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ABSTRACT 
 
A study was conducted to elucidate the soil differences in organic (OF) and inorganic 
farming (IF) field plots. The plot under OF was maintained with the application of rice 
husk charcoal, rice straw, green manure and Azadirachta indica (neem) seed extract. 
The IF plot was maintained with the application of chemical fertilizers, herbicides and 
pesticides. Soil samples were collected from randomly selected five locations in both 
field plots. Ammonium-nitrogen (NH4

+-N), phosphate (PO4
3-), pH and salinity were 

measured as chemical properties and soil organic matter (SOM) and bulk density (ρb) 
were measured as physical properties in both plots throughout the cultivation season. 
 
NH4

+-N fluctuated with three peaks in OF while it was single peak in IF coinciding the 
fertilizer application and in IF system has a distinct single peak occurring at later 
stage of vegetative phase., The concentration of PO4

3- in OF system was increased 
after tillering stage and become fairly constant at around 26.7±0.4 mg/kg at the latter 
growth stage. In contrast, PO4

3- content decreased continuously (from 29.3±9.1 to 
21.2±4.7 mg/kg) towards the latter stage of plant growth. Soil responds only when the 
fertilizer was applied. However, addition of organic matter and its decomposition 
make the soil as nutrients pool.  
 
Soil pH in the early crop growth stages were significant (p<0.01) among sampling 
dates in both farming systems. Soil salinity in OF was decreased towards the later 
part of its growth while in IF it was increased towards the latter stage of plant growth, 
but it was not significant (p>0.05) for both treatments. Application of rice straw leads 
to reduction of soil salinity in OF while in IF the application of synthetic agrochemicals 
leads to continuous increasing of salinity towards the latter stage. SOM in OF system 
was significantly (p<0.05) increased towards the latter stage up to two fold of their 
initial SOM content. In IF system SOM content was significantly (p<0.05) decreased 
towards the latter stage. The bulk density in OF system was significantly (p<0.05) 
decreased towards the later stage of the growth compared to IF system. It is 
concluded that the application of various inputs to paddy farming field leads to 
enhance the soil physico-chemical characters. Therefore proper management of 
farming inputs is important for the better soil productivity.  
 
Keywords: Inorganic farming, IF, Organic farming, OF, Paddy cultivation, Soil 
properties 
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1. INTRODUCTION 

Sustainable agriculture through organic farming becomes popular since it can be an 
adaptation strategy for climatic change while maintaining the ecosystem. The goal of 
sustainable agriculture is to maintain a non-negative trend in productivity while 
maintaining soil physical and chemical properties at optimum. Studies have shown 
that inorganic farming practices, use of chemical fertilizers and pesticides, have 
increased crop yields around the world (Pang et al. 2000). However, its ability to 
sustain soil fertility and environmental quality has been a critical issue. According to 
Logsdon et al. (1993) and McGarry et al. (2000) inorganic farming systems are 
reported to be associated with a decline in soil structure and soil aggregation, a 
decrease in water infiltration and an increase in soil bulk density, soil salinity, nitrogen 
leaching and ground water contamination). On the other hand, organic farming 
eliminate or minimize the use of most inorganic fertilizers and pesticides, it can 
improve soil, water and environmental quality and thus improve the overall quality of 
life. 

Several practices are carried in organic farming in order to meet the requirement of 
nutrients, weed and pest control. Each practice may contribute positive attributes to 
the farming. Therefore the objective of this study was to compare the soil properties 
as influenced by organic and inorganic paddy farming system in intermediate zone of 
Sri Lanka. 

2. MATERIALS AND METHODS 
 
2.1 Study area 
 
The study was conducted in an irrigated rice field at Awlegama, in Kurunegala district 
(Figure 1). The area belongs to IL3 agro-ecological region which is located in low 
country (elevation < 300 m) intermediate zone with an annual rainfall range of 1750 - 
2500 mm (DOA, 2006). The soil types of paddy fields are Low Humic Glay (LHG) 
which contain high amount of clay content (DOA, 2006).  
 
Two field plots were selected. One plot was undergone OF for more than five years. 
The 2nd plot located 200m away from the 1st plot and undergoes inorganic farming 
with agrochemicals. Table 1 shows the agronomic practices of each study plot. Both 
fields were cultivated by the same farmer. Except agrochemical application (Fertilizer, 
Weedicide, Pesticide) all other practices are same in both farming systems. 
 
 

 

 Figure 1. The location of the study area 
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Table 1. Agronomic practices in both farming systems 

Agronomic 
Practices 

Organic Farming 
(OF) 

Inorganic Farming 
(IF) 

Land preparation Same Same 

Transplanting (20 x 
10 cm) 

20 x 10 cm 20 x 10 cm 

Fertilizer application 
Paddy husk charcoal (250 kg/Ac) 

Gliricidia (Gliricidia sepium) leaves 
(100 kg/Ac) Rice straw (100 kg/Ac) 

Urea, MOP, TSP 

Water management Same Same 

Pest control 
(Azadirachta indica) seed extract 

(250 kg/Ac) 
Chemical pesticide 

Weed control Mechanical weeding 
Chemical weedicide 

 

Harvesting Same Same 

 
2.2 Soil Sampling and Laboratory Analysis 
 
Soil samples from top 5 cm soil layer were collected from randomly selected five 
locations in each plot at two weeks intervals from transplanting to harvesting in Maha 
season 2015/2016. Soil samples were air dried, crushed and passed through 2 mm 
sieve to analysis of NH4

+-N, PO4
-3, SOM, pH and salinity. Undisturbed top soil 

samples were used to measure bulk density using core sampler.  
 
NH4

+-N was determined by using 2.0 M KCl extraction method (Maynard et al. 1993). 
Available phosphorous was determined by Olsen method (Kuo, 1996). Soil pH was 
measured using glass electrode pH meter (Orion 2-star, Singapore) in distilled water 
using a soil to water ratio of 1:2.5. Salinity was measured using glass electrode meter 
(Orion 162A, USA) in distilled water using a soil to water ratio of 1:2.5. Dichromate 
oxidation method was used to assess the SOM content (Walkley et al. 1934). 
 

3. RESULTS AND DISCUSSION 
 
3.1 Changes in Ammonium-nitrogen content (NH4

+-N) with days after planting 
 
Figure 2 shows the variation of exchangeable NH4

+-N in soil with the time in both 
plots. NH4

+-N in both plots declined initially and increased thereafter. The variation of 
NH4

+-N in soil is significant (p<0.05) in two farming systems only at the middle stage 
of plant growth and it was not significant (p>0.05) at initial and later stages of plant 
growth. The IF plot had a distinct single peak at 40 days after transplanting. It was 
comparable with the time of fertilizer application. Beyond 80 days, the NH4

+-N content 
reduced in IF plot while it increased in OF plot. NH4

+-N in OF field has several peaks 
indicates that progressive decomposition of the organic matter with the time. NH4

+-N 
content is increased rapidly after 14 days after transplanting indicate that the increase 
the decomposition of rice straw after about 14 days.  
 
In OF, due to the application of non chemical input, the system maintains fertility 
thought the cultivation season. It is mainly due to the contributions of the rich array of 
microorganisms (bacteria, fungi and protozoan) and other soil invertebrates that 
enabled to maintain soil fertility through the recycling of nutrients, while the nitrate 
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fixed by bacteria and blue-green-algae also maintained the soil nitrogen fertility 
(Anand et al. 2015). Recent studies on the blue-green algae (Anand et al. 2015) and 
oligochaetes (Simpson et al. 1993) in rice fields have shown that these organisms 
enable to increase the nitrogen content in rice soils. Soil fauna is generally supposed 
to play an important part in maintaining the fertility of soil (Lavelle et al. 1994). The 
organic materials added to the plot act as carbon source for the microbes. 
 

 
 

Figure 2. Ammonium-nitrogen content (NH4
+-N) in two farming practices 

 
3.2 Changes in Phosphate concentration (PO4

3-) with days after planting 
 
As shown in Figure 3, PO4

3- concentration increased after the tillering stage (>40 d), 
remain constant around 26.7±0.4 mg/kg and decreased at the latter stage in OF plot. 
Soil pH is increased due to the application of rice straw. When soil becomes basic, 
available phosphorous is increased (Devasinghe et al. 2013). At the latter stage of 
tillering due to the release of dissolved phosphorous from the bottom sediment and 
it’s associated algal and biomass under anaerobic condition leads to increase the 
PO4

3- in that system (Sellathurai et al. 2015). In IF field was applied TSP as PO4
3- 

source at the rate of 55 kg/ha asa basal fertilizer. Even if phosphate fertilizer was 
applied PO4

3- concentration was decreased continuously towards the latter stage of 
growth due to absorption of PO4

3- by plant. 

 
 

Figure 3. Average PO4
3- (%) of two treatments Ammonium 
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3.3 Comparison of pH in two treatments with days after planting 
 
As shown in Figure 4, pH of the soil increased slowly towards the later part of plant 
growth in OF plot. This may be due to the application of rice straw. Because rice 
straw contains numerous elements essential for plant growth, including nitrogen, 
phosphorus, potassium and calcium (Gaihre et al. 2013; Zhang et al. 2013). Many of 
this cation are returned to the soil slowly with the decomposition of the straw, which in 
turn increase the soil pH. 

In IF plot, soil pH was increased up to 6.8 and it was decreased up to 6.3 at the latter 
stage of plant growth. Farmer applied chemical fertilizer at the middle stage (~45 d) of 
plant growth in order to supply nitrogen and potassium. Therefore the soil pH was 
decreased and soils become acidic. pH of the two plots was differ significantly 
(p<0.05) only at the early and the latter stage of plant growth. 
 

 
 

Figure 4. Comparison of pH in two treatments with days after planting 
 

3.4 Variation of water salinity two treatments with days after planting 
 
As shown in Figure 5, salinity in OF plot decreased up to 0.1‰ while in IF plot it was 
fluctuated around 0.1- 0.2‰. Prapagar et al. (2012) showed that the application of 
paddy husk leads to reduction of salinity in soil. Mahmoud et al. (2009) indicated that 
the application of compost made from rice straw also led to reduction of soil salinity 
and sodicity.  
 

 
 

Figure 5. Comparison of salinity (%) in two treatments with days after planting 

5.9

6

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

0 20 40 60 80 100

p
H

Days After Planting (d)

OF

IF

0

0.05

0.1

0.15

0.2

0.25

0 20 40 60 80 100

Sa
lin

it
y 

(‰
)

Days After Planting (d)

OF

IF



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.1.4.18 

 

 
6 

 

 
3.5 Changes in average soil organic matter content (SOM) with days after 

planting 
 
Initial SOM content in soil was high in OF system than IF system (Figure 6). Zech et 
al. (1997) reported that the SOM in the soil increases with increasing clay content. 
The organic molecules can be absorbed by clay minerals (Sellathurai et al. 2015). In 
this study, it was observed that the soil depth in OF (40±5.2 cm) plot was higher than 
the soil depth in IF (18±2.3 cm) plot. It is mainly due to the presence of high amount 
of clay in OF plot comparing with IF plot. It may be the reason to increase SOM in top 
soil in OF system. 
 
The water management practices in this study created anaerobic situation in early 
period and aerobic condition in latter period of cultivation. Under flooded conditions, 
the rate of SOM decomposition is considered to be slower due to anaerobic 
conditions compared to aerobic condition, leading to an accumulation of SOM 
(Chdthaisong et al. 2012﴿. Therefore, the aerobic condition at latter part might be one 
of the reasons for increased decomposition activity consequently the low SOM 
content. More ever temperature is also affected the decomposition rate of SOM 
thereby the amount of SOM in soil (Sellathurai et al. 2015) because temperature is 
affected to the exoenzyme activity and root exudation. 
 

 

Figure 6. Average soil organic matter % (SOM) of two treatments with days after 
planting 

Higher temperature favors the enzyme processes and the microbial growth rate and 
therefore, increase the SOM decomposition rate (Reddy et al. 2006). Dry period of 
paddy is continued from the latter part of ripening to harvesting period. At that period 
temperature around the field is higher compare to early growth stages due to no 
rainfall in that area. (RF-0 mm, T>300C). Therefore, a low SOM content recorded 
during the latter part of its growth. According to result obtained and standard 
classification by Huang et al. (2009), the OF field (3.5%) has high amount of SOM 
and IF (1.85%) field has low amount of SOM. In OF field farmer did mechanical 
weeding using cono weeder. According to Mowjood et al. (2016) reported that the 
mechanical weeding is important to enhance the SOM because of its ability to rotate 
soil layer. 
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3.6 Soil Bulk Density 
 
As shown in Figure 7, bulk density (ρb) in OF system was significantly (p<0.05) 
decreased towards the later stage of their growth while in IF system it was 
significantly (p<0.05) increased towards the latter growth stage of paddy.  

It has been shown that the addition of organic amendments to soil has improved soil 
structure and reduced bulk density (Mousavi et al. 2012). Pravin et al. (2012) showed 
a negative correlation between organic matter content and bulk density of soil. In this 
study rice straw was added as soil amendment. Therefore ρb is remaining low in OF 
field than the IF field.  

 

Figure 7. Variation of bulk density in two treatments with days after planting 

It has been shown that the addition of organic amendments to soil has improved soil 
structure and reduced bulk density (Mousavi et al. 2012). Pravin et al. (2012) showed 
a negative correlation between organic matter content and bulk density of soil. In this 
study rice straw was added as soil amendment. Therefore ρb is remaining low in OF 
field than the IF field.  

Table 3 shows the comparison of average soil properties of two treatments. 
According to that all the tested chemical and physical soil properties are significantly 
vary among two farming systems. Considering the yield variation in two farming 
system it was not significant (p>0.05) in two farming fields (5.3 t/ha). Therefore 
without application of chemical inputs soil properties can be maintaining up to the 
level with low cost.  
 

Table 3. Comparison of average soil conditions in two farming systems 
 

Soil Properties OF IF 

Ammonium-nitrogen content (NH4
+-N) 33.52±9.0 a 33.90±10.1 b 

Phosphate concentration (PO4
3-) % 26.95±0.87 a 25.30±2.81 b 

pH 6.5±0.09 a 6.4±0.29 b 

Salinity ‰ 0.13±0.05 a 0.15±0.06 b 

Soil organic matter (SOM) (%) 3.78±1.08 a 1.9±0.81 b 

Bulk density (ρb) (g/cm3) 0.84±0.13 a 1.27±0.19 b 

Note: The mean with the same letters are not significantly different at α = 0.05, mean comparison for raw 
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4. CONCLUSIONS 
 
The application of organic and inorganic inputs, weed management practices have 
different impact for the soil properties. Comparing NH4

+-N variation in two systems, it 
was evident that in IF system has a distinct single peak at later stage of vegetative 
phase while in OF has more than one peak due to progressive decomposing of the 
organic matter within season. In OF system, PO4

3- concentration increased after 
tillering stage and it become constant around 26.7±0.4 mg/kg at the latter growth 
stage. But in IF system even if phosphate fertilizer was applied it was decreased 
continuously (from 29.3±9.1 to 21.2±4.7 mg/kg) towards the latter stage of plant 
growth. SOM in OF system was significantly (p<0.05) increased up to two fold of their 
initial SOM content. In IF system, SOM content was significantly (p<0.05) decreased 
towards the latter stage. ρb in OF system was significantly (p<0.05) decreased 
towards the later stage of their growth. Without application of chemical inputs, farming 
field itself can maintain adequate nutrient content in soil with organic material. Proper 
agronomic practices are important to maintain healthy soil with the help of soil 
organism. 
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