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Organic plant products offer numerous health benefits and it is essential to preserve soil productiveness 
without adding any synthetic chemical additives. Soil amendment materials particularly from organic 
sources are able to enhance the soil fertility for sustained environmental quality and plant productivity. 
Studies were conducted to investigate the effects of soil amendments (biochar and animal compost) on 
soil (cropped and non-cropped) properties (EC and pH), and on indicator plants (corn and cucumber) 
growth under organic farming system conditions. A greenhouse pot experiment was initiated in a 
randomized complete block design over the period of 8 weeks. The results showed that the cropped soil 
had significantly higher soil EC and lower pH compared to the non-cropped soil. The plant height, plant 
dry biomass and leaf chlorophyll content was also significantly higher in cropped soil compared to non-
cropped. The biochar and compost amendments showed significant effects on soil EC, however they did 
not show any statistically significant differences for soil pH. Soil amended with compost exhibited a 
significant positive effect on plant height and leaf chlorophyll content, while biochar amended soil did not 
show significant effects on plant growth and chlorophyll content. Further studies on a range of soil 
properties are underway and will be discussed in detail. This study highlights the importance of studying 
the effects of organic amendments on soil properties and plant growth and comparing cropped and non-
cropped soils. 
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INTRODUCTION 
At the present time, agriculture production is 
facing several challenges, e.g. declining soil 
fertility and crop yields, ever changing climate, soil 
erosion, desertification, soil degradation, and 
depletion of natural resources (Ghimire, 2002). 
There is a high demand of food globally and in 
order to meet the demands, natural resources are 
under intense pressure.  This has caused the 
problem of using unbalanced fertilizer and other 
chemicals, which further deteriorated the soil 
health (Ghimire, 2002).  
Many countries are following intensive agricultural 
practices to meet the ever increasing global 
demands. The exponential increases in crop 

yields were made possible through advanced 
agricultural technologies and extensive use of 
water, fertilizers, energy, and pesticides. 
However, consumers are very much concerned 
about the environment, human health and 
agricultural sustainability. Organic farming shows 
potential as an alternate way of sustainable crop 
production without use of synthetic chemicals, 
which can protect the environment and the users 
too (Ghimire 2002, Brown et al., 2015). The 
objective of organic agriculture is to form 
cohesive, benevolent, ecologically and prudently 
sustainable production systems; which enhance 
the dependence on farm-derived renewable 
resources and the organization of ecological and 
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biological processes and interactions, so as to 
provide acceptable levels of crops, human 
nutrition and livestock, protection from disease 
and pests, and an appropriate return to the human 
and other resources (Lampkin 1994, 1997).  
The concept of organic agriculture is to have 
healthy soil for sustainable crop production which 
can be augmented with soil amendments. Macro, 
micronutrients, and trace elements are known as 
the essential elements which are required for 
plant growth and development throughout. Thus, 
any deficiency in any essential elements may 
cause low yields, plant abnormal growth or death. 
There are 17 essential chemical elements 
required for sustained plant growth and 
development. Soils can become exhausted of 
essential nutrients due to continuous cropping 
pressure; therefore these elements may be 
supplemented to the soil as either organic or non-
organic amendments.  In organic agriculture, the 
soil amendments which are added to the soil must 
be naturally occurring materials of biological or 
minerals origin and are low concentrations or 
solubility or have both properties (Barker, 2010). 
There are many sources and types of organic 
amendments which are used to improve soil 
quality, fertility, and productivity. The different 
materials can be grouped into animal manures, 
green manures and cover crops, waste from 
manufacturing processes, compost, biochar 
products and municipal bio-solids (Carter et al., 
2013; Goss et al., 2013). There are trade-offs to 
each of these fertility sources, but if they are 
obtained within the farming system, or a nearby 
farm, they are generally inexpensive and useful 
for healthier and sustainable crop production.   
The objective of this study was to examine the 
effectiveness of certain soil amendments on plant 
growth and functional properties of soil in organic 
farming system. 

 
MATERIALS AND METHODS 

Experimental site and plant material 
Studies were conducted under greenhouse 
conditions (25±2°C) at the Agricultural Experiment 
Station, Sultan Qaboos University. The 
experiment was carried out with two basic soils 
acquired from two different places; one from the 
land that is being used for an organic farming for 
the last three years and the other soil was from 
the farm which had never been cultivated for any 
kind of crop production. Additionally, biochar, and 
a commercial compost ‘‘Agro-top’’ was used as a 
soil amendments.   

Biochar was made at the Agriculture Experiment 
Station, Sultan Qaboos University, Oman; using 
dried mango shoot wood as feedstock and the 
apparatus was used as described by Al-Busaidi et 
al., 2017. The maximum temperature recorded 
during the process was approximately 550-650 
C°. 
Seeds of hybrid sweet corn (Zea mays) var.  
(MERIT Seminis) and hybrid cucumber (Cucumis 
sativus L.) var. (Jabbar, F1 US Agriseeds) were 
grown in seedling trays filled with potting media.  

Experimental design and treatments 
The experiment was laid out as a randomized 
complete block (RCB) with four replications of six 
treatments (Table 1). Aamendment treatments 
were applied to each of the two soils with corn 
and cucumber.  
Amendments were added to an estimated volume 
of 5% and 10% and the corresponding amount of 
soil was substituted with amendments to keep a 
constant volume in each pot. To achieve the 
greatest accuracy of measurements, the 
amendments were weighed for each treatment 
and volume was converted into weight through 
determining the bulk density of each soil and 
amendments. Crop response to amended growing 
substrates was observed for both crops over 8 
weeks. 

Plant growth and development determinations 
Two weeks old equal sized seedlings of corn and 
cucumber were transplanted into pots after 
homogenizing the amendment with the soil. Plants 
were watered with a drip irrigation system 
according to the crop water requirement. Plant 
growth (height) and leaf chlorophyll content of fully 
expanded leaves was recorded with SPAD meter. 
Plant dry biomass was determined at the time of 
experiment conclusion. Plants were harvested 
and kept in the oven at 80oC for 48h as described 
by Hendry and Grime 1993. 
 

Soil profile analysis 
Representative soil samples were taken from the 
pots and brought back to the laboratory. Samples 
were air dried and soil pH and electrical 
conductivity (EC) were determined from the 
saturated soil paste as described by Herrero et 
al., 2015.  

Statistical analysis 
The data were analysed using analysis of 
variance (ANOVA) using the general linear model 
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(GLM) by using the Minitab program (Minitab® 
17.3.1). 
 
RESULTS 

Plant Height, Leaf Chlorophyll Content and 
Total Plant Dry Biomass 

Results showed higher plants in un-cropped 
soil compared to cropped soil (Fig. 1a). The plant 
height was lower in biochar amended soil 
compared to soil without biochar but the effect 
was not significant (Fig. 1c). The average height 
of the two crop was higher in compost amended 
substrate than soil without compost. The effect of 
compost on plant height was significant (Fig. 1b). 

The results of the leaf chlorophyll contents did 
not show any significant differences (Fig. 2). The 
soil amendment biochar (5% or 10%) showed 
decreased chlorophyll content while compost 
exhibited significant increase in the leaf 
chlorophyll content. Soil types (cropped or un-
cropped) showed significant effect on total dry 
plant biomass (Fig. 3a). The soil amended with 
biochar (5% or 10%) did not show any significant 
effect on plant dry biomass (Fig. 3c). However, 
the soil which received compost resulted in higher 
plant dry biomass compared to soil without 
compost (Fig. 3b)  
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Figure 1. Main effect of soil type (a) and soil amendment type (b & c) on plant height. 
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Figure 2. Main effect of soil type (a) and soil amendment type (b & c) on chlorophyll content. 
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Soil Electrical Conductivity (EC) and pH 
The soil EC level was significantly higher in 

cropped soil than the un-cropped soil (Fig. 4a). 
The soil amended with biochar showed higher EC 
levels compared to the soil without biochar (4c). 
The soil amended with compost also showed 
higher levels of electrical conductivity compared to 

the treatments without compost (Fig. 4b).  
Cropped soil showed significantly lower pH 

compared to un-cropped soil (5a). The biochar 
supplement showed raised soil pH (Fig. 5c), but 
the effect was not significant. However, compost 
lowered the pH compared to soil without compost 
(Fig 5b). 

 
 
 
 
 

Table 1. Experimental designs with the type of crops. 
 

 Cropped  Soil Un-cropped  Soil 

Treatments Control Corn Cucumber Control Corn Cucumber 

T1 (Control 100%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 

T2 (Control 95% + Biochar 5%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 

T3 (Control 95% + Compost 5%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 

T4 (Control 90% + Biochar 10%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 

T5 (Control 85% + Compost 5% + Biochar 10%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 

T6 (Control 80% + Compost 5%+ Biochar 5%) 4 pots 4 pots 4 pots 4 pots 4 pots 4 pots 
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Figure 3. Effect of soil type (a) and soil amendment type (b & c) on plant dry mass. 
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Figure 4. Effect of soil type (a) and soil amendment type (b & c) on soil EC. 
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Figure 5. Effect of soil type (a) and soil amendment type (b & c) on soil pH. 
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DISCUSSION  

Plant Height, Leaf Chlorophyll Content and 
Total Plant Dry Biomass 

Our results demonstrated a significant effect 
of soil types on plant height. However, compost 
showed significant higher plant height compared 
to substrate without compost. Some studies have 
reported that organic amendments have positive 
effect on plant height. (Reference). It has been 
reported that cropped soil had lower total nitrogen 
and total organic carbon compared to un-cropped 
soil (Raiesi, 2006; Jiang et al., 2011). The low 
content of the soil organic carbon and total 
nitrogen may have impact on plant growth and 
development. Some studies reported increased 
plant height in soil amended with biochar (Carter 
et al., 2013; Khalid et al., 2016), which we couldn’t 
observe in this study.  Studies have shown that 
compost augmented the plant growth and height 
(Rodríguez-Vila et al., 2016). Our results also 
confirmed that compost amendments have 
capacity to increase plant height and biomass.  

Studies have reported increased leaf 
chlorophyll contents with biochar addition 
(Agegnehu et al., 2015).  However, our study did 
not show any significant effect on leaf chlorophyll 
contents.  

Cropped soil and compost showed 
significantly higher dry biomass compared to un-
cropped soil, but biochar did not show any 
significant impact on total plant dry biomass. It 
may be the function of relatively higher nutrients 
availability from the soil (Raiesi, 2006; Benbi et 
al., 2015). The soil amended with biochar or 
compost exhibited increased levels of EC which 
may affect nutrient uptake and final crop growth. 
Studies have reported that biochar and compost 
supplement increased crop yield (Levy and Taylor 
Wang, 2010; Loper et al., 2010; Agegnehu et al., 
2015; Jeffery et al., 2015; Trupiano et al., 2017).   
However, the effect of biochar or compost 
depends on the type of feedstock or compost type 
too.  

Soil electrical conductivity (EC) and Soil pH 
The electrical conductivity (EC) of cropped 

soil was higher than un-cropped soil. This seems 
to be a result of cultural practices over the time in 
cultivated soil. For example, prior manure or 
compost applications along with irrigation 
system/water quality may affect the soil chemical 
properties (Tekwa et al., 2013).  Compost and 
biochar applications have the ability to change the 

soil EC (Thomas et al., 2013; Lashari et al., 2015, 
Zhang et al., 2016). However, our results showed 
increased EC levels in biochar and compost 
amended soils. It has also reported that biochar 
may increase the EC because it carries certain 
amount salts (Howard, 2011; Ginting et al., 2003; 
Arthur et al., 2011).  

The cropped vs. un-cropped soils show 
significant differences in pH and this may be due 
farm locations and type of cultural practices.  It 
has been reported that the soils from north of 
Oman are slightly alkaline (FAO, 1993). The 
biochar amendment increased soil pH but 
statistically was not significant. There is debated 
that the biochar feedstock and the pyrolysis 
method may effect on the soil pH (Lehmann et al., 
2011). Our results exhibited lowering pH in 
compost amended soil compared to without 
compost soil. However, it has been reported in 
other studies that soil pH was slightly enhanced 
with the compost supplements (Wright et al., 
2007; Arthur et al., 2011). The effect of compost 
on soil properties may vary because of compost 
physical/chemicals properties, feedstock and 
composting method and starting soil condition etc.    

CONCLUSION 
Our results demonstrated that the organic 
supplements have the capacity to alter the certain 
soil properties. Both types of soil (cropped or un-
cropped) showed varied effects on the soil 
properties and plant growth parameters. The soil 
type and organic materials showed effects on 
plant height, dry biomass, soil pH, and EC. 
However, the application of composts showed 
better performance as compared to biochar. 
These findings show that the soil organic 
supplements are useful for sustainable agriculture 
but the impact of particular amendments largely 
depends on the kind of amendments, crop and 
soil type. 
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