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Abstract
Humic acid has been utilized as a soil conditioner for improving soil physical health and enhancing sequestration
of soil carbon in recent years. In this study, a loamy sand soil was amended at various levels (HL 0 control, HL1 10
Kg H.A ha-1, HL2 20 Kg H.A ha-1, HL3 30 Kg H.A ha-1, HL4 60 Kg H.A ha-1, HL5 90 Kg H.A ha-1, HL6 120 Kg H.A
ha-1 and HL7 150 Kg H.A ha-1) of both grades (Lab grade and Commercial grade) of humic acid. Soil physical and
hydraulic properties were analyzed, including soil aggregate stability, bulk density, saturated hydraulic
conductivity, and volumetric water content. The yield performance of wheat crop (Triticum aestivum) grown in
soil amended with different rates of humic acid was also assessed in a randomized complete block design with
three replications. The results showed that significant improvement in physical properties like aggregate
stability, bulk density, saturated hydraulic conductivity and soil moisture content with the application of humic
acid at 150 kg ha-1 level. And this improvement was also reflected in valuable increase in wheat crop yield. These
results strongly suggest positive improvement of soil physical and hydraulic properties by the addition of humic
acid amendment.
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Introduction
Enhancement

organic matter like humic acid act as binding factors
in

agricultural

production

is

for the primary soil particles, and resultantly improve

indispensable to cope with the food requirements of

the structural stability of the soil aggregates (Six et

escalating world population. Research efforts have

al., 2000). Application of organic substances in to the

been made to minimize reliance on costly chemical

soil significantly affects the surface soil physical

fertilizers by using organic and bio-fertilizers (Parr

characteristics. These include stable aggregates, less

and Homick, 1992). In recent past, there has been

bulk density and the improved hydraulic conductivity

increasing interest in amending soils with highly

under saturated conditions (Barzegar et al., 2002;

decomposed products as biofertilizer to improve the

Zeleke et al., 2004). The grades of humic substances

soil physical conditions (Zheng et al., 2006). Humic

prepared from farmyard manure has shown better

acid is one of the most decomposed portions of

and long lasting stability of aggregates as compared to

organic matter and may improve the soil productivity

the application of bulky levels of farmyard manure

by affecting soil physical properties. Humic acid

(Piccolo et al., 1997).

naturally occurs in lignite and mainly composed of
(10 - 80 %) lignite, moisture, ash, sulfur (Cavani et

A little work has been done in dry land regions related

al., 2003).

to humic acid effect on soil health. A research gap
shows that effects of lignite derived humic acid use on

Many researchers in developed countries extensively

soil physical condition and quality of wheat under

studied the importance of humic acid in controlled

rainfed agriculture are less well understood. So it is

and pot culture conditions as nutrient solutions in

hypothesized that humic acid sources vary in their

various crops (Norman et al., 2006; Sharif et al.,

effectiveness in improving soil physical condition.

2002; Bhardwaj. 2008). Humic acid manipulates soil

The response of soil physical properties towards the

physical properties and enhances absorption of

application of humic acid may vary with different

nutrients by improving plant resistance against

levels and grades of humic acid. Keeping in view the

stressed conditions. As humic acid is majorly carbon

importance of humic acid in different soil processes

in its composition, it can be a better source for the

and being the integral part of soil organic matter it

improvement of soil physical properties in low carbon

was assumed that humic acid addition in soil may

soils. The soil physical conditions generally refer to

improve soil physical properties and crop production.

the bulk density, aggregate stability, water flow and

Therefore, the present study was planned to evaluate

storage in the root zone (Reynolds et al., 2002). In

the effect of indigenous coal derived humic acid on

dry land areas, the upper two horizons of agricultural

soil physical properties and wheat crop production.

soils are characterized by low organic matter content,

The specific objective was to find out

massive structure and sandy texture. In most coarse
textured soils, the soil organic matter (SOM) content

The effect of lignite derived humic acid on selected

and moisture retention are the two major limiting

soil physical properties and wheat yield

factors for dry land agriculture. The wetting and
drying cycles reduce the stability of soil aggregates. In

Materials and methods

naturally well structured soils, cyclic wetting and

Humic acid extraction from coal

drying of soils may collapse the soil structure and

Humic acid was extracted by Soil and Environmental

thereby facilitating soil degradation. It has been

laboratory, KPK Agricultural University Peshawar,

presented that the application of humic acid to the

Pakistan following the modified procedure given by

soil may improve the aggregation of soil and

Hai and Mir (1998). The contents of humic acid were

aggregate stability (Barzegar et al., 2002).

determined according to Lamar and Talbot (2009),
which was more than 70 % pure. The composition of

The stable carbonaceous compounds present in soil

82 Ahmad et al.

humic acid was conformed according to reported
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composition given by Hai and Mir (1998).

cm3) dried at 105 °C was weighed and calculated
(Blake and Hartge, 1982). Total porosity was

Field trial

determined by calculation from bulk density and

The impact of humic acid application on soil physical

assumed particle density, Gravimetric moisture

properties and wheat yield was studied through a

content was measured taking the difference in

field experiment conducted at Experimental area

weights of fresh soil sample and oven dried sample

Koont Research Farm PMAS, Arid Agriculture

(Gardner et al., 1991). Crop grain yield was also

University, Rawalpindi. The two grades (Lab grade

recorded from each plot by quadrate.

and commercial grade) of humic acid (H.A) were
applied each at seven levels i.e. HL0 (control), HL1 (10
Kg H.A
ha-1),

ha-1),

HL2 (20 Kg H.A

HL4 (60 Kg H.A

(120 Kg H.A

ha-1),

ha-1),

ha-1),

HL3 (30 Kg H.A

Statistical analysis
The variance between the means was subjected to

HL5 (90 Kg H.A

ha-1),

HL6

analysis of variance (ANOVA) taking humic acid

and HL7 (150 Kg H.A

ha-1).

The

grades and its levels as factors using a statistical

treatments were arranged in randomized complete

software (Statix 8.1), and mean values were compared

block design (RCBD) with three replications. The

with LSD test (P < 0.05).

fertilizers were applied equally in all the treatment
plots (NPK @ 120:90:60 kg ha-1) and wheat crop (CV

Results and discussion

Chakwal 52) was used as a test crop with the seed rate

Total organic carbon (TOC)

of 40 kg

ha-1.

The results for total organic carbon were statistically
different among all the humic acid levels (Figure 1).

Analytical methods

The soil organic carbon status was significantly

Soil samples were taken randomly before and after

improved by the addition of lab grade humic acid at

harvesting for the analyses of physical properties and

150 kg ha-1(HL7) in both experimental years. The

total organic carbon (TOC) of the soil and crop yield

application of humic acid improved soil organic

was also recorded.

Total organic carbon was

carbon status as it is majorly composed of organic

measured by oxidizing the soil samples with excess

carbon. Humic acid increases the soil organic matter

K2Cr2O7 through digestion, and the unreacted portion

as it consists of 50-90 % organic matter (Kulikova et

was back titrated (Nelson and Sommers, 1982).

al 2005) moreover it prevents loss of carbon due to

Saturated hydraulic conductivity was measured by

refractory nature of its chemical structure which

using Guelph permimeter (at 5 cm and 10 cm heads)

makes

and infiltration was fitted in Darcy’s law (Youngs,

Amendments from organic source increase the total

1991). Aggregate Stability was calculated as dry

organic carbon in soil (Melero et al., 2007). Bresson

aggregates (1-2 mm) were sieved against water using

et al., (2001) have reported significant increase in

Yoder-type sieving machine and stable aggregates

organic carbon of the soil due to the application of

were oven dried and weighed (Kemper and Koch,

humic acid.

it

resistant

against

microbial

1966). Bulk density was determined by soil cores (98
Table 1. Chemical composition of humic acid grades.
Elements name
Carbon (% dry wt.)
Nitrogen (% dry wt.)
Sulpher (% dry wt.)
Humic acid contents (% dry wt)
Moisture (% dry wt.)
Ash (% dry wt.)
Color
Structure
Functional group
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Lab. grade
72
5.0
0.8
77
11
8.9
Blackish grey
Polymeric, Cluster
Carboxyl. Phenolic, Alcoholic

Commercial grade
60
5.0
1.2
65
9.5
8
Dark grey
-

attack.
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Table 2. Physico-chemical properties of experimental site.
Characteristics
Texture
EC (dS m-1)
Soil pH
Bulk Density (Mg m-3)
Soil Moisture (g 100g-1)
Total Organic Carbon (g 100g-1)

Koont Site
Sandy clay loam
0.53
7.87
1.56
8.19
0.59

Soil aggregate stability

water, hence help in maintaining the aggregate

The interactive effect of humic acid grades and levels

stability and prevent the soil loss by run-off. Humic

on the stability of aggregates (Figure 2) was

acid being the most important fraction of soil organic

statistically non significant in both experimental

matter is an important factor for maintenance of soil

years. But overall the humic acid applied at 120 and

through

ha-1

150 kg

which

it

improves

soil

aggregation

showed significantly higher aggregate

(Carpenter et al., 2000). The addition of a mixture of

stability among all other treatments in both years. A

fulvic and humic acids in soil can significantly

significant correlation among soil aggregate stability

increase the soil aggregation (Barzegar et al. 2002).

and organic carbon was observed (r = 0.62). Mbagwu

Humic acid extracted from different organic sources

(2003) reported that polyvalent cations complexation

is mostly utilized in agriculture as a bio-fertilizer and

within surface of clay and Humic acid-oxygen-

soil conditioner (Nisar and Mir, 1989; Chen et al.,

containing

hydrophobic

2004; Lee et al., 2004) and thus have positive effect

constituents all around the soil aggregate. Such type

on soil physical properties (Khungar and Manoharan.

of hydrophobic coating decrease the soil slaking in

2000).

groups

surrounds

the

Fig. 1. Total organic carbon of soil as affected by humic acid levels and grades during two years of experimental
period (HL0 = 0 Kg H.A ha-1, HL1 = 10 Kg H.A ha-1, HL2 = 20 Kg H.A ha-1, HL3 = 30 Kg H.A ha-1, HL4 = 60 Kg
H.A ha-1, HL5 = 90 Kg H.A ha-1, HL6 = 120 Kg H.A ha-1, HL7 = 150 Kg H.A ha-1 With a basal recommended dose
of N.P.K 120 90 60 kg ha-1).
Saturated hydraulic conductivity
The

results

conductivity
different

regarding
variation

humic

acid

with

in soil applied with lab grade at 150 kg ha-1 level in

saturated
changing

grades

was

hydraulic

first experimental year. Similarly, in second year the

levels

of

application of HL7 (150 kg ha-1 lab grade) enhanced

statistically

the conductivity rates significantly as compared to

significant (Figure 3). The maximum saturated
hydraulic conductivity (30.11 mm

84 Ahmad et al.

hr-1)

was observed

other treatments.
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Fig. 2. Soil aggregate stability as affected by humic acid levels and grades during two years of experimental
period (HL0 = 0 Kg H.A ha-1, HL1 = 10 Kg H.A ha-1, HL2 = 20 Kg H.A ha-1, HL3 = 30 Kg H.A ha-1, HL4 = 60 Kg
H.A ha-1, HL5 = 90 Kg H.A ha-1, HL6 = 120 Kg H.A ha-1, HL7 = 150 Kg H.A ha-1 With a basal recommended dose
of N.P.K 120 90 60 kg ha-1).
The improvement in total organic carbon of soil and

found between aggregate stability of soil and

aggregate stability helped in improving the saturated

saturated hydraulic conductivity (r = 0.61) which

hydraulic conductivity of soil. With the improvement

indicate the improvement in saturated hydraulic

in organic carbon of the soil and the aggregate

conductivity is mainly due to enhancement in the

stability at higher applied levels of humic acid, the

proportion of stable aggregates. The presence of

higher rate of saturated hydraulic conductivity was

stable aggregates improves the porosity which leads

also observed. A significant positive correlation was

to better water flow in the soil.

Fig. 3. Saturated hydraulic conductivity as affected by humic acid levels and grades during two years of
experimental period (HL0 = 0 Kg H.A ha-1, HL1 = 10 Kg H.A ha-1, HL2 = 20 Kg H.A ha-1, HL3 = 30 Kg H.A ha-1,
HL4 = 60 Kg H.A ha-1, HL5 = 90 Kg H.A ha-1, HL6 = 120 Kg H.A ha-1, HL7 = 150 Kg H.A ha-1 With a basal
recommended dose of N.P.K 120 90 60 kg ha-1).
Soil moisture content

compared to all other levels, and lab grade was

The field experiment data about the effect of humic

statistically better as compared to commercial grade.

acid

revealed

Humic acid mainly composed of carbon, when carbon

kg-1)

is added up in soil it improves the soil aggregate

observed in HL7, in first year (Figure 4). In second

stability by binding the aggregates resulting in

experimental year, the application level HL7 (150 kg

improvement of micro and macro pore of the soil.

ha-1)

Macro pore of soil enhances the aeration as well as

on

gravimetric

water

contents

maximum gravimetric water contents (5.17 g

significantly enhanced the soil moisture as
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increase root penetration into the soil, while micro

for the improvement of water content and bulk

pores enhances the water holding capacity and

density of soil. Various researchers reported that the

increase the water contents of soil, In our study

humic acid application improved the water holding

humic acid significantly improved the aggregate

capacity

stability of soil which cleared the role of humic acid

Majathoud, 2004).

of

soil

(Mylonas

&

McCants,

1980;

Fig. 4. Soil moisture content as affected by humic acid levels and grades during two years of experimental period
(HL0 = 0 Kg H.A ha-1, HL1 = 10 Kg H.A ha-1, HL2 = 20 Kg H.A ha-1, HL3 = 30 Kg H.A ha-1, HL4 = 60 Kg H.A ha-1,
HL5 = 90 Kg H.A ha-1, HL6 = 120 Kg H.A ha-1, HL7 = 150 Kg H.A ha-1 With a basal recommended dose of N.P.K
120 90 60 kg ha-1).
Soil bulk density

improve water content in soil, consequently a good

The results for bulk density remained non significant

sign of soil quality. The use of humic acid in soil as an

in first experimental year, but significant differences

organic source improved the physical condition of soil

were observed in level means at the end of the second

by improving the aggregate stability of soil and

year (Figure 5). The application of humic acid at 150

reducing the compactness of soil which result in

kg ha-1 (HL7) significantly reduced the bulk density.

decrease in bulk density and increase in porosity of

Bulk density explains the solid and pore spaces

soil and finally improved the water infiltration

proportion in soil, follows that better the pores spaces

(Barzegar et al., 2002; Zeleke et al., 2004). YE et al.

in proportion, the lesser is the bulk density of a solid.

(2010) reported that while evaluating the effect of

Lower bulk density of soil indicates more pore spaces

humic acid on the soil physical properties, increase in

which augment the prospective for soil aeration and

the ability of soil to store more water was observed.

Fig. 5. Soil bulk density as affected by humic acid levels and grades during two years of experimental period
(HL0 = 0 Kg H.A ha-1, HL1 = 10 Kg H.A ha-1, HL2 = 20 Kg H.A ha-1, HL3 = 30 Kg H.A ha-1, HL4 = 60 Kg H.A ha-1,
HL5 = 90 Kg H.A ha-1, HL6 = 120 Kg H.A ha-1, HL7 = 150 Kg H.A ha-1 With a basal recommended dose of N.P.K
120 90 60 kg ha-1).
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Wheat grain yield

Conclusions

The humic acid levels and grades showed 10.23%,

Our study strongly suggests the use of coal derived

7.34 % and 6.47% increase in grain yield by HL5, HL6

humic acid

and HL7, respectively in contrast to control in lab

encouraged for the improvement in soil physical

grade (Figure 6) during 2011-12. Similarly, in second

properties. Such improvement not only helped in

experimental year, increase in grain yield up to

reclaiming the general soil physical status but also

10.75%, 11.83 % and 10.39% by the application of

improved the crop growth. So humic acid can be a

HL5, HL6 and HL7, respectively through lab grade.

good carbon source for low carbon soils to improve

Humic acid extracted from different organic sources

soil structural stability, hydraulic conductivity and

is mostly utilized in agriculture as a bio-fertilizer,

eventually crop yield in dry land agriculture.

in physically

poor

soils may

be

plant growth promoter, nutrient carrier, and soil
conditioner; it increases the plant membranes
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