Their occurrence interferes with the 
soils ability to effectively capture and distribute 
rainfall or irrigation water for plant use. It has been 
observed as well that, even after extended wet peri-
ods, SWR and preferential flow paths recur (Oost-
indie et al., 2005). Even low levels of repellency 
can cause reduced infiltration and retention, in-
creased runoff, variable wetting and preferential 
flow. These lead to, among other things, suboptimal 
growing conditions, reduced irrigation efficiency 
and increased water requirements. 

The development of water repellency in soil can 
be detected by a variety of methods, the most 
common of which is the Water Drop Penetration 
Time (WDPT) test. There are advantages and dis-
advantages to the various approaches (Hallett, 
2007). To quickly and easily determine the pres-
ence of SWR for applied purposes like irrigation 
management, the WDPT test has many advantages. 
This method is spelled out in detail in the new Soil 
Science Society of America publication, Soil Sci-
ence – Step-by-Step Field Analysis (Ritsema et al., 
2008). 

Soil surfactants are capable of improving soil 
hydrological behavior by correcting or preventing 
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water repellency, and reducing and preventing pref-
erential flow. The result is improved growing envi-
ronments, more efficient irrigation, reduced envi-
ronmental risk from preferential flow and water 
savings of up to 30% or more. This has been exten-
sively studied and documented in turfgrass man-
agement (Cisar et al., 2000; Karnok and Tucker 
2002; Park et al., 2004; Dekker et al., 2005; Oost-
indie et al., 2005; Karcher et al., 2006; Aamlid et 
al., 2009; Hallet, 2007; Leinauer et al., 2007) and is 
now being explored in agricultural crops as well 
(Hopkins and Cook, 2007; Speth et al., 2005; Row-
land et al., 2007). Fig. 1 shows the effect of a soil 
surfactant on water content, wettability and prefer-
ential flow in a repellent sandy soil on a golf course 
in the Netherlands. 
 

 
 
Fig. 1. Effect of surfactant (Revolution) on water content and 
water repellency/preferential flow in a sandy fairway of Golf 
Club De Pan, NL. Top – Volumetric water content [%] in the 
upper 5 [cm] measured by TDR at intervals of 25 [cm]; Bottom 
– Actual soil water repellency in top (25) cm of fairway mea-
sured by Water Drop Penetration Time test at 25 (cm) inter-
vals. WDPT for data of the left part of the picture is > 5 sec-
onds, for right part of the picture < 5 seconds (Oostindie et al., 
2005). 
Obr. 1. Vplyv povrchovo aktívnych látok na obsah vody a 
vodoodpudivosť/preferované prúdenie na piesočnatej hracej 
ploche Golf Club De Pan, NL. Hore – obsah vody v jednotkách 
objemu [%] v hornej 5-cm vrstve pôdy meranej TDR v inter-
valoch po 25 cm; Dolu – aktuálna vodoodpudivosť pôdy vo 
vrchnej, 25-cm vrstve hracej plochy meranej “Water Drop 
Penetration Time” (WDPT) testom v 25-cm intervaloch dĺžky. 
WDPT pre bledšie oblasti (ľavá časť obr.) je > 5 s, pre tmavšie 
oblasti (pravá časť obr.) < 5 s (Oostindie et al., 2005). 
 
Runoff 
 

Runoff of irrigation or rainfall results in a loss of 
water which is wasteful, raises the risk of pollution 
and erosion, and increases irrigation requirements. 

Runoff is increased when water is applied at exces-
sive precipitation rates or when infiltration is re-
duced. While compaction has long been recognized 
as a cause of reduced infiltration, SWR is another 
cause of reduced infiltration and increased runoff. 
This has been verified in numerous studies (Dekker 
et al., 2005). And while this consequence has been 
recognized for some time in the case of severe wa-
ter repellency, it has more recently been discovered 
to also occur with very low levels of repellency as 
well (Hallett et al., 2001).  

Soil surfactants have been shown to increase in-
filtration into soils and reduce runoff significantly. 
Morgan, Letey and others observed this in early 
research with surfactants in the 1960’s (Morgan et 
al., 1966). More recent research has documented 
reductions in runoff on a range of surfactant treated 
soils under a variety of slope angles. A 19.4% re-
duction in runoff on a surfactant treated clayey 
Crosby soil with a 4% slope was documented by 
Sepulveda (2004). Oostindie et al. (2005) recorded 
reduced runoff and increased soil moisture on a 
water repellent sand in a sloped fairway that had 
been treated with a soil surfactant. On loamy sand 
with an 8% slope, Mitra et al. (2006) found that soil 
surfactant applications doubled the time to runoff, 
from 20 minutes to more than 40 minutes, and total 
runoff was reduced more than 30% (Fig. 2). By 
reducing runoff, soil surfactants can improve the 
amount of water reaching the root zone, increase 
efficiency of irrigation and reduce irrigation re-
quirements and the potential for contaminants to 
enter surface waters or storm water systems.  
 

Time to Runoff on Loamy Sand on 8% Slope

0 10 20 30 40 50

Dispatch 

Untreated

Time to Surface Runoff (min)

 
 
Fig. 2. Average irrigation time to runoff in a loamy sand on an 
8% slope as affected by the soil surfactant “Dispatch” (from 
Mitra et al., 2006). 
Obr. 2. Priemerný časový interval od času závlahy po odtok      
v hlinitej pôde so sklonom 8 % a jeho ovplyvnenie povrchovo 
aktívnou látkou “Dispatch” (Mitra et al., 2006). 
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Infiltration and root zone wetting 
 

Infiltration and root zone wetting are fundamen-
tal to plant available water, effective irrigation and 
irrigation efficiency. When soils function as ex-
pected, infiltration and root zone distribution of 
applied water will be fairly uniform. This will result 
in relatively high distribution uniformity (DU) in 
the soil as well as on the surface as is generally 
expected. However, SWR can interfere with infil-
tration and water distribution in soil resulting in 
significant variation in moisture content throughout 
the root zone (Dekker and Ritsema, 1994; Park et 
al., 2005). This has been found to be true in many 
soils such as sand, loam, clay and peat (Dekker et 
al., 2001; Dekker et al., 2005). Hallett et al. (2004) 
have also found this to be true even at low, “sub-
critical”, levels of SWR. When infiltration is com-
promised by SWR, root zone DU can be lower than 
irrigation DU on the surface, leading to reduced 
irrigation efficiency. 

In addition to reduced efficiency in water distri-
bution in the root zone, preferential flow paths can 
form. This occurs as the repellent parts of the soil, 
which are not wetted, become drier and the wet-
table areas become the channels through which 
water and solutes are transported (Dekker et al. 
2001). As a result, a significant portion of the water 
and solutes intended for the root zone will bypass it 
instead (Dekker and Ritsema, 1994; Ritsema et al., 
2001). In addition to reducing water available for 
plants, this increases waste, irrigation requirements 
and the risk of environmental contamination by 
solutes reaching groundwater faster than expected.  

Since soil surfactants reduce SWR and facilitate 
wetting, their use in soils with even subcritical wa-
ter repellency can lead to significant improvements 
in infiltration and root zone DU. Park et al. (2004), 
among others, report significantly reduced repel-
lency and improved wettability when surfactants 
are applied regularly. In a very water repellent 
sand, Oostindie et al. (2005) report significantly 
more consistent moisture levels and, correspon-
dingly, much lower coefficients of variation in sur-
factant treated soils (average variation 10.4%) 
compared to adjacent untreated soil during the same 
period (average variation >50%) (Fig. 3). Reducing 
water repellency and increasing soil wettability and 
root zone distribution uniformity improves the plant 
growth environment, reduces irrigation require-
ment, preferential flow and associated environ-
mental risk (Oostindie et al., 2005; Park et al., 
2005; Karcher et al., 2006; Aamlid et al., 2009).  
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Fig. 3. Actual volumetric water content [%] on one date in a 
sandy soil managed and not managed with soil surfactant 
(Revolution) measured with installed TDR probes to a depth of 
30 cm (Top untreated, bottom treated), and coefficients of 
variation during the course of the experiment (Oostindie et al., 
2005). 
Obr. 3. Obsah vody v pôde v jednotkách objemu [%] meraný    
v tom istom čase v piesočnatej pôde s aplikáciou povrchovo 
aktívnej látky (“Revolution”) a bez nej, meraný inštalovanými 
TDR meračmi do hĺbky 30 cm (hore bez aplikácie povrchovo 
aktívnej látky, dole s aplikáciou), a koeficienty variácie počas 
experimentu (Oostindie et al., 2005). 
 
Plant available water 
 

The Irrigation Association in the United States 
defines irrigation as intentional application of water 
to provide water to plants for crop production or 
sustained growth (Rochester, 2006). Plant available 
water (PAW), the available water located in the 
root zone, is therefore an important aspect of irriga-
tion management and efficiency. As PAW values 
for use in irrigation scheduling are calculated from 
expected soil water holding capacity and plant root 
zone depth (The Irrigation Association, 2003), the 
actual behavior of the soil will impact the effec-
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tiveness and efficiency of the irrigation events. 
When PAW is compromised plants do not have 
access to expected amounts of water, crop quality 
suffers and/or excess water will be required. 

SWR reduces actual PAW because it “locks out” 
part of the soil’s water holding potential. In severe 
cases SWR can render soils non-usable for crop 
production (Hallett et al., 2001). In less severe 
cases, it can cause reduced plant performance 
(Cisar et al., 2000; Hopkins and Cook, 2007; Lein-
auer et al., 2007). Unaddressed, this reduced PAW 
also reduces irrigation efficiency. 

The use of soil surfactants to restore soil wet-
tability and increase infiltration, results in improved 
soil behavior with regard to PAW. This has been 
documented by an increasing number of researchers 
working with a variety of crops. Significant in-
creases in soil water contents after treatment with 
surfactant have been documented by many re-
searchers (Karnok and Tucker, 2001; Hopkins and 
Cook, 2007; Mitra, 2005; Oostindie et al., 2005). 
Fig. 4 provides an example in potato hills. Im-
proved crop performance with the same or reduced 
irrigation, indicating improved PAW, has also been 
reported in turfgrass maintenance by Cisar et al. 
(2000), Karnok and Tucker (2001), Mitra (2005), 
Oostindie et al. (2005), and Park et al. (2004, 2005) 
among others; and by Hopkins and Cook (2007) 
with potatoes and Rowland et al. (2007) with pea-
nuts. Managing soil behavior to ensure expected 
levels of PAW is fundamental to achieving effi-
ciency in irrigation. 
 
Water conservation  
through efficient irrigation 
 

Efficient irrigation is impossible without well de-
signed, installed, operated and maintained irrigation 
systems. Nonetheless, it is also true that how water 
moves in the soil is key to the plant growth envi-
ronment, irrigation efficiency, crop performance 
and water conservation. When water movement 
into and through soils becomes erratic, even the 
most well designed and managed irrigation system 
will fall short of expected and desired goals. More 
irrigation is then applied because plants exhibit 
stress, consumption is increased and efficiency of 
the irrigation program is reduced. In addition to 
well designed and operated irrigation systems, wa-
ter can be conserved by increasing the efficiency of 
water delivery to the soil. 
 

 

 
 

 
 
Fig. 4. Effect of soil surfactant on volumetric water content [%] 
of sandy potato hill as measured with installed TDR probes 
(Hopkins and Cook, 2007). 
Obr. 4. Vplyv povrchovo aktívnej látky na vlhkosť piesočnatej 
pôdy na riadku zemiakov, vyjadrenú objemovo [%]; merané 
pomocou TDR (Hopkins and Cook, 2007).  
 

Soil surfactants ensure that soils are wettable so 
that rainfall and irrigation applied at appropriate 
precipitation rates will infiltrate quickly and uni-
formly. An increasing amount of research by scien-
tists of varying disciplines is showing that more 
effective delivery of water to the root zone, espe-
cially where soil water repellency is a factor, can 
result in very significant reductions in water use or 
requirements. In turfgrass management, reductions 
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of at least 20% (Kostka et al., 2005; Oostindie et 
al., 2005) and in some cases more than 50% (Park 
et al., 2005; Karcher et al., 2006) have been re-
ported with no loss in turfgrass quality (Fig. 5).      
A summary of research in this regard was published 
by Kostka et al. (2007). The use of soil surfactants 
allows conservation of water and greater irrigation 
efficiency.  
 

 
 
Fig. 5. Effect of soil surfactant on turfgrass quality with re-
duced irrigation; from Karcher et al., 2006. 
Obr. 5. Vplyv povrchovo aktívnej látky na kvalitu trávy s redu-
kovanou závlahou; podľa Karchera et al., 2006. 
 
Conclusion 
 

When soil hydrological behavior is affected by 
water repellency, conditions for plant growth and 
irrigation efficiency decline leading to either in-
creased water consumption to meet plant needs, or 
reduced “crop” performance. SWR is more com-
mon than previously recognized and, even at very 
low levels, significantly impacts soil hydrological 
behavior. Correction or avoidance of SWR keeps 
soils wettable, improving hydrological behavior 
and, therefore, the plant growth environment, irri-
gation efficiency, crop performance and efficiency 
of water use.  

The development of water repellency can be de-
tected using the Water Drop Penetration Time test. 
Once detected, water repellency can be managed 
with use of soil surfactants to improve efficiency of 
the irrigation. Soils that have a critical water con-
tent threshold for water repellency seem to remain 
susceptible to water repellency below that moisture 
level, even after long wet periods or remediation 
efforts. Therefore, especially during drier periods, 
water repellency can be expected to recur in areas 
where it has been previously detected.  

Soil surfactants are a management technology for 
reducing, and possibly avoiding development of, 
water repellency and associated preferential flow. 
The result is maintenance or restoration of soil wet-
tability and improved infiltration and root zone 

distribution uniformity. Research worldwide is 
increasingly indicating that certain soil surfactant 
formulations significantly improve soil hydrologi-
cal behavior allowing more efficient irrigation, 
improvement in crop response and significant re-
ductions in water consumption. Further research 
regarding managing soil hydrological behavior with 
surfactants and development and use of irrigation 
and moisture sensor technology holds promise for 
achievement of new levels of irrigation and water 
use efficiency in irrigated crop and landscape sys-
tems. 
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VPLYV POVRCHOVO AKTÍVNYCH LÁTOK  
NA HYDROLOGICKÉ PROCESY V PÔDE, RAST 
RASTLÍN, ZÁVLAHY A RETENCIU VODY V PÔDE 
 
Demie Moore,  Stanley J. Kostka, Thomas J. Boerth, 
Mica Franklin, Coen J. Ritsema, Louis W. Dekker,  
Klaas Oostindie, Cathelijne Stoof, Jan Wesseling 
 

Vodoodpudivosť pôdy (VP) ovplyvňuje jej hydrolo-
gické vlastnosti, podmienky pre rast rastlín a efektívnosť 
závlah, čo vedie k zvýšeniu potreby vody pre rastliny, 
alebo k redukovanej produkcii biomasy. Výskyt VP je 
častejší ako sa v minulosti predpokladalo; jeho výskyt aj 
v nízkych úrovniach môže významne ovplyvniť hydro-
logické procesy v pôde. Odstránenie, alebo zníženie VP 
vedie k zmáčavej pôde, k zlepšeniu jej hydrologických 
vlastností, k zlepšeniu prostredia rastu rastlín, k zvýšeniu 
efektívnosti závlah, k zvýšenej produkcii biomasy a        
k zvýšenej efektívnosti závlah.  

Stav VP sa môže určiť pomocou tzv. “testu infiltrácie 
kvapky vody do pôdy” (WDPT). Ak je VP detekovaná, 
môže byť upravená pomocou povrchovo aktívnych látok 
(“surfaktantov”) tak, aby sa zvýšila efektívnosť závlahy. 
Pôdy s kritickým obsahom vody pravdepodobne zostanú 
vodoodpudivými aj po dlhom období melioračných zá-
sahov aj pre vlhkosti pod touto hranicou. To znamená, že 
výskyt VP sa dá predpokladať v oblastiach, kde sa vy-
skytovala aj predtým, predovšetkým v suchých oblas-
tiach.  

Povrchovo aktívne látky (soil surfactants) sú nástro-
jom technológie manažmentu pre redukciu a možnú 
elimináciu výskytu VP a s ňou spojeného preferovaného 
prúdenia. Výsledkom je udržanie, alebo obnovenie zmá-
čavosti pôdy, zlepšenie infiltračných vlastností a rovno-
mernosti rozdelenia koreňov. Celosvetový výskum na-
značuje, že niektoré povrchovo aktívne látky môžu upra-
viť vodoodpudivosť pôdy modifikáciou hydrologických 
vlastností pôdy obnovením zmáčania, čo vedie k zvýše-
niu dynamiky vody, a zvyšujú efektívnosť závlah. Ďal-
ším výskumom manažmentu hydrologických vlastností 
pôdy povrchovo aktívnymi látkami, vývojom technológií 
senzorov vody pre riadenie závlah smerujeme k novým  
a lepším metódam riadenia závlah a ich efektívnosti        
v krajinných ekosystémoch.  
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