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under Artificial Rainfall Conditions 

Sıvılaştırılmış Hümik Maddenin Yapay Yağış Koşulları Altında 
Yüzey Akış, Yüzey Akış ve Sıçrama ile Oluşan Toprak Kayıpları 
Üzerine Etkileri 

Alınış (Received):19.06.017              Kabul tarihi (Accepted): 24.07.2017 

  
ABSTRACT 

oil, one of the most important natural resources, is lost by water and wind 
erosion. Addition of organic materials into the soils is commonly used for 

reducing soil and water losses. In this study liquated humic substances were 
applied at different doses (0, 5, 10, 20 and 40 ml l-1) to investigate its effects on 
runoff and soil losses caused by runoff and splash under artificial rainfall 
conditions on soil surface. Liquated humic substances were sprayed by a hand 
type pomp uniformly on the surface of the soil samples in the erosion pans (30 x 
30 x 15 cm; at a slope of 9 %) and then simulated rainfall (40 mm h-1) was 
applied to these pans for 1 hour. The results indicated that, increases in humic 
substances doses reduced runoff (24-45 %), soil losses by runoff (7-97 %) and by 
splash (3-37 %), significantly (P < 0.01).  
 

ÖZET 

n önemli doğal kaynaklardan olan toprak, su ve rüzgâr erozyonuyla 
kaybolmaktadır. Toprak kayıplarını azaltmak için topraklara çeşitli organik 

materyaller ilave edilmektedir. Bu çalışmada, yüzey akış, yüzey akış ve sıçrama 
ile oluşan toprak kayıpları üzerine hümik maddelerin etkilerini incelemek için 
toprak yüzeyine yapay yağış koşullarında altında farklı dozlarda (0, 5, 10, 20 ve 
40 ml l-1) sıvılaştırılmış humik maddeler uygulanmıştır. Sıvılaştırılmış humik 
maddeler, erozyon kapları içinde (30 x 30 x 15 cm; % 9 eğimli) bulunan toprak 
yüzeyine yeknesak olarak bir el pompasıyla püskürtülmüş ve daha sonra 1 saat 
yapay yağış (40 mm h-1) uygulanmıştır. Araştırma sonuçları; sıvılaştırılmış 
humik madde dozlarındaki artışların, yüzey akışı (% 24-45), yüzey akış (% 7-97) 
ve sıçramayla (% 3-37) oluşan toprak kayıplarını önemli düzeylerde azalttığını 
göstermiştir (P < 0.01).  

 

INTRODUCTION 
Erosion is not only the transport of detached soils 

in simple terms; it is also a very complex mechanical 
function in nature. Thus, soil erosion has posed a 
serious threat to the national food production, the 
security of ecology and environment, and socio 
economic sustainable development in the future (Bian 
et al., 2009). Soils are eroded not only by runoff but 
also by raindrop splash (Taysun, 1989). For the 
protecting soils, against water erosion, various types 
of organic materials (plant wastes, paper mill wastes, 
tobacco wastes, etc.) are commonly applied to soil. 

Organic materials on soil surface protect soil from 
erosion and organic materials improve soils structure, 
and increase fertility (Akalan, 1974).  

Splash erosion and physical characteristics of splash 
have been examined in some recent studies. 
Barcelonna and Rienzi (2003) applied artificial rainfall 
(57 mm h-1; 1.340 j m-2) on soil samples obtained from 
pastures and from trays with conventional tillage (clay 
loam Typic Argiudoll). The researchers reported that 
runoff decreased while splash increased during the 
experiment, respectively. Frauenfeld and Truman 
(2004) applied artificial rainfall (57 mm h-1) to the trays 
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for 70 minutes. Runoff (R), soil loss (E), splash water (Sw) 
and splash sediment (Ss) values were measured at 
intervals of 5 minutes. The highest r2 values were found 
between R and E (r2=0.98-0.99) and between Ss and E 
(r2=0.28-0.81) in this study. Kehl et al., (2005) tested the 
characteristics of the tilled soils under laboratory and 
land conditions by applying simulated rainfall. 
According to the results, relationships were found 
between the different results of aggregate stability and 
organic matter content whereas, no relationships could 
be found between splash and the parameters of soil 
loss. Teo et al. (2006) applied artificial rainfall at various 
intensities (5 to 8.5 cm h-1) on soil samples, where       
they applied doses of PAM both as dry and as solutions 
at various rates under laboratory conditions. The 
researchers found that, PAM was very effective and 
significantly reduced runoff sediment and splash 
sediment. Bhattacharyya et al., (2008) found that 
Borassus mats on bare soil significantly (P<0.05) reduced 
soil splash height by 31% and splash erosion by 50% 
under natural rainfall conditions. In another study, it was 
found that Borassus mat-cover on bare soil significantly 
(P<0.05) reduced total soil splash erosion by 90% 
compared with bare plots under natural rainfall 
conditions (Bhattacharyya et al., 2009). Yönter (2010) 
sprayed PVA and PAM (0, 6.70, 13.40 and 26.80 kg ha-1) 
on 6 soils, which have different physical and chemical 
properties into the splash erosion pans (30x30x15 cm 
sized and at a slope of 9%) and applied artificial rainfall 
(60 mm h-1) for a 1 hour. Author reported that increases 
in PVA and PAM doses reduced runoff, soil loss by runoff 
and by splash, significantly and respectively (p<0.05 and 
0.01). Gholomi et al, (2012) determine the efficiency of 
straw mulch, applied at a rate of 0.5 g m−2 in changing 
the runoff commencement time, runoff amount, splash 
erosion, and sediment yield from eroded mid-sized plots 
at different rainfall intensities under laboratory 
conditions and they used simulated rainfall intensities of 
30, 50, 70, and 90 mm h−1 and a slope of 30% in three 
replicates. The results of the research also showed that 
the straw mulch had a significant effect in changing 
runoff and soil erosion characteristics at a confidence 
level of 99%. The maximum increase in runoff 
commencement time (110.10%) was observed for the 
rainfall intensity of 90 mm h−1. The runoff coefficient had 
a maximum reduction at rainfall intensities of 30 and 90 
mm h−1. The maximum decrease in sediment yield 
(63.24%) also occurred at the rainfall intensity of 90 mm 
h−1. Liu et al., (2015) applied different intensities rainfalls 
(85, 95, 110 and 125 mm h-1) on saline-sodic soil (at a 
slope of 6 degrees, 11 degrees, 22 degrees and 35 
degrees). Researchers emphasized that the effects of 
slope gradient and rainfall intensity on sediment losses, 

runoff and splash were interconnected. Vaezi et al., 
(2017) applied simulated rainfalls of 10, 20, 30, 40, 50, 60 
and 70 mm h-1 on 42 micro plots (1x1.4 m; at a slope of 
10%). It was found that at the lower rainfall intensities 
(20-30 mm h-1), raindrop impact was the dominant 
factor controlling soil loss from the plots (68%) while at 
the higher rainfall intensities (40-70 mm h-1) soil loss was 
mostly affected by increasing runoff. 

In recent years, some researchers have been 
different kinds of organic and humic substances for 
preventing soil erosion. Mbagwu and Piccolo (1989) 
applied liquated humic substances (0, 0.1, 1 and 10 g 
kg-1) on soils which have different physical and 
chemical properties. They reported that liquated humic 
substances increased soils aggregate stabilities by 40-
141%, significantly (p<0.05). In other study, it was found 
that the applied humic substances (100 and 200 kg ha-1) 
on Mediterranean soils reduced soil erosion by           
40% (Piccolo and Mbagwu, 1997). Piccolo et al.,      
(1997) applied liquated humic substances (0, 3, 6, 30 
and 60 gl-1) on soils which placed into the erosion pans 
(2x0.5x0.01 m; at a slope of 15%) and applied rainfall 
simulation of 40 mm h-1. The results indicated that 
humic substances decreased soil loss by 36 %, 
significantly (p=0.05). Brandsma et al., (1999) reported 
that the applied soil conditioners (Agri-SC, Soil-Tex, 
humus, Kiwi-Green) on a loamy sand soil reduced soil 
erodibility. Margherita et al., (2006) examined that 25 kg 
m-2 of fresh waste water sludge, composted waste 
water sludge and fresh waste water sludge + humic 
substances on Xeric Torriorthent soils at a slope of 15 %. 
They found that these applications increased aggregate 
stabilities of soils and decreased soil erosion. Tejade 
and Gonzalez (2006) applied 10000 kg ha-1 of 4 organic 
materials (cotton gin, olive oil extraction, sewage 
sludge and organic municipal solid) on Typic 
Xerofluvent soil and applied 60 and 140 mm h-1 of 
artificial rainfall for 45 minutes with a rainfall simulator. 
According to the study, organic materials reduced soil 
loss by 30-33 % in 60 mm h-1 and by 19-25 % in 140 mm 
h-1, respectively. Ritchey et al., (2012) gave 20 kg ha-1 of 
PAM, 0.3 kg ha-1 of ammonium laureate sulfate, 5 kg ha-

1 of liquated humic substance and 5 kg ha-1 of gypsum 
on prepared parcels (1x1 m sized). Authors reported 
that liquated humic substance decreased runoff by 51 
% and soil loss by 37 %, respectively. Sadeghi et al., 
(2015) applied on erosion treatments to determine 
efficiency of straw mulch, manure and TA-200 
polyacrylamide with respective rates of 50, 300 and 500 
g m-2 in changing sediment concentration and soil loss. 
The experiments were performed under laboratory 
conditions with simulated rainfall intensities of 30, 50, 70 
and 90mm h-1 and a slope of 30 %. The results showed 
that the straw mulch decreased soil erosion at rate of 
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45.60% compared to the control plots and performed 
better than manure (8.98% reduction) and PAM (4.74% 
reduction). The results showed that the maximum 
reduction in sediment concentration and soil loss for all 
soil amendments occurred at the rainfall intensity of 
90mm h-1 with the rates of 58.69 and 63.24% for straw 
mulch, 14.65 and 13.14% for manure and 20.15 and 
23.44% for TA-200. Yönter and Uysal (2017) sprayed 
liquated humic substances (0, 5, 10, 20 and 40 ml l-1) on 4 
soils, which have different physical and chemical 
properties into erosion pans (30x45x14 cm sized and at 
a slope of 9%) and applied artificial rainfall (40 mm h-1) 
for a 1 hour. Authors reported that liquated humic 
substances reduced runoff and soil loss, and increased 
drained water amounts, significantly (p<0.01).  

The objective of this research was to determine the 
effects of liquated humic substances at different rates 
on runoff, soil loss by runoff and by splash using a rain 
simulator under laboratory conditions.  

 
MATERIAL and METHODS 
Soil sampling and analyses 
In this study, a surface soil sample (0-30 cm) taken 

from Bornova plain was used. 3 bags of soil samples 
(about each of 50 kg) were taken and dried under 
laboratory condition. A small portion of soil samples 
were passed through 2 mm sieve for determining soil’s 
physical and chemical properties (Richards, 1954), and 
the rest was passed through 8 mm sieve for using in 
erosion experiment (Mollenhauer and Long, 1964). 
Skeleton (Anonymous, 1993), bulk density (Hunt and 
Gilkes, 1992), texture (Gee and Bauder, 1986), clay and 
silt rates (%) (Neal, 1938), dispersion rate (%) (Middleton, 
1930), percolation rate (%) (Lal, 1988), erosion rate (%) 
(Akalan, 1967), pH (Pansu and Gautheyroux, 2006), 
soluble salts (%) (Anonymous, 1993), lime (%) (Nelson, 
1982) and organic material content (%) (Nelson and 

Sommers, 1982) were analyzed. In addition, aggregate 
stability of soil samples was determined using Yoder 
type wet sieving methods analysis (Kemper and 
Rosenau, 1986). 

Experimental treatments 
The 7 cm coarse gravel (1-16 mm diameter) was 

placed into erosion pans (30x30x15 cm sized and at a 
slope of 9%). These type erosion pans were used also 
some researchers (Çetin, 1992; Erpul and Çanga, 1999; 
Yönter, 2010; Özdemir et al., 2017). After laying a 
permeable clothe on the coarse gravel layer, soil 
samples sieved from the 8 mm were placed into 
erosion pans. To determine the effects of liquated 
humic substances on runoff, soil loss by runoff and by 
splash, the liquated humic substances were used in this 
study. These substances were obtained from liquated 
humic material produced from leonardite by a 
company that produces chicken feed. After liquated 
humic substances were weighted in doses of 0, 5, 10, 20 
and 40 g, it’s mixed in 1000 ml of pure water (Yönter 
and Uysal, 2017). Different doses of (0, 5, 10, 20 and 40 
ml l-1; 100 ml) liquated humic substances were sprayed 
by a hand type pump on the soil surface from a 50 cm 
height and the erosion pans were left for 48 hours to 
dry soil surface under laboratory conditions. In the 
following step, to measure the splash sediments, a total 
of 24 splash containers (diameter = 14.5 cm) were 
placed on each side and direction of the erosion pans 
and container (diameter = 14.5 cm) was placed under 
the platform (at a slope of 9%), where the erosion pan 
was placed, in such a way that it would be protected 
from raindrops in order to measure runoff and runoff 
sediment and this container was connected to the 
erosion pan by a plastic pipe. Thus, runoff sediment and 
splash sediment could be measured at the same time 
during the experiment (Figure 1).  

 

 
Figure 1. The experiment design and a rain simulator from left to right direction. 
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Artificial rainfall experiments 
In this study, 40 mm h-1 of artificial rainfall which is 

similar to the erosive rainfall intensity commonly occurs 
in the Mediterranean region (Zanchi and Torri, 1980), 
was applied from 2.50 m height during 1 hour (Taysun, 
1986; Yönter, 2010; Yönter and Uysal, 2017) using a 
laboratory type rainfall simulator (Bubenzer and Meyer, 
1965). The State of Meteorological Services, reported the 
highest rainfall intensities in 2010 year as 43 mm and 
34.2 mm between 18 00 to 19 00 and 1900 to 2000 hours in 
Menemen, respectively (DMİ, 2013). Tap water was used 
(EC: 875μS/cm; SAR: 2.50 %) in the experiment.  

Parameter measurement and analysis of the 
data 

Containers were left for 48 hours for settlement 
of sediment within the containers and then runoff 
was flushed down by a plastic pipe to the cups and 
0.01 was weighed on a precision balance and then 
recorded. After being transferred to the glass 
beaker, sediments by runoff and by splash were 
dried at 105 0C and recorded (Taysun, 1986; Yönter 
and Uysal, 2007; Yönter, 2010). A completely 
randomized experimental design with two 
replications was used for statistical analysis of the 
data. Data were analyzed by using an SPSS 
statistical package program (Anonymous 1999) in 
this experiment.  

 
RESULTS and DISCUSSION 
Physical and chemical properties of liquated 

humic substance and soil sample used in the 
experiment are given in Tables 1 and 2. According to 
soil analyzes in this experiment, skeleton percent of 
soil sample was found 9.76 and classified as “fewer”. 
Skeleton material in the soil keeps the soil surface 
from raindrop erosion by breaking the kinetic energy 
of the rainfall. (Taysun, 1986; Yönter and Taysun, 
2004). Bulk density was found 1.35 g cm-3. Clay rate 
was found 3.14 %. Increasing clay rates shows that 
sand + silt percent’s increases, while clay percent 
decreases, therefore, it’s indicates the susceptibility 
to erosion of the soils (Taysun, 1989). Silt rate was 
found 1.60 %. It is considered that silt rates of soils, 
which are greater than 2.50 %, are not susceptible to 
erosion (Taysun, 1989). Suspension percent was 
found 10.72 %, and dispersion percent was found 
58.72 %, which are the most important indicators of 
erosion in soils. Taysun (1989) reported that low 
suspension and low dispersion fractions show good 
aggregation, thus soils with these properties is 
resistant to erosion. 

Table 1. Some physical and chemical properties of the experimental 
soil. 

pH 7.62 
Soluble Salts (%) 0.044 
Lime content (%) 18.38 
Organic Matter (%) 2.13 
Sand (%) 37.12 
Silt (%) 38.72 
Clay (%) 24.16 
Textural Class Loam 
Bulk Density (g cm-3) 1.35 
Clay Rate (%) 3.14 
Silt Rate (%) 1.60 
Suspension (%) 10.72 
Dispersion (%) 58.72 
Dispersion Rate (%) 18.26 
Erosion Rate (%) 18.06 
Skeleton (%) 9.76 
Aggregate Stability (%) 32.96 

 
Table 2. Chemical properties of liquated humic substance. 

Parameters Liquated humic substance 
pH   9.06 
Total organic matter (%)   5.00 
Total (Humic + Fulvic) Acid (%) 15.00 
Soluble K2O (%)  1.00 

 

Dispersion rate was calculated 18.26 %. It is 
considered that if dispersion rate in soils greater than 
15 %, and erosion rate in soils greater than 10%, soils 
can be erodible, if not, soils can be resist. (Akalan, 1974; 
Taysun, 1989). In the study, aggregate stability was 
found 32.96 %. Since Bornova plain soil has high clay 
content, aggregate stability was also high. Soil reaction 
was measured 7.62 as slightly alkaline classes. Water 
soluble salt content of the experimental soil was 
measured 0.044 %, and showed no salinity. Lime 
content was measured 18.38 % as texture + marl. 
Organic matter content in the experiment soil was 
measured 2.13% as moderate humus classes 
(Schlichting und Blume, 1965). On the other hand, 
liquated humic substance was strong alkaline, 
containing high amounts of organic matter (Table 2). 
Runoff, soil losses by runoff and by splash are given in 
Table 3. According to Table 3, the highest runoff was 
measured from 5 ml l-1 of the humic substance 
treatments, whereas the lowest runoff was measured 
from 40 ml l-1 of the humic substance treatments 
compared with controls.  

Also the highest soil loss by runoff was measured 
from 5 ml l-1 of the humic substance treatments, 
whereas the lowest soil loss by runoff was measured 
from 40 ml l-1 of the humic substances treatments 
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compared with controls. Similarly to soil loss by runoff, 
the highest soil loss by splash was measured from 5 ml 
l-1 of the humic substance treatments, whereas the 
lowest soil loss by splash was measured from 40 ml l-1 of 
the humic substance treatments compared with 
controls, respectively. In briefly, the results indicated 
that, liquated humic substances reduced runoff (24 to 
45 %) and soil losses by runoff (7 to 97 %) and by splash 
(3-37 %) as compared to the control, respectively. Our 
findings were agreed with the results reported by the 
others (Piccolo and Mbagwu, 1997; Piccolo et al., 1997; 
Tejade and Gonzalez, 2006; Bhattacharyya et al., 2008 
and 2009; Ritchey et al., 2012; Sadeghi et al., 2015). 
Some researchers reported that organic amendments 
increased aggregate stabilities of soils and decreased 
soil erosion, significantly (Mbagwu and Piccolo, 1989; 
Margherita et al., 2006). Also, Yönter and Uysal (2017) 
reported that liquated humic substances reduced 
runoff and soil loss, and increased drained water 
amounts, significantly (p<0.01). Some researchers 

explained that humus is rapidly reacting with 
neutralized  polyvalent  cations (Ca + 2, Mg + 2, Al + 3) at the 
clay  surface  to  form  polyvalent metal   clay complexes 
and reactive acidic groups are distributed over 
heterogeneous humic macromolecules and are 
stabilized by chelation of polyvalent cations to combine 
with clay particles (Greenland, 1977; Theng, 1982), 
since, these materials reduced runoff and soil losses. 
Liquated humic substances reduced runoff (R = -
0.769**), soil loss by runoff (R = -0.901**), and by splash 
(R = -0.801**), significantly in the study (Table 4). Similar 
statistical results of this research were reported by 
some researchers (Piccolo and Mbagwu, 1997; Piccolo 
et al., 1997; Yönter, 2010; Yönter and Uysal., 2017). In 
addition, the highest R values were found between 
runoff and soil loss by runoff (R = 0.803**) and between 
soil loss by splash and soil loss by runoff (R = 0.769**). 
These findings were supported by some authors 
(Frauenfeld and Truman, 2004; Gholomi et al., 2012; 
Sadeghi et al., 2015; Vaezi et al., 2017). 

 
Table 3. Runoff, soil losses by runoff and by splash. 

Application Rate 
(ml l-1) 

Runoff 
(mm h-1) 

Soil loss by runoff 
(g m-2) 

Soil loss by splash 
(g m-2) 

1 2 Mean 1 2 Mean 1 2 Mean 

0 17.44 14.84 16.14 b 26.56 24.11 25.34 c 88.55 116.10 102.33 c 

5 10.85 13.63 12.24 ab 23.44 23.67 23.56 c 100.44 97.33 98.89 bc 

10 10.84 11.99 11.42 a 9.11 13.44 11.28 b 102.99 82.66 92.83 abc 

20 10.80 10.27 10.54 a 7.44 3.47 5.46 a 63.67 69.56 66.62 ab 

40 10.68 7.00 8.84 a 0.22 1.11 0.67 a 56.55 73.00 64.78 a 

       [1: 1st replication; 2nd replication] 
 

    Table 4. Correlations between application rates, runoff, soil loss by runoff and soil loss by splash.  

Correlations  Application rate Runoff  Soil loss by runoff Soil loss by splash 

Application rate 
R 
p 
N 

1.000 
 
10 

- - - 

Runoff  
R 
p 
N 

-0.769** 
0.01 
10 

1.000 
 
10 

- - 

Soil loss by runoff 

 
R 
p 
N 

-0.901** 
0.01 
10 

0.803** 
0.01 
10 

1.000 
 
10 

- 

Soil loss by splash 
R 
p 
N 

-0.801** 
0.01 
10 

- 
0.769** 
0.01 
10 

1.000 
 
10 

                          (**:p<0.01; R:coefficient of correlation; p: significant level; N: number of samples) 

 
CONCLUSION 
The results of this study indicated that, liquated 

humic substances reduced runoff and soil loss by 
runoff and by splash, significantly. Spreading humic 

substances even at low application rate (20 ml l-1) 
over the soil surface is an effective practice for 
controlling runoff and soil losses by runoff and by 
splash. 
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