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Abstract: The wetting rate of soil is a measure of water repellency, which is a property of soils that prevents water from
wetting or penetrating into dry soil. The objective of the present research was to examine the initial water repellency of
organic manure amended soil, and its relation to the soil organic matter (SOM) depletion rates in the laboratory. Soil
collected from the Wilpita natural forest, Sri Lanka, was mixed with organic manure to prepare soil samples with 0, 5,
10, 25, and 50% organic manure contents. Locally available cattle manure (CM), goat manure (GM), and Casuarina
equisetifolia leaves (CE) were used as the organic manure amendments. Organic matter content of soils was measured in
1, 3, 7, 14, and 30 days intervals under the laboratory conditions with 74+5% relative humidity at 28+1°C. Initial water
repellency of soil samples was measured as the wetting rates using the water drop penetration time (WDPT) test. Initial
water repellency increased with increasing SOM content showing higher increasing rate for hydrophobic CE amended
samples compared with those amended with CM and GM. The relation between water repellency and SOM content was
considered to be governed by the original hydrophobicities of added manures. The SOM contents of all the soil samples
decreased with the time to reach almost steady level at about 30 d. The initial SOM depletion rates were negatively
related with the initial water repellency. However, all the CE amended samples initially showed prominent low SOM
depletion rates, which were not significantly differed with the amended manure content or the difference in initial water
repellency. It is explicable that the original hydrophobicity of the manure as well has a potentially important effect on
initiation of SOM decomposition. In contrast, the overall SOM depletion rate can be attributed to the initial water
repellency of the manure amended sample, however, not to the original hydrophobicity of the amended manure.
Hydrophobic protection may prevent rapid microbial decomposition of SOM and it is conceivable that hydrophobic
substances in appropriate composition may reduce organic matter mineralization in soil. These results suggest the

contribution of hydrophobic organic substances in bioresistance of SOM and their long-term accumulation in soils.
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INTRODUCTION

Soil water repellency (hydrophobicity) is a phenomenon that
prohibits water from wetting or infiltrating into dry soil. A
hydrophobic soil can resist wetting for periods ranging from a
few seconds to days or even months. A vast amount of data on
water repellency has been documented for soils from different
regions, climates, soil types and land uses around the world
(DeBano, 2000; Doerr et al., 2006; Jaramillo et al., 2000;
Lichner et al., 2012, 2013; Leelamanie and Karube 2014a,
2014b; Wallis and Horne, 1992). Water repellency of soils is
identified to be affected by various biotic and abiotic factors.
Wildfires, soil texture, soil moisture, and temperature are some
of the abiotic factors (Doerr et al., 2000, 2006), whereas the
presence of hydrophobic organic compounds released by roots
and plant tissues, fungal and algae activity, and the
mineralization rates of organic matter are the biotic factors
(Doerr et al., 2006; Goebel et al., 2009, 2011; Lichner et al.,
2007, 2013; Savage et al., 1972).

One option to mitigate global climate change caused by ele-
vated atmospheric CO, is to improve the capacity of soil to act
as a carbon sink (Lal et al., 2007), which may be achieved
through reduced mineralization of organic carbon in soils. In the
current climate change predictions, soil carbon and climate
change relations show remarkable uncertainties, primarily be-
cause soil carbon models basically depend on the assumption
that all soil carbon reacts equally to climate warming (Cox et
al., 2000; Jones et al., 2005). However, decomposition of differ-

ent organic substrates entailed with differing activation energies
and temperature sensitivities (Davidson and Janssens, 2006).

In general, the rate of decomposition of organic matter
depends primarily on the soil temperature, moisture, and
aeration. Cooler areas have higher levels of soil organic matter
(SOM) because of lower decomposition rates. The SOM content
in tropical areas is comparatively low due to continuous high
temperatures and high relative humidities supporting rapid
decomposition. The specific moisture status of soils can be
regarded as a key factor controlling the decomposition of SOM
(Marschner and Kalbitz, 2003). Three processes are identified
as being potentially important for microbial decomposition of
SOM: (i) water infiltration into the soil, (ii) water distribution
within the soil matrix and (iii) microscopic arrangement of
water on particle surfaces (Goebel et al., 2011). Soil water
repellency affects soil water content, the distribution of water in
soil, preferential flow patterns, sorption of solutes, water film
thickness in unsaturated soil (Bauters et al., 1998; Derjaguin
and Churaev, 1986; Kobayashi et al., 2007; Lichner et al.,
2013), and consequently potentially all processes in soil where
water is involved (de Jonge et al., 1999). This in turn can
diminish the microbial decomposition of SOM. In addition, the
reduced infiltration capacity act in favor of the protection of
aggregates (Leelamanie et al., 2013), enhancing the stability of
occluded SOM. Alternatively, reduced infiltration capacity
enhances surface runoff and soil erosion, which can intensify
the mineralization of formerly protected SOM (Goebel et al.,
2011 and references therein).
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In addition to the use in conventional farming, organic
amendments and fertilizers are being increasingly utilizing with
the development of organic farming (Hartz et al., 2000). Huge
demand for such organic amendments is prominent as a result
of the social need for healthy food and the constant legislative
pressure for recycling of organic wastes. Both farmers and
environmental scientists need more precise parameters for
understanding the mineralization of such added organic matter
in amended soils. The stocks of organic matter in soils are
determined by the balance between inputs and outputs of carbon
within the belowground environment. Inputs are primarily from
plant and animal detritus, whereas the outputs are the efflux of
carbon dioxide and methane from the soil surface, and
hydrologic leaching of carbonic compounds.

Literature reports many works that have dealt with
decomposition of carbon and nitrogen in crop residues (Janzen
and Kucey, 1988; Kaboneka et al., 1997; Mary et al., 1993;
Recous et al.,, 1995). However, mineralization kinetics of
organic carbon in manure amended soils in relation to the water
repellency is still to be explored in detail. Laboratory protocols
differ on many components such as environmental temperature,
amount of amended manure, and decomposition of amended
manure alone (specific mineralization) (Thuriés et al., 2001),
where the inputs of carbon are restricted.

The objective of the present research was to examine the
relation of initial water repellency to organic matter depletion
rates of soils amended with organic manures with organic
matter content ranging from low to high under standard
laboratory conditions. For this purpose, organic manures of
plant and animal origin (two locally available animal manures
that are commonly in use and one hydrophobic green manure)
that having different hydrophobicities were used as organic
amendments for soil, and the original hydrophobicity of organic
amendments and initial water repellency of manure amended
soils were related to the organic matter depletion rate of the
soils.

MATERIALS AND METHODS

Soils were taken from the Wilpita Natural Forest in Matara
District, located in the low country wet zone of Sri Lanka
(6°05'04"N 80°31'50"E). The agro-ecological region (AER) of
the area is WL2a, according to the National Atlas of Sri Lanka
(2007). The region has a tropical climate with an expected an-
nual precipitation ranging from 2400 to 2800 mm. The mean
annual temperature of the area is 28°C ranging from a minimum
of 22-24°C in December—February to a maximum of 32-35°C
March—-May. The relative humidity (RH) during the day time is
60—75% and the nighttime is about 90% (National Atlas of Sri
Lanka, 2007). The soil is locally known to be red yellow pod-
zolic soils (USDA classification: Udults) are the most wide-
spread great soil group in the wet zone of Sri Lanka. The basic
properties of the soil are presented in Table 1.

Soil was thoroughly air dried to a constant weight under the
laboratory conditions (74+5% relative humidity at 28+1°C),
while braking natural aggregates by gently pressing them with a
spatula during drying, and passed through 2 mm sieve to elimi-
nate coarse soil particles before soil analysis. Three different
types of organic manure, namely, cattle manure (CM), goat
manure (GM), and Casuarina (Casuarina equisetifolia) leaves
(CE) (Faculty of Agriculture, University of Ruhuna, Sri Lanka),
were used as the soil amendments. Thoroughly air dried organic
manures were grinded using a mechanical grinder, sieved sepa-
rately with 1 mm sieve and mixed with soil in 5 percentages

Table 1. Basic properties of soil.

Property value
Bulk density (Mg m °) 1.25
Particle density (Mg m™) 2.60
Porosity (%) 51.9
Sand (%) 65.0
Silt (%) 12.5
Clay (%) 22.5
Organic matter content (g 100 g ') 1.05
pH 4.9
EC (mSm™) 3.0
CEC (cmol, kg™ 14.0

0, 5, 10, 25, and 50%). Unadulterated organic manure (100%
CE, CM, and GM) were prepared to test the original hydropho-
bicity of the materials. The average water contents of the sam-
ples during the experimental period of 30 d were within the
range of 1.00-2.00 g 100 g', and did not show any significant
variation with time.

The water repellency of soil samples and amended manures
was measured as the relative wetting rates using the water drop
penetration time (WDPT) test. About 5 g of air-dried samples,
in 3 replicates, was taken to weighing bottles with 30 mm in
diameter and height. The bottles were tapped gently to provide
homogeneous packing of the sample inside the weighing bottles
and to obtain evenly flat surface condition. As this procedure
might bring courser materials to the surface, care was taken to
limit the tapping to only three times. The dry bulk density of the
samples inside the weight bottle varied corresponding to the
amount of added organic matter in the sample (~1.4 Mg m in
samples without organic matter; ~0.5 Mg m™ in samples with
50% CE). One drop of distilled water with 50+1 uL of volume
was placed on the soil surface with a burette at about 10-mm
height, an impartial level designated to avoid soil-water interac-
tions of intact droplets and excess kinetic energy effects of
falling droplets. The time taken for the complete penetration of
the water drop was measured using a stopwatch (King 1981;
Leelamanie and Karube, 2007). The shortest measurable pene-
tration time was 0.2~0.3 s corresponding to the instantaneous
penetration of water drops, whereas the longest time was 7200 s
as the measurements were terminated after 2 h. Where the pene-
tration times exceeded 60 s, weighing bottles with samples were
covered with lids to minimize evaporation losses from water
droplets. Measurements for all the samples were taken in tripli-
cates, as initial (1 d) and intermediary hydrophobicities (3, 7,
14, and 30 d).

The organic matter content of samples was measured colori-
metrically using dichromate oxidation of organic carbon (Nel-
son and Sommers, 1996) and loss on ignition method (400—
440°C, 6 h). Measurements for SOM content were taken at 1, 3,
7, 14, and 30 d.

All the experiments were conducted in laboratory conditions
at 28 £+ 1°C with 75 + 5% RH. Data were statistically analyzed
using STATISTICA software (Statsoft Inc., 2010), with analy-
sis of variance (ANOVA) at 5% level of significance (p<0.05).
Error bars in the figures represent + standard deviation.

RESULTS AND DISCUSSION

The water repellency, as measured by WDPT, showed
positive linear correlation to the SOM content of the sample
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Fig. 1. Relation of laboratory measured (a) initial soil organic
matter (SOM) content to the initial hydrophobicity and (b) interme-
diary SOM contents to intermediary hydrophobicities (measured
during the 30 d experimental period) of samples amended with
organic manures as measured by water drop penetration time
(WDPT). Error bars represent + standard deviation. CE: Casuarina
equisetifolia leaves; CM: cattle manure; GM: goat manure.

regarding both initial and intermediary levels during the expe-
rimental period (Figure 1). The control sample (no amended
manure) was readily wettable (WDPT<1 s) throughout the
experimental period. Intermediary log WDPT measured with
time (1-30 d) decreased with decreasing SOM content
(corresponding to the decomposition of SOM) showing no
significant differences among the types of the amended manure
(R* =~0.7) (Figure 1b).

The initial log WDPT increased with increasing SOM con-
tent (corresponding to the amount of added manure) showing
positive linear correlation (R* = 0.94-0.99) (Figure la). The
slope of the linear regression line (Microsoft Excel 2010) was
28-44% steeper for CE amended samples compared with those
amended with CM and GM. The CE amended samples showed
significantly higher (p<0.05) water repellency values at the
same SOM content compared with those amended with CM and
GM. For example, at 15-16 g 100 g soil organic matter con-
tent, the WDPT of CE amended samples was about 1400 s (log
WDPT 3.14) compared with 20-30 s WDPTs (log WDPT 1.33—
1.47) in samples amended with CM and GM.

Results clearly revealed that soils amended with CE obtained
higher initial water repellency compared with those amended
with CM and GM (Figure la). This can be considered as
governed by the original hydrophobicities of added manures.
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Fig. 2. Decrease in soil organic matter (SOM) content with time in
soil samples treated with organic manures. Error bars represent +
standard deviation. CE: Casuarina equisetifolia leaves; CM: cattle
manure; GM: goat manure.

Among the organic amendments used in this study, CE has the
highest original hydrophobicity (WDPT>3 h for 100% CE)
compared with other two amendments (WDPT = 3-5 min
for 100% CM and GM). This caused CE amended samples to
show high increasing rate of water repellency with increasing
SOM content in comparison with samples amended with CM
and GM.

The SOM contents of all the soil samples decreased with
time (Figure 2). Comparatively high SOM depletion rates were
initially observed for all the samples, where this rate gradually
decreased with time to reach almost steady level at about 30 d.
As shown in Figure 2a, b, c, initial organic matter depletion
rates were similar in samples amended with GM and CM,
whereas very low rates were observed with those amended with
CE.
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Fig. 3. Decrease in water repellency with time as measured by
water drop penetration time (WDPT) in soil samples treated with
organic manures. Error bars represent + standard deviation. CE:
Casuarina equisetifolia leaves, CM: cattle manure; GM: goat
manure.

The average water contents of the samples during the exper-
imental period of 30 d were within the range of 1.00-
2.00 g 100 g, which can be considered very low for microbial
decomposition. However, there are some evidences in literature
confirming that microbial activity cannot be considered negli-
gible under air dried conditions, where microbes sometimes are
active in very dry soils with water potentials around —3.0 MPa
(Cregger et al., 2014; Whitford, 1996).

Decrease in water repellency with time as measured by water
drop penetration time (WDPT) in soil samples treated with
organic manures is presented in Figure 3. Clear decrease in
water repellency was observed in samples amended with CE.

Initial depletion rate of SOM from 1 to 3 days for the
samples amended with organic manures in relation to the added
amounts of organic manure and initial water repellency are
respectively presented in Figure 4a and b. The initial organic
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Fig. 4. Initial depletion rate of soil organic matter (SOM) from 1 to
3 days for the samples amended with organic manures in relation to
the (a) added amounts of organic manure and (b) initial
hydrophobicity. Error bars in (b) represent + standard deviation.
CE: Casuarina equisetifolia leaves; CM: cattle manure; GM: goat
manure; WDPT: water drop penetration time.

matter depletion rate decreased with addition of organic manure
(Figure 4a). This effect was most prominent in samples amend-
ed with CE. The initial SOM depletion rate, which was nearly
52% in the control sample (no amended manure), decreased to
be about 5% with the addition of 5% CE. As shown in
Figure 4b, the initial SOM depletion rates were negatively
related with the initial water repellency. However, evident low
initial SOM depletion rates were observed for CE amended
samples. Irrespective of the initial water repellency, all the CE
amended samples showed significantly low SOM depletion
rates, which were not significantly differed with the amended
manure content or the difference in water repellency. Besides
the initial water repellency, there have to be some other factor/s
that appear to control SOM depletion rates of the manure
amended samples. It is explicable that the original
hydrophobicity of the manure has a potentially important effect
on initiation of SOM decomposition in the amended samples.
According to chemical kinetic theory, decomposition of
recalcitrant organic substrates has higher activation energy
(Karhu et al., 2010, and references therein). Hydrophobic
organic compounds that are considered to be recalcitrant
(Gonzélez-Pérez et al., 2002) would require higher activation
energy, and thereby can slow down the initiation of the organic
matter decomposition process in originally hydrophobic CE
amended samples. Considering these facts, the initial SOM
depletion rate may be attributed to the initial water repellency of
the manure amended sample as well as to the original
hydrophobicity of the amended manure.
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The relation of overall organic matter depletion rate (within
the 30 d experimental period) to the initial water repellency of
the samples was determined considering both the overall organ-
ic matter depletion percentage and the slopes of organic matter
depletion curves (Figure 5). Overall organic matter depletion
during the period of 30 d was determined as a percentage of the
initial organic matter content. The dropping slopes of the lines
were computed with Linear Regression by fitting a line to
LN(x), LN(y) using LINEST (Microsoft Excel 2010), which
calculates the statistics for the line by using the least squares
method considering the following equation:

LN(y) = LN(x) x m + LN(b) (1)

where y is the organic matter content, x is the time, b is the
intercept, and m is the slope of the line. As presented in Figure
5a, the overall SOM depletion percentage of the samples
showed negative linear correlation with initial water repellency
of samples (R* = 0.77). In contrast to the initial SOM depletion
rate, substantial variations in the overall SOM depletion per-
centage were not observed among the types of amended ma-
nure. Likewise, the natural logarithmic slopes of the organic
matter depletion curves also showed negative linear correlation
with initial hydrophobicities of the samples (R* = 0.67) de-
prived of substantial disparities among manure types. Conse-
quently, the overall SOM depletion rate can be attributed to the
initial water repellency of the manure amended sample, howev-
er, not to the original hydrophobicity of the amended manure.
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Fig. 5. The relation of initial hydrophobicity (a) to the overall soil
organic matter (SOM) depletion rate (within the 30 d experimental
period) and (b) to the slopes of organic matter depletion curves of
the samples. Error bars represent + standard deviation. CE:
Casuarina equisetifolia leaves, CM: cattle manure; GM: goat
manure; WDPT: water drop penetration time.

According to the results, both initial and overall SOM
mineralization rates can be considered to show a negative
relation with the level of water repellency of the soil. This is in
agreement with Goebel et al. (2007) who suggested that the
water repellency level of the soil affects the decay rate of SOM
mineralization. We further suggest that the original
hydrophobicity of the added manure might also play an
important role in initial SOM mineralization rates. The SOM
contents decreased (Figure 2) and the water repellency showed
a decreasing trend (Figure 3) with time. When correlated to the
intermediary SOM contents, intermediary water repellency
showed a decreasing trend with decreasing SOM content of the
sample (Figure 1b). Accordingly, intermediary water repellency
cannot be negatively related to the OM decomposition, although
the initial water repellency and the original hydrophobicity of
the manure can be considered to show negative correlation.
Therefore, it is clear that intermediary hydrophobicities of the
samples do not play a significant role in governing the SOM
decomposition process.

Organic compounds can be physically protected from de-
composition by water-soluble enzymes if they have low water
solubility or if they occur in hydrophobic domains of humified
organic matter (Spaccini et al., 2002). Investigation on SOM
dynamics shows the evidence that the most recalcitrant humic
fractions mainly contain aliphatic compounds (Almendros et al.,
1998; Augris et al., 1998). Furthermore, hydrophilic compo-
nents released from biodegrading plant tissues, which are se-
questered in the hydrophobic domains of humus, seems to be
protected from further degradation (Spaccini et al., 2000). These
results suggest that there is an essential contribution of multiple
hydrophobic interactions among organic substances in biore-
sistance of SOM and their long-term accumulation in soils.

CONCLUSIONS

Initial water repellency increased with increasing SOM con-
tent showing higher increasing rate for hydrophobic CE amend-
ed samples compared with those amended with CM and GM.
The relation between water repellency and SOM content was
considered to be governed by the original hydrophobicities of
added manures.

The SOM contents decreased with the time to reach almost
steady level within about 30 d. The initial organic matter deple-
tion rate decreased with addition of organic manure, most prom-
inently in samples amended with CE. The initial SOM depletion
rates were negatively related with the initial water repellency.
However, all the CE amended samples initially showed signifi-
cantly low SOM depletion rates, irrespective of the amended
manure content or the difference in initial water repellency. It is
explicable that the original hydrophobicity of the manure has a
potentially important effect on initiation of SOM decomposition
in the amended samples. This can be attributed to the require-
ment of higher activation energy for the beginning of the organ-
ic matter decomposition process of in originally hydrophobic
CE amended samples. In contrast to the initial SOM depletion,
the overall SOM depletion rate can be attributed to the initial
water repellency of the manure amended sample, however, not
to the original hydrophobicity of the amended manure. Interme-
diary water repellency did not show a negative relation with the
SOM decomposition, although the initial water repellency and
the original hydrophobicity of the manure can be considered to
show negative correlation. Therefore, it is clear that intermedi-
ary hydrophobicities of the samples do not play a significant
role in governing the SOM decomposition process.
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Hydrophobic protection may prevent rapid microbial decom-
position of SOM and it is conceivable that hydrophobic sub-
stances in appropriate composition may reduce organic matter
mineralization in soil. These results suggest the contribution of
hydrophobic organic substances in bioresistance of SOM and
their long-term accumulation in soils.
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