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Abstract: A soft soil is distinguished by high compressibility and low strength. It is formed in acid 

sulphate soil under a zero or low pressure gradient as an incompletely consolidated fine grain 

medium. The problem is related to the presence of weak hardpan structure that permits the soil to 

experiencing continuous wet condition. The objective of study was to examine closely the effects of 

addition of organic soil amendment namely Hasil Tani Organic Compound (HTOC) to soft soil in 

order to enhance its quality and strength. The study was carried out in paddy soils of Muda 

Agricultural Development Authority (MADA) Alor Senibong Kedah, Malaysia. High water content 

of soft soil caused low soil strength, which delayed the formation of hardpan layer. The application 

of HTOC could increase soil strength and reduce water content. After being treated with HTOC, soil 

strength has increased from 0.22 MPa to 0.70 MPa and organic matter content increased from 3.19% 

to 7.07%. Whilst, exchangeable sodium percentage (ESP) has decreased from 21% to 5% and soil 

water content decreased from 40.11% to 24.38%. As whole, the application of HTOC product could 

improve soft soil in study area. 
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1. Introduction 

Increasing population and economic development are continuing to put a great challenge and 

pressure on the domestic consumption for rice in Malaysia, as rice is a staple food of its population. 

Rice production in the country has reached 72% of the self-sufficiency level (SSL), still eight percent 

short of the 80% target. This is done in order to avoid the national market shortage of rice, because a 

lower rice self-sufficiency rate will threaten the food security condition of the country. Despite, there 

are increasing in planted areas in Peninsular Malaysia, the presence of soft soil in paddy field area 

resulted in reducing the rice production. A soft soil is one of the major problems and dealing with 

such as clay was challenging task in construction phase [1,2]. The other problems have been noted 

such as sodicity and permeability of soil. At this current time, total area of soft soil is recorded about 

8000 ha and another 5000 ha has high potential to meet the same problem. Although, several options 

has been adopted by the government to mitigate the soft soil, such as the establishment of irrigation 

and road networking. However, this problem is still persisted to occur again. 

In general, soft soil is characterized with very low compaction as indicated by the soil 

penetration resistance value of less than 0.40 MPa [3]. This is frequently occurred in acid sulphate 

soil due to the weak hardpan layer that cannot support the surcharge load imposed by machinery 

equipment, especially during soil preparation and harvesting seasons [4]. The continuous tillage also 

exerts series of disruptive forces to disintegrate soil particle thus causing the soft soil problem. Depth 

and width of soft zone are governed by high soil water content, causing low structural porosity and 

high structural deformation. This is well documented that decreased in bulk density coupled with 

increasing in soil water caused the reduction in permissible ground pressure [5,6]. High water 

content and low permeability of the soil cause the waterlogged patches of water in paddy field area. 

The waterlogged condition will affect the poor seed germination and also causes the low soil 

strength, which delays the hardpan formation and eventually slow down the working efficiency in 

the paddy field because the land is not able to support the load pressure of machinery equipment [7]. 

Soft soil is also characterized by sodicity. Sodicity induces deterioration in soil structure impedes 

water entry into the soil and the subsequent percolation of water through the soil profile [8]. Under 

sodic condition, poor soil structure, restricted water movement and nutrient toxicities are the major 

constraints to plant growth [9]. Structural degradation arises due to clay dispersion, plugging of the 

soil pores and development of a calcareous hard layer in the subsoil. To mitigate soft soil in the 

paddy field area, Muda Agricultural Development Authority (MADA) has to stop the agricultural 

activities in the problematic paddy fields. This is done to make the sufficient time range in order to 

hardpan layer is dried and harden, but this way took a long period of time, which it will reduce the 

rice yield. 

One of the common options to improve soft soil problem is to replace the soil with the new soil 

to develop better hardpan layer. This is involved the removal of soft soils and replaced with stronger 

material such as crushed rocks [10]. Mohd Nazim et al. [11] applied this technique in plot study scale 

in Alor Senibong, Kedah, Malaysia. Besides, Azizul [3] applied the vibrator subsoiler technique in 

paddy estate of FELCRA Seberang Perak, Malaysia. This technique used the vibrator subsoiler as a 

specific tool which installed in the tractor in order to make small drainages which then could 

discharge the excess water from the problematic soil in paddy field area. However, these techniques 

are expensive for local farmers which involve the dredge and compactor machines to be used. To 
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have appropriate soil management, the farmer should understand what type of amendment that 

required to optimize the productivity of the soil for the crop [12]. 

An alternative option should be examined to warrant a cheaper solution which offers soil 

improvement mechanically and soil quality in terms of nutrient enrichment for better yield. Hasil 

Tani Organic Compound (HTOC) is an alternative product that can potentially act as organic soil 

amendment to increase soil quality and stability index. This is manufactured by using organic 

component consisting of wood residuals as well as humic acid and zeolite mineral in a specific 

ratio [13]. When the paddy soil is flooded for rice cultivation, soil particles started to disperse, thus 

organic matter of HTOC will assist the soil by binding the soil particles towards stable aggregates. 

Many studies have highlighted the effects of organic matter on soil physicochemical properties [14]. 

The amelioration of soil physicochemical properties by raising soil organic matter and organic 

carbon has been recommended for increasing soil quality and crop production [15]. Application of 

HTOC at appropriate rate is able to improve the less fertile soil such as soft soil. The mechanism of 

HTOC to improve soft soil was use zeolite component to help increasing the stability of soil structure 

and absorb the excess water in soil pores to expedite time range for hardpan layer formation. Treated 

plot with HTOC is showed by decrease in soil water content. Another important component of 

HTOC is humic acid, it is very effective for binding soil aggregates and nutrient retention of soft 

soils. In this paper, soil samples were taken at top soil 0–15 cm to analyze the basic properties of soft 

soil. The objective of study was to examine closely the effects of addition of HTOC to soft soil in 

order to enhance its quality and strength. 

2. Materials and methods 

2.1. Site description 

This study was conducted in the selected paddy fields that associated with soft soil problem. 

The study area located at Alor Senibong MADA, Langgar, Kedah, Malaysia (6°6'15.19"N and 

100°27'55.74"E) (Figure 1). The paddy soil was an acid sulphate soil that classified as Tualang 

Series [16]. This site has experienced with the presence of soft soil that hinder the agricultural 

activity of this area and low rice yield with an average production of less than 2 t ha
−1

 season
−1

. Rice 

cultivation in this area applied the fertilizers and pesticides subsidized by Malaysian government. 

Department of Meteorology, Malaysia recorded the mean rainfall in year 2016 at this area was about 

2364 mm year
−1

, with pronounced dry period in December-March annually. 

2.2. Field trial and soil sampling 

The treatments for the field trial were; T0 = 0 t HTOC ha
−1

 (control plot), T1 = 0.25 t 

HTOC ha
−1

 (treated plot). Total area from each of plot was about 0.58 acres. HTOC was applied 

after the first ploughing activities using a portable sprayer with capacity of 250 L. Only fertilizers 

and no lime added in the experimental plot based on the standard rate. Rice variety MR219 was used 

in this investigation that was commonly planted by farmers throughout Peninsular Malaysia. A total 

of 18 representative top soil samples 0–15 cm (three from each point) were collected randomly from 

the paddy plots (Figure 2). Sampling activity was divided by three different periods such as; before 

paddy planting (May 2016), after the first harvest (Sept 2016) and after the second harvest (Feb 
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2017) (Figure 3). The penetrometer measurements were recorded at the same points with three 

replicates reading from each of point to obtain a representative average result per plot. Then, samples 

were brought to the laboratory for analysis. In-situ measurement of soil strength has been done by using 

Hand Penetrometer Eijelkamp. The penetrometer method had a measuring range of 1000 N (10 MPa). 

Soil strength was measured by pushing the cone into the ground at a constant rate of 2 cm s
−1

. The 

cone used in this study had the base area of 5 cm
2
. The resistance is read in N (Newton) and noted 

for the appropriate depth. The base area of the cone should also be noted because the cone resistance 

was expressed in N cm
−2

 which then it should be converted to MPa unit. 

 

Figure 1. Location of the study area. 
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Figure 2. Spatial distribution of sampling points in study area. 

2.3. Soil analysis 

After air-drying, soil samples were ground and passed through a 2 mm sieve. The following soil 

analysis was carried out. Soil pH was analyzed by using distilled water based on 1:2.5 ratio of soil 

and water which then it was measured by pH meter WTW INOLAB Level 1 [17]. Electrical 

conductivity was extracted into saturated gypsum and measured by meter conductivity device Model 

H 18819 Hanna [18]. Soil organic matter content was determined using loss on ignition method [19]. 

The dry combustion method was based on loss on ignition where oven dried soil samples were 

placed in a crucible and ignited in a muffled oven for at least 3 hours at 550 ± 25°C. The crucible 

with sample was cooled in the desiccator for 30 minutes and then weighed. The organic matter was 

than calculated from the weight loss by using correction factor for clay content. Soil water content 

was determined using the gravimetric method [19] and the hydraulic conductivity was determined 

using the falling head method described by Kirkby [20]. Particle size was determined using the 

pipette method with slight modification [21]. Bulk density was determined using wax method by 

Russell and Balcerek [22]. 

Exchangeable base cations (Ca
2+

, Mg
2+

, Na
+
 and K

+
) were determined by using NH4OAc 

extraction which then was measured by atomic absorption spectrometry (AAS) instrument. While, 

for exchangeable acid cations (Al
3+

 and H
+
) was extracted by 1 M KCl solution and determined by 

titimetric method. Then, the cation exchange capacity (CEC) was determined by the addition of base 

and acid cations [23]. Total carbon was determined by Carbon, Hydrogen, Nitrogen, Sulphur 

instrument. Humic acid content in the soil was extracted by suspending the soil overnight in 

NaOH (0.5 mol L
−1

) solution and the supernatant was collected by centrifugation. The extract was 

then acidified up to pH 2.0 using 6 N HCl and centrifuged to obtain fulvic acid. The residue was 
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washed with HCl (0.5 mol L
−1

) solution and the washings and supernatants were combined for 

separating humic acid. 

2.4. Statistical analysis 

Data from the experiment were analyzed statistically using One-way ANOVA to determine the 

mean difference between before and after HTOC application. The statistical package used was IBM 

SPSS software version 21. 

 

Figure 3. Flowchart of the study. 

3. Results and discussion 

3.1. Basic properties of Hasil Tani Organic Compound (HTOC) 

Table 1 shows the basic properties of HTOC product. HTOC product has a high organic matter 

content of 41.59% with a pH as high as 7.98. Electrical conductivity is around 3.50 mS cm
−1

. Total 

carbon and nitrogen are about 25.80% and 0.89%, respectively. C:N ratio with the value of 29:1. 

Cation exchange capacity is as high as 20.81 cmolc kg
−1

. Humic and fulvic acid are around 4.59% 

and 0.19%, respectively. 
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Table 1. Basic properties of Hasil Tani Organic Compound (HTOC). 

Parameter Value 

Organic matter (%) 41.59 ± 0.02 

pH  7.98 ± 0.01 

Electrical conductivity (mS cm−1) 3.50 ± 0.81 

Total C (%) 25.80 ± 0.01 

Total N (%) 0.89 ± 0.01 

C:N 29:1 ± 0.01 

Exchangeable H+ (cmolc kg−1) 0.00 

Exchangeable Al3+ (cmolc kg−1) 0.57 ± 0.25 

Exchangeable K+ (cmolc kg−1) 6.98 ± 0.85 

Exchangeable Mg2+ (cmolc kg−1) 3.93 ± 0.28 

Exchangeable Ca2+ (cmolc kg−1) 5.18 ± 0.21 

Exchangeable Na+ ( cmolc kg−1) 3.21 ± 0.12 

Cation exchange capacity (cmolc kg−1) 20.81 ± 1.48 

Base saturation (%) 97 

Humic acid (%) 4.59 ± 0.31 

Fulvic acid (%) 0.19 ± 0.01 

3.2. The effects of HTOC on soil chemical properties 

Table 2 shows the effects of HTOC product on the soil properties in the field trial. The pH of 

treated plot has risen from 3.36 to 3.77 at the first harvest which then it reached at 4.34 at the second 

harvest. Mean pH of treated plot after the first and the second harvest is found significantly higher 

than control plot, with the value of p = 0.017 and p < 0.001, respectively at 5% level. This showed 

that the addition of 0.25 t HTOC ha
−1

 as successfully indicated a better result than the prior sowing. 

The increment pH of treated plot may due to the rapid dissolution of HTOC in the soil profile. 

Similar result has been found by Sahibin et al. [13] in their earlier study. Relatively higher pH in the 

paddy soil is observed after HTOC application in Region 4 Alor Nan, Kedah with pH value increases 

from 4.63 to 5.12. However, the application rate of soil amendment like HTOC depends on the 

localities. Hence, field experiment such as this current study is needed to justify the most suitable 

and feasible application rate. On the other hand, Al level in the soil is reduced reasonably when the 

pH increases, which indicates the better efficiency of HTOC, thus pH is negatively and significantly 

correlated with exchangeable Al
3+

 (r = −0.670, p < 0.05). Soil pH increases significantly following 

reduction in exchangeable Al
3+

, while it is positively and significantly correlated to exchangeable 

Ca
2+

 (r= 0.651, p < 0.05, Table 3). By increasing the pH dissolves Al in the soil will precipitate to 

form gibbsite (Al(OH)3), thereby reducing the toxicity of Al in the soil [24]. Exchangeable Al
3+

 of 

the treated plot has decreased from 2.07 cmolc kg
−1

 to 1.63 cmolc kg
−1

 after the first harvest, which 

then it reached at 1.37 cmolc kg
−1

 after the second harvest. Mean exchangeable Al
3+

 of treated plot 

after the first and the second harvest is found significantly lower than control plot, with the value of 

p < 0.001 at 5% level. This notes that exchangeable Al
3+

 in the soil tends to decrease, while 

exchangeable Ca
2+

 increases over the season. 
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Table 2. Soil properties of control plot and treated plot across three different periods. 

Parameter 

Periods 

Before planting (May 2016) 1st harvest (Sept 2016) 2nd harvest (Feb 2017) 

T0 T1 T0 T1 T0 T1 

Sand (%) 13 ± 0.36 13 ± 0.62 11 ± 0.47 12 ± 0.59 13 ± 3.84 13 ± 0.07 

Silt (%) 0.063–0.002 mm 38 ± 1.06 31 ± 2.50 39 ± 0.20 32 ± 3.15 34 ± 9.65 30 ± 0.53 

Clay (%) < 0.002 mm 49 ± 0.73 56 ± 2.45 50 ± 0.27 56 ± 2.57 52 ± 5.83 57 ± 0.46 

Texture Clay Clay Clay Clay Clay Clay 

Water content (%) 43.70 ± 0.13 40.11 ± 2.25 43.64 ± 0.03 24.90 ± 0.06 39.37 ± 0.13 24.38 ± 0.27 

Organic matter (%) 2.36 ± 0.08 3.19 ± 0.20 2.35 ± 0.05 6.40 ± 0.24 2.16 ± 0.32 7.07 ± 0.98 

Bulk density (g cm−3) 1.00 ± 0.00 1.00 ± 0.00 1.01 ± 0.00 1.01 ± 0.01 1.02 ± 0.00 1.03 ± 0.00 

Hydraulic conductivity (cm hr−1) 0.15 ± 0.01 0.19 ± 0.01 0.21 ± 0.04 0.30 ± 0.13 0.19 ± 0.04 0.54 ± 0.02 

pH  3.20 ± 0.04 3.36 ± 0.04 3.34 ± 0.06 3.77 ± 0.01 3.39 ± 0.01 4.34 ± 0.01 

Electrical conductivity (mS cm−1) 1.99 ± 0.01 2.07 ± 0.01 2.05 ± 0.01 2.18 ± 0.02 2.03 ± 0.01 2.32 ± 0.01 

Exchangeable Al3+ (cmolc kg−1) 2.27 ± 0.15 2.07 ± 0.06 2.33 ± 0.15 1.63 ± 0.06 2.40 ± 0.10 1.37 ± 0.06 

Exchangeable H+ (cmolc kg−1) 0.40 ± 0.10 0.80 ± 0.10 0.40 ± 0.10 0.57 ± 0.06 0.50 ± 0.10 0.57 ± 0.06 

Exchangeable Ca2+ (cmolc kg−1) 1.64 ± 0.23 1.44 ± 0.08 1.64 ± 0.01 2.16 ± 0.09 1.64 ± 0.01 4.44 ± 0.01 

Exchangeable Mg2+ (cmolc kg−1) 1.16 ± 0.03 1.64 ± 0.03 1.18 ± 0.01 2.39 ± 0.31 1.18 ± 0.02 2.68 ± 0.02 

Exchangeable Na+ (cmolc kg−1) 1.21 ± 0.14 1.26 ± 0.08 1.34 ± 0.05 0.58 ± 0.08 1.43 ± 0.02 0.46 ± 0.05 

Exchangeable K+ (cmolc kg−1) 1.80 ± 0.03 1.75 ± 0.02 1.98 ± 0.01 2.65 ± 0.53 1.82 ± 0.09 2.01 ± 0.01 

Cation exchange capacity (cmolc kg−1) 8.48 ± 0.30 8.96 ± 0.17 8.86 ± 0.14 9.98 ± 0.34 8.98 ± 0.21 11.51 ± 0.08 

Base saturation (%) 69 ± 1.84 68 ± 1.13 69 ± 1.30 78 ± 0.32 68 ± 0.40 83 ± 0.40 

Exchangeable sodium percentage (%) 21 ± 2.56 21 ± 1.37 22 ± 0.64 7 ± 1.26 23 ± 0.27 5 ± 0.47 

Organic carbon (%) 0.65 ± 0.11 0.67 ± 0.09 0.67 ± 0.09 3.14 ± 0.10 0.66 ± 0.11 4.13 ± 0.01 

Humic acid (%) 0.05 ± 0.01 0.09 ± 0.01 0.10 ± 0.02 0.13 ± 0.01 0.15 ± 0.05 1.32 ± 0.01 

Fulvic acid (%) 0.12 ± 0.01 0.13 ± 0.00 0.14 ± 0.01 0.25 ± 0.01 0.14 ± 0.01 0.19 ± 0.01 

Note: T0: Control plot; T1: Treated plot.
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Table 3. The Pearson Correlation coefficient analysis between soil parameters. 

 SOM HC SS Exc. Na+ Exc. Ca2+ pH SWC Exc. Al3+ 

SOM 1        

HC 0.896** 1       

SS 0.694* 0.719** 1      

Exc. Na+ 0.037 0.155 −0.344 1     

Exc. Ca2+ 0.830** 0.846** 0.918** −0.256 1    

pH 0.706* 0.843** 0.561 0.522 0.651* 1   

SWC −0.977** −0.849** −0.605* 0.011 −0.761** −0.582* 1  

Exc. Al3+ −0.210 −0.324 0.181 −0.968** 0.079 −0.670* 0.140 1 

Note: SOM: Soil Organic Matter; HC: Hydraulic Conductivity; SS: Soil Strength; SWC: Soil Water Content. 

*Significance level at 5% and **Significance level at 1%. 

In this trial, electrical conductivity of the treated plot has also increased from 2.07 mS cm
−1

 to 

2.32 mS cm
−1

. Thus, the classification of Landon [25] obtains that salt-free content in the soil is 

low. This low salt content will ease the paddy plants to absorb optimum water from the soil. The 

studied soil is sodic with high level of Na content and low level of total salts. High Na content in the 

soil is shown by the high exchangeable Na
+
. When the ratio of Na to other ions at these exchange 

sites is high, clay particles are less tightly bound to each other and the soil aggregates easily 

disperse when the soil become wet. To improve the exchangeable Na
+
 in soil, most of ions Na

+
 must 

be removed by leaching it downward, below the root zone [26]. To accomplish this result, ions Na
+
 

in the soil exchange complex must be replaced by Ca
2+

. HTOC product is a calcium-containing 

material, which can supply soluble Ca
2+

 to replace the exchangeable Na
+
. 

After HTOC application, exchangeable Na
+
 of the treated plot has decreased to 0.58 cmolc kg

−1
 

after the first harvest and it changed at 0.46 cmolc kg
−1

 after the second harvest. Mean exchangeable 

Na
+
 of treated plot after the first and the second harvest is found significantly lower than control 

plot, with the value of p < 0.001 at 5% level. The presence of excessive amount of exchangeable 

Na
+
 reverses the process of aggregation and causes soil aggregates to disperse into their constituent 

individual soil particles. This is known as deflocculation and often occurs in sodic soil. The 

untreated soil is classified as sodic because the Exchangeable Sodium Percentage (ESP) value is 

greater than 6%. But after being treated with HTOC, the ESP value has decreased to less than 6% at 

the second harvest. Mean exchangeable sodium percentage of treated plot after the first and the 

second harvest is found significantly lower than control plot, with the value of p < 0.001 at 5% 

level. This is due to the polyvalent cations of Ca
2+

 and Mg
2+

 from HTOC have displaced ions Na
+
 in 

the soil and they created a flocculated soil condition. 

Exchangeable Ca
2+

 of the treated plot increases from 1.44 cmolc kg
−1

 to 4.44 cmolc kg
−1

 after 

the second harvest. Exchangeable Mg
2+

 increases from 1.64 cmolc kg
−1

 to 2.68 cmolc kg
−1

 and from 

1.89 cmolc kg
−1

 to 2.06 cmolc kg
−1

 after the second harvest. Exchangeable K
+
 also increases from 

1.75 cmolc kg
−1

 to 2.65 cmolc kg
−1

 after the first harvest. Exchangeable Ca
2+

, Mg
2+

 and K
+
 are high 

due to addition of these cations from HTOC. The concentration of these cations in the soil are in the 

required level for rice cultivation as found by MARDI [27]. This shows that the use of HTOC at the 

appropriate rate is able to alleviate Ca and Mg deficiency in paddy soil. The presence of extra Ca 
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and Mg in the soil can also contribute to the alleviation of Al toxicity. Hence, the cation exchange 

capacity has also increased from 8.93 cmolc kg
−1

 to 11.51 cmolc kg
−1

 with base saturation increased 

from 68% to 83% after the second harvest. Organic carbon content of the treated plot with HTOC 

has risen from 0.67% to 4.13% after the second harvest. Humic acid content has increased from 

0.09% to 1.32%, while fulvic acid content relatively increased from 0.13% to 0.19% after the 

second harvest. The organic component consists of wood residuals from HTOC resulting in the 

increment of organic carbon, humic and fulvic acid content in the soil. Humic acid component from 

HTOC has acted to buffer the effect of high salts by dissolving Ca compounds that already presented 

in the soil. It flocculates the soil particles that have already dispersed to build the stable aggregates. 

3.3. The effects of HTOC on soil physical properties 

Application of HTOC in the study area shows the changes in soil physical properties as shown 

in Table 2. The initial water content of the paddy soil is high at 40.11%. This shows the high soil 

water will cause the reduction in macro pores spaces and lead to decline in load support capacity of 

the soil and permissible ground pressure [28]. Hence, soil water plays significant role in maintaining 

aggregate stability and tensile strength of soil aggregates [29]. But after being treated with HTOC, 

soil water content has decreased to 24.90% at the first harvest and it changed to 24.38% at the 

second harvest.  

Mean soil water content of treated plot after the first and the second harvest is found 

significantly lower than control plot, with the value of p < 0.001 at 5% level. This mean a decrease 

in soil water content is due to the isolated components; zeolite and humic acid of HTOC which are 

capable to absorb the excess water in paddy soil. The zeolite material is useful for assisting water 

infiltration and retention due to its porous properties and the capillary suction.  

The studied soil is sodic with fine particles (clay + silt) about 80%. Clay particles will be 

separated by the presence of water and exchangeable Na
+
, and it will reduce the water movement 

and the aeration in the soil. Thus, the water permeability of the soil is poor and the soil is also 

characterized with hard and cloddy appearances when dry and tends to crust. The initial water 

permeability of the soil is low as shown by the low hydraulic conductivity value. But after being 

treated with HTOC, it starts to increase from 0.19 cm hr
−1

 to 0.54 cm hr
 −1

 after the second harvest. 

Mean hydraulic conductivity of treated plot after the first and the second harvest is found 

significantly higher than control plot, with the value of p < 0.001 at 5% level. This shows that the 

efficiency of HTOC which flocculates together with the clay particles to accelerate the aggregate 

formation. The stability of soil aggregate is prominent to water infiltration and retention for paddy 

soil. Hence, a decrease in soil aggregate stability results in low hydraulic conductivity value.  

Organic matter content in the soil is low at 3.19% before started the trial, this is caused by the 

reduce presence of decaying organisms, or an increases rate of decay as a result of changes in 

natural or anthropogenic factors. Tillage is one of the anthropogenic factors to a decline in organic 

matter via contributing to an increase rate of organic matter decay [30]. Moreover, climate also 

affects soil organic matter content, so soil in warmer climates like in paddy area will tend to contain 

less organic matter than those in cooler climates [31]. Low organic matter results in low stability 

index, low soil quality and productivity, which make the soil more susceptible to dispersion. But 

after being treated with HTOC, the organic matter content in the soil increases to 6.40% after the 

first harvest. It continues increasing to 7.07% after the second harvest. Mean soil organic matter 
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content of treated plot after the first harvest is found significantly higher than control plot, with the 

value of p < 0.001 at 5% level. A correlation matrix of all parameters studied reveals that soil 

organic matter is not significantly correlated to exchangeable Na
+
 (r = 0.037). Soil organic matter is 

positively and significantly correlated to hydraulic conductivity (r = 0.896 p < 0.01) and soil 

strength (r = 0.694 p < 0.05, Table 3). This shows that organic matter content in the soil become 

more significant after applying HTOC, as these organic matters attach to soil particles, especially 

clay particles and bind micro soil and macro soil aggregates, thus they prevent the soil from 

dispersing by the water pressure and also the action of heavy machines. 

Previous study by Sahibin et al. [13] from the paddy field in Jelempok Region 1 MADA 

Kedah, Malaysia reports that organic matter content of the paddy soil which has been treated with 

HTOC was successfully raised from 6.51% to 7.87% and gave the same result with the current 

study. Soil organic matter content can be related to soil texture. For example, clay soils tend to have 

a higher organic matter content than sandy soils due to they have the ability to protect humus from 

the sequel decay process. In addition, soil water also contributes the effect on the organic matter 

content in soil. Organic matter content is negatively and significantly correlated to soil water 

content (r = − 0.977, p < 0.01, Table 3). Bulk density of the soil under investigation is found to be at 

the good level, which mean they can provide structural support for water and solute movement as 

well as aeration. After being treated with HTOC, bulk density of the soil increases from 1.00 g cm
−3

 

to 1.03 g cm
−3

 after the second harvest period. The increment bulk density value of treated plot 

suggests to high soil porosity and relative low soil compaction. Organic carbon increases from 

0.67% to 4.13% after the second harvest. Previous study by Razi et al. [32] reports the total soil 

carbon stock in this study area is around 475.72 ton ha
−1

. 

3.4. The effects of HTOC on soil strength 

The effect of HTOC on soil strength of soft soil is presented in Figure 4. The graphs of control 

plot and treated plot before planting period has increased continuously and it reached a peak 

0.24 MPa at depth 0 to 50 cm and then decreased at depth 60–100 cm with the lowest strength value 

was found as only 0.20 MPa. This shows that the value measured is still below 0.40 MPa, this 

means that the land cannot support the surcharge load imposed by machinery equipment. But after 

being treated with HTOC, the graph of soil strength at the first harvest has raised to 0.62 MPa at 

depth 0 to 20 cm and it decreased to 0.42 MPa at depth 60 to 100 cm. The highest soil strength is 

recorded after the second harvest with value of 0.84 MPa at depth 0 to 30 cm. The hardpan is 

defined as the layer harder to penetrate and no roots, it usually finds between 10 cm and 30 cm from 

soil surface [33]. The increase in soil strength level is directly correlated with decrease in water 

potential. Relative water content is negatively and significantly correlated to soil strength (r = −0.605, 

p < 0.05, Table 3), while for exchangeable Na
+
 is not significantly correlated (r= −0.344). This 

mean an increase in soil strength and decrease soil water content and exchangeable Na
+
 as the 

quantity of HTOC is added to soil. 
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Figure 4. The effect of HTOC on soil strength. 

4. Conclusion 

Result of studies shows that the use of organic soil amendment like HTOC has a potential to 

improve of soft soil in paddy cultivation area by enhancing soil quality such as soil strength, organic 

matter content, hydraulic conductivity, pH, electrical conductivity, exchangeable Ca
2+

, Mg
2+

, K
+
 

and cation exchange capacity to a range that is high soil stability index and productivity for paddy 

cultivation. As whole, soil properties of treated plot reports a better result than control plot. Besides, 

HTOC application also results in decreasing soil water content, exchangeable Na
+
 and exchangeable 

sodium percentage which were very important to mitigate soft soil problem. HTOC can successfully 

improve soil pH from 3.36 to 4.34. 

Acknowledgements 

The authors wish to thank The National University of Malaysia and the Faculty of Science and 

Technology for providing the infrastructure to ensure the success of this research. This research is 

conducted with UKM research grant ETP-2015-003. The study is conducted in MADA region in 

collaboration with MADA and Green Frontier Technology Sdn Bhd. 

Conflict of interest 

The authors declare no conflicts of interest in this paper. 



370 

AIMS Agriculture and Food  Volume 3, Issue 3, 358–371. 

References 

1. Fauzi A, Wan MN, Fauzi UJ (2010) Subgrade stabilization assessment of kuantan clay using 

lime, Portland, cement, fly ash and bottom ash. The 8th International Conference on 

Geotechnical and Transportation Engineering, Geotropika, Sabah. 

2. Cristelo N, Glendinning S, Fernandes L, et al. (2013) Effects of alkaline-activated fly ash and 

portland cement on soft soil stabilisation. Acta Geotechnica 8: 395–405. 

3. Azizul G (2008) Soil hardpan improvement technique using vibrator subsoiler for rice 

mechanization farm. Bull Teknol Tanaman 5: 1–4. 

4. Zulfahmi AR, Sabturo MSA, Idris WMR, et al. (2017) Effect of organic fertilizer on atterberg limit 

and strength of problematic clay soil. September 26–27, Perak. Proc Geogr Environ: 338–344. 

5. Hakansson I, Lipiec J (2000) A review of the usefulness of relative bulk density values in 

studies of soil structure and compaction. Soil Tillage Res 53: 71–85. 

6. Chehaibi S, Khelifi M, Boujelban A, et al. (2012) Effects of tire inflation pressure and field 

traffic on compaction of a sandy clay soil as measured by cone index and permeability. Can 

Biosyst Eng 54: 2.9–2.15. 

7. Glab T, Szewczyk W (2015) The effect of traffic on turfgrass root morphological features. Sci 

Hortic 197: 542–554. 

8. Pandey SK, Pathak1 LP, Pathak RK (2013) Effect of some nutrients in rice plant under sodic 

soils. Int J Tech Res Appl 1: 1–6. 

9. Singh RK, Singh KN, Mishra B, et al. (2004) Harnessing plant salt tolerance for overcoming 

sodicity constraints: An Indian experience. International Conference on Sustainable 

Management of Sodic Lands, February 9–14, Lucknow, India. 

10. Sharifah Z, Kamarudin H, Mustafa AB, et al. (2013) Review on soil stabilization techniques. 

Aust J Basic Appl Sci 7: 258–265. 

11. Nordin MD, Hamid AA, Sharu EH, et al. (2014) The replacement soil method for increasing in 

soil strength of soft soil. J Technol 70: 45–47. 

12. Khaki BD, Honarjoo N, Davatgar N (2017) Assessment of two soil fertility indexes to evaluate 

paddy fields for rice cultivation. Sustainability 9: 1299. 

13. Rahim SA, Wan MRI, Lihan T, et al. (2016) Effects of hasil tani organic compound product 

(htoc) on the physico-chemical properties of paddy soils in MADA. Proceeding of the Soil 

Science Conference of Malaysia, April 5–7, Terengganu. 

14. Anik Md. FA, Rahman M, Rahman GKMM, et al. (2017) Organic amendments with chemical 

fertilizers improve soil fertility and microbial biomass in rice-rice-rice triple crops cropping 

systems. Open J Soil Sci 7: 87–100.  

15. Liu Z, Rong Q, Zhou W, et al. (2017) Effects of inorganic and organic amendment on soil 

chemical properties, enzyme activities, microbial community and soil quality in yellow clayey 

soil. Plos One 12: e0172767. 

16. Paramananthan S (1967) Field legend for soil surveys in Malaysia. UPM Press, Serdang. 

17. Metson AJ (1956) Methods of chemical analysis for soil survey samples. N Z Dep Sci Ind 

Res 83: 245. 

18. Massey DM, Windsor GW (1967) Report. Glasshouse Crops Res Inst: 72. 

19. Avery BW, Bascomb CL (1982) Soil survey laboratory methods, soil survey technical 

monograph. Soil Survey of England and Wales, London. 



371 

AIMS Agriculture and Food  Volume 3, Issue 3, 358–371. 

20. Kirkby MJ (1980) Soil erosion: soil loss estimation. John Wiley & Sons, New York. 

21. Abdulla HH (1966) A study of development of podzol profiles in dovey forest. Ph.D. Thesis, 

University of Wales, Aberystwyth. 

22. Russell EW, Balcerek W (1944) The determination of the volume and airspace of soil clods. J 

Agric Sci 34: 123–132. 

23. McLean EO (1965) In methods of soil analysis. America Science Agronomy, Wisconsin. 

24. Elisa AA, Shamshuddin J, Che Fauziah I, et al. (2014) Increasing rice production using 

different lime sources on an acid sulphate soil in merbok. J Trop Agric Sci 37: 223–247. 

25. Landon JR (1991) Booker tropical soil manual: A handbook for soil survey and agriculture land 

evaluation in the tropics and subtropics. Booker Agriculture International Limited, London. 

26. Singha YP, Mishraa VK,  Sudhanshu S, et al. (2016) Productivity of sodic soils can be 

enhanced through the use of salt tolerant rice varieties and proper agronomic practices. Field 

Crops Res 190: 82–90. 

27. MARDI (Malaysian Agricultural Research and Development Institute) (2002) Manual for rice 

cultivation. Malaysian Agricultural Research and Development Institute, Serdang. 

28. Kondo MK, Junior D (1999) Soil compressibility of three latosols (oxisols) as a function of 

water and use. Rev Bras Cienc Solo 23: 211–218. 

29. Adnan NS, Mohsin T, Shahzad B, et al. (2017) Soil compaction effects on soil health and crop 

productivity: An overview. Environ Sci Pollut Res 10: 1–13. 

30. Zahid MH (2001) Farmer's view on soil organic matter depletion and its management in 

Bangladesh. Nutr Cycling Agroecosyst 61: 197–204. 

31. Bullock P (2005) Climate change impacts. Encycl Soils Environ 1: 254–262. 

32. Razi WMI, Sahibin AR, Zulfahmi AR, et al. (2017) Total organic carbon and stock carbon in 

the soil at paddy field area alor senibong, langgar, kedah, malaysia. September 26–27, Perak. 

Proc Geogr Environ: 274–280. 

33. Mastura M, Amin MSM, Aimrun W (2011) Characterization of paddy soil compaction based 

on soil apparent electrical conductivity zones. Afr J Agric Res 6: 2506–2515. 

© 2018 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 


