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Abstract

In this study, effect of tobacco waste (TW) application on soil structural parameters and water holding 
capacity were determined in a clay field. Tobacco waste was applied into a clay soil surface (0 - 15 cm) 
with 4 different rates (0, 2, 4 and 6%) and three replications in a randomized plot design. After eight 
months, changes in soil organic carbon content, bulk density (BD), total porosity (F), gravimetric (W) and 
volumetric (θ) water content, air filled porosity (Fa) and relative saturation (RS) values were determined 
in clay soil for each treatment.  TW application rates significantly increased organic C contents and F 
values while they significantly decreased bulk density values of the clay soil. Although the W values 
significantly increased over the control, the θ and RS values decreased with increasing the F values 
by the application of TW. The high application rates of TW (4 and 6%) increased moisture content at 
permanent wilting point (PWP) more than at field capacity (FC). Thus, AWC values in higher rates of TW 
were lower than the AWC values in 2% rate of TW and control treatments. Increasing Fa is important 
for plant root respiration and microbial activity especially in the clay soils. The high rates of TW increased 
F values but decreased the AWC of clay soil over the control treatment.
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Kil Bünyeli Bir Arazide Toprak Strüktürü ve Nem Sabitlerinin 
Tütün Atığı Uygulamasıyla Değişimi

Öz

Bu çalışmada, tütün atığı (TW) uygulamasının kil bünyeli bir arazide toprak strüktürü ve su tutma 
kapasitesine etkisi belirlenmiştir. Tütün atığı kil bünyeli toprak yüzeyine (0-15 cm) 4 farklı oranda (% 0, 2, 
4 ve 6) ve tesadüf parselleri denme deseninde üç tekrarlamalı olarak uygulanmıştır. Sekiz ay sonra, toprak 
organik karbon içeriği, hacim ağırlığı (BD), toplam gözeneklilik (F), gravimetrik (W) ve hacimsel (θ) su 
içeriği, hava dolu gözeneklilik (Fa) ve nispi doygunluk (RS) değerlerindeki değişimler belirlenmiştir. Tütün 
atığı uygulama oranları, killi toprağın hacim ağırlığı değerlerini önemli ölçüde düşürürken, organik C 
içeriği ve F değerlerini önemli ölçüde artırmıştır. Gravimetrik nem değerleri kontrole göre önemli ölçüde 
artmasına rağmen, TW uygulaması ile F değerlerinin artması ile θ ve RS değerleri azalmıştır. TW'nin 
yüksek uygulama oranlarında (%4 ve %6), devamlı solma noktası (PWP)'daki nem içeriğini tarla kapasitesi 
(FC)'ne göre daha fazla arttırmıştır. Böylece daha yüksek TW oranlarındaki yarayışlı nem (AWC) değerleri, 
%2 TW dozu ve kontrol uygulamalarındaki AWC değerlerinden daha düşük olmuştur. Özellikle killi 
topraklarda Fa'nın artışı bitki kök solunumu ve mikrobiyal aktivite için önemlidir. Yüksek TW oranları, F 
değerlerini artırmış, ancak kontrol muamelesine göre killi toprağın AWC'sini azaltmıştır.

Anahtar Kelimeler: Tütün atığı, kil bünyeli toprak, strüktür, tarla kapasitesi, solma noktası, nispi 
doygunluk.

Coşkun Gülser: orcid.org/0000-0002-6332-4876



Soil Water Journal

89

INTRODUCTION 

The intensive agricultural practices have 
significant effects on soil degradation through 
loss of soil organic matter, decline of soil structure, 
resulting soil compaction and root growth 
(Usowics and Lipiec, 2009; Busscher and Bauer, 
2003). Agricultural waste treatments affect soil 
hydraulic properties due to mineralization of 
organic matter in soil (Gülser and Candemir, 
2015). Gülser et al., (2017) found that application 
of hazelnut husk into a sandy clay loam soil 
increased OC content, basal soil respiration, 
saturated hydraulic conductivity and aggregate 
stability during the 16 weeks of incubation. They 
also determined that basal soil respiration as an 
indicator of soil microbial activity had significant 
positive correlations with OC, aggregate stability 
and total soil porosity. Demir and Gülser (2021) 
reported that the rice husk compost treatments 
in the field and greenhouse conditions had 
positive effects on soil properties with increasing  
organic matter content, electrical conductivity, 
field capacity, permanent wilting point, available 
water content and reducing soil pH and soil 
bulk density over the control. A measure of soil 
microstructure can be an index of soil physical 
quality that is consistent with observation on soil 
compaction, on effects of soil organic matter 
content and on root growth (Dexter, 2004). 
Organic waste application into soil causes 
changes in soil structure and aggregate size 
distribution with increasing pore and aggregate 
sizes in bulk soil (Gülser et al., 2015). Soil 
compaction, occurs usually loss or reduced 
in size of the largest pores, increases soil bulk 
density and soil strength, and decreases macro 
porosity, soil water infiltration and water-holding 
capacity (Dexter, 2004). 

There is a close interrelationship between 
bulk density and porosity with porosity 
decreasing as bulk density increases. The lower 
porosity provides poor aeration, which often is 

associated with reduced plant growth and, at 
times, may be related to certain soilborne plant 
diseases (Miller and Donahue, 1995; Selvi et al., 
2019). Gülser and Candemir (2012) found that 
bulk density, relative saturation and penetration 
resistance decreased while mean weight 
diameter, total porosity, gravimetric water and 
organic matter contents of a clay soil increased 
with increasing application rates of agricultural 
wastes. They also reported that while the lowest 
penetration (0.72 MPa) was determined in 6% 
doses application of hazelnut husk including 
the highest C:N ratio, the highest penetration 
(1.72 MPa) was in the control soil. Weil and 
Magdoff (2004) reported that organic matter 
increases the soil’s capacity to hold water by 
direct absorption of water and by enhancing 
the formation and stabilization of aggregates 
containing an abundance of pores that hold 
water under moderate tensions. 

Tobacco is one of the most important 
agricultural products in the Black Sea region of 
Turkey. There are large quantities of tobacco 
wastes around this region. Recycling organic 
wastes in soil is important to help reducing 
the greenhouse gas emission from agricultural 
production areas. There is a little information 
about the effect of tobacco waste application 
on soil physical properties. Therefore, effect of 
tobacco waste (TW) application on soil structural 
parameters and water holding capacity were 
determined in a clay field in this study. 

MATERIAL AND METHODS 

A field experiment was conducted at the 
Experimental Field of Agricultural Faculty in 
Ondokuz Mayıs University, Samsun.  The long 
term climatic data of mean air temperature and 
precipitation for Samsun is given in Table 1. The 
annual mean air temperature is 13.13 °C and 
annual total precipitation is 936 mm in Samsun.    

 January February March April May June July August September October November December

Mean.
Temp. (°C)

4.5 5.2 7.2 10.6 15 19.3 22 22.7 19.2 15 10.5 6.4

Precipitation 
(mm)

85 77 97 87 87 64 43 43 74 96 85 98

Table 1. Climatic data for Samsun (https://tr.climate-data.org/asya/tuerkiye/samsun/samsun-268). 
Çizelge 1. Samsun ili iklim verileri
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Tobacco waste (TW) was mixed into surface soil 
(0 - 15 cm) using a hoe with 0, 2, 4 and 6% of dry 
weight basis with three replications in a completely 
randomized plot design on October 2002. There 
was no plantation until the soil sampling time and 
after eight months, some physical characteristics 
of the soil were determined in the soil samples 
taken from 15 cm soil depth before planting. 
After determining the BD, total porosity (F) was 
calculated by F=1-BD/2.65, volumetric water 
content (θ) values were determined multiplying 
natural moisture (gravimetric water, W) content 
of soil samples by the bulk densities (θ =W.BD/
density of water). The relative saturation (RS) 
values were calculated dividing volumetric water 
contents by total porosity values (RS= θ/F). Air filled 
porosity was calculated subtracting volumetric 
water content from total porosity (Fa=F - θ). 
Moisture contents at the field capacity (FC) and the 
permanent wilting point (PWP) were determined 
equilibrating soil moisture of the saturated samples 
on the ceramic pressured plates at 33 kPa for 24 

hours and 1500 kPA for 96 hours, respectively 
(Demiralay, 1993). Soil reaction (pH), electrical 
conductivity, and organic carbon content were 
determined according to Kacar (1994). According 
to the soil physical and chemical properties, the 
results can be summarized as; the textural class 
is clay (56%), none saline (0.60 dS/m), neutral in 
pH (7.00), moderate in organic matter (3.4%) (Soil 
Survey Staff, 1993). Statistical analysis of the results 
was done by standard analysis of variance, pairs 
of mean values compared by Duncan test using 
SPSS 17. 

RESULTS AND DISCUSSIONS 

The application of TW increased organic matter 
content in the 0-15 cm soil layer (Table 2). The 
increments in mean values of OC content with the 
application rates were significantly different from 
the control (P<0.01). Tobacco waste treatment 
decreased the bulk density values and increased total 
porosity values significantly (P<0.05). The increments 
in total porosity with the application rates were 

Treatments OC, % BD, g/cm3 F, % W, %

TW 0% 1.99 c** 1.11 a* 58.26 b* 35.99 b*

TW 2% 2.85 bc 1.01 ab 61.78 ab 33.07 b

TW 4% 3.77 ab 0.89 b 66.38 a 33.62 b

TW 6% 4.29 a 0.89 b 66.25 a 41.44 a
**significant at 0.01 level, *significant at 0.05 level.

Table 2. The effect of tobacco waste (TW) application on soil organic C (OC), bulk density (BD), total porosity (F) and 
gravimetric (W) water contents. 

Çizelge 2. Tütün atığı (TW) uygulamasının toprak organik C (OC), hacim ağırlığı (BD), toplam gözeneklilik (F) ve gravimetrik 
(W) nem içeriklerine etkisi.

 

 

 

Figure 1. The effects of tobacco waste application doses on volumetric water content (θ), air filled 
porosity (Fa) and relative saturation (RS).  

 

 

 

 

 

 

 

Figures 2. The effects of tobacco waste application rates on moisture content (W) at field capacity (FC), 
permanent wilting point (PWP) and available water content (AWC).  

Figure 1. The effects of tobacco waste application doses on volumetric water content (θ), air filled porosity (Fa) and relative 
saturation (RS). 
Şekil 1. Tütün atığı uygulama dozlarının hacimsel su içeriği (θ), hava dolu gözenekler (Fa) ve nispi doygunluk (RS) üzerine 
etkileri.
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significantly different from the control application 
(P<0.05). In many studies, it is reported that addition 
of organic wastes into soils reduces bulk density and 
increases total porosity (Anikwe, 2000; Marinari et al., 
2000; Candemir and Gülser, 2011). Although the 
gravimetric water contents (W) increased according 
to the control significantly (P<0.05), the volumetric 
water contents (θ) decreased due to reducing 
bulk densities by the application of TW (Figure 1). 
The relative saturation values also decreased with 
increasing the application rates of tobacco waste 
(Figure 1). Generally, increments in the total porosity 
caused decreases in the RS. Although the highest 
moisture content (41.44%) was determined in 6% 
of TW treatment, the lower RS values were found 
with the TW treatments due to having higher total 
porosity values (Table 2). Increasing the application 
rates of tobacco waste increased the Fa compared 
to the control treatment (Figure 1). According to the 
control treatment, increases in mean Fa values by 
the TW treatments were obtained in the following 
order; TW2% (28%) < TW6% (29%) < TW4% 
(36%). Candemir and Gülser (2011) reported that 
increasing aeration due to aggregation occurred by 
the organic waste application caused increases in 
basal soil respiration or microbial activity in clay soil.

While TW application rates increased FC values 
insignificantly, PWP values significantly increased 
by increasing the application rates of TW (P<0.05) 
compared to the control treatment (Figure 2). 
The highest FC (40.1%) and PWP (31.2%) were 
determined with 6% application rate of TW. The 
highest AWC (10,9%) was determined in 2% of 

TW application while the lowest AWC (8.1%) was 
determined in 4% rate of TW application (Figure 2). 
Addition of organic matter to soils increases water 
holding capacity (Gupta et al., 1977; Candemir and 
Gülser, 2011; Mamedov et al., 2016). Addition of 
higher rates of TW (4 and 6%) in a clay soil increased 
PWP values more than FC values. Therefore, AWC 
values in higher dose applications of TW (4 and 6%) 
were found lower than the AWC values in 2% of TW 
and control treatments.

Soil organic C content had the significant positive 
correlations with F (0.818**), Fa (0.675*), PWP 
(0.850**), and significant negative correlations with 
BD (-0.818**), RS (-0.622*) and AWC (-0.630*) 
(Table 3). Increasing soil organic C content by the 
application of TW caused decreases in BD, θ and RS 
with increasing the total porosity. In many studies, 
it is indicated that soil organic matter content gives 
a significant negative correlation with bulk density 
and a significant positive correlation with total 
porosity (Candemir and Gülser, 2011; Gülser et 
al., 2016, Gülser et al., 2020). Demir and Gülser 
(2015) investigated the effects of rice husk compost 
on some soil quality parameters under greenhouse 
conditions. They reported that the highest positive 
correlations among the soil quality parameters were 
determined between OM and PWP (0.924**), AWC 
and FC (0.907**), OM and FC (0.897**), CO

2 and 
PWP (0.862**), PWP and FC (0.791**); while the 
highest negative correlations were found between 
BD and FC (-0.854**), BD and PWP (-0.871**), BD 
and OM (-0.868**), BD and CO2 (-0.838**), BD and 
P (-0.821**), Ca and FC (-0.812**). Gülser (2006) 

 

 

 

Figure 1. The effects of tobacco waste application doses on volumetric water content (θ), air filled 
porosity (Fa) and relative saturation (RS).  

 

 

 

 

 

 

 

Figures 2. The effects of tobacco waste application rates on moisture content (W) at field capacity (FC), 
permanent wilting point (PWP) and available water content (AWC).  

Figure 2. The effects of tobacco waste application rates on moisture content (W) at field capacity (FC), permanent wilting 
point (PWP) and available water content (AWC).
Şekil 2. Tütün atığı uygulama dozlarının tarla kapasitesi (FC), daimi solma noktası (PWP) ve yarayışlı su (AWC) içeriğiindeki nem 
miktarın (W) üzerine etkileri.,
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reported that increasing macroaggregation in a 
clay soil due to forage cropping caused increases 
in organic matter content in soil and decreases in 
bulk density values. In another study, Gülser (2004) 
found that increasing soil organic matter content 
decreased bulk density with increasing total porosity. 
Air filled porosity had significant positive correlation 
with F (0.924**), and negative correlations with 
BD (-0.924**), θ (-0.946**) and RS (-0.996**). 
PWP also gave significant positive correlation with F 
(0.675*), and significant negative correlations with 
BD (-0.675*) and AWC (-0.805**). Iqbal et al. (2005) 
studied spatial variability of OM, FC, PWP and AWC 
values and reported that increasing OM content in 
the field caused increases in FC and PWP values.

CONCLUSION 

Addition of TW into the clay soil increased organic 
C content, F, Fa, FC and PWP by reducing RS and 
bulk density. According to the control treatment, 
decreases in RS and increases in F, Fa, FC and PWP 
by the different rates of TW were generally in the 
same  order as follows; TW6% > TW4% > TW2%. 
The different rates of TW had different effects on 
soil structural properties of clay soil with increasing 
organic matter content and reducing BD. It can 
be concluded that tobacco waste application 
had positive effects on improving soil structural 
properties. Although application of TW to the clay 
soil increased gravimetric water content over the 
control, air filled porosity increased with increasing 
F and decreasing RS. It is important for plant root 
respiration and microbial activity especially in clay 
soils. The higher application dose of TW increased 
total porosity but decreased AWC of clay soil 
over the control treatment. The application dose 

of organic wastes, like a TW application, to clay 
soils should be selected carefully with considering 
the soil moisture characteristic curve behavior. 
Local agricultural wastes can be used as a soil 
conditioner to improve soil physical properties of 
soils located under similar climatic conditions of 
Black Sea Region.     
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