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Abstract Determining the physical and mechanical prop-

erties of soil and its behavior for engineering projects is

essential for road construction operations. One of the most

important principles in forest road construction, which is

usually neglected, is to avoid mixing organic matter with

road materials during excavation and embankment con-

struction. The current study aimed to assess the influence of

organic matter on the physical properties and mechanical

behaviors of forest soil and to analyze the relation between

the amount of organic matter and the behavior of forest soil

as road material. A typical soil sample from the study area

was collected beside a newly constructed roadbed. The soil

was mixed with different percentages of organic matter

(control treatment, 5, 10, and 15% by mass) and different

tests including Atterberg limits, standard compaction, and

California bearing ratio (CBR) tests were conducted on

these different soil mixtures. The results showed that soil

plasticity increased linearly with increasing organic matter.

Increasing the organic matter from 0% (control) to 15%

resulted in an increase of 11.64% of the plastic limit and

15.22% of the liquid limit after drying at 110 �C. Also,
increasing the organic matter content reduced the soil

maximum dry density and increased the optimum moisture

content. Increasing the organic matter from 0 to 15%

resulted in an increase of 11.0% of the optimum moisture

content and a decrease of 0.29 g/cm3 of the maximum dry

density. Organic matter decreased the CBR, which is used

as the index of road strength. Adding 15% organic matter

to the soil resulted in a decrease of the CBR from 15.72 to

4.75%. There was a significant difference between the two

drying temperatures (60 and 110 �C) for the same organic

matter mixtures with lower water content values after

drying at 60 �C. The results revealed the adverse influence

of organic matter on soil engineering properties and

showed the importance of organic matter removal before

excavation and fill construction.

Keywords Atterberg limits � California bearing ratio �
Hyrcanian forest � Organic matter content � Soil
compaction

Introduction

Forest ecosystems are one of the most complex ecosystems

in the world. In addition to providing wood for industrial

uses and fuel, they are the most important factor in the

sustainability of other critical ecosystems around the world.

Forest roads facilitate log transportation, decrease costs and

provide access to apply silvicultural techniques. They also

have other important roles such as forest protection (e.g.,

against fire) and tourism opportunities. However, it is the

construction of forest roads that has the largest ecological

impact on forests and causes the most changes. Much of the

loss and damage from their construction is related to ero-

sion and sediment production. Among the many types of

erosion, landslides affect forest roads the most frequently,

especially in steep forest regions, where they can destroy
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the roads, halting the wood extraction process, with severe

economic and environmental negative consequences.

Megahan et al. (1978) inventoried 1418 landslides around

forest roads in the United States and assessed the effect of

factors such as road standard, cross drain density, soil

organic matter content and vegetation cover on landslide

occurrence. As regards organic matter content, they found

that landslides were most common 4–10 years after road

construction, perhaps as a result of decomposition of

organic matter in the road itself, thus causing soil settle-

ment. Also, the Forestry Training Center Inc. (Forestry

Training Centre Incorporated 2010) stated, ‘‘Organic mat-

ter should not be considered for road fill material because it

is unstable and will continue to decompose and lose its

shape, and therefore provide little strength to the

subgrade’’.

Awareness of the geotechnical and mechanical proper-

ties of soil is crucial for determining the vulnerability of

road infrastructures and thus mitigating damage. Different

soil types behave variously and vary in their suitability as a

construction material. Understanding the behavior of soil

and its mechanical properties is crucial for forest road

management and ensuring permanent infrastructure ser-

viceability. In forests, however, usually in situ soil is used

as a construction material for subgrades and embankments;

therefore, road structure may fail due to the stress of

vehicle weight or soil settlement, and common problems

such as pothole and wheel ruts can quickly develop.

However, in the Hyrcanian forest with fine-grained cohe-

sive soils that have poor engineering capabilities (e.g., CL

and CH soil types in the Unified Soil Classification System

[USCS]), the subgrade alone often cannot bear the stress of

traffic and must be stabilized using proper and cost effec-

tive techniques such as lime or polymer stabilization. The

type and behavior of the soil that forms the roadbed

influence the type of major problems that affect forest

roads (e.g., instability, potholes and wheel ruts).

Soil is the most available material that humans use, but

owing to its mechanical behavior, it is among the most

complex material. Fine-grained cohesive soils especially

can behave unpredictably after water absorption. Forest

soils are heterogeneous; thus, determining the characteris-

tics of the soil in different parts of the road is essential, but

forest engineers do not often study soil mechanics. Boston

et al. (2008) found that uncontrolled compaction in the

United States road system produced a low density soil with

a high water content, conferring a soil strength that was

significantly less than the potential for these soils.

The most important reason that soil properties in forests

and natural resources are neglected is the lack of adequate

supervision during road construction and insufficient

attention to estimating the actual cost of forest road

maintenance. Determining the mechanical properties of

subgrade soil can guide engineers in building and manag-

ing a road to ensure its permanent serviceability. Such

studies will reduce the total costs of road construction,

maintenance and management (Fay et al. 2012).

An important principle in forest road construction is to

avoid the incorporation of organic matter into the road

construction material in subgrade and embankments

because organic matter can adversely affect the strength

and stability of the road. Organic soils create a dense,

grainy soil structure with a high water holding capacity,

and a high water content will reduce the soil’s California

bearing ratio (CBR). Organic matter also reduces the

quality and applicability of the soil for engineering (Mal-

kawi et al. 1999; Yildirim and Gunaydin 2011). The For-

estry Training Centre Incorporated (2010) stated, ‘‘Stumps

and organic debris must be removed from the road surface

prior to filling because organic debris does not compact

well, it tends to settle, causing slumps in fill sub-grade’’.

Some researchers have noted the influence of organic

matter on the behaviors of soil especially in fine-grained

cohesive soils. Organic content was reported to have

adverse influence soil qualities, e.g., reducing bulk density

(Soane 1990; Arvidsson 1998; Carter 2002), increasing

plasticity or the Atterberg limits (Krizek et al. 1975),

decreasing maximum dry density (Holtz and Krizek 1970;

Malkawi et al. 1999), increasing optimum moisture content

(Holtz and Krizek 1970; Malkawi et al. 1999; Song et al.

2003), and increasing water retention (Ohu et al. 1985), and

soil mechanical properties such as reducing the strength or

soil CBR (Franklin et al. 1973; Davies 1985; Ekwue 1990;

Carter 2002; Ohu et al. 2009).

However, Malkawi et al. (1999) stated that only a few

studies have focused on the effect of small amounts organic

matter on the properties of soils. Therefore, the main goal

of the current work was to assess the effect of organic

matter on the physical and mechanical behavior of soil,

specifically with regard to forest road construction. The

other aim was to assess the relationship between different

organic matter contents and soil properties. Due to the

complex, uncontrollable conditions in forested areas com-

pared with public highways, mixing organic matter and soil

into road materials is more frequent, and we believe that

demonstrating the adverse effects of soil incorporation may

convince road designers to consider this factor during

construction. The amount of organic matter mixed in with

the soil in forest road construction mainly depends on litter

thickness and the machines used for construction. Among

the machines used, bulldozers contribute the highest rate of

mixing due to their relatively low maneuvering capability.

Based on our observations in the Hyrcanian forest,

approximately 5–15% of organic matter may be mixed

with subgrade and fillslope material during road construc-

tion by bulldozers.
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Materials and methods

Study site

The Hyrcanian forest in northern Iran is a temperate

deciduous forest and covers 1.9 million hectares. The study

site is a part of central Hyrcanian forest (latitude: 36�330N,
longitude: 50�330E). The site has an area of about 1080 ha,

with 788 ha exploitable. The slope varies between 0 and

80%. The silviculture system is selection system and rub-

ber skidder is used to transport logs. The length of road

network is about 15.8 km and therefore the corresponding

road density is 20 m/ha. The tree species of this forest are

Fagus orientalis, Carpinus betulus, Parrotia persica, Acer

velutinum, Ulmus glabra and Taxus baccata.

Methods

An extensive part of the study area has high plasticity clay

soil, the CH soil type, the most common type in the area

(Majnounian 1990). The CH soil was thus sampled to

investigate how organic matter content of soil changes the

behavior of the soil. The required inorganic soil sample (as

Table 1 shows, the natural organic content was 1.33%) was

collected in the forest at a depth of 30–60 cm. The soil

sample was air-dried for 14 days before testing. The par-

ticle size distribution (ASTM D422) of the sample is

shown in Fig. 1.

The sample had a high liquid limit (87.33%) and high

plasticity index (42.95%) and was classified as a high

plasticity clay or CH. Table 1 shows the chemical char-

acteristics of the soil.

Organic matter was also gathered from the forest floor,

then mixed and milled and passed through a 0.420 mm

sieve to remove coarse particles (Malkawi et al. 1999).

Four soils, amended with varying amounts of the organic

matter, were used for the tests: control (0% organic con-

tent), and 5, 10 and 15% (percentage by mass) organic

matter. These percentages were chosen based on our field

determinations during road construction. Soil and organic

matter were mixed and then wetted to reach half of the

plastic limit (Malkawi et al. 1999). Because the plastic

limit was 44.38%, about 22% moisture was added to the

mixture. To investigate the changes in the soil behavior due

to the presence of organic matter in soil, we measure (ac-

cording to ASTM 1992) soil plasticity including liquid

limit and plastic limit (ASTM D4318), maximum dry

density (ASTM D698) and CBR (ASTM D1883) for each

of the soils. The tests were: soil plasticity including liquid

limit and plastic limit (ASTM D4318), maximum dry

density (ASTM D698) and CBR (ASTM D1883). As

Malkawi et al. (1999) used two oven temperatures, 60 and

110 �C (for 24 h), to investigate the effect of oven drying

temperature on the determined moisture content for slightly

organic soils (amended with peat). Similarly, in the present

study, we used both temperatures to determine water

content in the four soils.

Results

Soil plasticity

The results of plasticity tests (Table 2) that the organic

matter content tended to increase soil plasticity. However,

for the plasticity index, the trend was not uniform.

The results of a paired t test showed significant differ-

ences between the moisture content for the two drying

temperatures with the higher moisture content for 110 �C
(p\ 0.001). Regarding the trends, the plasticity charac-

teristics (except for the plasticity index) increased linearly

with an increase in organic content after heating at 60 and

110 �C (Fig. 2).

Table 1 Chemical characteristics of the soil sample

K? Ca2? Na? OC (%) EC (mS/cm) pH

0.12 2.4 0.45 1.33 0.4 7.4

SAR (%) CaCO3 (%) SO4
2- HCO3

2- CO3
2- Cl- Mg2?

0.26 8.75 2.01 2.96 0 1.2 3.2

OC organic content, EC electrical conductivity, SAR sodium

adsorption ratio
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Fig. 1 Particle size distribution of the test soil
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Compaction

The effects of oven drying temperature on the results of the

Proctor compaction tests are presented in Table 3. The

results of a paired t test showed significant differences

between the density and moisture of the two drying tem-

peratures with the highest moisture content and lowest dry

density for 110 �C (p\ 0.001).

The results showed that, generally, increasing the

organic matter content decreases the maximum dry density

of the soil samples and increases optimum moisture content

(Fig. 3).

Effect of oven temperature on the determined

properties of soil

Significant differences were found between the two oven

drying temperatures for the same mixture with lower water

content values in the 60 �C drying temperature, with dif-

ferences ranging between 0.54 and 2.64% for Atterberg

limits and from 0.4 to 2.0% for compaction tests. Although

significant, the differences were relatively lower compared

with the results of Malkawi et al. (1999) with 2–9% for

Atterberg limits and 1–3% for compaction results.

Table 2 Soil plasticity

(Atterberg limits) of soils

amended with different amounts

of organic content and heated at

different temperatures

Soil Plastic limit (%) Liquid limit (%) Plasticity index (%)

60 �C 110 �C 60 �C 110 �C 60 �C 110 �C

Control (0% OC) 43.84 44.38 85.4 87.33 41.56 42.95

5% OC 45.14 46.29 90.4 93.04 45.26 46.75

10% OC 54.19 54.78 97.75 98.77 43.56 43.99

15% OC 55.41 56.02 101 102.55 45.59 46.53

OC organic content

R² = 0.8875 

y = 0.8752x + 43.081 

R² = 0.981 
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(a) (b) Fig. 2 Relation of Atterberg

limits to percentage of organic

matter in soils after heating at

60 �C (a) or 110 �C (b)

Table 3 Proctor compaction

test results for control and

treated soils at two temperatures

Treatment Maximum dry density (g/cm3) Optimum moisture content (%)

Control 60 �C 1.32 26.6

110 �C 1.31 27

OC (5%) 60 �C 1.17 32

110 �C 1.15 32.5

OC (10%) 60 �C 1.09 32

110 �C 1.08 32.5

OC (15%) 60 �C 1.04 36

110 �C 1.02 38

OC organic content
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California bearing ratio

The results of CBR (California bearing ratio) tests showed

that increasing the organic matter content decreased the

resistance of soil samples to penetration (Fig. 4).

Therefore, there is an inverse relationship between the

CBR and organic matter content (Table 4), i.e., the CBR of

the soil decreased with higher levels of organic matter in

the soil.

Discussion

Plasticity is a property that measures a soil’s limits in terms

of its ability to change into a solid or liquid form when

water is applied. The limit to which a soil can adsorb water

affects its ability to maintain its shape under changing

conditions. The results revealed that the percentage of

organic matter had a negative effect on the plasticity of the

soil. Zhang (1994) reported that an increase in soil plas-

ticity is due to the greater water-holding capacity and

higher surface area of organic matter. Organic matter

increases the capacity for water adsorption, enabling the

soil to hold more water, i.e., increase the plasticity of the

soil. Our results are consistent with those of Odell et al.

(1960) who found that plasticity limits of soil increase

linearly with increasing organic content. Regarding the

plasticity index, the results are inconsistent; Malkawi et al.

(1999) reported that the plasticity index increased with

higher organic matter, but Schmidt (1965) stated that the

plasticity index is independent of the organic matter con-

tent. On the other hand, Zhang (1994) reported that the

plasticity index slightly decreased with increasing organic

content of soil. Our results showed that the plasticity index

is relatively constant with increasing organic content.

According to the plasticity indices (PI) studied, the soil was

grouped as being very plastic (PI\ 35). That means the

absorption and retention of water in the soil are high. Due

to these properties, road work with these soils is difficult

and expensive because the soil does not compact well and

it sticks to the equipment, causing a problem. These aspects

of organic soils make them poor construction material in

terms of providing a sound foundation for construction.

Compaction curves showed that by increasing organic

matter from 0 to 15%, the maximum dry density decreased

from 1.31 to 1.02 g/cm3, and optimum moisture content

increased from 27 to 38% (dashed line in Fig. 3). These

results are in accordance with those of Holtz and Krizek

(1970) and Malkawi et al. (1999). On the one hand, the

optimum moisture content increases with increasing

organic content of soil. On the other hand, the organic

matter reduces the maximum dry density by holding more

water, and because water cannot be compacted, it resists

compaction efforts (Malkawi et al. 1999). Thiyyakkandi

and Annex (2001) attributed the increase in optimum

moisture content to the changes in the plasticity charac-

teristics of soil with organic content.

Different drying temperatures produced differences in

the moisture contents of oven dried samples. Malkawi et al.

(1999) concluded that a 110 �C drying temperature is not

considered too hot and that this oven temperature results in

drier samples than those dried at 60 �C. They reported that

using 60 �C instead of 110 �C results in lower water con-

tent values which justify our results. Our results are con-

sistent with this research, but the reason the ranges in our

results are lower than those of Malkawi et al. (1999) may
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Table 4 Resulting CBR for different soil treatments

Treatment Penetration (mm) CBR (%)

Control 2.54 15.72

OC (5%) 2.54 12.74

OC (10%) 2.54 6.49

OC (15%) 2.54 4.75

CBR California bearing ratio, OC organic content
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be related to the type of organic matter; Malkawi et al.

(1999) used peat to amend the soil, and we used litter and

dead tree parts.

Previous studies concerning soil strength have shown

that organic matter reduces the strength of soil (Low 1954;

Williams and Cooke 1961; Greenland et al. 1975; Ohu

et al. 1985, 2009; Ekwue 1990; Carter 2002; Mitchell and

Soga 2005). Our results revealed that there is an inverse

relation between organic percentage and CBR of the soil

we used. This inverse relation is attributed to the reduction

in the maximum dry density of soil as a result of increasing

organic matter content.

Conclusions

In our assessment of the influence of the percentage

organic matter on the plasticity, compressibility charac-

teristics and CBR of clay with high plasticity (CH), the

results revealed that the organic content changed the

behavior of the clay and adversely affected the behavior of

the soil and thus its engineering suitability. With increasing

organic content, the plasticity properties of the clay soil

increased linearly. Organic matter had negative effect on

the maximum dry density of the soil and increased the

optimum moisture content. CBR and organic matter con-

tent were inversely related; CBR increased as organic

content of soil decreased. We thus conclude that organic

matter has a negative effect on the engineering behavior of

soil for forest road construction even in relatively small

amounts. Therefore, it is very important to keep organic

matter out of the subgrade and avoid mixing organic matter

with road materials during excavation and embankment

construction.
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