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Land use and amelioration practices are considered as main drivers in change of 
biological soil quality indicators in meadow Solonchaks. To gain insight into the impact 
of amelioration with alfalfa (Medicago sativa L.) cultivation on the underlying soil 
microbiological and biochemical properties, the objective of this study was to determine 
the effect of alfalfa (Medicago sativa L.) cultivation on biological soil quality indicators 
such as microorganisms counts, microbial biomass, basal soil respiration and enzyme 
activities (dehydrogenase, catalase, -glucosidase, protease, urease, alkaline 
phosphatase and arylsulphatase) in meadow Solonchak. Post-amelioration with alfalfa 
cultivation influenced the soil microbiological and biochemical properties and increased 
soil organic matter content and improved biological soil quality indicators. The results of 
this study may contribute to future researches for soil microbial communities in 
different type of amelioration practices in soil quality and sustainable productivity 
meadow Solonchaks. 

 Keywords: Amelioration, microorganisms, saline soil, soil quality. 
© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
Soil salinity is one of the most serious abiotic factors restricting productivity of field, plant diversity and 
plant growth in arid and semi-arid regions, where soil salt content is high and precipitation is insufficient 
(Kazemi and Eskandari, 2011) Worldwide, about 30 million ha are severely affected by salinity and an 
additional almost 80 million ha are estimated to be affected to some extent (Umali, 1993). The area of saline 
soils in Kazakhstan, including Solonetz, alkaline soils, and complexes of Solonetz with other soils, is 111.55 
million ha, or 41% of the national territory (FAO, 2015). Saline soils are present everywhere in the country 
except in mountainous areas. They are common in the steppe zone, where they cover about 30% of the area. 
In dry steppe, semi-desert and desert zones these soils occupy up to 50% of the area. Salt-affected soils are 
represented mainly by Solonetz and alkaline soils. Solonchaks cover only 1–3% of the area of salt-affected 
soils in the steppe zone, and 7–13% of the area of salt-affected soils in the semi-desert and desert zones 
(FAO, 2015). 

The amelioration of problem soils is a very important goal throughout the world, especially with saline or 
saline-sodic soils (Mady, 2011). Sodic and saline-sodic soils possess poor physical properties and fertility 
problems that adversely affect the growth and yield of most crops (Sumner 1993; Grattan and Grieve, 1999). 
Saline-sodic soils reclamation is one of the main problems for humans in the future. The reclamation of 
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saline soils uses many different methods such as physical amelioration (deep ploughing, subsoiling, sanding, 
profile inversion), chemical amelioration (amending of soil with various reagents: gypsum, calcium chloride, 
limestone, sulphuric acid, sulphur, iron sulphate) and biological amelioration (Oad et al., 2002). The 
biological amelioration methods using living (sowing new forms of leguminous plants) or dead organic 
matter (crops, stems, straw, green manure, barnyard manure, compost, sewage sludge) (Matsumoto et al., 
1994) have two principal beneficial effects on the saline and alkaline soils reclamation: the improvement of 
the soil structure and permeability, thus enhancing salt leaching, reducing surface evaporation, and 
inhibiting salt accumulation in the surface layers; and the release of carbon dioxide during respiration and 
decomposition. For saline or sodic soils, the addition of organic matter can accelerate the leaching of Na, 
decrease the exchangeable Na percentage and electrical conductivity, and increase water infiltration, water-
holding capacity, and aggregate stability (Lax et al., 1994; Qadir et al., 2001). Thus, the increase in the yield 
and quality of agricultural cultures, particularly in arid areas and on saline soils, can be achieved through the 
high-culture farming by scientifically sound ecologically safe use of new types of bio-fertilizer and biologics, 
sowing new forms of leguminous plants (especially leguminous vegetable), bio-amelioration with 
halophytes that have a positive effect on the biological soil quality indicators such as microbiological and 
enzymatic activities, soil respiration and the processes of humus-forming in soil, and, finally, soil fertility and 
productive capacity (Mady, 2011).  

Soil quality has been defined as “the capacity of a soil to function within ecosystem and land-use boundaries, 
to sustain biological productivity, maintain environmental quality and promote plant and animal health” 
(Karlen et al., 1997) and can be assessed using a wide variety of biological, physical and chemical indicators 
(Doran and Parkin, 1994). Biological indicators typically include microbial biomass carbon (Jordan et al., 
1995; Karlen et al., 1997) and microbial enzyme activities (Bandick and Dick, 1999; Eivazi et al., 2003). 
Microbial enzyme activities reflect metabolic factors and may serve as early indicators of soil quality 
improvement or degradation in agroecosystems (Dick, 1994). The purposes of the present work were to 
compare biological soil quality indicators such as microbial biomass carbon, enzyme activities and basal soil 
respiration between saline soil conditions and ameliorated soil with alfalfa (Medicago sativa L.) cultivation in 
meadow Solonchak of South Kazakhstan.    

Material and Methods 

Study site description 

Experimental studies were carried out at the Teskensu (Kaz.Teskensu) village in the Enbekshikazakh district 
(43°32' N, 77°51' E) of the Almaty region of Kazakhstan (Figure 1). The study area is situated between 601 
m elevation from sea level. 

 

Figure 1. Location map of the study area 
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The climate type of study area is “Continental Climate” which can be described as low humidity, plenty of 
sunlight, a short but rather cold winter. The average annual air temperature is 12.3°C, total rainfall is 275.7 
mm. The average long-term sum of precipitation for a period with temperature above 10°С is 198-245 mm.   

The field experiment 

Between 1985 and 1989, the field experiment established by S. Kaldybayev to ameliorate with alfalfa 
(Medicago sativa L.) cultivation soils in some parts of meadow Solonchaks (Beketova et al., 2017; Yerteyeva 
et al., 2018). From 1989 until 2017, alternating leguminous plants (especially leguminous vegetable and 
alfaalfa) were grown integrated production without other amelioration methods in bio-ameliorated meadow 
Solonchaks. Other parts in meadow Solonchak is virgin land. 

Soil sampling 

Soil samples were taken on 27 May 2017 as a bulked sample from ameliorated soils and virgin lands from 0 
to 20 cm soil depth (plough layer). The soil samples had 43.56% clay, 40.29% silt and 16.15% sand. Soil 
samples were dried under atmospheric condition and passed through a 2 mm sieve to prepare for laboratory 
analysis. In soil samples, CaCO3 content by Scheibler calsimeter, pH in 1:1 (w/v) soil:dH2O suspension by pH-
meter, electrical conductivity (EC) in the same soil suspension by EC-meter, exchangeable cations (Na+, K+, 
Ca2+ and Mg2+) were measured using a 1 N NH4OAc (pH 7) extraction, water soluble exchangeable cations pH 
in 1:1 (w/v) soil:dH2O. All soil samples were sieved through a 150 μm mesh before determining the total 
organic carbon content (Corg) by the wet oxidation method (Walkley–Black) with K2Cr2O7 (Rowell, 1996). 

Measurement of biological soil quality indicators 

Microbiological indicators  

Microbiological counts were expressed as a number of colony forming units (CFUs) per g of dry soil. The 
total number of bacteria was determined by the dilution method on agarized soil extract. The total number 
of fungi was determined on the Martin’s medium (Martin, 2003). Ten grams of each soil sample were added 
to 95 mL of 0.1% (w/v) solution of sodium pyrophosphate. After homogenization for 30 min, this solution 
was decimally diluted (10−1 to 10−7) and aliquots of the resulting solutions plated on appropriate culture 
media. After incubation at 25 or 30°C, for up to 10 days, the colony forming units (CFU) were counted. Data 
were expressed as colony forming units (CFU) g-1 dry soil. 

Microbial biomass carbon (Cmic) was determined by the substrate-induced respiration method of by 
Anderson and Domsch (1978). A moist sample equivalent to 10 g oven-dry soil was amended with a powder 
mixture containing 40 mg glucose. The CO2 production rate was measured hourly using the method 
described by Anderson (1982).  The pattern of respiratory response was recorded for 4 h. Microbial biomass 
carbon (Cmic) was calculated from the maximum initial respiratory response in terms of mg C g-1 soil as 40.04 
mg CO2 g-1 + 3,75. Data were expressed as mg C g-1 dry soil. 

Basal soil respiration (BSR) at field capacity (CO2 production at 22ºC without addition of glucose) was 
measured, as reported by Anderson (1982); by alkali (Ba(OH)2.8H2O + BaCI2) absorption of the CO2 
produced during the 24h incubation period, followed by titration of the residual OH- with standardized 
hydrochloric acid, after adding three drops of phenolphthalein as an indicator. Data were expressed as g 
CO2-C g-1 dry soil. 

Enzyme activities  

Dehydrogenase activity (DHA) was determined according to Pepper et al. (1995). To 6 g of sample 30 mg 
glucose, 1 ml of 3% TTC (2,3,5-triphenyltetrazoliumchlorid) solution and 2.5 ml pure water were added and 
the samples were incubated for 24h at 37ºC. The formation of TPF (1,3,5 triphenylformazan) was 
determined spectrophotometrically at 485 nm and results were expressed as g TPF g-1 dry sample. Catalase 
activity (CA) was measured by the method of Beck (1971). Ten ml of phosphate buffer (pH, 7) and 5 ml of a 
3% H2O2 substrate solution were added to 5 g of sample. The volume (ml) of O2 released within 3 minutes at 
20ºC was determined. Three replicates of each sample were tested and controls were tested in the same 
way, but with the addition of 2 ml of 6.5% (w/v) NaN3. Results were expressed as ml O2 g-1 dry soil. -
glucosidase activity (GA) was measured according to Eivazi and Tabatabai (1988). 0.25 ml toluene, 4 ml TRIS 
(hydroximethyl) aminomethane buffer (pH, 12) and 1 ml of 0.05 M p-nitrophenyl -D-glucopyranoside 
solution were added to the 1 g sample and the samples were incubated for 1 h at 37ºC. The formation of p-
nitrophenol was determined spectrophotometrically 410 nm and results were expressed as g p-
nitrophenol g-1 dry soil. Protease activity was measured according to Ladd and Butler (1972). Using casein as 
a substrate, soil samples were incubated for 2 h at 50°C at pH 8.1. Amino acids released during the 
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incubation period were extracted, and the remaining substrate was precipitated after the addition of 
trichloroacetic acid. Aromatic amino acids react with Folin-Ciocalteu phenol reagent in an alkaline solution 
to form a blue complex, which was determined spectrophotometrically and results were expressed as µg 
Tyrosn g-1 dry soil.  

Urease activity (UA) was measured by the method of Hoffmann and Teicher (1961). 0.25 ml toluene, 0.75 ml 
citrate buffer (pH, 6.7) and 1 ml of 10% urea substrate solution were added to the 1 g sample and the 
samples were incubated for 3 h at 37ºC. The formation of ammonium was determined 
spectrophotometrically at 578 nm and results were expressed as g N g-1 dry soil. Alkaline phosphatase 
activity (APA) was determined according to Tabatabai and Bremner (1969). 0,25 ml toluene, 4 ml phosphate 
buffer (pH,8.0) and 1 ml of  0,115 M p-nitrophenyl phosphate (disodium salt hexahydrate) solution were 
added to the 1 g sample and the samples were incubated for 1 h at 370C. The formation of p-nitrophenol was 
determined spectrophotometrically at 410 nm and results were expressed as g p-nitrophenol g-1 dry soil. 
Arylsulphatase activity (ASA) was measured according to Tabatabai and Bremner (1970). 0.25 ml toluene, 4 
ml acetate buffer (pH,5.5) and 1 ml of  0.115 M p-nitrophenyl sulphate (potassium salt) solution were added 
to the 1 g sample and the samples were incubated for 1h at 37ºC. The formation of p-nitrophenol was 
determined spectrophotometrically 410 nm and results were expressed as g p-nitrophenol g-1 dry soil. All 
determinations of biological soil quality indicators were performed in triplicate, and all values reported are 
averages of the three determinations expressed on an oven-dried soil basis (105ºC). 

Results and Discussion 
Some chemical properties of ameliorated and virgin land soils are given in Table 1. As shown in Table 1; soil pH, 

EC, CaCO3, water soluble cations and exchangeable cations were higher in virgin land than in the ameliorated land.   

Table 1. Some soil chemical properties of ameliorated and virgin land of meadow Solonchack. 

Soil chemical properties Ameliorated land Virgin land 
pH 8.35 9.02 
EC, dSm-1 0.76 3.32 
Organic matter, % 2.60 0.56 
CaCO3, % 12.19 18.22 
Water soluble cations, dSm-1   

Na+ 1.09 5.89 
K+ 0.39 0.42 
Ca2+ 1.02 18.59 
Mg2+ 0.76 6.59 

Exchangeable cations, dSm-1    
Na+ 1.05 3.79 
K+ 0.70 0.72 
Ca2+ 15.24 58.11 
Mg2+ 4.19 5.17 

Biological soil quality indicators 

In this study two categories of biological soil quality indicators were used: microbiological indicators and 
enzyme activities. Biological soil quality indicators of ameliorated and virgin lands are presented in Table 2. 

Table 2. Biological soil quality indicators in ameliorated and virgin land of meadow Solonchack. 

Biological soil quality indicators Ameliorated land Virgin land 
Microbiological indicators   

Bacteria count, CFU g-1 dry soil 5x108 2x106 

Fungi count, CFU g-1 dry soil 3x103 5x102 

Cmic, mg C g-1 dry soil 326,36 162,72 
BSR, g CO2-C g-1 dry soil 75,41 36,37 

Enzyme activities   

DHA, g TPF g-1 dry soil 58,15 25,11 
CA, ml O2 g-1 dry soil 5,69 5,11 
GA, g p-nitrophenol g-1 dry soil 12,69 3,58 

UA, g N g-1 dry soil 8,68 4,29 
PA, µg Tyrosn g-1 dry soil 89,54 36,72 
APA, g p-nitrophenol g-1 dry soil 27,36 5,96 

ASA, g p-nitrophenol g-1 dry soil 19,56 8,75 
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Microbiological indicators 
Soil microorganisms play an important role as regulators of major biogeochemical cycles and can 
significantly affect the ecosystem functioning (Tiedje et al., 1999), being involved in organic matter 
dynamics, nutrient cycling and decomposition processes (Nannipieri et al., 2003). Because of these reasons, 
microbial populations are important in soil fertility and quality. The anthropogenic activities affect the 
diversity of natural habitats modifying the number of species occurring in the environment at the landscape 
scale. In this study, it was determined that melioration practices strongly influenced bacteria and fungi 
populations in soils, and the virgin land soil had the lower bacteria and fungi population than ameliorated 
land soil (Table 2). Therefore, microbial population and their activities in response to amelioration practices 
is a fundamental indicator for sustainability of ecosystem processes. 
We accept that Cmic gives an idea of the potential microbial activity of a soil (Nannipieri et al., 1990). The 
incorporation of organic matter by amelioration with alfalfa (Medicago sativa L.) cultivation in soil raised the 
Cmic level significantly, which reflects the increased number of microorganisms (Table 2). The general 
increase in Cmic noted can be attributed to the incorporation of easily biodegradable organic materials 
(Perucci, 1992). In addition, favorable conditions in ameliorated land and the higher content of organic 
matter (Table 1), which acts as energy source for the microorganisms, thus contributing to an increase in 
their activity and biomass. Anderson (1982) defined BSR as a useful parameter in measuring a soil’s 
biological activity. High contents of organic matter and microbial populations significantly raised the BSR in 
ameliorated land (Table 2). Hence, favorable conditions result in increase in the size of the microbial 
biomass and the efficiency of C substrates degradation, conducting to an increase in respiration rate per unit 
of microbial biomass.  

Enzyme activities 
Enzyme activity is essential in both mineralization and transformation of organic C and plant nutrients. 
Hence, enzyme measurements have been used to determine effects of agricultural and/or amelioration 
practices on soil microorganisms as Biological soil quality indicators. As presence of dehydrogenases, which 
are intracellular to the microbial biomass, is common throughout microbial species and they are rapidly 
degraded following the cell death, the measurement of microbial DHA in soils has been used extensively 
(Bolton et al., 1985; Rossel and Tarradellas, 1991; Obbard, 2001). Therefore, usage of DHA as an index of 
microbial activity has been suggested (Benefield et al., 1977; Nannipieri et al., 1990; Tabatabai, 1994; 
Masciandaro et al., 2000). The CA is based on the rates of oxygen release from the added hydrogen peroxide, 
and may be related to the metabolic activity of aerobic organisms (Kızılkaya et al., 2004). The virgin land soil 
had the lower DHA and CA enzyme activity than ameliorated land soil (Table 2). 
The GA, PA, UA, APA and ASA are good markers of biological fertility since they are involved in microbial 
cycling of C, N, P and S. The GA catalyzes the hydrolysis of -D-glucopyranoside and is one of the three or 
more enzymes involved in the saccharification of cellulose (Bandick and Dick, 1999; Turner et al., 2002). The 
PA hydrolyze proteins to polypeptides, oligopeptides, and amino acids. As most N compounds in mineral 
soils are organically bound, these transformations are necessary to release N for plant uptake (Okur et al., 
2009). The UA is involved in the hydrolysis of urea to carbondioxide and ammonia, which can be assimilated 
by microbes and plants. It acts on carbon-nitrogen (C-N) bonds other than the peptide linkage (Bremner and 
Mulvaney, 1978). The APA hydrolyzes compounds of organic phosphorus and transforms them into basically 
phosphate ions of inorganic phosphorus, which are assimilate by plants (Amador et al., 1997). The ASA is the 
enzyme involved in the hydrolysis of arylsulphate esters by fission of the oxygen-sulphur (O-S) bond. This 
enzyme is believed to be involved in the mineralization of ester sulphate in soils (Tabatabai, 1994). In this 
study, activity of all the studied extracellular enzymes was significantly higher in the ameliorated land soil 
than in the virgin land soil samples (Table 2). Higher extracellular enzyme activity in ameliorated land soil is 
related higher content of organic matter content (Table 1).  
Several studies (Kızılkaya and Bayraklı, 2005; Aşkın and Kızılkaya, 2006; Kızılkaya and Hepşen, 2007) 
showed that the soils including high organic matter content have higher enzyme activities such as; 
intracellular (DHA and CA) and extracelluar-hydrolytic enzymes (GA, PA, UA, APA and ASA) than the soils 
including low organic matter content. During the biological amelioration period with alfalfa, post harvesting 
material might have decomposed, resulting in higher enzymes in ameliorated land soil. In addition, 
increased content of organic carbon and nutrients may increase enzymes in ameliorated land soil. Some 
research were reported that increasing organic matter and available nutrients were increased to enzyme 
activity, (Leirós, et al., 2000; Kızılkaya, 2005). It is possible that the increasing organic material had 
stimulated microbial production of enzymes (GA, PA, UA, APA and ASA) in soil, or supported more enzymes 
accessible to substrate.   
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Conclusion 
Overall, data obtained in this work revealed an important effect of amelioration practices on biological soil 
quality indicators. Soil microbial communities and their enzymatic activities exhibited compositional shifts 
that tracked with changes in land amelioration. This study, combining the microbiological and biochemical 
data furnishes a good methodological approach to describe the influence of bio-amelioration with alfalfa 
(Medicago sativa L.) cultivation on biological soil quality indicators. In fact, the results demonstrate that in 
the same pedological conditions, amelioration activities that influence the microbiological properties and 
their activities in soils, showed a more stable and higher microbiological and biochemical soil composition as 
well as intra and extracellular enzyme activities compare with virgin land soil. Further researches are 
required to determine whether the observed shifts in microbial community composition produce parallel 
changes in the functional attributes of these communities across soil types under different type of 
amelioration practices. The use of culture-independent approaches, like metagenome sequencing, will make 
it possible to identify the specific drivers of land amelioration and land use dynamics exhibited by soil 
microbial communities and to give a complete picture of the microbial communities in a typical meadow 
Solonchaks. 
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Transport parameters of soluble chemicals through soils are needed to assess the 
pollution risks of soil and groundwater resources. But, it is time consuming, laborious, 
expensive and, practically, impossible to experimentally measure such parameters for a 
wide range of solutes and soil types. So, indirect estimate of the parameters by pedo-
transfer function is becoming popular. The aim of this study was to develop and evaluate 
pedo-transfer functions (PTFs) for solute-transport parameters by multiple linear 
regression (MLR) analysis. For this, transport parameters of three heavy metal 
/metalloid compounds (NaAsO2, Pb(NO3)2, Cd(NO3)2), a pesticide (carbendazim) and an 
inert salt (CaCl2) through 14 agricultural soils of Bangladesh were determined. The 
transport experiments were done in repacked soil columns under unsaturated steady-
state water flow conditions. Breakthrough data of the solutes were measured with time-
domain reflectometry (TDR), and velocity (V), dispersion coefficient (D) and retardation 
factor (R) of the solutes were determined by analyzing the data by a transfer-function 
method. Bulk density (), organic carbon (OC) content, clay (C) content, pH, median grain 
diameter (D50) and uniformity coefficient (Cu) of the soils were determined. Regression 
models for V, D and R were developed with , OC, C, pH, D50 and Cu as the input variables. 
Bulk density and clay content were found the most sensitive input variables to the MLR 
models. The MLR models fairly predicted V, D and R, and thus provide a way of 
significantly enhancing prediction of reactive solute transport through agricultural soils. 

 Keywords: Soluble chemicals, soil properties, solute movement, indirect estimate. 
© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 

Pollution of agricultural soils by heavy metals and pesticide residues occurs through the application of 
chemical fertilizers, especially phosphate fertilizers, and pesticides. The residues of these chemicals 
contaminate the soil and water (both surface and groundwater), enter the food chain and cause threat to 
human and animal health. Industrial effluents and irrigation with wastewater further degrade soil and water 
quality. The characterization of soluble-chemical transport through soils is an important aspect to assess the 
pollution of soil and groundwater resources (Porro et al., 1993). Usually, simulation models are used to 
quantify solute transport through subsurface as tools to implement improved agricultural management. 
Solute-transport parameters, such as velocity of transport, dispersion coefficient, dispersivity and 
retardation factor, are among the most crucial inputs for the simulation models. Success of these models 
depends on our ability to properly quantify the input solute-transport parameters. 
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The estimation of solute-transport parameters in soils is generally done by fitting measured breakthrough 
curves (BTC) of solutes to analytical solutions of the convection-dispersion equation. BTCs are constructed 
with the concentrations of effluent or a proxy measurement of concentration like TDR-measured electrical 
conductivity from leaching experiments. Such measurements are however time consuming, laborious, 
expensive and, practically, impossible to obtain BTCs for a wide range of solutes and soil types to sample 
temporal and spatial variations. So, indirect approaches are needed to predict solute-transport parameters 
with pedo-transfer functions (PTFs), which use basic soil properties that are often routinely available from 
soil survey information (Bouma, 1989). The general purpose of developing PTFs is to establish predictive 
models using databases of soil properties, which contain suitable predictors (basic soil properties) and 
desired predictands (estimated less available soil properties). 

Although widely used to predict unsaturated hydraulic properties of soils (e.g., Vereecken, 1992; Gonçalves 
et al., 1997), PTFs are yet not well-developed and very familiar to predict solute-transport parameters. 
Recent developments in this field include parameterizations of solute transport, heat exchange, soil 
respiration, organic carbon content, root density and water uptake by vegetation (Van Looy et al., 2017). 
Since it is difficult to relate and compare the physical meaning of specific model parameters, there are only 
limited PTFs for predicting solute-transport parameters from basic soil characteristics. Several studies on 
PTFs for adsorption isotherm parameters mostly concern contaminants such as heavy metals (e.g., Horn et 
al., 2006) or excess pesticides (e.g., Kodešová et al., 2011; Moeys et al., 2011) and fertilizers (e.g., Achat et al., 
2016). All these studies include soil organic carbon content as a predictor. Soil pH and clay content were 
reported as the other common predictors for PTFs of adsorption properties. Perfect et al. (2002) predicted 
dispersivity using PTFs across a range of soil textures and could explain 50% of its total variation by the 
parameters of soil-water retention curves using step-wise multiple regressions. Alibuyog (2007), by using 
PTFs from multiple linear regressions, showed great potential in predicting pore-water velocity, dispersion 
coefficient and dispersivity from soil physical properties than from water retention parameters. In his 
observations, using soil properties as predictors, the PTFs could account for more than 50% of the total 
variation of pore-water velocity, dispersion coefficient and dispersivity. 

Predictions of solute-transport parameters, instead of direct measurements, may be accurate enough for 
many applications. It is therefore worthwhile to analyze databases in such a way that solute-transport 
parameters can be predicted from easily-measured soil properties. But, extrapolation of PTFs in different 
agropedoclimatic contexts limits their performance (Touil et al., 2016). So, attempts to develop solute 
transport PTFs have, so far, been mostly kept to small, local data sets and specific models since the local 
PTFs are important to properly investigate the relation between the predictors and predictands, and they 
could be useful in meeting the local agricultural requirements for modeling with reasonable accuracy. The 
prediction of transport parameters at the local scale is also a first step to simulate subsurface solute 
movement over larger areas (Gonçalves et al., 2001). 

Regression technique is widely used to determine the relationship between predictors and predictands 
because of its simplicity. It can use linear regressions or nonlinear regressions depending on the expected 
relationship among the variables (Mojid et al., 2018). The advantage of regression analysis is that it is 
straightforward to carry out and easy to employ. The disadvantage is that the regression equations (e.g., 
linear, logarithmic or exponential) and predictors must be determined as a priori and that the relationships 
between soil properties and predictors may be different in different portions of the database (Van Looy et 
al., 2017). However, improved multiple linear regression (MLR) can be an efficient and reliable method 
(Touil et al., 2016) if the relationship between the dependent and independent variables is not complex. 

Studies of pedo-transfer function may undertake one of two primary purposes: research or application. 
Investigators who intend to advance research knowledge may find it more desirable that the model is 
flexible and can work efficiently with various data sizes and types. Or they may intend to help mine auxiliary 
information (e.g., importance of input variables) given the structure or features of the model (Van Looy et al., 
2017). Our study addressed the research issue. The objectives were: (i) to develop pedo-transfer functions 
for velocity, dispersion coefficient and retardation factor of four reactive solutes and a non-reactive solute 
with basic soil properties by multiple linear regression analysis and (ii) to evaluate performance of the pedo-
transfer functions.    
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Material and Methods 

Soil sampling and solute-transport measurement 

Fourteen (14) soil samples of adequate quantity were collected from different locations of Bangladesh under 
intensive agricultural activities. The plowed upper soil layers (0–15 cm) were used in solute-transport 
experiments to reduce variability due to heterogeneity. The soil samples were air dried and sieved to pass 
through a 2-mm mesh sieve after crushing. Sub-samples from the sampled soils were analyzed for particle 
size distribution, gradation, pH and organic carbon (OC) by employing standard methods. Details of soil 
sampling and analysis of the samples are reported in Mojid et al. (2018). 

The procedures of solute-transport experiments are described here in brief. For details, the readers are 
referred to Mojid et al. (2016). The experiments were done in four PVC columns (hereafter called 
experimental columns), each 34 cm long and 15 cm in inner diameter. These columns were filled with four of 
the air-dried and sieved soils under investigation in the first batch. Each column was packed to 32 cm depth. 
The soil columns were conditioned by leaching sufficient quantity of tap water (EC = 17 mS m–1) following 
six wetting and drying cycles during a nine-month period. The soil columns were transferred and placed 
vertically and axially on four 1.2-m high supporting soil columns to simulate a thick natural soil profile. Two 
3-wire TDR sensors (10 cm long and 3 cm spacing with 0.2 cm wire diameter) were inserted horizontally to 
each column during preparing the soil columns. One sensor was at 8 cm and the other at 28 cm below the 
top of the upper column; the vertical distance between the two sensors (Z) was 20 cm. A cartridge pump 
applied tap water through fine needles at constant rate (0.32  0.02 cm h1), which was considerably lesser 
than the saturated hydraulic conductivities (0.64 cm h1) of the soils to ensure unsaturated flow. The pump 
distributed the applied water uniformly over the soil surface of each column through nine fine needles 
uniformly spaced with a PVC cap on each soil column. Water flow continued until equilibrium between the 
applied and drainage water was attained. A constant hanging water table, maintained at 20 cm above the 
base of the supporting (lower) columns, created suction in soils of the experimental (upper) columns. 

First, CaCl2 was used in the breakthrough experiments; it helped retaining structure of the soils during the 
transport experiments. At steady-state water flow condition, a pulse of 5 ml CaCl2 solution (250 g l–1) was 
introduced uniformly on each column with a syringe attached to a fine needle. The water flow (0.32  0.02 
cm h–1) continued until the solution was completely eluted from the upper columns. A TDR100 and CR10X 
data logger were programmed to record water content and bulk EC of the soils at fixed interval (40, 50 or 60 
minutes depending on the solute and soil types). The measurements continued until whole of the applied 
solute leached out from the upper columns. Measurements of water content and bulk EC were done for 
CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim. Carbendazim is a granular organic solute, which is 
extensively used in Bangladesh as fungicide. The molecular weight of carbendazim is 191.2 g mol1 and its 
solubility in water at pH 7–8 is 5–7 mg l1. The pulse volume and concentration of NaAsO2, Pb(NO3)2, 
Cd(NO3)2 and carbendazim were the same as that for CaCl2 (5 ml and 250 g l–1). A solute took 5–10 days to 
leach completely through the soil columns depending on texture of the soils and properties of the solute. 
After completion of the experiments, three soil samples were collected from the surface of each column by 
using core samplers (5 cm × 5 cm; Eijkelkamp, The Netherlands). These samples were used to determine the 
basic physical and hydraulic properties of the soils. Approximately, 200 g additional soil samples were also 
collected from each column for determining pH, EC and OC. Following the whole procedures, data recording 
on soil-water content and bulk EC, and soil sampling were done for the remaining 10 of the 14 soils in 
subsequent batches of experiments. In is noted that because of very time-consuming transport experiments 
there was no replication on each soil. 

The analysis of TDR-measured EC was based on the relation between the concentration of a solute in soil 
water and EC of soil water, which is linearly related to the EC of bulk soil for constant water content (Ward 
et al., 1994). It is noted that the applied solutes dissociated into ions in solution (e.g., CaCl2 dissociated into 
Ca2+ and Cl–) and the positive and negative ions, especially for reactive solutes, might have different 
behaviors and interactions with the soil solid phase and with the existing ions on the exchange complex 
(Rose et al., 2006). However, for a non-reactive/inert solute like CaCl2, the velocity of a solute is assumed 
same as the velocity of pore water in most transport experiments; although the velocity of Cl– may differ 
from that of the bulk solution due to anion exclusion, the possible small discrepancy was ignored for the 
relatively non-reactive/inert soils used in this study. The time-series of solute concentration were 
determined from the TDR-measured EC. Breakthrough curves (BTCs) were drawn by plotting normalized 
concentrations against time. The mean travel time, , mass-dispersion number, N (=D/ZV), and retardation 



 Md.A.Mojid et al./ Eurasian J Soil Sci 2019, 8 (3) 196 - 207 

199 

 

 

factor, R, of the solutes were fitted from the BTCs by a transfer-function method (Mojid et al., 2004; their Eqs. 
5 and 7) using non-linear least-square fitting technique; the performance of the transfer-function method 
was reported reliable and described in detail in Mojid et al. (2004). For the physical meaning of the velocity 
and retardation factor of the reactive solutes (NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim) and their 
differences from those of inert solutes, the readers are referred to Mojid and Vereecken (2005). For CaCl2, R 
was fixed at unity assuming it to be a non-reactive solute. The transport velocity, V (= Z/), and dispersion 

coefficient, D (= VZN = Z2N/), of the solutes were calculated from , N and the distance, Z, between the input 
and response BTCs. 

Soil property measurement 

By determining the fractions of sand, silt and clay of the soils by Hydrometer method (Black, 1965) their 
textural classes were obtained from the Marshall’s triangle (Soil Survey Staff, 1975). Soil pH was determined 
by a glass electrode pH meter following Jackson (1962). Twenty (20) grams of each air-dry soil was mixed 
with 50 ml distilled water in separate opaque plastic bottles. The suspensions were shaken with a horizontal 
electric shaker for 20 minutes and kept undisturbed in a control room at 25oC for five hours. The pH of the 
partly settled soil suspensions was measured by immersing the glass electrode. Soil organic matter, OM, was 
determined following the method of Walkey-Black (Jackson, 1962). Two grams of each soil were swirled in 
10 ml of 1.0N K2Cr2O7 solution. Then, 20 ml concentrated H2SO4 was added to it and mixed thoroughly. The 
mixture was kept undisturbed for 30 minutes and diluted to 200 ml with distilled water. It was titrated 
against FeSO4.7 H2O in presence of 0.5 g NaF and 30 drops of diphenylamine as indicator to dull green 
endpoint. The OM of the soil was calculated by 

335.0110(%) 
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where K is FeSO4.7 H2O (ml), which is used for titration of the sample and B is FeSO4.7 H2O (ml) for blank. 
The OC of the soil was calculated following Nelson and Sommers (1982) by 
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Gradation tests of the soils were done on the samples by a typical sieve analysis involving a nested column of 
sieves with wire mesh cloth. For each soil, a 500-g sample was poured into the top sieve, which had the 
largest screen openings. Each lower sieve in the column had smaller openings than the one above. There was 
a pan at the base. After shaking, the constituent materials retained on each sieve were weighed. The test was 
done in accordance with the British Standards, BS 1377 (1990) (Code of Practice). This exercise was 
repeated for the 14 soils. The median grain diameter (D50) and uniformity coefficient (Cu) of the soils were 
calculated from the grain size distribution curves. Cu was calculated by 

10

60

D

D

uC   
(3) 

For determining bulk densities of the soils in the experimental columns, the soil samples in the core 
samplers, collected from each column after transport experiment, were dried in oven at 105oC for 24 h. The 
bulk densities were determined by dividing the oven dry weights of the soils by the inner volume of the core 
sampler. The average bulk density of each column, calculated from the three samples, was used in 
developing pedo-transfer functions. The textural class, bulk density, organic carbon content, relative pH 
(ratio of observed soil pH to the pH of a neutral soil (7) and denoted by pH′), clay content, median grain 
diameter and coefficient of uniformity of the soils are given in Table 1. 

Pedo-transfer function development 

Beyond some general conceptual understanding, there are no precise a priori relations that link predictors 
with the predictands. In addition, most pedo-transfer functions, PTFs, differ with the set of predictors (input 
variables) and predictands (output variables). PTFs were developed through multiple linear regression 
analyses to predict solute-transport parameters. SPSS 11.5 statistical program was used to construct 
multiple linear regression models for the velocity, dispersion coefficient and retardation factor of CaCl2, 
NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim. The input variables of the models were bulk density, organic 
carbon content, relative pH, clay content, median grain diameter, and uniformity coefficient of the soils 
(Table 1). The PTFs were developed through data validation, variable selection, and model calibration and 
verification. Performances of the PTFs were evaluated by sensitivity analysis and performance assessment. 
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Table 1. Textural class, particle size distribution, bulk density (γ, g cm3), organic carbon content (OC, %), relative pH 
(pH), clay content (C, fraction), median grain diameter (D50, mm) and uniformity coefficient (Cu) of nine soils used in 
developing and validating MLR models 

Sl. 
No. 

Texture Particle size distribution 
(%) 

γ  
(g 

cm3) 

OC 
(%) 

pH′ C 
(fraction) 

D50 
(mm) 

Cu 

sand silt clay 

1 Loamy sand 79.48 14.48 6.04 1.36 0.767 0.136 0.060 0.235 3.27 
2 Silt loam 22.70 65.96 11.44 1.33 0.686 0.134 0.114 0.101 3.26 
3 Sandy loam 54.48 37.02 8.50 1.33 0.452 0.132 0.085 0.200 3.58 
4 Silt loam 37.32 52.00 10.68 1.29 0.753 0.136 0.107 0.112 3.30 
5 Silt loam 17.24 70.08 12.68 1.40 0.523 0.143 0.127 0.095 3.86 
6 Silt 8.68 77.96 13.36 1.34 0.787 0.141 0.134 0.069 2.98 
7 Silt loam 18.48 66.04 15.48 1.37 0.372 0.158 0.155 0.066 2.63 
8 Silt loam 4.92 75.96 19.12 1.32 0.840 0.146 0.191 0.062 2.78 
9 Silty clay loam 2.68 70.16 27.16 1.41 0.554 1.09 0.272 0.037 2.43 
10 Silt loam 16.96 59.84 23.20 1.26 0.987 0.96 0.232 0.045 2.61 
11 Sandy loam 61.36 23.00 15.64 1.54 0.288 1.14 0.156 0.073 2.99 
12 Sandy loam 74.59 15.91 9.50 1.61 0.245 1.16 0.095 0.134 3.35 
13 Loamy sand 84.47 10.60 4.93 1.63 0.134 1.20 0.049 0.299 3.64 
14 Silt loam 29.04 53.92 17.04 1.33 0.760 0.97 0.170 0.070 2.85 

Data validation and variable selection 

Data validation is a corrective measure that is taken at ‘ab initio’ in observations. It is crucial since existence 
of even a single outlier can make the whole data set to a non-linear form (Draper and Smith, 1981). The 
purpose of selecting the appropriate regression variables is to reduce predictors to some “optimal” subset of 
the available regressors. This is important since a smaller set of predictors may often provide more accurate 
predictions of future cases, and/or identifying only the pertinent predictor variables may significantly 
improve the response. 

An important step in data validation process is to scale up or down the observations by focusing on their 
units of measurements. This is because the mean change of response-dependent variables (Y) with 
measuring units controls statistical information. For a valid data set, Y needs to be greater than the mean 
change of predictors/independent variables (X). Such alterations of digital magnitudes in mean due to the 
change in measuring units do not, however, disrupt the basic theme of analysis. The yardstick of fixing the 

right units of measurement is called coefficient of centrality (c), which makes the mean of Ys (denoted byY ) 

compatible to the mean of Xs (denoted by X ) (Rashid, 1999). A typical multiple linear regression model with 
the means of variables is expressed by 

kk XbXbXbXbY  221100  (4) 

where bs are regression coefficients. Dividing Eq. 4 by Y  results in 

 
k
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The coefficients of centrality, in all respects, are akin to the latent vectors, which are widely used in the 
latent-root regression analysis. These coefficients are always non-negative statistics and the unique value co 

≥0 in respect to the dummy variable Xo appears only at ∑ 2

1 kc 
≤1. This axiom is satisfied only if 0≤ 2

0c ≤1, and 

the restriction could be met by expressing the respondents, Ys, in higher or the predictors, Xs, in lower 
measuring units. The ‘c2 = 0’ implies a homogeneous model. For modeling our multiple linear regressions, 
the required conditions were satisfied by scaling up velocity of the solutes from ‘cm h–1’ to ‘mm h–1’ and 
dispersion coefficient of the solutes from ‘cm2 h–1’ to ‘mm2 h–1’. Soil pH was scaled down to pH′, the unit value 
of which implies a neutral soil. All input variables satisfied the required conditions. 
The selection of variables, done at the completion of regression analysis, was accomplished with the 
direction of the regression coefficients (bj) and correlation coefficients (rj). The predictors to be consistent, bj 
must be unidirectional to rj; their anti-directional behavior results in negative correlation coefficient (–r), 
which reveals that the variables are irrelevant and must be discarded from the regression models. Based on 
this criterion, irrelevant variables were discarded during model development. Acceptable probability level 
for the MLR analysis was fixed at 5%, that is the upper level of significance for acceptance was p > 0.05. Eight 
soils (# 1 – 8, Table 1) were used to select variables for MLR models. 
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Model calibration and verification 

The MLR models were calibrated with experimental data of five soils (#9 – 13, Table 1); the purpose was to 
determine appropriate values of the regression coefficients (Eq. 4). Unlike usually employed procedure of 
calibrating a model by utilizing only one known data set, we utilized five known data sets and determined 
the overall average regression coefficients for the data sets. So, the calibration was done by comparing the 
model-estimated solute-transport parameters (V, D and R) with their measured values, while ensuring least 
errors between the two parameter sets. The obtained models were verified with the measured soil 
properties in evaluating solute-transport parameters. Data of a silt loam soil (#14, Table 1), not used in 
variable selection and model calibration, was used to verify accuracy of the models. 

Parameter sensitivity analysis 

Sensitivity analysis was done to evaluate relative importance of each input variable in the performance of 
the MLR models. At first, the model was run by using the measured input variables and the observed error 
was recorded for the solutes. Afterwards, the model was run by changing the input variables by ± 5% and ± 
10%, and the error was recorded in each run. The sensitivity of an input variable was estimated by the ratio 
of error obtained with ± 5% or ± 10% changing of the variable to the error obtained with original 
(measured) value of the variable. An error ratio of less than unity implies that there is no effect of the input 
variable in generating output of the model. A larger error ratio, on the other hand, indicates more sensitivity 
of the input variable on the output of the model. The input variables were ranked in order of their degree of 
influence on the model output based on the error ratio. 

Model performance assessment 

Improving the accuracy of pedo-transfer functions, PTFs, requires studying how prediction uncertainty can 
be apportioned to different sources of uncertainty in inputs. The performance of the MLR models in 
simulating transport parameters of the five solutes in homogenous soil columns against their measured 
values was evaluated by using goodness-of-fit parameters following Piegorsch and Bailer (2005), Sarmah et 
al. (2005) and Phillips (2006). The most common metrics used to evaluate performance of the PTFs are root-
mean-square errors (RMSEs), mean errors (MEs) and coefficient of determination (r2). The RMSE quantifies 
the root of the average bivariate variance between estimated and measured quantities. It was calculated by 
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where Pi is predicted and Oi is measured solute-transport parameters, and n is the number of observations. 
An RMSE of zero indicates no difference between the measured and simulated solute-transport parameters; 
the smaller an RMSE the better is the performance of the model. Modeling efficiency (EF) is a measure of 
accuracy of simulation and is an indicator of overall agreement between the measured and predicted results. 
EF of the model was calculated by 
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(7) 

where Om is the average of measured values, and Oi and Pi represent the same meaning as in Eq. 6. An EF of 
unity implies a perfect match between the predicted and measured results. A negative EF implies that the 
predicted values are worse than simply using the observed mean as the best estimate of the data.  

Databases used in the development of PTFs usually do not reflect the true population of soils in a region, and, 
as a result, PTFs tend to be biased to the database on which they are calibrated (Schaap and Leij, 1998). 
Mean error (ME) provides the size and sign of such systematic errors or bias of the prediction error. This 
error is computed by 

  nPOME
n

i

ii /
1




  
(8) 

Negative ME values indicate an average underestimation of the quantity being evaluated, while its positive 
values indicate an overestimation of the target variables. For a truly well-performing PTF, both RMSE and 
ME should be as low as possible. 
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Bias is a persistent positive or negative deviation of the measured value from the true value that arises from 
erroneous assumptions in the learning algorithm. This error, expressed as a percentage of overall error and 
denoted by BOE, is calculated by (Geman et al., 1992) 

100
2


MSE

ME
BOE  

(9) 

A mean square error (MSE), which measures the average of the square of error with the error being the 
amount by which the estimator differs from the quantity to be estimated, is calculated by 

 2RMSEMSE   (10) 

Results and Discussion 
MLR models 

Pedo-transfer functions, in the form of multiple linear regression, MLR, for predicting transport parameters 
of CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim are compared in Table 2 along with the inconsistent 
input variables, coefficient of determination (r2) and probability level (p). The MLR models for predicting 
velocity, V, of the solutes were significant over probability level, p = 0.014 to 0.032. The coefficients of 
determination of the models, r2 ≥0.99, revealed that over 99% variation in V was justified due to the 
contributions of organic carbon, OC; bulk density, γ; clay content, C; median grain diameter, D50; and 
uniformity coefficient, Cu, of the soils. When relative soil reaction, pH′, was included, in addition to these 
input variables, the models became insignificant in predicting V, with probability level exceeding 0.05. It thus 
revealed that pH′ exerted inconsistent effects on the output of the models. The opposite signs (not shown) 
obtained between the regression coefficients (bs in Eq. 4) and correlation coefficient (r) of pH′ also 
confirmed this inconsistency. So, pH′ was ignored for modeling velocity of the solutes. 

Table 2. Pedo-transfer functions of MLR models for CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim with the 
values of the regression coefficients, inconsistent input parameters, coefficients of determination (r2) and probability of 
uncertainty of the models 

Solutes MLR models Inconsistent 
parameters 

r2 p-value 

CaCl2 V = 11.99 + 0.561(%OC) – 2.31(γ) -  21.80(C) + 4.39(D50) + 
0.13(Cu) 

pH′ 0.990 0.025 

D = 11.10 – 1.02(%OC) + 2.39(γ )+3.60(pH′)–14.94(C) + 
33.78(D50) 

Cu 0.999 0.001 

NaAsO2 V = 10.38 + 0.513(%OC) – 1.31(γ) -  21.57(C) + 4.68(D50) + 
0.19(Cu) 

pH′ 0.997 0.016 

D = 23.35 + 0.31(γ) + 0.97(pH′)  – 30.63(C) + 0.54Cu %OC, D50 0.927 0.047 
R = 1.14 + 0.021(%OC) + 0.173(γ)- 0.056 (pH′) + 0.631(C) – 
0.34(D50) 

Cu 0.998 0.005 

Pb (NO3)2 V = 12.29 + 0.489(%OC) – 2.86(γ) – 21.22(C) + 4.39(D50) 
+0.254(Cu) 

pH′ 0.998 0.032 

D = 16.16  – 0.025(%OC ) – 19.43(C) + 3.97(D50) + 0.55(Cu) γ, pH′ 0.963 0.017 
R = 1.16 + 0.011(%OC) +0.092(γ) – 0.098(pH′) + 0.855(C)  D50, Cu 0.984 0.005 

Cd (NO3)2 V = 12.19 + 0.35(%OC) – 3.18(γ) – 19.07(C) + 5.62(D50) + 0.31(Cu) pH′ 0.990 0.026 
D = 9.90 + 3.50(γ) – 9.92(C) + 4.89(D50) pH′, %OC, Cu 0.939 0.007 
R = 1.21 + 0.090(γ) + 0.273(C) – 0.694(D50) pH′, %OC, Cu 0.994 0.001 

Carbenda-
zim 
 

V = 12.82 + 0.433(%OC) – 3.09(γ) – 21.65(C) + 4.05(D50) + 
0.221(Cu)  

pH′ 0.994 0.014 

D = 13.28 – 0.178(%OC) + 0.371(γ) – 14.86(C) + 0.046(D50)  pH′, Cu 0.983 0.005 
R = 1.17 + 0.018(%OC) + 0.112(γ) – 0.053(pH′) + 0.566(C) – 
0.563(D50) 

Cu 0.999 0.003 

 

In modeling dispersion coefficient, D, all the five solutes encountered one or more inconsistent input 
variables. Although the MLR models for D, with inclusion of all input variables, were significant at p > 0.05, 
the uniformity coefficient, Cu, was inconsistent. Elimination of Cu from the models improved significant level 
of the models from 0.03 to 0.001. Modeling D for NaAsO2 was insignificant with probability level exceeding 
0.05 when all input variables were considered. Organic carbon, OC, and median grain diameter exerted 
inconsistent effects on model outputs. When these variables were discarded, the significant level of the 
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models improved to 0.047. For Pb(NO3)2, γ and pH′ exerted inconsistent effects on the model outputs, and 
their exclusion from the models reduced probability level to 0.017. Organic carbon, pH′ and Cu exhibited 
inconsistency in modeling D for Cd(NO3)2. When these variables were excluded, the models became 
significant with probability level improved from 0.188 to 0.007. For carbendazim, when all input variables 
were considered in the model, γ and pH′ appeared inconsistent, and their elimination significantly improved 
the probability level although Cu then became inconsistent. Consequently, Cu was also discarded. The 
accuracy of the models however improved surprisingly when γ was re-introduced; γ became consistent with 
a model probability of 0.005. The coefficients of determination of the models for the five solutes ranged from 
0.927 to 0.999. The uniformity coefficient always put inconsistent influence for modeling retardation factor, 
R, of the solutes. In addition to this, pH′ and OC were also inconsistent in case of Cd(NO3)2, and D50 was 
inconsistent in case of Pb(NO3)2. All inconsistent input variables were eliminated from the models to obtain 
improved levels of model probability. 

 Model performance 

The simulated velocity of the solutes agreed well with the measured velocity as illustrated in Figure 1. In 
predicting solute velocity, V, by the MLR models, the coefficients of determination were large (r2 = 0.955–
0.996). The RMSEs were 0.084–0.126 (Table 3). The efficiency, EF, of the models was 99% for all the solutes 
under investigation. The mean errors, MEs, of the models were –0.006 to –0.008 for CaCl2, Cd(NO3)2 and 
carbendazim; the negative MEs imply that the models slightly overestimated V during validation. For NaAsO2 
and Pb(NO3)2, MEs of the models were 0.0027–0.0028, implying that the models slightly underestimated V. 
The bias components of overall error, BOE, were considerably small (0.051–0.99%). 

Table 3. Statistical indices for performance assessment of MLR models for CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and 
carbendazim 

Solute solutions Parameters RMSE EF ME BOE (%) 

CaCl2 
 

V 0.110 0.990 –0.006 0.30 
D 0.046 0.999 0.000 0.00 
R 0.019 0.598 –0.003 3.23 

NaAsO2 
 
 

V 0.091 0.993 0.003 0.09 
D 0.373 0.927 –0.004 0.01 
R 0.004 0.992 0.004 74.41 

Pb(NO3)2 
 
 

V 0.126 0.987 0.003 0.05 
D 0.213 0.963 0.012 0.34 
R 0.007 0.965 –0.005 54.82 

Cd(NO3)2 
 
 

V 0.114 0.990 –0.007 0.33 
D 0.169 0.939 0.009 0.28 
R 0.006 0.987 0.004 51.40 

Carbendazim 
 
 

V 0.084 0.994 –0.008 1.00 
D 0.074 0.983 –0.002 0.08 
R 0.003 0.997 –0.002 59.60 

 

There were good agreements between the measured and simulated dispersion coefficients, D, for the solutes 
(Figure 2) with large coefficients of determination (r2 = 0.982–0.997). RMSE of the models was 0.213 for 
Pb(NO3)2 and 0.373 for NaAsO2 (Table 3). Models’ efficiency varied from 0.927 to 0.999. MEs of the models 
for CaCl2, Pb(NO3)2 and Cd(NO3)2 were positive (0.000–0.0124), but those for the other solutes were negative 
(0.0021 to 0.0041). These results revealed that the MLR models for CaCl2, Pb(NO3)2 and Cd(NO3)2 slightly 
underestimated D. For the other solutes, the models slightly overestimated D. The BOEs were perceptibly 
small (0–0.338%) for all the solutes. 

The measured retardation factors, R, agreed well with the estimated R of all the solutes (Figure 3) with large 
coefficients of determination (r2 = 0.971–0.993). Small RMSEs (0.003–0.019, Table 3) revealed good match 
between the measured and simulated Rs of the solutes. Modeling efficiencies for R in case of NaAsO2, 
Pb(NO3)2, Cd(NO3)2 and carbendazim were 0.992, 0.965, 0.987 and 0.997, respectively. For CaCl2, EF was 
significantly low (0.598). The mean errors of the models, 0.0035 for NaAsO2 and 0.0042 for Cd(NO3)2, imply 
slightly underestimation of R by the models. For the other solutes, MEs were 0.0023 to 0.0051; these small 
negative MEs indicate minimal overestimation of R. BOEs of the models were considerably large (3.23 to 
74.41%), implying that the MLR models for R might miss the appropriate relations between the input 
parameters and target output (R). 
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Figure 1. Predicted velocities of CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim by MLR models versus their 
observed velocities. 

 

 
 

Figure 2. Predicted dispersion coefficients CaCl2, NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim by MLR models versus 
their observed dispersion coefficients. 
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Figure 3. Predicted retardation factors of NaAsO2, Pb(NO3)2, Cd(NO3)2 and carbendazim by MLR models versus their 
retardation factors. 

Sensitivity of input parameters 

Bulk density, γ, and clay content, C, of the soils predominantly governed velocity of the solutes, V, in the MLR 
models, while organic carbon, OC, influenced them to a lesser extent. Bulk density ranked as the most 
impact-generating variable and clay content ranked as the second most influential variable for predicting V 
except for NaAsO2. These two input variables (γ and C) were inversely related to V as was also observed by 
Dian-qing et al. (2010). For NaAsO2, γ and C followed reversed ranking than for the other solutes. Median 
grain diameter, D50, ranked as third to influence V except for Cd(NO3)2 for which coefficient of uniformity, Cu, 
was the third level and D50 was the fourth level influential regressors. Organic carbon ranked fifth in 
controlling the model output except for CaCl2. Uniformity coefficient ranked as the fifth most important 
variable while C ranked fourth in controlling V for CaCl2. 

Clay ranked as the most prominent input variable in controlling dispersion coefficient, D, of NaAsO2 and 
carbendazim. But, it ranked as the second, third and fourth most influential variable in controlling D for 
Cd(NO3)2, Pb(NO3)2 and CaCl2, respectively. Bulk density ranked as the most influencial variable in case of 
Pb(NO3)2 and Cd(NO3)2. It however ranked as the second, third and fourth most influential variable in case of 
carbendazim, CaCl2 and NaAsO2, respectively. These results were in partial agreement with the findings of 
Bromly et al. (2007), who, by using step-wise multiple regressions, predicted D with pore-water velocity, 
clay content, silt content and bulk density with an adjusted coefficient of determination of 0.735. Since 
velocity of the solutes was related to D, γ and C also influenced D. For CaCl2, D50 controlled the dispersion 
coefficient as the most prominent input variable; it ranked third in case of Cd(NO3)2 and carbendazim, and 
fourth in case of Pb(NO3)2. Relative soil pH, exerted second largest impact in predicting D for CaCl2 and 
Pb(NO3)2, and third largest impact in case of NaAsO2. Uniformity coefficient ranked as the second most 
dominant variable in predicting D for NaAsO2. Organic carbon was less influential since it ranked fourth and 
fifth in case of carbendazim and CaCl2, respectively. 

Bulk density was the most impact-generating variable and exerted positive contribution in predicting 
retardation factor, R, of the reactive solutes under investigation. Clay content was the second most leading 
variable in controlling R of NaAsO2 and Pb(NO3), and third most important variable in case of Cd(NO3)2 and 
carbendazim. For Cd(NO3)2 and carbendazim, D50 put the second largest impact in modeling R; it however 
ranked third and fourth in case of NaAsO2 and Pb(NO3)2, respectively. Relative pH of the soils ranked third in 
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case of Pb(NO3)2, and fourth in case of NaAsO2 and carbendazim; it however exerted only minor influence in 
modeling R. Organic carbon, OC, ranked as fifth main variable, also exerted less impact on the retardation 
factor of NaAsO2 and carbendazim. The low rank of OC seems unexpected since it was believed to be the 
second most dominant factor for sorption after soil pH, and most solutes exhibit high affinities for soil 
organic matter (Springob and Böttcher, 1998). The low ranking of OC could be since most of the 13 soils 
contained relatively low organic carbon (0.134–0.987%, Table 1), and bulk density and clay content of the 
soils might dominantly controlled sorption of the solutes. Based on the ratio of RMSEs, the orders of 
sensitivity of the MLR model outputs (V, D and R) to the input variables were – (i) CaCl2: D>V, (ii) NaAsO2: 
R>V>D, (iii) Pb (NO3)2: R>V>D, (iv) Cd (NO3)2: V>R>D and (v) carbendazim: R>V>D. 

Conclusion 

Pedo-transfer functions, PTFs, in the form of multiple linear regression, MLR, models were developed for 
estimating transport velocity, V, dispersion coefficient, D, and retardation factor, R, of NaAsO2, Pb(NO3)2, 
Cd(NO3)2, carbendazim and CaCl2 in 14 Bangladeshi soils. Bulk density and clay content of the soils were the 
most sensitive/impact-generating input parameters to the MLR models. Based on root-mean-square error, 
RMSE, in estimating the transport parameters, the orders of sensitivity of the model outputs to the input 
variables for the solutes were – CaCl2: D>V, NaAsO2: R>V>D, Pb(NO3)2: R>V>D, Cd(NO3)2: V>R>D and 
carbendazim: R>V>D. The RMSE, mean error, ME, and bias components of overall error, BOE, were 
appreciably small except for the retardation factor, for which BOE was considerably large (3.23–74.41%,) 
that indicated necessity of further improvement of the model. The model efficiencies were noticeably large 
(0.93–1.00) for the reactive solutes. Thus, the developed MLR models could fairly predict transport velocity, 
dispersion coefficient and retardation factor of the reactive solutes under investigation, and hence they can 
be utilized for practical applications at local scales. The MLR models, however, need to be improved for 
predicting the retardation factor, possibly, by including additional input variable(s). Also, data of only 14 
soils were used in this study and the developed MRL models were verified with the data of only one soil. This 
is a drawback of our study that needs to be addressed in future studies. 
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Two endophytic bacteria, Bacillus subtilis SV41 (KR818071) and B. amyloliquefaciens 
subsp. plantarum SV65 (KR818073), were assessed under field conditions for their 
capacity to control tomato Fusarium wilt in tomato and their effects on soil microbial 
activity. Six months after planting, Fusarium wilt severity, estimated through the 
vascular browning extent in tomato stems, was significantly reduced by 82.3 and 88.2% 
compared to control following bacterial treatments. The frequency of F.oxysporum re-
isolation from roots, collars and stems was also significantly lowered in treated plants 
compared to controls. These effects were associated with a significant improvement, by 
10.6 to 16.3%over control, in plant height and root fresh weight and an increase in fruit 
production by 8.4-12.5%. As for microbial activity, F. oxysporum population in the 
rhizosphere of tomato plants treated with B. subtilis SV41 and B. amyloliquefaciens 
subsp. plantarum SV65 was reduced by 87.5-91.7%compared to the initial soil (sampled 
before planting) and by 88.4-92.3% relative to the rhizospheric soil of untreated plants 
(control soil). A significant enhancement in the total culturable bacterial community was 
also noted in the rhizosphere of tomato plants treated with both strains compared to 
initial and control soils where a significant enrichment in Pseudomonas and 
actinobacteria community was recorded. 

 Keywords: Endophytic bacteria, Fusarium wilt, growth-promoting, microbial 
community, soil, tomato. 
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Introduction 
Plants are naturally associated with microbes in various ways (Vijayabharathi et al., 2016). To face biotic and 
abiotic stresses, plants interact with different members of soil biodiversity and especially microbial 
community. These relations involve positive and negative feedbacks between soil microbial agents, plants, 
and their chemical environment (Meena and Meena, 2017). Agriculturally important microorganisms can 
affect the efficiency of nutrient availability to grown plants and soil biodiversity, and can also regulate the 
interactions between plants and pathogenic microflora (Zeilinager et al., 2016). Interactions among plants 
and microbes can influence soil physiochemical, biochemical and microbiological properties (Dubey et al., 
2016). In fact, beneficial microbial communities or microbial inoculants can offer various positive services 
for plants and soils including plant growth-promotion, nutrient efficiency, bioremediation, and suppression 
of bio-aggressors. A profound understanding of the environmental factors influencing the viability and 
performance of these microbial inoculants is essential of their large-scale use in sustainable agriculture 
production systems (Meena and Meena, 2017). 
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Due to the increased need to reduce use of chemical fertilizers and pesticides, for sustainable agriculture and 
environment protection, there was a growing interest in searching for beneficial microorganisms 
(Figueiredo et al., 2016). Among the explored microorganisms, bacteria occurring in the rhizosphere soil, 
rhizoplane, and/or the internal plant tissues were widely used (Hallmann et al., 1997). Their beneficial 
effects include, among others, efficient systems for uptake and catabolism of organic compounds present in 
root exudates (Barraquio et al., 1997). Several bacteria may also help to derive maximum benefits from root 
exudates through their capacity to attach to root surface (rhizoplane) (Compant et al., 2005). Endophytic 
bacteria are able to grow inside plant tissues and to protect them from biotic and biotic stresses (Sharma 
and Nowak, 1998). They can stimulate plant growth via direct and/or indirect mechanisms. Directly, they act 
by providing essential nutrients, producing phytohormones and growth regulators, or by regulating 
phytohormone levels. Indirect plant growth promotion (PGP) may be achieved by suppressing pathogens 
and/or inactivating pollutants responsible for plant growth inhibition (Vijayabharathi et al., 2016).  

Beneficial agents may adversely affect population, density, dynamics and metabolic activities of soilborne 
pathogens through the production of hydrolytic enzymes and antimicrobial secondary metabolites and/or 
through the competition for nutrients (Swarupa et al., 2016). Several microbial agents such as Trichoderma 
and Bacillus are able to suppress fungal inoculum in soils by producing antibiotics (Larkin and Tavantzis, 
2013; Bernard et al., 2014).  

The soil microbial community is thought to be responsible for biological processes that are necessary for 
maintaining a healthy soil and suppressing plant diseases (Mazzola, 2004). The biocontrol of soilborne 
diseases can be achieved by manipulating the rhizosphere microflora in favor of beneficial microorganisms 
acting directly against soil pathogens (Yang et al., 2001). There is a considerable interest in monitoring 
changes in activity and composition of soil microbial communities following the application of microbial 
inoculants. In fact, beneficial bacteria or fungi such as Trichoderma, Hypoxylon, Tritirachium, Paenibacillus, 
Bacillus, Haliangium and Streptomyces were more abundant in biologically treated soils as compared to 
control whereas Fusarium inoculum was markedly decreased (Qiu et al., 2012). 

Two endophytic bacteria B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 originally 
recovered from Datura metel and Solanum nigrum, respectively, were tested in this study under field 
conditions. They were previously (pot experiment) selected based on their ability to suppress Fusarium wilt 
and to promote tomato growth using their whole cells or their cell-free culture filtrates.  

This study aimed to check, under field conditions, the ability of B. subtilis SV41 and B. amyloliquefaciens 
subsp. plantarum SV65 to enhance growth and production of tomato plants growing in soils naturally 
infested with Fusarium oxysporum f. sp. lycopersici (FOL) and to suppress wilt severity. Their subsequent 
effects on pathogen inoculum and soil microbial community were also investigated.    

Material and Methods 
Plant material 
Tomato cv. Sahel was used in this study. This cultivar is known to be resistant to FOL races 1 and 2 and 
susceptible to race 3 (Syngenta, 2015). Seedlings were grown under greenhouse conditions (16 h 
photoperiod, 60-70% relative humidity and 20-30°C air temperature) in alveolus plates (3×3 cm) filled with 
sterilized peat® (Floragard Vertriebs GmbH für gartenbau, Oldenburg) . They were watered regularly until 
reaching the two-true-leaf growth stage. Seedlings with approximately similar heights were used in all trials.  
Bacterial material  
Two endophytic bacterial strains namely Bacillus subtilis SV41 (Accession number KR818071) and Bacillus 
amyloliquefaciens subsp. plantarum SV65 (KR818073), originally recovered from the internal stem tissues of 
Datura metel and Solanum nigrum, respectively, were used in the current investigation. 
Isolation procedure, characterization and identification using 16S rDNA sequencing genes were previously 
described in Aydi Ben Abdallah et al. (2015). These two strains were previously selected based on their 
higher efficiency, when used as cell suspensions or cell-free culture filtrates, in suppressing Fusarium wilt 
disease on tomato plants inoculated with FOL. Indeed, both Bacillus strains were harbor chitinase gene in 
their genome and B. amyloliquefaciens subsp. plantarum SV65 was able to produce the lipopetide antibiotic, 
fengycin D, which was detected in its genome. Also, the plant defense genes such as PR1, acidic PR3 and 
lipoxygenase (LOXD) were expressed in tomato plants inoculated or not with FOL and treated with B. 
amyloliquefaciens subsp. plantarum SV65 (Aydi Ben Abdallah et al., 2017). Furthermore, the plant growth-
promoting traits such as the production of indole-3-acetic acid, siderophores and organic acids in root 
exudates and the phosphate solubilization ability were recorded on both selected strains (unpublished 
data). Their plant growth-promoting properties and antagonististic mechanisms are detailed in Table 1. 
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Table 1. Plant growth-promoting (PGP) traits, antagonistic and inducing systemic resistance (ISR) properties of Bacillus 
subtilis SV41 and Bacillus amyloliquefaciens subsp. plantarum SV65 recovered from Datura metel and Solanum nigrum 
stems, respectively. 

 
 
Strain 

PGP traits 
(Unpublished data) 

Antifungal and ISR properties  
(Aydi Ben Abdallah et al., 2017) 
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B. subtilis SV41 + - + + + + + - + - - - 
B. amyloliquefaciens subsp. plantarum SV65 + + + + + + + + + + + + 

a IAA: Indole-3-acetic acid production after 48 h of incubation at 28 ± 2°C in Luria-Broth medium; +: Production of IAA. 
b Phosphatase activity: Tested on Pikovskaya agar medium and incubated at 28 ± 2°C for 7 days; +: Presence of clear zone, -: Absence 
of clear zone. 
c Organic acids (oxalic and malic acids) production detected in root exudates which are collected after 14 days from tomato plants 
cultivated in Hoagland solution (50 %). 
d Siderophore production: Tested on Chrome Azurol Sulphonate (CAS) agar medium and incubated at 28 ± 2 °C for 5 days; +: 
Presence of zone of siderophore activity (yellow color). 
e Pectinolytic activity:Tested on pectin-agar (0.5% w v-1) medium and incubated at 28 ± 2°C for 48 h; +: Presence of clear zone. The 
Polygalacturonic acid was measured at 540 nm. 
f Chitinase activity:Tested on chitin-agar (0.5 % w v-1) medium and incubated at 28 ± 2°C for 72 h; +: Presence of clear zone; 
Detection of ChiA gene by PCR using 5'-TTCAYGTTCAACACTACAA-3 ' and 5'-CATTAAGGCCGCGGARTG-3' primers for B. subtilis SV41 
and 5'-GATATCGACTGGGAGTTCCC-3 'and 5'-CATAGAAGTCGTAGGTCATC-3’ primers for B. amyloliquefaciens subsp. plantarum SV65. 
g Protease activity: Tested on skim milk agar (3% v v-1) medium and incubated at 28 ± 2°C for 48 h; +: Presence of clear zone. 
h Detection of fengycin D (FenD) gene by PCR using 5’-TTTGGCAGCAGGAGAAGTTT-3’ and 5’-GCTGTCCGTTCTGCTTTTTC-3’primers. 
i Salicylic acid production after 48 h incubation at 28 ± 2°C in succinate medium; +:  Production of salicylic acid. 
j Relative expression of lipoxygenase (LOXD) gene in uninoculated tomato plants with F. oxysporum f. sp. lycopersici (FOL) using 5’-
CCTGAAATCTATGGCCCTCA-3’ and 5’-ATGGGCTTAAGTGTGCCAAC-3’ primers for quantitative RT-PCR. 
k Relative expression ofacidic chitinase (CHI3-PR3) gene in uninoculated tomato plants with FOL using 5’-
TGCAGGAACATTCACTGGAG-3’ and 5’-TAACGTTGTGGCATGATGGT-3’ primers for quantitative RT-PCR. 
l Relative expression ofPR1 gene into inoculated tomato plants with FOL using 5’-TCTTGTGAGGCCCAAAATTC-3’ and 5’-
ATAGTCTGGCCTCTCGGACA-3’primers for quantitative RT-PCR. 

Before being used in the different bioassays, bacterial cultures were initiated from stock maintained at -20°C 
in Nutrient Broth (NB) supplemented with 40% glycerol and grown for 48 h at 25°C on Nutrient Agar (NA) 
medium. 
Test of the effect of Bacillus spp. strains on tomato growth and Fusarium wilt severity 
Bacterial treatments were prepared from cultures previously grown in NB medium for 3 days at 28 ± 2°C 
and under continuous stirring at 150 rpm. They were firstly applied to tomato cv. Sahel seedlings by 
drenching the substrate of each alveolus (3 cm in diameter) with 5 ml of a bacterial cell suspension (108 cells 
ml-1). Treated and untreated tomato seedlings were transplanted into rows with a distance of 33 cm 
between seedlings.  Planting was carried out on December 2015 under greenhouse installed in the 
experimental station of Teboulba, Monastir, Tunisia (N35°38'38,256'', E10°56'48,458''). Planting soil was 
known to be historically infected with FOL. 
A second bacterial treatment was applied at planting, one week after the first treatment, by drenching the 
rhizospheric soil of each seedling with 100 ml of a cell suspension (108 cells ml-1). Three treatments were 
tested: (i) Untreated control seedlings, (ii) seedlings treated with B. subtilis SV41, and (iii) seedlings treated 
with B. amyloliquefaciens subsp. plantarum SV65. 
Two replicates of twenty seedlings each were used for each individual treatment. Tomato seedlings were 
grown for about six months at 24-25°C with 16/8 h photoperiod and 70% air relative humidity. They were 
subjected to agricultural practices commonly adopted by farmers in the region and irrigated and fertilized as 
needed. 
Disease severity, growth and production parameters 
Six months after planting, the parameters noted were the vascular browning extent (from the collar), plant 
height, roots fresh weight, and fruits fresh weight per plant. The frequency of colonization of roots, collars 
and stems of tomato plants by pathogen was determined after isolation of ten fragments per organ on PDA 
medium amended with 300mgl-1 of streptomycin sulphate. For the latest parameter and for each organ, 
three replicates of one plate each were used for every individual treatment. Cultures were incubated at 25°C 
for 4 days.  
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The percentage of colonization of plant tissues by various microorganisms was calculated using the formula 
of Moretti et al. (2008). The percentage of re-isolation from stems is the average of five counts recorded at 
different stem levels i.e. (0 to 5 cm), (5 to 10 cm), (10 to 15 cm), (15 to 20 cm) and (20 to 25 cm). The 
averages vascular browning extent, plant height, roots fresh weight were estimated from thirty plants. The 
average weight of fruits produced per plant was determined by calculating the total weight of fruits 
harvested between April and June 2016 and dividing by the total number of plants (40 plants). 

Initial soil sampling and processing 

Composite soil samples from each individual plot were collected twice i.e. just before planting and after the 
last harvest. Uprooted soil samples collected after the last harvest were removed from: (i) the rhizophere of 
untreated control plants, (ii) the rhizosphere of plants treated with B. subtilis SV41 and (iii) the rhizosphere 
of plants challenged with B. amyloliquefaciens subsp. plantarum SV65. At each sampling date, twenty soil 
cores (7cm in diameter × 15 cm in depth) collected from each treatment were combined to make one 
composite soil per individual treatment. Two replicates were considered for each soil sampling. Once 
brought to laboratory, soil samples were passed through a 2-mm sieve to remove rocks and large organic 
debris. They were stored in plastic bags at 10°C and processed within 1 to 4 weeks after sampling (Larkin 
and Honeycutt, 2006). For further assays, two subsamples were processed from each composite soil sample. 
Determination of Fusarium oxysporum population 

To confirm the presence of F. oxysporum in the soil and to evaluate the effect of tested bacterial treatments 
on the soil infectious potential, 5 g of each soil sample were placed in an Erlenmeyer flask containing 100 ml 
of sterile distilled water (SDW) and subjected to continuous stirring at 150 rpm for 60 min. The supernatant 
was filtered through a double layer of muslin followed by a series of dilutions using SDW (Daami-Remadi et 
al., 2009). For each sample, 200 μl of 10-2 dilution were plated onto selective peptone-pentachloro-
nitrobenzen (PCNB) agar medium specific for Fusarium spp. isolation (Nash and Snyder, 1962). Plates were 
stirred gently by hand for homogeneous distribution of the soil extract with the culture medium. Three 
replicates of one Petri plate each were used for each soil sample. After incubation at 25°C for 12 days, F. 
oxysporum colonies growing on PCNB agar medium were morphologically and microscopically identified and 
the total number of colonies was counted.  

Determination of soil properties 

Soil samples were air-dried before use. Soil extracts were prepared by suspending soil in distilled water in 
1:10 soil/dH2O ratio. They were filtered through Whatman paper No 1 and analyzed for determination of 
their pH and conductivity using a glass electrode and conductivity meter, respectively. Water content was 
checked by removing 5 g of soil and weighting it before (wet weight) and after oven drying at 105°C for 24h 
(Larkin et al., 2006).  Organic carbon was determined by drying 10 g of soil at 105°C overnight and then at 
900°C for 2 h. The percentage of organic matter was calculated using the following formula:  

Organic matter = (dry matter ‒ mineralized matter) × 100 / dry matter and the percentage of organic carbon 
was estimated using the following formula: %Organic carbon = %Organic matter / 1.72 (Kettler et al., 2001). 
Estimation of soil microbial community 

General populations of culturable soil microorganisms were determined by soil dilution plating on various 
agar media according to Larkin and Honeycutt (2006) with some modifications. For each subsample taken 
from each composite soil, 10 g were added to 90 ml of sterile 0.2% water agar, vigorously stirred for 30 min, 
serially diluted and a-100 µl sample wasplated on 10% Tryptic Soy Agar (TSA) for total bacterial counts, 
selective King’s B medium (KB) amended with 75 mg l-1 of penicillin and 75 mg l-1 of cyclohexamide for 
Pseudomonas fluorescens counts, Yeast Malt Agar (ISP medium No. 2) amended with 75 mg l-1 of nalidixic 
acid and 100mg l-1 of cyclohexamide for actinomycete counts,and Potato Dextrose Agar (PDA) amended with 
300 mg l-1of streptomycine sulphate for total fungal counts.Four replicates of one plate each were used for 
each soil subsample. 

Bacterial and actinomycete plates were incubated at 28°C for 2 and 14 days, respectively, and fungal plates 
were maintained at 25°C for 7 days before counting growing colonies. Colonies of Aspergillus spp., 
Penicillium spp. and Fusarium spp. were identified based on their macro- and micro-morphological traits 
under light microscope and counted separately.  

Statistical analysis 

Data were subjected to a one-way analysis of variance (ANOVA) using Statistical Package for the Social 
Sciences (SPSS) software for Windows version 16.0. Data were analyzed according to a completely 
randomized design. Means were separated using Duncan Multiple Range tests to identify significant pair-
wise differences at P ≤ 0.05. 
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Results  
Effects of tested bacterial treatments on Fusarium wilt severity and tomato growth  

Six months after planting, a significant decrease (at P ≤ 0.05) in Fusarium wilt severity was achieved 
following tested bacterial treatments as compared to control,. Indeed, the vascular browning extent was 
reduced by 82.3 and 88.2% by B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 treatments, 
respectively, compared to the untreated control (Figure 1).  

 
Figure 1. Effect of Bacillus subtilis SV41 and Bacillus amyloliquefaciens subsp. plantarum SV65 on Fusarium wilt 

severity on tomato plants cv. Sahel grown under greenhouse for six months.  
Results are presented as mean ± SE (n=30, P≤ 0.05). Bars sharing the same letter are not significantly different 

according to Duncan Multiple Range test at P≤ 0.05. 

The percentage of re-isolation of F. oxysporum from roots, collars and stems of plants treated with B. 
amyloliquefaciens subsp. plantarum SV65 and B. subtilis SV41 was limited to 2.6-46.6% and 10-53.3%, 
respectively, compared to the untreated control where the re-isolation frequency of F. oxysporum varied 
from 63.3 to 80% (Figure 2). 

 
Figure 2. Effect of Bacillus subtilis SV41 and Bacillus amyloliquefaciens subsp. plantarum SV65 on Fusariumoxysporum 
re-isolation frequency from roots, collars and stems of tomato plants cv. Sahel grown under greenhouse for six months. 

The values presented are the percentages (%) of re-isolation of F. oxysporum on Potato Dextrose Agar (PDA) medium 
after incubation at 25°C for 4 days. Ten fragments per organ were cultured on plates containing PDA medium 

supplemented with streptomycin sulfate (300 mg l-1). Each individual treatment was repeated three times (3 × 10 
fragments). The percentage of re-isolation from stems is the average of five counts recorded at different stem levels i.e. 

(0 to 5 cm), (5 to 10 cm), (10 to 15 cm), (15 to 20 cm) and (20 to 25 cm). 
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As given in Table 2, growth and production parameters of tomato plants cv. Sahel (plant height, root fresh 
weight and fruit production per plant), noted six months after planting, varied significantly (at P ≤ 0.05) 
depending on tested bacterial treatments.  

Concerning plant height, a significant improvement of this parameter, of about 10.6% over control, was 
achieved using B. amyloliquefaciens subsp. plantarum SV65 based treatment (Table 2). The root fresh weight 
was significantly increased by 15.6 and 16.3% versus control in tomato plants treated with B. 
amyloliquefaciens subsp. plantarum SV65 and B. subtilis SV41, respectively. As shown in Table 2, B. 
amyloliquefaciens subsp. plantarum SV65 and B. subtilis SV41 significantly improved the fruit production by 
8.4 and 12.5% compared to the untreated control where the greatest enhancement, of about 12.5% over 
control, was recorded in B. subtilis SV41 treated plants. 

Table 2. Effect of two Bacillus spp. strains on the growth of tomato plants cv. Sahel grown under greenhousex for six 
months. 

Bacterial treatment Plant height (cm)a Root fresh weight (g)b Fruit weight (g)c 
Control 321.7 b ± 68 51.5 b ± 1.86 1622 c ± 0.73 
B. subtilis SV41 326.5 b ± 67 61.5 a ± 3.15 1854 a ± 0.83 
B. amyloliquefaciens subsp. plantarum SV65 359.17 a ± 51 61.03 a ± 12 1770 b ± 0.8 

For each column, the values followed by the same letter are not significantly different according to Duncan Multiple Range test at P ≤ 
0.05; ± SE: Standard error. 
a,b Results are noted at harvest. The values presented are the averages obtained from 30 plants for each treatment. The broken plants 
were eliminated from the statistical analysis. 
c Fruit weight was expressed per plant. For each treatment, this parameter was determined by calculating the sum of the weights of 
all fruits harvested between April and June 2016 divided by the total number of plants (40 plants). 
x The greenhouse is located in the experimental station at Teboulba (N35 ° 38'38.256 '', E10 ° 56'48.458 '', Monastir), The Regional 
Research Centre on Horticulture and Organic Agriculture of Chott-Mariem, Tunisia. 

Effects of tested bacterial treatments on Fusarium oxysporum population 

ANOVA analysis performed for the number of F. oxysporum colonies revealed a significant variation (at P ≤ 
0.05) in this parameter depending on sampled soils. As given in Figure3, F. oxysporum colonies were reduced 
by 87.5 and 91.7% in soils sampled from the rhizosphere of tomato plants cv. Sahel treated with B. subtilis 
SV41 and B. amyloliquefaciens subsp. plantarum SV65, respectively, as compared to those sampled before 
planting (initial soil state). F. oxysporum population decreased by 88.4 and 92.3% in tomato rhizospheric 
soils, compared to controlsoils, following their treatment with B. subtilis SV41 and B. amyloliquefaciens 
subsp. plantarum SV65, respectively.  

Effect of tested bacterial treatments on soil properties 

All collected soil samples were sandy loam. The application of bacterial treatments did not induce significant 
changes in soil pH which ranged between 7.3 and 7.7. However, the conductivity decreased by 26.7 and 
42.1%in soils treated with B. amyloliquefaciens subsp. plantarum SV65  and B. subtilis SV41 compared to 
control and by 23.7 and 39.7% relative to the initial state, respectively (Table 3).  

Table 3. Properties of sampled soils a 

Soil sample Sampling date Texture pH 
EC 

(dS/m) 
Water 

content (%) 
Organic 

matter (%) 
Organic 

carbon (%) 
Initial state December 2015 Sandy loam 7.3 0.228 15 3.16 1.83 
Control June 2016 Sandy loam 7.7 0.237 15.5 2.74 1.59 
SV41-treated June 2016 Sandy loam 7.6 0.137 15.5 3.38 1.96 
SV65-treated June 2016 Sandy loam 7.4 0.174 13.5 3.66 2.13 

a Soil sampled from the greenhouse located in the experimental station at Teboulba (N35 ° 38'38.256 '', E10 ° 56'48.458 '', Monastir), 
The Regional Research Centre on Horticulture and Organic Agriculture of Chott-Mariem, Tunisia. 
Initial state: Soil sampled one week before planting. Control: Soil sampled from the rhizosphere of untreated tomato plants six 
months after planting.SV41: Soil sampled from the rhizosphere of tomato plants treated with Bacillus subtilis SV41. SV65: Soil 
sampled from the rhizosphere of tomato plants treated with B. amyloliquefaciens subsp. plantarum SV65. 

The percentage of water content varied from 13.5 to 15.5% in all soil samples. A slight increment of about 
23.4 and 33.7%i n the percentage of organic matter was noted in the soil removed around roots of tomato 
plants treated with B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 compared to control soil 
sampled on June 2016 and of about 6.9 and 15.8%relative to the initial soil state sampled on December 
2015, respectively. Additionally, the percentage of organic carbon varied from 1.96 to 2.13% in soil treated 
separately with B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 compared to 1.59 and 1.83% 
estimated on control and initial soil samples, respectively (Table 3).  
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Effects of tested bacterial treatments on soil microbial community 

Analysis of variance revealed that the number of bacterial colonies growing from plated soil samples, after 2 
days of incubation in TSA medium, varied significantly (at P ≤ 0.05) depending on tested treatments. Soil 
samples treated with B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 showed significant 
increase in their bacterial populations of about 78.57 106 and 58.12 106 CFU g-1 soil, respectively, as 
compared to the initial soil state (before planting) estimated at 16.75 106CFUg-1. A significant enhancement, 
of about 49.9%, in the total culturable bacterial community was recorded in the tomato rhizospheric soil 
treated with B. subtilis SV41 compared to control (Figure 4A).  

 
Figure 4.Effect of bacterial treatment on soil microbial population sampled from the rhizosphere of tomato plants grown under 

greenhousex for six months. 
Results are presented as mean ± SE (n = 8, P≤ 0.05). Bars sharing the same letter are not significantly different according to Duncan 

Multiple Range test at p ≤ 0.05. Dilution was made from a concentration of 10% (w v-1).Initial: Soil sampled at pre-plant (before 
planting). Control: Soil sampled from the rhizosphere of untreated tomato plants at the end of the trial (six months after planting).  x 
The greenhouse is located in the experimental station at Teboulba (N35 ° 38'38.256 '', E10 ° 56'48.458 '', Monastir), The Regional 

Research Centre on Horticulture and Organic Agriculture of Chott-Mariem, Tunisia. 

As for the bacterial biodiversity, the relative abundance of Pseudomonas spp. community was found to be 
relatively important in the rhizosphere of tomato plants treated with the two bacterial strains and in the 
untreated ones as compared to Pseudomonas population determined in the initial soil state (Figure 5). 
Indeed, both bacterial treatments significantly enriched Pseudomonas community in treated soils by 57.5-
66% compared to the control soils and by 92.8-94.2% versus the initial soil state. Furthermore, P. fluorescens 
colonies were three times higher in the B. amyloliquefaciens subsp. plantarum SV65-treated soil than in 
control soil and 11.2 times more abundant than in theinitial state. Soil treated with B. subtilis SV41 showed 
significant increase in P. fluorescens population which was nine times higher than that ofthe initial soil 
(Table 4). As shown Figure5, in each soil sample, Actinomycetes population was lesser when compared to the 
remaining bacterial groups. Indeed, Actinobacteria population significantly increased by 52 and 56.2%, 
compared to the initial state, in soils treated with both bacterial strains. Furthermore, B. subtilis SV41-
treated soil showed significant increment in the total of culturable Actinomycetes of about 44.9% compared 
to control (Table 4). 
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Table 4. Soil populations of selected subgroups of microorganisms isolated from the rhizosphere of tomato cv. Sahel 
plants treated separately with Bacillus subtilis SV41 and Bacillus amyloliquefaciens subsp. plantarum SV65 compared to 
the untreated and to the pre-plant soil samples, as determined by soil dilution plating on selective media. 

Soil sample Microorganism group (CFU g-1 soil)x 
Actinomycetes 

(× 10³) 
Pseudomonas 

(× 10⁵) 
P.fluorescens 

(× 10⁵) 
Aspergillus 
spp. (× 10³) 

Penicillium 
spp. (× 10³) 

Fusarium spp. 
(× 10³) 

Initial state 15.00 c 15.00 b 5.00 c 13.75 b 0 b 25.00 a 
Control 18.88 bc 88.75 b 18.75 bc 16.66 ab 0 b 26.66 a 
SV41-treated 34.28 a 261.25 a 45.00 ab 27.50 a 6.25 a 7.50 b 
SV65-treated 31.25 ab 208.75 a 56.25 a 21.25 ab 1.25 ab 2.50 b 

x Soil samples were collected in December 2015 (before planting) and June 2016 (harvest) from the greenhouse located in the 
experimental station at Teboulba (N35 ° 38'38.256 '', E10 ° 56'48.458 '', Monastir), The Regional Research Centre on Horticulture 
and Organic Agriculture of Chott-Mariem, Tunisia. 
Values following with the same letter are not significantly different according to Duncan Multiple Range test at P≤ 0.05. Dilution was 
made from a concentration of 10% (w v-1). Initial: Soil sampled at pre-plant (before planting). Control: Soil sampled from the 
rhizosphere of untreated tomato plants at the end of the trial (six months after planting).B1: Soil sampled from the rhizosphere of 
tomato treated with Bacillus subtilis SV41. B2: Soil sampled from the rhizosphere of tomato treated with B. amyloliquefaciens subsp. 
plantarum SV65. 

As for fungal biodiversity, there was a slight increase in the total culturable fungi, growing after 7 days of 
incubation in PDA medium, following bacterial treatments compared to control and initial soil samples 
(Figure 4B). As given in Table 3, Aspergillus spp. and Penicillium spp. colonies were more abundant in the 
rhizosphere of B. subtilis SV41-treated plants compared to the initial (before tomato planting) and control 
soil samples. However, a significant decrease by 71.9 and 90.6% compared to control soil and by 70 and 
90% relative to the initial state, was noted in Fusarium spp. populations in soils treated with B. subtilis SV41 
and B. amyloliquefaciens subsp. plantarum SV65, respectively (Table 4). 

 
Figure 5. The bacterial community structure under bacterial soil treatment per g soil. 

Results are presented as mean ± SE (n = 8, P≤ 0.05). The relative abundance was estimated per the total bacteria 
counted in each sampled soil. Dilution was made from a concentration of 10% (w v-1). Initial: Soil sampled at pre-plant 

(before planting). Control: Soil sampled from the rhizosphere of untreated tomato plants at the end of the trial (six 
months after planting). 

Discussion 
A better understanding of what makes a plant-microbe interaction detrimental or beneficial to plants would 
provide an important insight into the efficient handling of microbes for agriculture production (Swarupa et 
al., 2016). In this study, two endophytic bacteria, B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum 
SV65, were assessed for their ability to suppress Fusarium wilt disease symptoms, to enhance tomato 
growth and production and to reduce pathogen inoculums in soil. The effect of both bacteria on soil 
microbial populations was also estimated. 

The exploration of endophytic bacteria as a potentially interesting and environmentally friendly alternative 
for the management of tomato Fusarium wilt disease has been shown to be effective in inhibiting systemic 
progression of the causative agent (Ramyabharathi and Raguchander, 2014). In this study, B. subtilis SV41 
and B. amyloliquefaciens subsp. plantarum SV65 successfully reduced Fusarium wilt severity by 82-88% and 
limited the pathogen colonization of tomato stems compared to control. Numerous plant pathogenic F. 
oxysporum isolates were successfully controlled by Bacillus sp. recovered from chickpea plants (Landa et al., 
1997). Disease suppressive effects were also expressed by two unidentified endophytic bacteria, recovered 
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from healthy wild and cultivated young oilseed rape plants, which reduced Fusarium wilt severity by 75% 
on tomato plants (Nejad and Johnson, 2000). Kalai-Grami et al. (2014) found that endophytic B. mojavensis 
recovered from citrus plants reduced disease severity in maize plants inoculated with Fusarium 
verticillioides. In addition, most Bacillus species were able to inhibit the mycelial growth of F. oxysporumin 
vitro (Idris et al., 2007; Aydi Ben Abdallah et al., 2015).  

The plant growth-promoting ability was induced by the beneficial microbial agents directly by the 
acquisition of essential nutriments and the production of phytohormones and/or indirectly by inhibiting 
pathogen growth and inducing plant systemic resistance (Santoyo et al., 2016). Results from the current 
study clearly demonstrated that application of B. subtilis SV41 and B. velezenis SV65 in the soil reduced the 
population of F. oxysporum and enhanced the number of beneficial microbial agents leading to a significant 
decrease in Fusarium wilt severity and to a significant promotion of plant growth and production. This result 
is in agreement, in part, with previous findings related to disease-suppressive effects displayed by an 
endophytic B. subtilis EPC016, isolated from cotton plants, which decreased Fusarium wilt incidence by 
68.4% and increased tomato growth and yield compared to control (Ramyabharathi and Raguchander, 
2014). B. subtilis SV41 and B. amyloliquefaciens subsp. plantarum SV65 were previously tested with other 
Bacillus species in a pot experiment where authors indicated that Fusarium wilt severity suppression was 
significantly correlated to the decreaseof pathogen colonization of vascular tissues leading consequently to 
plant growth promotion (Aydi Ben Abdallah et al., 2017). Indeed, B. subtilis SV41 was found the highest 
salicylic acid producing agent that acts as an elicitor for the induction of systemic resistance against 
pathogen attack. Furthermore, Aydi Ben Abdallah et al. (2017) found that B. amyloliquefaciens subsp. 
plantarum SV65induced expression of the lipooxygenase gene (LOXD) and especially acidic PR-1 and PR-3 
genes in treated plants and those uninoculated or inoculated with FOL. Therefore, the two Bacillus spp., 
tested in our study, have shown able to induce systemic resistance in treated tomato as reported in Aydi Ben 
Abdallah et al. (2017) leading indirectly to growth promotion. There are a large number of common 
mechanisms that plant growth-promoting bacteria (PGPB) use to indirectly promote plant growth which 
include production of antibiotics and cell wall-degrading enzymes, decrease in ethylene levels, induction of  
systemic resistance, reduction of iron available to pathogens, and synthesis of pathogen-inhibiting volatile 
compounds (Glick, 2015). In addition, PGPB directly promote plant growth through the acquisition of 
nutriments from environment including nitrogen, phosphorous and iron or through the production and/or 
regulation of various plant hormones including auxin, cytokinin or ethylene (Santoyo et al., 2016). These two 
Bacillus strains tested in the current investigation are shown able to produce the indole 3-acetic acid (IAA) 
and only B. amyloliquefaciens subsp. plantarum SV65 was able to solubilize the phosphate (unpublished 
data). Aydi Ben Abdallah et al. (2016) also demonstrated that Bacillus sp. SV101 and B. tequilensis SV104 
were IAA-producing agents and only Bacillus sp. SV101 was a phosphate-solubilizing strain.  

Many researchers have attempted the development of biocontrol agents for suppression of various soilborne 
pathogens (Domenech et al., 2005). In this study, pre-planting soil treatment with B. subtilis SV41 and B. 
amyloliquefaciens subsp. plantarum SV65 reduced Fusarium (and especially F. oxysporum) inoculum in 
treated soils as compared to control. These results are in agreement with other findings (Zhang et al., 2008; 
Ling et al., 2010). In fact, Qiu et al. (2012) found that following treatment with abio-organic fertilizer 
(composed of organic fertilizer combined with B.subtilis SQR-9, Paenibacillus polymyxa SQR-21 and 
Trichoderma harzianum SQR-T037), Fusarium population was reduced to one fourth as compared the 
organic fertilizer applied without microbial supply. Indeed, among the Fusarium group, F.oxysporum 
population in soils unsubjected to microbial amendment were almost ten times more abundant than in the 
soil treated with the bio-organic fertilizer. In this study, the abundance of fungi showed different trends. A 
higher frequency of Aspergillus and Penicillium colonies was detected in the rhizosphere of tomato plants 
treated with B. subtilis SV41 as compared to the initial state (before planting) and to control soil. Aspergillus 
and Penicillium have been reported to be antagonistic to various Fusarium species (Dong and Cohen, 2002; 
Brzezinska and Jankiewicz, 2012; Mejdoub-Trabelsi et al., 2017). In fact, Sreevidya and Gopalakrishnan 
(2016) demonstrated that P. citrinum VFI-51 is able to produce siderophores, indole 3-acetic acid, 
hydrocyanic acid, lipase, protease, β-1,3 glucanase, and volatile compounds and also capable to compete 
with other pathogenic microorganisms such as Fusarium species (Aydi Ben Abdallah et al., 2015; Mejdoub-
Trabelsi et al., 2017). 

As for their effects on bacterial community structure, the number of beneficial bacteria determined in 
bacterized soils was three times higher than in the initial soil state (before planting). Moreover, B. subtilis 
SV41-treated soil showed enrichment of the total bacteria populations as compared to control. These 
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findings are in agreement with those of Qiu et al. (2012). In the current study, the soil DNA was not extracted 
and pyrosequenced. The colonies number of Actinomycetes and Pseudomonas wereestimatedbased on their 
macro-morphological traits on selective media. The number of Pseudomonas spp. was significantly higher in 
treated soils than in control ones (initial state and untreated control). The application of B. amyloliquefaciens 
subsp. plantarum SV65 in soil enhanced the population of P. fluorescens as compared to the initial state and 
to control soil. Pseudomonas is also known by its ability to suppress numerous plant pathogens including 
F.oxysporum (Patel et al., 2012; Munif et al., 2012; Dalal and Kulkarni, 2013). Bibi et al. (201) and Aydi Ben 
Abdallah et al. (2016) showed the ability of Pseudomonas spp. to produce hydrolytic enzymes such as 
chitinase, protease, pectinase and β-1,3 glucansewhich are involved in the antifungal activity 
againstF.oxysporum. Also, in the current study, Actinobacteria population was significantly increased in soils 
treated with both bacterial strains compared to the initial soil state. In fact, B. subtilis SV41-treated soil 
showed significant enrichment in Actinomycetes population which was estimated to be two times higher 
than to that of the untreated soil. Qiu et al. (2012) found that Streptomyces, an Actinobacteria, accounted for 
3.2% of the total bacterial sequences on soils treated with various microbial inoculants such as Bacillus, 
Paenibacillus and Trichoderma. Its abundance is approximately three times higher than in the untreated soil. 
This genus can produce tubercidin, phosphlactomycin and candicidin (Hwang et al., 1994) and was found to 
be an effective biological control agent (Etebarian et al., 2003; Nourozian et al., 2006; Shekhar et al., 2006). 
Actinomycetes collected from 30 rhizospheric soils of Catharanthus roseus and Withania somnifera in 
different locations in Ludhiana, India, are promising biocontrol agents for Alternaria alternata, Fusarium 
oxysporum, Helminthosporium oryzae, Macrophomina phaseolina, Penicillium sp., Rhizoctoniasolani and 
Sclerotium rolfsii control (Kamara and Gangwar, 2015). 

Fusarium wilt suppression maybe, in part, attributed to the action of microbial agents associated to treated 
tomato plants. In this study, soil bacterial treatment increased significantly the populations of Pseudomonas 
and Actinomycetes in tomato rhizosphere compared to untreated soils. Patel et al. (2012) identified an 
endophytic Pseudomonas aeruginosa HR7, recovered from cultivated tomato, as an effective agent for F. 
oxysporum biocontrol. Dalal and Kulkarni (2013) also recorded a significant inhibition of F.oxysporum 
mycelial growth using endophytic Pseudomonas sp. originally recovered from soybean. In Aydi Ben Abdallah 
et al. (2016) study, P. brenneri S85, shown able to inhibit FOL in vitro and in vivo growth, was capable to 
produce chitinase, protease and pectinase. Endophytic Pseudomonas species i.e P. brenneri, P. koreensis, P. 
viridiflava and P. syringae are also commonly known as producers of antibiotics such as ecomycins and 
pseudomycins (Christina et al., 2013) and/or hydrolytic enzymes (Bibi et al., 2012). Indeed, two 
actinomycetes species i.eMicromonospora sp. and M. globosa were successfully explored as biocontrol agents 
against tomato wilt and Pigeons-peas wilts caused by F. oxysporum f. sp. lycopersici and F. udum, respectively 
(Smith, 1957; Ypadhyay and Rai, 1987). Various antifungal antibiotics were released in soils by different 
actinomycetes (Trejo-Estrada et al., 1998; El-Tarabily and Sivasithamparam, 2006). In fact, this bacterial 
group produced high levels of chitinases and β-1,3-glucanses which caused extensive hyphal plasmolysis, 
cell-wall lysis and significantly reduced the level of disease incidence under controlled greenhouse 
conditions (El-Tarabily et al., 2000). Furthermore, the plant growth-promoting potential noted in treated 
plants may be due to the presence of beneficial microorganisms in the rihzosphere of treated plants such as 
Pseudomonas and actinobacteria. Several previous study showed that phosphate solubilization potential and 
IAA production ability by Pseudomonasare involved in plant growth promotion (Ngamau et al., 2012; Patel et 
al., 2012; Dalal and Kulkarni, 2013; Aydi Ben Abdallah et al., 2016). Additionally, the selected actinomycetes, 
identified as Streptomyces using 16S rDNA analysis, have good plant growth-promotion and biocontrol 
potentials on chickpea under in vitro and in vivo conditions and were found able to produce siderophores, 
cellulases, lipapses, chitinases, proteases, β-1,3-glucanses, hydrocyanic acid and IAA (Sreevidya et al., 2016). 

In conclusion, soil bacterial treatment using B. subtilis SV41 (KR818071) and B. amyloliquefaciens subsp. 
plantarum SV65 (KR818073) was considered to be an effective approach to suppress Fusarium wilt of 
tomato through the direct inhibition of the causal agent and the suppression of its inoculum in soil and also 
through the enhancement of the soil biofertility via its enrichment with various beneficial microbial agents. 
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For growth or development of pulses, biotic and abiotic environmental factors are more 
conspicuous under stress conditions. For the survival against abiotic stresses, salicylic 
acid (SA) is reported a universal remedy. At the Soil Bacteriology Section, Ayub 
Agricultural Research Institute, Faisalabad, a pot study was conducted to monitor the 
role of Plant Growth Promoting Rhizobacteria (PGPR) and Salicylic acid in chickpea 
under salt stress. Eight treatments including control PGPR inoculation and Salicylic acid 
with their different combination were used. Results revealed that positive response of 
PGPR on productivity of chickpea but more enunciated response about grain yield was 
observed with the combined application of SA and PGPR compared to control. Growth 
parameters i.e root length, root mass, number of nodules and shoot mass were highly 
affected where SA was applied along with PGPR. From the study, it is proposed that 
under salt stress the combination of SA + PGPR can be a suitable practice for more 
production of chickpean Pakistan. 

 Keywords: Pulses, SA salt stress, microbes pulses. 
© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
Salinity stress causes the major reduction in agricultural production of Pakistan by declining the crop yield 
through distressing the balance of water and micro and macronutrients of plants (Munns and Tester, 2008). 
There are a number of rhizospheric microorganisms which are known as plant growth promoting 
rhizobacteria (PGPR), when they  develop strong relationship with a host plant improve the plant growth 
(Vessey, 2003). Nowadays, concentration of salts tremendously increasing which causes reduction in the 
agricultural output in major parts of the world (Hasanuzzaman et al., 2013). 

Plant growth is suppressed under mainly by two ways; firstly by osmotic effects of salt stress and second by 
salt-specific effects (Sobhanian et al., 2010). However, salt tolerance can be enhanced in crops by various 
physiochemical pathways (Babu et al., 2012).  To reduce the negative effects of salt stress on the growth and 
yield of plant a lot of research work has been conducted. Different techniques of biology like seed/plant  
treatments with plant growth promoting bacteria (PGPR) and exogenous application of growth hormones 
which make defense under stress conditions  are  previously studied (Hayat et al., 2010; Ullah et al., 2017; 
Qureshi et al., 2019). Among plant growth regulators salicylic acid is one of them which play a role in 
defensive system against different stresses either biotic or abiotic (Szalai et al., 2000). Among naturally 
existing phenolic compound, salicylic acid (SA) is one of them. A lot of evidences has been found that 
externally applied SA increased plant’s tolerance to several abiotic stresses, including drought (Azooz and 
Youssef, 2010), osmotic stress (Al-Hakimi, 2006), heavy metal stress (Moussa and El-Gamel, 2010) and 
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salinity (Gunes et al., 2007). Externally applied SA reduced transpiration and increased flower longevity, 
nitrate reductase activity as well as the yield of some plants which overall suggest that SA may enhance the 
multiple types of stress tolerance in plants through which interactive effects on several functional molecules 
or other signaling molecules participating in more complex stress response. 

Biological Nitrogen Fixation is the biological mechanism where rhizobia symbiotically fix of atmospheric 
nitrogen into form which is available for plants in the presence of enzyme nitrogenase (Mohammadi and 
Sohrabi, 2012). The biological catalyst which is present in the bacteriod and mediates the reaction is a 
nitrogenase enzyme. BNF is cost effective and ecologically sound source of nitrogen and helps to decrease 
the dependence on external inputs 

In pulses chickpea ranked at 3rd portion in overall world production. In many countries of the world 
chickpea (Cicer arietinum L.) is a key leguminous crop which is vital for its nutritional value. In arid areas 
chickpea is locally grown crop that has ability to adopt different biotic and abiotic environmental stress 
conditions (Rao et al., 2002).  Through symbiotic nitrogen fixation chickpea fulfills its 70% of its N 
requirement (Siddique et al., 2005). So current study was planned to check the response of PGPR along with 
various concentrations of Plant growth regulators (Salicylic acid) under salinity stress.    

Material and Methods 
Isolation of PGPR 

For the isolation of PGPR, rhizospheric soil of chickpea was collected from pulses research Institute, 
Faisalabad, Pakistan. Screening of microbes were carried out through auxin biosynthesis. Identification and 
characterization of selected isolate were done by using morphological, physiological, biochemical testing 
methods as described in Bergey’s manual of Systematic Bacteriology.    
For experiment, these PGPR isolates were grown on Luria Bertani (LB) media. A single loop was shifted to 
flasks of 250 mL which contains LB broth. Flasks are placed on a rotating shaker (95 rpm) for 24 h at 27ºC. 
The bacterial suspension concentration of 106 CFU ml-1 was maintained. 1 mL of log culture (110 cells) of 
each bacterial isolates was transferred as inoculum in the corresponding treatments. Auxin biosynthesis 
potential of screened isolates was determined in the terms of IAA equivalents (Sarwar et al., 1992). 
 

Pot experiment 

A glass house study in pots was carried out at the Soil Bacteriology Section, Ayub Agricultural Research 
Institute, Faisalabad, to test the function of beneficial microorganisms (PGPR) along with Salicylic acid (SA) 
on chickpea crop in salinity stress conditions. Treatments were control (without inoculation), PGPR 
inoculation, Salicylic acid and their various combinations (T1: Control, T2: PGPR inoculation, T3: Salicylic acid 
@ 10-3 M, T4: Salicylic acid @ 10-4 M T5: Salicylic acid @ 10-5 M, T6: PGPR + Salicylic acid @ 10-3 M, T7: PGPR + 
Salicylic acid @ 10-4 M, T8: PGPR + Salicylic acid @ 10-5 M). Pots were filled with 10 kg soil having sandy clay 
loam texture, ECe 1.16 dSm-1, pH 8.8 and saturation percentage age (33%). Used the chickpea (Cicer 
arietinum L.) seeds as plant materials. Chickpea seeds were sterilized in 1% HgCl2 for 2 minutes, for surface 
sterilization and then, washed with sterilized distilled water at least 10 times to remove traces of toxic HgCl2. 
After air drying Chickpea seeds were sown into sterilized pots (eight seeds per pot). All nitrogen and 
phosphorus doses were applied at time of sowing.According to treatment plan, seeds of chickpea were 
coated with peat based inoculum of selected strains of PGPR in a completely randomized design. Before pot 
filling salinity was developed by NaCl @ 5 dS m-1. After 15days of seedling emergence foliar application of SA 
was carried out. All physiochemical parameters were recorded at the time of harvesting and after 
harvesting. N and P analysis was carried out by using method described by Jones (2001). 

 

 

Isolates IAA Equivalents (µg mL-1)  Isolates IAA Equivalents (µg mL-1) 

Rhizobium sp. ( ChickPea ) Azotobacter sp. 
CP-1 AZ-6 4.36 
CP-2 5.89 AZ-7 5.56 
CP-3 6.84 AZ-8 1.03 
CP-4 4.36 AZ-9 5.04 
CP-5 4.28 Azospirillum sp. 
   AS-1 2.08 
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Chlorophyll and cartenoids concentration 

To determine the chlorophyll and cartenoids, leaf sample of chickpea plant was taken  in pre-weighed clean 
glass vials And add 10 mL of 80%. Bleached the leaf material and then decant off. Spectrophotometer 
(Spectronic Genesys-5, Milton Roy) was used to read the optical density at λ = 663, 646 and 470 nm using 
80% acetone as a blank. Concentration of chlorophyll a, chlorophyll b and carotenoids (μg g–1) was 
calculated according to Lichtenthaler and Wellburn (1983). Data was analyzed statistically by using statistics 
8.1 (Steel et al., 1997). 

Results  
Physical parameters 

Results revealed that positive response of microbes on growth and productivity of chickpea under salinity 
stress but distinctive effect was observed, in all growth characteristics of chickpea, where the p SA was 
applied along with co inoculation of PGPR. Maximum length of shoot was found in the treatment where 
PGPR and SA were applied. However, length of root and shoot was more in the treatment where only PGPR 
was applied as compare to un inoculated treatment but its effect was less as compare to combine treatment 
(PGPR and Salicylic acid) shown in Figure 1 and 2. Highest shoot and root length was recorded when PGPR 
and Salicylic acid 10-3 M was used. Maximum numbers of nodules were observed when combination of plant 
growth hormone (SA @ 10-5 M) and PGPR was applied (Table 1). Data regarding grain yield also showed that 
higher yield was recorded in treatment where PGPR + Salicylic acid 10-5 M was applied (Figure 3).  

Table  1. Effect of treatments on yield parameters of chickpea 

Treatments 
Number of 

pods plant-1 
Pod yield 
(g pot-1) 

Number of 
seed  pod-1 

Branches  
plant-1 

Number of 
flowers plant-1 

T1- Control 20.66 C 12.39 E 2 5 DE 26.00 BC 
T2- PGPR  24.66 C 14.63 D 2 6  CD 27.67 BC 
T3 - SA 10-3 M 20.66 C 15.40 D 2 3 E 22.67 C 
T4 - SA 10-4 M 21.33 C 16.01 CD 2 3 E 23.67BC 
T5 - SA 10-5 M 25.33 BC 17.36 BC 2 6 CD 27.33 BC 
T6 - PGPR + SA 10-3 M 30.33 AB 15.87 CD 2 7 BC 31.00 B 

T7 - PGPR + SA 10-4 M 31.00 A 18.61 B 2 9 AB 40.33 A 
T8 - PGPR + SA 10-5 M 25.66 ABC 21.33 A 2 10  A 47.67 A 
LSD 5.519 1.702 N.S. 2.234 7.908 

 

T1- Control 
T2- PGPR 
T3 - SA 10-3 M 

T4 - SA 10-4 M 
T5 - SA 10-5 M 
T6 - PGPR + SA 10-3 M 

T7 - PGPR + SA 10-4 M 
T8 - PGPR + SA 10-5 M 

   
Figure 1. Effect of treatments on Plant 

Height (cm) 
Figure 2. Effect of treatments on Root 

length (cm) 
Figure 3. Effect of treatments on 

grain yield, g pot-1 

 

Data regarding chlorophyll and carotenoids, nodular mass, number of nodules revealed that maximum 
chlorophyll contents (a&b) were observed where SA@10-5 M along with PGPR present followed by other 
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treatments as shown in Figure 4 and 5. But carotenoids were almost at par in all the treatments where SA 
and PGPR are combined as shown in Figure 6. It means efficiency of PGPR was enhanced in the presence of 
salicylic acid. In case of number of nodules maximum nodules were present in T7 (SA@10-4M+PGPR) 
followed by T8 (SA@10-5 M+PGPR). Maximum nodular mass was observed in both the treatments T7 & T8 as 
compare to other treatments as shown in (Table 2).  

Table  2. Effect of treatments on growth parameters of chickpea 

Treatments Fresh shoot 
wt. (g pot-1) 

Dry shoot 
wt. (g pot-1) 

Fresh root wt.  
(g pot-1) 

Dry root wt. 
( g pot-1) 

Number of 
Nodules Plant-1 

Nodular 
Mass (g) 

T1- Control 40.70 F 8.06 E 32.71 C 3.06  E 35.00D 0.08 BCD 
T2- PGPR  42.50 EF 8.43 DE 41.00 B 5.23 BC 37.00 CD 0.10 ABCD 
T3 - SA 10-3 M 41.50 EF 8.40 DE 43.22 B 3.96 DE 39.66  C 0.07 CD 
T4 - SA 10-4 M 43.50 DE 8.83 CD 43.67 B 3.88 DE 47.00 A 0.06 D 
T5 - SA 10-5 M 45.16 CD 9.23 BC 48.50  A 5.50 BC 39.00 C 0.10 ABCD 
T6 - PGPR + SA 10-3 M 47.30 BC 9.40 ABC 48.93 A 6.27 B 47.66 A 0.11 ABC 
T7 - PGPR + SA 10-4 M 48.83 AB 9.83 AB 50.51 A 7.86 A 49.00 A 0.12 AB 
T8 - PGPR + SA 10-5 M 51.00 A 10.10 A 43.71 B 4.72 CD 43.66 B 0.12 A 
LSD 2.298 0.728 3.483 1.174 3.238 0.037 

 

T1- Control 
T2- PGPR 
T3 - SA 10-3 M 

T4 - SA 10-4 M 
T5 - SA 10-5 M 
T6 - PGPR + SA 10-3 M 

T7 - PGPR + SA 10-4 M 
T8 - PGPR + SA 10-5 M 

   

Figure 4. Effect of treatments on 
Chlorophyll a (µg g-1) concentration 

Figure 5. Effect of treatments on 
Chlorophyll b (µg g-1) concentration 

Figure 6. Effect of treatments on 
Cartenoids (µg g-1) concentration 

Agronomic parameters 

Data regarding grain yield revealed that maximum grain yield (14.08 g pot-1) was observed in T7 treatment 
where PGPR was applied along with salicylic acid @ 10-4 M, following by T6 treatment the exogenous 
application of plant growth hormone@10-3 in combination with PGPR (13.81g) as compared to control 
(9.23g). Similarly maximum plant height (34.67cm), number of nodules pot-1 (49.0) was observed in T7 
treatment. Results regarding different agronomic parameters revealed that maximum pod yield (21.33 g pot-

1), number of flowers (47.67 plant-1), fresh shoot mass (51.0g), number of branches (9.67 plant-1), root 
length (40.0 cm) were obtained in T6. Maximum root mass (51.51g pot-1), dry root mass (7.86 g) was 
observed in T7 as compared to control (32.72, 3.06 g pot-1) respectively. 

Chemical Parameters 

In case of chemical analysis of chickpea grain for nitrogen and phosphorus the same trend was observed like 
the other parameters. The concentration of nitrogen in chickpea grain increased in those treatments where 
plant growth promoting rhizobacteria were applied as compare to other treatments.  When PGPR combined 
with salicylic acid the nitrogen contents enhanced as compared to that treatments where only PGPR or SA 
applied (Figure 7). Similar trend was observed in case of % P contents in chickpea grain (Figure 8). 
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T1- Control 
T2- PGPR 
T3 - SA 10-3 M  
T4 - SA 10-4 M 

T5 - SA 10-5 M 
T6 - PGPR + SA 10-3 M 
T7 - PGPR + SA 10-4 M 
T8 - PGPR + SA 10-5 M 

  
Figure 7. Effect of treatments on N 

(%) in chickpea grain 
Figure 8. Effect of treatments on P 

(%) in Chickpea grain 

Discussion 
According to our results under stress conditions salicylic acid improves the growth and yield of chickpea 
crop. But when it combines with PGPR it not only improves the growth but also increased the grain yield. All 
growth and yield parameters improve by the addition of salicylic acid and PGPR. Exogenous application of 
salicylic acid in combination with PGPR under salt stress conditions increased growth of chickpea. Our 
findings were similar to Baniaghil et al. (2013) which describes that in canola plant various species of 
microorganisms such as Azospirillum sp. and Pseudomonas sp. enhanced growth and biomass by altering 
the oxidative stress enzymes and essential nutrient under saline conditions. Internal ion flux of plants 
severely affected under salinity stress conditions. According to the results under salinity, the control plants 
had less nutrient uptake as compared to PGPR and SA application, our findings are similar to the results of 
(Rojas-Tapias et   al., 2012). During mutualistic relationship production of SA improves the growth of plants 
by initiating induced systemic resistance under all type of stresses whether they are biotic or abiotic (Pozo 
and Azcón-Aguilar, 2007). There was significant increase in number of nodules and nodular mass was 
observed by seed treatments with PGPR. The positive response of Rhizobium specie on nodular dry mass 
and number per plant in chickpea is studied by many researchers (Eusuf Zai et al 1999; Bhuiyaan et al, 
2008). Rhizobium inoculation resulted in excellent nodulation in contrast to poor nodulation in control 
(Khattak et al, 2006). Suryawanshi et al. (2007) observed positive effect of inoculation on nodule number 
and nodule dry weight. Inoculation studies have showed increase nodule number and nodule dry and fresh 
weight per plant in chickpea (Verma et al, 2010; Sahai and Chandra, 2010). Similarly, Singh et al. (2014) 
observed higher number (27.6%) and dry weight (22.2%) of nodules per plant as compared to un-
inoculated control in chickpea. Leghaemoglobin, red iron-containing protein, occurs in the root nodules of 
leguminous plants where it facilitates the diffusion of oxygen to the symbiotic bacteroids in order to 
promote nitrogen fixation. Moreover, Leghaemoglobin is synthesized by the symbiotic partners viz. the 
Rhizobia and the host plant. Rhizobium synthesizes the “haem” portion and plant synthesizes the “globine” 
portion. Lakshmanarao and Singh (1983) evaluated positive relationship between leghaemoglobin content 
and nitrogen fixation. Tagore et al. (2013) observed higher leghaemoglobin content in the nodular tissue of 
chickpea inoculated treatment. Further, there was a positive correlation between nitrogenase activity and 
both number and dry weight of nodules (Miller et al., 1986). Seed inoculation showed significant increase in 
the nitrogenase activity in contrast to uninoculated control (Dutta and Bandhyopadhyay, 2009). Malik and 
Sindhu (2011) also reported similar findings in chickpea. Such positive benefits have also been reported by 
Das et al (2013) which may be attributed to presence of  low or useless population of indigenous rhizobia 
nodulating chickpea in the soil allowing the inoculant strain to form greater portion of effective nodules on 
plant roots (Parul and Chandra, 2009). There is positive effect observed in all yield parameters by the 
application of PGPR. Many researchers also reported positive effect of rhizobium inoculation and various 
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other yield parameters viz number of pods per plant, seeds per pod, thousand seed weight. Numbers of pods 
per plant were reported to be 21% higher with rhizobium over uninoculated control (Sharar et al., 2000). 
Further Ali et al., (2004) revealed that thousand seed weight was significantly better with inoculation. The 
increase in yield components through seed inoculation may be due to higher nodulation and more nutrient 
availability resulting in increase in plant growth and yield (Namvar et al., 2013). The present investigation 
suggests positive effect of salicylic acid on plant biomass and grain yield. This may be due to tolerance of 
plants against stressful environment. Several reports were published in the last decade that represents 
salicylic acid may play a vital role in signaling for plant resistance to environmental stresses (Hayat et al., 
2008). 

Increase in nitrogen and phosphorus uptake was observed by the application of PGPR and salicylic acid. 
These findings are online with those of Tagore et al. (2013) in chickpea. Kumar et al. (2014) were also found 
significant increase in nutrient contents by the application of rhizobium as comparison to control. İn this 
study exogenous application of salicylic acid and PGPR increased the chlorophyll contents and carotenoids. 
Our results are in agreement with the observation of Hayat et al. (2008; 2012). That describe when plants 
were subjected to environmental stresses chlorophyll a,b and carotenoid concentration was significantly 
reduced that were overcome under salicylic acid application that enhanced the activity of Rubisco and PEP 
carboxylase under stress. 

Physiological and agronomic characteristics of plants to salinity are controlled by different types of genes, 
whose expressions are affected by different factors of environment (Foolad, 2004). In exogenous use of SA in 
the presence of salinity cause higher fresh and dry weight of plants as compared to those without SA 
treatment. Foliar use of SA on mustard plant results in increasing the tolerance of salinity stress (Ghoulam et 
al., 2002). In spite of this SA has potential to induce systemic resistance against pathogenic attack in plants. 

Conclusion 
From the study, it is concluded that exogenous application of salicylic acid along plant growth promoting 
rhizobacteria has a potential to improve the growth and yield of chickpea under salinity stress. So it is 
recommended that during salinity plant growth regulator (SA) along with PGPR can be an appropriate 
approach for better chickpea production. 
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Irrigation water is limiting factor for crop production in arid and semi-arid regions. Modern 
irrigation system such as drip irrigation are widely used in Egypt and also used in other 
countries especially have limited irrigation water resources.  Drip irrigation provides the 
efficient use of limited water resources with increasing water productivity (WP). 
Application of nitrogen to wheat is needed to ensure the N availability throughout the 
growing season due to its important role in promoting both vegetative and reproductive 
growth. A field experiment was carried out during growing season of 2017/2018 at a 
private farm located at a newly reclaimed sandy soil at El-Sadat district El-Menofiya 
governorate , Egypt to study the effect of  two nitrogen fertilizer types (ordinary and slow 
release N fertilizers) as urea 46.5%N  and urea formaldehyde (38%N) with four application 
rates i.e., 0, 40, 60 and 100 kg N fed-1 (1 feddan=4200 m2) combined with drip irrigation 
moisture depletion from filed capacity (FC) (I1=100% of FC) and (I2=50% of FC) on wheat 
crop. The results showed that application of water  depletion at (I1) through drip irrigation 
along with 100 kg N fed-1, from two sources of nitrogen recorded the highest yield of straw 
and grain and the nitrogen content as well as nitrogen use efficiency compared with the 
other rate and levels of nitrogen and irrigation, respectively. Also, water productivity 
increased with irrigation I1 FC and nitrogen levels and reached the highest values at 100 kg 
N fed-1 as fertigated urea compared with urea formaldehyde as slow release fertilizer. 

 Keywords: Wheat, drip irrigation, nitrogen fertilization, urea formaldehyde, Nitrogen use 
efficiency, water productivity. 

© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
Crops production in arid and semi-arid regions was affected by water scarcity and plants nutrients private 
nitrogen nutrient. About one third of the developing world’s wheat (Triticum aestivum L.) area is located in 
environments that are regarded as marginal for wheat production because of drought and heat factors. 
Despite these limitations, the world’s dry and difficult cropping environments are increasingly crucial to 
food security in the developing world. For example, it has been reported that 32% of the 99 million hectares 
of wheat grown in developing countries experiences varying levels of drought stress (Rajaram et al., 1996). 
In recent years, however, growing competition for scarce water resources has led to applying modified 
techniques for maximizing water productivity and improving crop yields and quality, particularly in arid and 
semi arid regions as like in Egypt. Modern irrigation systems such as drip irrigation are widely used in Egypt 
and also in other countries have limited irrigation water resources.  Drip irrigation provides the efficient use 
of limited water with increasing water productivity (Viswanatha et al., 2002). Little technically, economically 
and environmentally feasible studies had been focused on the application possibility of the alternative drip 
irrigation systems (surface and subsurface drip); an evaluation and implementation consideration exists 
under intensive field crop conditions, which had been carried out by Alam et al. (2018).  El-Boraie (2004) 
showed that in arid regions as Egypt, where irrigation is essential for crop production, improving 
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management of irrigation water may yield substantial water saving, which can be used for agriculture 
horizontal expansion. One of the best approaches to achieve good water management program is knowing 
the amount of actual evapotranspiration (ETa) or crop consumptive use.  

Wheat (Triticum aestivum L.) was mainly crop, occupy 75% of agricultural areas and directly contribute to 
the food security of the country. Recently, in Egypt cultivated the wheat crop in sandy soils, therefore the 
irrigation scheduling is a key factor to help farmers increase crop yield and save water regarding limited 
water resources. El-Rahman (2009) found that high irrigation water productivity (WP) for wheat could be 
achieved by saving irrigation rates under drip system.  Application of nitrogen to wheat is needed to ensure 
the N is available throughout the growing season due to its important role in promoting both vegetative and 
reproductive growth. High yielding wheat, especially new varieties need high and regular supply N to 
develop high photosynthetic capacity and maintain the proper nitrogen concentration in the leaves so that 
CO2 assimilation is not affected when large rates are required for ear growth and grain filling period Lawlor 
(1995). Increasing cultivated for wheat production of unit land area are the most important national 
objectives in Egypt for minimizing the gap between the production and population consumption. That could 
be achieved by improving agricultural practices especially in desert area such as irrigation and fertilizers.  

The objectives of this study were to improve wheat grain yield and nitrogen use efficiency under different 
irrigation water depletion conditions by  using the different nitrogen fertilizer type's and rates, and  also to 
asses soil nitrate distribution in the different soil layers under drip irrigation method.    

Material and Methods 
A field experiment was conducted during winter growing seasons of 2017/2018 at a private farm located at 
a newly reclaimed sandy soil at, El-Sadate district El-Menofiya governorate, Egypt (Latitude, 31°15'25" and 
N latitude, 30°01'4" E longitude). The climate of the experimental site is semi-arid (Table 1).  The main 
chemical and physical soil characteristics presented in Table 2 were determined according to Dewis and 
Freitas (1970) and Klute (1986).  

Table 1. Weather data during the experiment period 2017- 2018. 

Month 
Min Temp., 

°C 
Max Temp., 

°C 
Humidity, 

% 
Wind,  
m/s 

Sun,  
hours 

Rad, 
MJ/m²/day 

ETo, 
mm/day 

October 20.80 27.10 60.00 2.40 11.30 20.20 3.95 
November 16.00 25.10 59.00 2.20 10.40 16.10 3.40 
December 10.60 17.80 63.00 2.90 10.00 14.40 2.80 
January 6.70 17.50 67.00 2.10 11.60 16.80 2.90 
February 8.90 19.00 67.00 1.90 11.00 19.00 2.94 
March 13.50 21.30 61.00 2.40 11.80 23.30 4.12 
April 13.50 22.90 60.00 3.70 12.80 27.50 4.70 
Average 12.86 21.53 63.29 2.51 11.27 19.61 

 The experiment was conducted in a split block design with eight treatments.  Two moisture depletion were 
applied as irrigation-1 (I1) at 100% of FC and irrigation-2 (I2) at 50% of FC on the main plots with four N 
rates from two types of nitrogen fertilizers on the sub-plots. Each treatment was replicated three times 
under drip irrigation system. Distance between irrigation laterals was 1 m, distance between drippers was 
35 cm, and the rate of dripper discharge was 4 liters h-1, and number of drippers per feddan (4200 m2)  was 
12000 (48 m3 h-1). Wheat (Triticum aestivum, CV Giza 168) was sown on 20 November 2009 and harvested 
10 April 2010 a seeding rate of 70 kg fed-1 with 10 cm row spacing. Phosphorus and potassium were applied 
during land preparation in the form of single superphosphate and potassium sulfate at the rate of 15 kg P2O5 
fed-1 and 24 kg K2O fed-1, respectively. Also 20 m3 fed-1 farmyard manure (FYM) was incorporated in all plots 
during land preparation. Also, nitrogen fertilizers for ordinary or slow release types as urea 46%N and urea-
formaldehyde (UF) 38% N were applied as N fertilizer sources, respectively. During time of sowing UF 
fertilizer was mixed with the upper 20 cm of soil surface, while urea was applied with irrigation at different 
stages of growth up to 75 days after sowing.  The whole plot factors were two irrigation treatments (I1 and 
I2) in the main plots, and eight N treatments including a combination of two N sources (urea and urea-
formaldehyde)  with four N rates (0, 40, 60 and 100 kg N fed-1) in the sub plots.  At maturity, one square 
meter was selected randomly from each plot and subjected to determine some wheat growth parameters 
(number of spikes per m2, plant height (cm), number of tillers per plant, biological, grain and straw yields 
and weight of 1000 grains). Nitrogen and water productivity was calculated as the ratio of grain yield, kg fed-

1 to amount of applied N units and total water quantity concerned in m3 per fed, respectively (Huggins and 
Pan, 1993; Hussain and Al-Jaloud, 1995).  
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Table 2. Some main physical, chemical and nutritional characteristics of the experimental soil at initial state. 

Soil characteristics Value Soil characteristics Value 
Sand, % 92.10 Organic matter content, % 0.08 
Silt, % 2.20 pH (1: 2.5) 7.50 
Clay, % 5.70 ECe , dS m-1 1.55 
Textural class Sand Available N,  mg kg-1 18.70 
Bulk Density (BD),  g cm-3 1.62 Available P,  mg kg-1 2.81 
Saturation (SP), %  18.00 Available K,  mg kg-1       40.00 
Field capacity (FC), % 5.42 Available Fe,  mg kg-1      3.60 
Wilting point (WP), % 2.06 Available Mn,  mg kg-1    0.52 
Available water (AW), % 3.36 Available Zn,  mg kg-1     0.45 
CaCO3 , % 1.40    

Soil water content at different depths (from soil surface to 0.80 m) was measured using gravimetric method. 
Soil samples were taken and extracted at the harvest of wheat plants from all treatments at the depths of 0-
20, 20-40, 40-60 and 60-80 cm, in order to determine NO3. Field capacity (FC) was determined by estimating 
soil moisture content.  for 0-20, 20-40, 40-60 and 60-80 cm soil depths. The fresh weight of the soil samples 
was immediately recorded with a portable weighing balance.  The soil samples were placed in an  oven for 
24h at 105°C. The dry weight of the samples was then recorded for drip irrigation treatments.  Based on the 
soil water balance method in which the drainage and runoff were neglected,  the net irrigation depth was 
estimated by using soil moisture contents. Water productivity (WP, kg/mm) was calculated by dividing the 
total grains yield (kg fed.-1) by total water applied. 

Results and Discussion  

Effect on wheat attributes   

The data cited in Table 3 show a significant effect of irrigation and nitrogen fertilization on plant height, 
number of spikes per m2, spike length (cm) and weight of 1000 grains. The results indicated that the highest 
values of the above mentioned attributes were obtained by soil moisture depletion at 100% from FC (I-1) 
compared with the limited available water at 50% from FC (I-2).  

Table 3. Effect of different nitrogen sources and moisture content on some growth parameters of wheat plants  

Treatments Plant  
height, cm 

Number of 
spikes/m2 

Spike 
length, cm 

Weigh of 1000 
grain,  g Irrigation N-sources N-Rate, kg fed-1* 

100% of 
FC 

(I-1) 
Urea 

0 70.43 154.00 7.30 32.00 
40 75.33 180.00 8.00 34.00 
60 77.90 200.98 8.40 34.90 

100 90.00 230.98 8.50 35.87 
Mean 78.42 191.49 8.05 34.19 

100% of 
FC 

(I-1) 
UF 

40 79.12 200.00 8.00 35.22 
60 87.14 260.76 9.90 37.12 

100 99.89 290.97 12.00 38.11 
Mean 88.72 250.58 9.97 36.82 

50% of 
FC 

(I-2) 
Urea 

0 67.00 132.00 6.20 31.00 
40 70.39 160.00 7.30 33.00 
60 74.09 176.00 7.80 33.76 

100 75.21 190.00 8.10 34.88 
Mean 71.67 164.50 7.35 33.16 

50% of 
FC 

(I-2) 
UF 

40 69.99 158.00 7.20 33.81 
60 71.09 160.00 7.70 33.50 

100 72.90 185.90 7.70 33.89 
Mean 71.33 167.97 7.53 33.73 

LSD 0.05 (Irrigation) 0.38 0.23 0.70 0.76 
LSD 0.05 (N- sources) NS 0.65 0.24 0.01 
LSD 0.05 (Irrigation x N- sources) 0.01 0.01 0.01 0.01 

*1 feddan=4200 m2 

In the case of the effect of nitrogen levels and sources the results indicated that the highest values of the 
same parameters were obtained from the application of urea-formaldehyde at rate of 100 kg N fed-1 with 
irrigation (I-1). At the same time the lowest values were related to the lack of nitrogen and irrigation. Slow 
release nitrogen fertilizers were compared with the other soluble and the scientists emphasized their 
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superiority in increasing yield and its components of many crops Hamdallah et al. (1988). The superior of 
slow release than ordinary urea can be attributed to the slow release of N to meet the plant's requirement, 
where it has a low dissolution rate than the others which reduces nitrogen loss from soil profile and gives a 
chance for more uptake by plant root. 

Biological, grain and straw yields and harvest index 

Results presented in Table 4 indicated that straw, grain, and biological yields as well as harvest index of 
wheat plants were significantly affected by increasing rates of the two nitrogen types with irrigation 
treatments. Wheat growth in soil amended with 40 and 60 kg N fed-1 as slow release (urea-form) fertilizer 
with irrigation at 100% of FC (I-1) and 50% of FC (I-2) treatments had the highest value compared with the 
control (without N fertilization) and urea treatments. Also, I-1 recorded the highest value of measured yield 
parameters compared to I-2 treatment. These results may be reflects moisture status in root zone of plants. 
With increasing moisture content to near the field capacity, it may reducing the occurrence of water stress 
on plants especially during the reproduction stage of growth. This could be due to the increase in the 
available soil moisture content, which enhance nutrients uptake and increasing photosynthetic metabolic 
translocations from leaves to grain also, slow release nitrogen fertilizer may help reduce nitrate leaching and 
increase nitrogen use efficiency. 

Table 4. Effect of different nitrogen source and moisture content on straw, grain, biological yields and harvest index of 
wheat plants  

Treatments Straw yield, 
kg fed-1 

Grain ield, 
kg fed-1 

Biological yield 
kg fed-1 

Harvest 
Index, % Irrigation N-sources N-Rate, kg fed-1* 

100% of 
FC 

(I-1) 
Urea 

0 636.00 400.00 1036.00 62.89 
40 994.00 644.00 1638.00 64.78 
60 1271.00 890.98 2161.98 70.10 

100 1585.00 1265.00 2161.98 79.81 
Mean 1121.5 800.00 1749.49 69.40 

100% of 
FC 

(I-1) 
UF 

40 1189.45 789.45 1978.90 66.37 
60 1200.11 987.11 2187.22 82.25 

100 2072.00 1678.09 3750.09 80.98 
Mean 1487.19 1151.55 2638.74 76.53 

50% of 
FC 

(I-2) 
Urea 

0 564.00 332.00 896.00 58.86 
40 825.00 475.00 1300.00 57.57 
60 1099.00 690.93 1789.93 62.86 

100 1180.00 884.78 2064.78 74.98 
Mean 917.00 683.57 1718.24 65.14 

50% of 
FC 

(I-2) 
UF 

40 598.00 390.87 988.87 65.36 
60 909.00 588.98 1497.98 64.79 

100 1034.00 743.87 1777.87 71.94 
Mean 847.00 574.57 1421.57 67.36 

LSD 0.05 (Irrigation) 0.69 0.26 0.43 0.32 
LSD 0.05 (N- sources) 0.01 0.46 0.56 0.01 
LSD 0.05 (Irrigation x N- sources) 0.01 0.01 0.01 0.23 

*1 feddan=4200 m2 

Also, the highest value of wheat yield attributes was obtained when the ultimate level of N was applied 
(Table 4).  It is clear from these data that N fertilization to wheat enhanced plants vegetative growth which 
increased photosynthetic activity and the metabolites required to produce wide and heavy panicles. It worth 
to mentioned that at high rate (100 kg N fed-1) of urea formaldehyde with I-2 deficit irrigation gave the 
lowest yield production compared with the same rate fertilized with urea. These results may be attributed to 
low soil moisture content causing slow nitrogen mineralization from urea formaldehyde due to limited 
microbial activity thus lowering the N availability (Paramasivam and Alva, 1997) correspondingly the 
emission of ammonia by volatilization was usually reduced when moisture content increased. These results 
may be due to that sandy soil characterized by the limited water holding capacity and high nutrient leaching 
losses. Hanafi et al. (2002) reported that the uncoated compound fertilizer such as urea gave significantly 
higher amounts of nutrients loss compared to slow release N fertilizer. Zeidan and El Kramany (2005) found 
that the use of slow release nitrogen fertilizer increased grain yield of wheat compared with other nitrogen 
sources.   
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Nitrogen concentration, N-uptake and protein content of grains were significantly affected by all interactions 
between nitrogen source and irrigation intervals treatments under study (Table 5). In general, the highest 
nitrogen concentration, nitrogen uptake and protein content of grains were obtained when irrigated at I-1 
using urea formaldehyde as nitrogen sources and receiving 100kg N fed-1. Guo et al. (2007) found that water 
productivity of plants may be increased by nitrogen management, as the localized ammonium application by 
Cultan-technique or the releasing fertilizers in combination with nitrification inhibitors.  

Table 5. Effect of different nitrogen sources and moisture content on N concentration, uptake, protein content and grain 
nitrogen recovery(GNR). 

Treatments N-concentration, 
% 

N-uptake by 
grain kg fed-1 

Protein 
content, % 

GNR 
 Irrigation N-sources N-Rate, kg fed-1 

100% of 
FC 

(I-1) 
Urea 

0 0.88 3.68 5.50 ---- 
40 1.10 7.08 6.87 8.50 
60 1.44 12.83 9.00 15.25 

100 1.61 20.36 10.06 16.68 
Mean 1.26 10.99 7.86 10.11 

100% of 
FC 

(I-1) 
UF 

40 1.71 13.49 10.68 24.52 
60 1.94 19.14 12.12 25.76 

100 2.46 41.28 15.37 37.60 
Mean 2.04 24.64 12.72 29.29 

50% of 
FC 

(I-2) 
Urea 

0 0.82 2.72 5.13 ---- 
40 1.00 4.75 6.25 5.07 
60 1.40 9.67 8.75 11.58 

100 1.48 13.09 9.25 10.37 
Mean 1.18 7.56 7.35 6.76 

50% of 
FC 

(I-2) 
UF 

40 1.42 5.55 8.87 7.07 
60 1.64 9.65 10.25 11.55 

100 2.12 15.77 13.25 13.05 
Mean 1.73 10.32 10.79 10.56 

LSD 0.05 (Irrigation) 0.70 0.54 0.51 0.33 
LSD 0.05 (N- sources) NS 0.01 0.01 0.01 
LSD 0.05 (Irrigation x N- sources) 0.32 0.01 0.01 0.01 

*1 feddan=4200 m2 

Grain nitrogen recover (GNR)  

The effect of different nitrogen types and soil moisture content on nitrogen use efficiency (NUE) was shown 
in Table 5. Application of urea formaldehyde as a slow N fertilizer increased N-use efficiency of wheat grains 
as compared to the ordinary (fast release) urea. The interaction between irrigation intervals and nitrogen 
sources on NUE, the obtained results show that, the highest value of NUE was recorded from treatments 
received urea formaldehyde at rate of 100kg N fed-1 under irrigation by I-1 moisture content. These results 
are in agreement with those obtained by Amal et al. ( 2007). They concluded that slow release N fertilizer 
was long-term effects including reduced leaching losses and enhanced N-uptake as well as positive effects on 
both health and soil nutrient levels. Koivunen and Horwath (2005) evaluating winter wheat, as influenced by 
a coated urea, showed that maximum yield and NUE were grater with coated urea versus common urea. 

Residual soil nitrogen 

Distribution of nitrate (NO3) in four depths ( 0-20), (20-40), (40-60) and (60-80) cm after harvest of wheat 
plants for different nitrogen sources and rates as well as two irrigation treatments can be seen in Table 6. 
The data show that in general high amounts of nitrogen existed in the upper depth (0-20 cm) of the soil and 
it decreased gradually with the soil depth up to 60-80 cm.  

Results also indicated that the concentration of nitrate in different soil depths were significantly higher in 
the fertigated urea than in the urea formaldehyde ones at different irrigation levels. The highest value of 
NO3-N was obtained at high rate of N as urea with irrigation I-1 for depth (60-80 cm),  while the lowest value 
of NO3-N was obtained in urea formaldehyde at a rate of 40 kg N fed-1 with irrigation I-1 at depth 40-60 cm. 
Likewise, excessive application of irrigation water can produce accelerated downward movement of NO3 -N 
especially when the application of nitrogen in the form fast releases urea. Also, it's worth to notice, that the 
concentration of NO3-N decreased markedly in the 80 cm of soil depth due to application of urea 
formaldehyde with two levels of irrigation, suggesting that there was not large amounts of NO3-N leached to 
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ground water. These results are in harmony with Chikowo et al. (2004) who found that when use different 
mineral N concentrations at different sampling dates to determine N leaching per soil layer and for the 
whole soil profile. Nitrate leaching losses are directly associated with percolation of water and fertilizer 
application and solubility. In potatoes, controlled release nitrogen (CRN) produced less nitrate leaching, 
greater fertilizer-N recovery, and greater marketable yields than split applications (Zvomuya et al., 2003). It 
is important to note that the concentration of NO3, besides being consistently lower under slow release 
fertilizer (urea formaldehyde) than under nitrogen fertilizer as urea by chemigation in the deep soil depth 
(60-80 cm). Zvomuya et al. (2003) found that a single application of poly coated urea improved recovery of 
N and reduced NO3 leaching compared with three applications of urea. Similar results were reported by 
Waddell et al. (2000) comparing SCU with urea treatment. Also, Wen et al. (2001) indicated that a field study 
on sandy soil on peanuts yields were 81 to 137% higher with a mixture of resin-coated N fertilizers and 
nitrogen recovery was 79 to 94 % with the coated N and only 10 to 32% with ammonium sulfate. The 
highest recoveries were associated with the matched N release of coated fertilizer and the crop N uptake and 
the fertilizer placement. 

Table 6. Effect of different nitrogen sources and moisture content on N concentration in different depths.  

Treatments Soil depths (cm) 

Irrigation N-sources N-Rate kg fed-1 
0-20 20-40 40-60 60-80 

NO3- N (mg kg soil-1) 

100% of 
FC 

(I-1) 
Urea 

0 8.50 5.21 5.10 4.32 
40 18.90 12.45 14.99 22.21 
60 23.98 15.99 18.94 25.68 

100 33.21 21.99 23.78 44.88 
Mean 21.15 13.91 15.70 24.27 

100% of 
FC 

(I-2) 
UF 

40 12.43 10.00 9.80 14.87 
60 15.88 12.00 10.74 18.43 

100 17.34 15.98 15.87 23.43 
Mean 15.22 12.66 12.14 18.91 

50% of 
FC 

(I-1) 
Urea 

0 9.92 7.21 4.21 4.11 
40 24.81 20.00 15.99 11.23 
60 28.09 23.90 17.23 12.90 

100 32.11 27.90 20.11 15.99 
Mean 23.73 19.75 14.39 11.06 

50% of 
FC 

(I-2) 
UF 

40 11.87 6.90 5.11 5.12 
60 14.21 11.56 11.00 12.11 

100 16.21 13.75 12.90 14.23 
Mean 14.10 10.74 9.67 10.49 

LSD 0.05 (Irrigation) 0.30 0.24 0.21 0.33 
LSD 0.05 (N- sources) 0.32 0.01 0.01 0.01 
LSD 0.05 (Irrigation x N- sources) 0.32 0.01 0.01 0.01 

Water productivity (WP)  

The results in Table 7 showed that there were significant differences in WP of wheat plants due to soil 
application of  nitrogen fertilizers and the highest value of WP was recorded with nitrogen application as 
ureaformaldhyde when compare to the urea ones. Concerning the effect of different irrigation levels, the 
mean values of water productivity at 50% from FC were highest when compared to the highest level of 
water application. Also, the interaction between amount of irrigation water and form of nitrogen fertilizers 
the data showed that the highest values of WP were recorded by application of urea with 50% of FC. 

Conclusion     

Applying nitrogen from a slow release fertilizer provides an efficient way to increase the N use efficiency and 
to minimize NO3-N leaching as well as to prevent environmental pollution by the excess of nitrogen in the 
soil profile. Also managing soil moisture content under drip irrigation to 100% from soil FC enhanced 
lowering nitrogen deep movement and increased wheat productivity.  It may be concluded that a slow 
release N fertilizer with a rate of 100 kg N fed-1 can be applied to cultivate wheat with using drip irrigation at 
100% of FC under semi-arid conditions. 
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Table 7. Effect of different nitrogen sources and moisture content on WP. 

Treatments 
Grain Yield Applied water, mm WP 

Irrigation N-sources N-Rate, kg fed-1 

100% of 
FC 

(I-1) 
Urea 

0 400.00 3.68 1.11 
40 644.00 7.08 1.79 
60 890.98 12.83 2.47 

100 1265.00 20.36 3.51 
Mean 800.00 10.99 2.22 

100% of 
FC 

(I-1) 
UF 

40 789.45 13.49 2.19 
60 987.11 19.14 2.74 

100 1678.09 41.28 4.66 
Mean 1151.55 24.64 3.20 

50% of 
FC 

(I-2) 
Urea 

0 332.00 2.72 1.84 
40 475.00 4.75 2.64 
60 690.93 9.67 3.84 

100 884.78 13.09 4.92 
Mean 595.68 7.56 3.31 

50% of 
FC 

(I-2) 
UF 

40 390.87 5.55 2.17 
60 588.98 9.65 3.27 

100 743.87 15.77 4.13 
Mean 574.57 10.32 3.19 

LSD 0.05 (Irrigation)   0.14 
LSD 0.05 (N- sources)   0.01 
LSD 0.05 (Irrigation x N- sources)   0.01 
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Knowledge about the soil fertility status and mapping their spatial distribution play a 
crucial role for sustainable planning of particular area. Thus, a study was conducted to 
assess the soil fertility status of the Agricultural Research Station, Bijayanagar, Jumla, 
Nepal. The farm is situated at the latitude 29.273656°N and longitude 82.180967°E as well 
altitude 2370masl. The total 18 samples were collected randomly at a depth of 0-20 cm by 
using soil sampling auger. A GPS device was used for determination of geographical 
position of soil sampling points. The collected samples were analyzed following standard 
analytical methods in the laboratory of Soil Science Division, Khumaltar. The Arc-GIS 10.1 
software was used for the soil fertility distribution mapping. The observed data revealed 
the structure was sub-angular blocky, whereas colour were dark grayish brown and very 
dark brown. The sand, silt and clay content were ranged 27-47%, 33.10-61.10% and 
11.90-23.90%, respectively and categorized loam and silt loam in texture. The soil pH was 
moderately acidic to moderately alkaline (5.45-7.66) and very low in available boron 
(0.01-0.28 mg/kg) and sulphur (0.59-6.23 mg/kg). Moreover, very low to very high 
available iron (15.90-300.50 mg/kg), very low to high available manganese (1.46-12.88) 
and low to high organic matter (2.07-6.53%). Similarly, medium to high total nitrogen 
(0.14-0.23%), available potassium (40-255 mg/kg) and zinc (1.12-8.26 mg/kg). 
Correspondingly, high available calcium (1632-2880 mg/kg) and magnesium (98-456 
mg/kg), and very high available phosphorus (64.2-257.2 mg/kg) and copper (2.58-12.16 
mg/kg). The determined soil test data can be used for sustainable soil management as well 
as developing future research strategy in the farm. 

 Keywords: ARS, Jumla, ordinary kriging, soil fertility maps, soil testing, sustainable soil 
management. 

© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
Soil is an important natural dynamic body to give life to all living things in the World (Jones, 2012). Fertile 
and productive soil proliferate life whereas, unfertile and unproductive soil brings hunger and famines. Soil 
fertility mangement have great challenge now days because of various intrinsic and extrinsic factors. In 
Nepal, people do not think about the sustainable management of soil for long-term benefit, while people only 
think for short-term benefit. During crop growth they do not think about how much element present in the 
soil, and how much amount should have to apply. In most of the sites of Nepal, soil organic matter is in 
extremely critical as well very acidic due to unmanaged farming (Khadka et al., 2016, 2017, 2018). 

The soil fertility evaluation is the most basic decision making tool in order to efficient plan of a particular 
land use system (Havlin et al., 2010). There are several techniques for the evaluation of soil fertility status. 
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Among them soil testing is a most popular everywhere, as well as more appropriate also. Soil testing 
provides information regarding nutrient availability in soils which forms the basis for the fertilizer 
recommendations for economic production of crops. Soil analysis includes physical properties (texture, 
structure, colour, bulk density etc.) and chemical properties (soil pH, organic matter, macro and 
micronutrients etc.), which symbolize prerequisite for sustainable soil management (Panda, 2010). Among 
them some physical parameters can be determined in the field, while most of the chemical parameters 
should have to analyze in the laboratory. 

Soil properties vary spatially from a small to larger area might be due to effect of intrinsic (parent materials 
and climate) and extrinsic factors such as soil management practices, indigenous fertility status, crop 
rotation and nature of standing crop (Cambardella and Karlen, 1999). Describing the spatial variability of 
soil fertility across a field has been difficult until new technologies such as Global Positioning Systems (GPS) 
and Geographic Information Systems (GIS) were introduced. Collection of soil samples by using GPS is very 
important for preparing thematic soil fertility maps (Mishra et al., 2013). Similarly, Geographical 
Information System (GIS) is a potential tool used for easy access, retrieval and manipulation of voluminous 
data of natural resources often difficult to handle manually. It facilitates manipulation of spatial and 
attributes data useful for handling multiple data of diverse origin (Mandal and Sharma, 2009). Based on the 
geo-statistical analysis, several studies have been conducted to characterize the spatial variability of 
different soil properties (Huang et al., 2007; Weindorf and Zhu, 2010; Liu et al., 2013). Among the different 
geo-statistical methods, ordinary kriging is widely used to map spatial variation of soil fertility because it 
provides a higher level of prediction accuracy (Song et al., 2013). 

Nepal Agricultural Research Council (NARC) was established to strengthen agriculture sector in the country 
through agriculture research.  Agricultural Research Station, Bijayanagar, Jumla is an important wing among 
the research farms of NARC, in order to generate appropriate agriculture production technologies for 
western high hills of Nepal. This area is also the most food insecure site of Nepal (Acharya et al., 2018). 
However, Information on soil fertility status and mapping their spatial distribution for Agricultural Research 
Station, Bijayanagar, Jumla are not done yet. Therefore, it is important to investigate the soil fertility status 
and mapping their spatial distribution, thus may provide valuable information relating agricultural research 
strategy development. Considering this, the present study was initiated with the objective to assess the soil 
fertility status as well as their spatial distribution in the Agricultural Research Station, Bijanagar, Jumla, 
Nepal.    

Material and Methods 
Study Area 

The study was carried out at Agricultural Research Station, Bijaynagar, Jumla, Nepal (Figure 1). The research 
station is located within the latitude 29.271627°N to 29.273656°N and longitude 82.179565°E to 
82.180967°E as well altitude 2337 masl to 2370 masl. The farm is situated in the headquarter of Jumla 
district as well on the way of Karnali highway (Surkhet-Jumla road).  The average temperature varies from 
180C to 300C in summer and -140C to 80C in winter and the annual average rainfall is 1343 mm. Rice, wheat, 
maize, barley, bean, buckwheat, amaranthus and millets are the major crops grown in the farm (ARS, 2017). 

 
Figure 1. Location Map of Agricultural Research Station, Bijyanagar, Jumla, Nepal 
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Soil Sampling 
Surface soil samples (0-20 cm depth) were collected 
from different sites of Agricultural Research Station, 
Bijaynagar, Jumla, Nepal during April 2017. The total 
18 soil samples were collected from the research 
farm by using soil sampling auger (Figure 2). The 
exact locations of the samples were recorded using a 
handheld GPS receiver. The random method based 
on the variability of the land was used to collect soil 
samples. 
Laboratory Analysis 

The collected soil samples were analyzed at 
laboratory of Soil Science Division, Khumaltar. The 
different soil parameters tested as well as methods 
adopted to analyze is shown on the Table 1. 
 

 
Figure 2. Soil sample distribution during soil 

sampling in the study area 

Table 1. Parameters and methods adopted for the laboratory analysis at Soil Science Division, Khumaltar  

 Parameters Unit Methods 

P
h

y
si

ca
l 

Soil texture  Hydrometer (Bouyoucos, 1927)  

Soil colour  Munshell-colour chart (Munsell, 2009) 

Soil structure  Field-feel 

Bulk Density  Core (Keen and Raczkowaski, 1921) 

C
h

em
ic

al
 

Soil pH  Potentiometric 1:2 (Jackson, 1973) 

Organic matter  % Walkely and Black (Walkley and Black, 1934) 

Total N  % Kjeldahl (Bremner and Mulvaney, 1982) 

Available P2O5 mg/kg Olsen’s (Olsen et al., 1954) 

Available K2O  mg/kg Ammonium acetate (Jackson, 1967) 

Available Ca, Mg  mg/kg EDTA Titration (El Mahi et al., 1987) 

Available S  mg/kg Turbidimetric (Verma et al., 1977) 

Available B  mg/kg Hot water (Berger and Truog, 1939) 

Available Fe, Zn, Cu, Mn  mg/kg DTPA (Lindsay and Norvell, 1978) 

Statistical Analysis 

Descriptive statistics (mean, range, standard deviation, standard error, coefficient of variation) of soil 
parameters were computed using the Minitab 17 package. Rating (very low, low, medium, high and very 
high) of determined values were based on Soil Science Division, Khumaltar. The coefficient of variation was 
also ranked for determination of nutrient variability according to the procedure of (Aweto, 1982) where, CV 
≤ 25% = low variation, CV >25 ≤ 50% = moderate variation, CV >50% = high variation. Arc Map 10.1 with 
geostatistical analyst extension of Arc GIS software was used to prepare spatial distribution map of soil 
parameters, while interpolation method employed was ordinary kriging with stable semi-variogram. 
Similarly, the nutrient index was also determined by the formula given by Ramamoorthy and Bajaj (1969).  
Nutrient index (N.I.) =   (NL × 1 + NM × 2 + NH × 3) / NT 
Where, NL, NM and NH are number of samples falling in low, medium and high classes of nutrient status, 
respectively and NT is total number of samples analyzed for a given area. Similarly, interpretation was done 
as value given by Ramamoorthy and Bajaj (1969) shown on the Table 2. 

Table 2. Rating Chart of Nutrient index 

Nutrient Index Value 
Low <1.67 
Medium 1.67-2.33 
High >2.33 
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Results and Discussion 
The soil fertility distribution of the studied site was assessed with respect to texture, colour, structure, bulk 
density, pH, organic matter, primary nutrients, secondary nutrients and micronutrients such as B, Fe, Zn, Cu, 
and Mn, and the results obtained are presented and discussed in the following headings. 

Soil Texture 

Soil texture plays important role for drainage, 
water holding capacity, aeration, susceptibility 
to erosion, organic matter content, cation 
exchange capacity, pH buffering capacity and 
soil tilth (Berry et al., 2007). The sand content of 
samples ranged from 27 to 47% with a mean of 
33.98% and that of silt content were 33.10 to 
61.10% with a mean of 47.12%, while the range 
of clay content was 11.9 to 23.9% with a mean 
of 18.91% (Table 3). This shows loam and silt 
loam soil texture, where distribution of loam 
texture is dominant (Figure 3). The loam soil 
inhabiting site is good for cultivation various 
kinds of crops, while in silt loam site care should 
be taken for tillage and water managment. The 
coefficients of variation between the soil 
samples were low for sand (12.14%), silt 
(13.06%) and clay (21.62%). 

 
Figure 3. Spatial Distribution of Soil Texture in the 

Agricultural Research Station, Bijayanagar, Jumla, Nepal 

Table 3. Soil Texture Status of Agricultural Research Station, Bijayanagar, Jumla, Nepal  

Descriptive  

Statistics 

Soil separates 

Sand, % Silt, % Clay, % 

Mean 33.98 47.12 18.91 

SEM  0.97 1.45 0.96 

SD 4.12 6.15 4.09 

Minimum 27 33.1 11.9 

Maximum 47 61.1 23.9 

CV% 12.14 13.06 21.62 

Class Loam; Silt Loam 

SEM=Standard error of the mean; SD=Standard deviation 

Soil Colour 

Colour is most noticeable properties of soil that gives clues about the nature of the root zone (Baumann et 
al., 2016). Two kinds of soil colour; dark grayish brown (10YR 4/2) and very dark brown (10YR 3/2) were 
observed in the studied sites. The observed colour denotes optimum amount of humus in the soil. 

Soil Structure 

Soil structure refers to the pattern of spatial arrangement of soil particles in a soil mass (Brady and Weil, 
2004). The sub-angular blocky kind of structure was observed in all the sites. The observed soil structure is 
good for agriculture point of view because in such structure soil aggregates are separated by elongated 
continuous pores, which allows good water and nutrient movement, and facilitates root growth (Pagliai and 
Vignozzi, 2002). 

Bulk Density 

Soil bulk density is a basic dynamic soil property that influenced by various physical and chemical properties 
(Chaudhari et al., 2013). The bulk density ranged from 1.16-1.20 g/cm3 with a mean of 1.18 g/cm3. This 
shows the bulk density is ideal for the plants growth. The satisfactory conditions of organic matter as well as 
fine texture might be the cause of ideal bulk density in the farm. The optimum condition of bulk density 
indicates less compaction inside the soil system, which helps to make water and nutrient movement easier; 
hence root growth also becomes easier. 
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Soil pH  

Soil pH is one of the most important characteristics of 
soil fertility, because it has a direct impact on nutrient 
availability and plant growth (Brady and Weil, 2002). 
The soil pH varied from 5.45 to 7.66 with a mean of 
6.54 (Table 4). The distribution soil pH varied from 
moderately acidic to moderately alkaline, but majority 
area contained nearly neutral (6.5-7.0) range (Figure 
4). The variation on the soil management practice as 
well as crop allocation in the different sites of the farm 
from the longer period of time might be the cause the 
high variation of soil pH (moderately acidic to 
moderately alkaline). High acidity in the soil reduces 
most of the nutrient availability, as well as directly 
affects root structure also (Havlin et al., 2010). 
Application of agricultural lime in the acidic inhibiting 
site as shown in the figure 4 is important for their 
amelioration. Soil pH showed low variability (10.02%) 
among the soil samples.  

 

 
Figure 4. Spatial Distribution of Soil pH in the 

Agricultural Research Station, Bijayanagar, Jumla, Nepal 

Table 4. Soil fertility status of agricultural research station, Bijayanagar, Jumla, Nepal 

Descriptive  
Statistics 

Soil Fertility Parameters 
pH OM, % N,% P2O5, mg/kg K2O, mg/kg 

Mean 6.54 4.20 0.16 144.00 131.30 
SEM  0.15 0.29 0.01 11.40 12.80 
SD 0.66 1.21 0.04 48.40 54.50 
Minimum 5.45 2.07 0.10 64.20 40.40 
Maximum 7.66 6.53 0.23 257.20 255.20 
CV% 10.02 28.80 21.81 33.64 41.52 
SEM=Standard error of the mean; SD=Standard deviation 

Organic Matter  

Organic matter is a vital parameter for making soil 
alive, because it improves different physical, 
biological and chemical properties (Hoyle et al., 
2011). The organic matter varied from 2.07 to 6.53% 
with a mean of 4.20% (Table 4). The distribution of 
organic matter ranged from low to high, but medium 
status was prevalent (Figure 5). The study area, 
being high altitude northern sites of Nepal nearly all 
around year have low temperature (Figure 1). The 
low temperature reduces the rapid microbial 
degradation of organic substances; hence organic 
matter is optimum in the study area. Organic matter 
showed moderate variability (28.80%) among the 
soil samples. 

Total Nitrogen 

The total nitrogen ranged from 0.10 to 0.23% with a 
mean of 0.16% (Table 4).  The distribution of 
nitrogen   varied   from   medium   to  high,    whereas  

 

 

Figure 5. Spatial Distribution of Organic Matter in the 
Agricultural Research Station, Bijayanagar, Jumla, Nepal 

medium status is common (Figure 6). The optimum organic matter status as well as continuous application 
of nitrogenous fertilizer before starting of every crop might be the cause of optimum total nitrogen status. 
The area having medium and high distribution, 75% and 50%, respectively of the total recommended 
nitrogen dose is requires for adequate supply of nitrogen for crops in the farm (Joshy and Deo, 1976). Total 
nitrogen showed low variability (21.81%) among the soil samples.  
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Available Phosphorus 

Phosphorus is the second most limiting nutrient after nitrogen, and has negative impacts on crop yield if 
found to be deficient (Sharma et al., 2017). The available phosphorus varied from 64.20 to 257.20 mg/kg 
with a mean of 144 mg/kg (Table 4). The distribution of available phosphorus was very high singly (Figure 
7). The higher content of available phosphorus in the farm might be due to the continuous application of 
phosphatic fertilizers for every crop without knowing phosphorus supplying capacity of soil. Being very high 
status, 40% of recommended phosphorus dose should be sufficient for the crops in the farm (Joshy and Deo, 
1976). Available phosphorus showed moderate variability (33.64%) among the soil samples. 

 

  
Figure 6. Spatial Distribution ofTotal Nitrogen in the 

Agricultural Research Station, Bijayanagar, Jumla, Nepal 
Figure 7. Spatial Distribution of Available Phosphorus in 

the Agricultural Research Station, Bijayanagar, Jumla, 
Nepal 

 

Available Potassium 

Potassium is one of the three major nutrients needed by plants, the others being nitrogen and phosphorus 
(Havlin et al., 2010). The available potassium varied from 40.4 to 255.2 mg/kg with a mean of 131.30 mg/kg 
(Table 4). The distribution of available potassium ranged from medium to high, but high is more (Figure 8). 
The different minerals such as muscovite, biotite, feldspars, orthoclase, microcline, mica etc. are major K-
bearing minerals found in the earth (Sparks, 1987). The occurrence of their different minerals, optimum 
organic matter status andcomparative low content of sand separates among others might be the cause of 
satisfactory conditions of available potassium in the farm. The area having medium and high status, 60% and 
40%, respectively of recommended potassium dose should be sufficient for the crops in the farm (Joshy and 
Deo, 1976). Available potassium showed moderate variability (41.52%) among the soil samples. 

Available Calcium  

Calcium is a secondary plant macronutrient, and is vital for running different living process in plants 
(Medvedev, 2005).The available calcium ranged from 1632 to 2880 mg/kg with a mean of 2166.9 mg/kg 
(Table 5). The distribution of available calcium was high solitary (Figure 9). The occurrence of nearly neutral 
soil pH in the majority of the sites might be the cause of high status of available calcium. Available calcium 
showed low variability (15.48%) among the soil samples.  

Available Magnesium 

Magnesium is the second most abundant cation in living plant cells, and involved in many metabolic process 
(Tanol and Kobayashi, 2015). The available magnesium varied from 98.4 to 455.5 mg/kg with a mean of 
267.6 mg/kg (Table 5). The distribution of available magnesium was solitary high (Figure 10). Similar to 
magnesium, occurrence of nearly neutral soil pH in the majority of the sites might be the cause of high status 
of available magnesium. Available magnesium showed moderate variability (43.48%) among the soil 
samples. 
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Available Sulphur 

Sulfur is an essential nutrient for plant growth due to its presence in proteins, glutathione, phytochelatins, 
thioredoxins, chloroplast membrane lipids, and certain coenzymes and vitamins (Takahashi et al., 2011). 
The available sulphur ranged from 0.59 to 6.23 mg/kg with a mean of 1.56 mg/kg (Table 5).The distribution 
of available sulphur was very low merely (Figure 11). Khadka et al. (2016, 2017, 2018) also reported very 
critical status of available sulphur in the different sites of Nepal. The intense cultivation of crops without 
application of sulphur containing fertilizer might be the cause of deficient status of available sulphur in the 
field. Being critical sulphur status, application at the rate of 15-30 kg S/ha is mandatory for reducing sulphur 
deficiency stress for crops (Khatri-Chettri, 1991). During sulphur fertilizer application care should have to 
take in acidic inhibiting site, as they have acidity causing behavior. Available sulphur showed high variability 
(84.4%) among the soil samples. 

  

Figure 8. Spatial Distribution of Available Potassium in 
the Agricultural Research Station, Bijayanagar, Jumla, 

Nepal 

Figure 9. Spatial Distribution of Available Calcium in the 
Agricultural Research Station, Bijayanagar, Jumla, Nepal 

  

Figure 10. Spatial Distribution of Available Magnesium in 
the Agricultural Research Station, Bijayanagar, Jumla, 

Nepal 

Figure 11. Spatial Distribution of Available Sulphur in the 
Agricultural Research Station, Bijayanagar, Jumla, Nepal 
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Table 5. Soil Fertility Status of Agricultural Research Station, Bijayanagar, Jumla, Nepal 

Descriptive  
Statistics 

Soil Fertility Parameters 
Ca, mg/kg Mg, mg/kg S, mg/kg B, mg/kg 

Mean 2166.9 267.6 1.56 0.25 
SEM  79 27.4 0.31 0.03 
SD 335.4 116.4 1.31 0.13 
Minimum 1632 98.4 0.59 0.01 
Maximum 2880 455.5 6.23 0.38 
CV% 15.48 43.48 84.4 53.44 
SEM=Standard error of the mean; SD=Standard deviation 

Available Boron 

Boron deficiency is documented as second most 
important micronutrient constraints after zinc in the 
world (Ahmad et al., 2012). The available boron 
ranged from 0.01 to 0.38 mg/kg with a mean of 0.25 
mg/kg (Table 5). The distribution of available boron 
was very low only (Figure 11). The very deficient 
status of available boron was also reported by 
Khadka et al. (2016, 2017, 2018) during their study 
in the different sites of Nepal. The intense 
cultivation of crops without application of boron 
containing fertilizer might be the cause of deficient 
status of available boron in the field. Being 
inadequate boron, application of 2-3 kg B/ha is 
advisable for reducing boron deficiency stress for 
crops (Khatri-Chettri, 1991). Available boron 
showed high variability (53.44%) among the soil 
samples. 

 
Figure 12.Spatial Distribution of Available Boron in the 
Agricultural Research Station, Bijayanagar, Jumla, Nepal 

Available Iron 
Iron is an important micronutrient in the life cycle of plant, and plays important role for their various 
metabolic process (Rout and Sahoo, 2015). The available iron varied from 15.9 to 300.5 mg/kg with a mean 
of 121.6 mg/kg (Table 6). The distribution of available iron ranged from very low to very high, although very 
high status was prevalent (Figure 13). Similar very high status was also determined by Khadka et al. (2016, 
2017, 2018) during their study in the different sites of Nepal. The occurrence of primary and secondary iron 
minerals such as hematite, olivine, siderite, goethite, magnetite etc. might be the cause of high content of 
available iron, because these are the major mineral containing iron element (Havlin et al., 2010). The high 
iron availability reduces the uptake of different nutrients such as P, K, Mn and Zn; thus shows deficiency 
stress of these elements in the plants (Fageria et al., 2008). Therefore, proper care should be taken for 
reducing deficiency stress of these antagonistic elements. Available iron showed high variability (80.94%) 
among the soil samples. 

Table 6. Soil Fertility Status of Agricultural Research Station, Bijayanagar, Jumla, Nepal 

 
Descriptive Statistics 

Soil Fertility Parameters 
Fe, mg/kg Zn, mg/kg Cu, mg/kg Mn, mg/kg 

Mean 121.6 2.93 5.59 5.55 
SEM   23.2 0.44 0.64 0.88 
SD 98.5 1.86 2.72 3.74 
Minimum 15.9 1.12 2.58 1.46 
Maximum 300.5 8.26 12.16 12.88 
CV% 80.94 63.57 48.64 67.31 
SEM=Standard error of the mean; SD=Standard deviation 

Available Zinc 

Zinc deficiency is a major micronutrient constraint for food production in every parts of the world and found 
positive response of their application in almost all crops (Welch, 2002). The available zinc varied from 1.12 
to 8.26 mg/kg with a mean of 2.93 mg/kg (Table 6). The distribution of available zinc ranged from medium 
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to high, while medium status was common (Figure 14).  Available zinc showed high variability (63.57%) 
among the soil samples. 

Available Copper 

Copper is an essential micronutrient for plant growth and development, although it is also potentially toxic 
(Yruela, 2005). The available copper ranged from 2.58 to 12.16 mg/kg with a mean of 5.59 mg/kg (Table 6). 
The distribution of available copper was very high only (Figure 15). The very high level of available copper 
may showed different kinds of toxic effects in the life cycles of plants. Reduced seed germination, inhibition 
of root and shoot growth, disturbance on photosynthetic apparatus and pigments etc. are the toxic effects of 
copper (Adrees et al., 2015). Being very high status of available copper in the soil, care should have to take 
during fungicide, pesticides, herbicides application in the field because these chemical already contains 
copper element (Husak, 2015). Available copper showed moderate variability (48.64%) among the soil 
samples. 

  
Figure 13. Spatial Distribution of Available Iron in the 

Agricultural Research Station, Bijayanagar, Jumla, Nepal 
Figure 14. Spatial Distribution of Available Zinc in the 

Agricultural Research Station, Bijayanagar, Jumla, Nepal 

  
Figure 15. Spatial Distribution of Available Copper in the 
Agricultural Research Station, Bijayanagar, Jumla, Nepal 

Figure 16. Spatial Distribution of Available Manganese in 
the Agricultural Research Station, Bijayanagar, Jumla, 

Nepal 

Available Manganese 

Manganese is also an important micronutrient for plants, prevailing in several metabolic process as 
photosynthetic and enzyme antioxidant-cofactor (Millaleo et al., 2010). The available manganese varied 1.48 
to 12.88 mg/kg with a mean of 5.55 mg/kg (Table 6). The distribution of available manganese ranged from 
very low to high, whereas low status was common (Figure 16). Manganese mining due to intense cultivation 
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of crops without application of manganese containing fertilizer might be the cause of deficient status of 
available manganese in the field. Moreover, difference in cropping system, farming practices and fertilization 
might be the cause of high spatial distribution of available manganese. Being inadequate available 
manganese, application of 8-16 kg Mn/ha is advisable for reducing manganese deficiency stress in plants 
(Khatri-Chettri, 1991). Available manganese showed high variability (67.31%) among the soil samples. 

Table 7. Nutrient indices of studied parameters of Agricultural Research Station, Bijayanagar, Jumla, Nepal 

 

Parameters 

% distribution of samples  

Nutrient index 

 

Remarks Very Low Low Medium High Very High 

OM 0 11 61 20 0 2.17 Medium 

N 0 6 78 17 0 2.11 Medium 

P2O5 0 0 0 0 100 3.00 High 

K2O 0 6 44 39 11 2.44 High 

Ca 0 0 28 72 0 2.72 High 

Mg 0 0 28 72 0 2.72 High 

S 94 6 0 0 0 1.00 Low 

B 100 0 0 0 0 1.00 Low 

Fe 0 0 6 11 83 2.94 High 

Zn 0 0 67 22 11 2.33 Medium 

Cu 0 0 0 0 100 3.00 High 

Mn 39 28 28 6 0 1.39 Low 

Conclusion 
The determined soil test data can be used mainly in two aspects. First one is for sustainable soil 
management, while another for developing research strategyas being a farm of research station. The studied 
physical properties symbolize the current status is satisfactory for agricultural purpose. The organic matter 
is optimum in the farm. For maintaining existing status, current organic matter management practice should 
be continued. The fertilizer should be applied for each crops based on the determined nutrient distribution 
status shown in the prepared maps of farm. The plants may suffer from deficiency stress of low, and toxicity 
stress of very high status of nutrients. The proper care should be taken for such types of nutrients. For 
enhancing research efficacy of the station, future research strategy should be built based on the determined 
soil fertility status and their distribution. This farm can be used as a pocket research site, especially for high 
altitude iron and copper toxicity as well as sulphur and boron deficiency tolerant study. 
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Heavy metal contamination has caused serious environmental and health-related 
problems around the world. This research was conducted in arable lands of some basins 
located on Tokat province. The aim of this present study was to determine I-) some 
physico-chemical properties of soils, ii-) to find heavy metal (HM) content and their 
enrichment factor (EF) and iii-) to detect relationship between some physico-chemical 
properties and HM concentration. To identify the concentrations and sources of heavy 
metals, 280 soil samples (0-20 cm) were collected from the study area. Subsequently, in 
order to evaluate natural or anthropogenic sources of heavy metal content and their EF in 
agricultural fields, the concentrations of some HMs (Cd, Co, Cu, Cr, Ni, Pb and Zn) and 
some physico-chemical properties of soil samples were analyzed. The results showed that 
mostly the concentration of Ni followed by Cr exceeded their threshold levels. The local 
pollutions from Ni and Cr were attributed to the natural influences (particularly due to 
parent material). The concentrations of the other HMs are relatively lower than the critical 
values. The mean values of the HMs contents arranged in the following decreasing order: 
Ni>Cr>Cu>Zn>Co>Pb>Cd in the studied soil sample. In addition, it was found significantly 
positive relation between Pb and OM while the same relation was also found clay content 
and Cd and Pb. On the other hand, according to EF of HMs in total soil samples, Cd, Ni and 
Cr have found 16%, 10% and 6% soil samples as moderate enrichment class, whereas 
55% and 1% of the total soil samples were determined significant  enrichment class in 
terms of Cd and Ni elements. Besides, all other HM elements did not exceed minimal 
enrichment level. However, in some regions of the study area, the Cu, Cd and Pb contents 
were also slightly raised, this case possibly stems from anthropogenic effects such as 
excessive P fertilization, field traffic and pesticide using. 

 Keywords: Heavy metal risk, enrichment factor, micro basin, Tokat. 
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Introduction 
The heavy metal pollution in agricultural lands has been very important in recent years, especially due to the 
detrimental effects on food safety and ecosystem. The source of this pollution in agricultural soils can be 
geogenic and/or anthropogenic. Geogenic pollution is entirely due to the composition of the main material 
that forms the soil. Anthropogenic pollution may be caused by excessive use of fertilizers and pesticides in 
agricultural areas, use of fossil fuels, mining activities, rapid population growth and related urbanization, 
uncontrolled wastewater discharge, atmospheric accumulation, traffic density and increased industrial 
activities (Manta et al., 2002; Borůvka et al., 2005; Sivry et al., 2008; Zhang et al., 2009; Meena et al., 2011, 
Bilge and Çimrin, 2013). 

Heavy metals, which are added to the environment by natural and artificial means, are defined as dangerous 
pollutants because they easily accumulate and form complex structures in the soil. These heavy metals cause 
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decrease in microbial activity, soil fertility, biodiversity and yield, and can also cause poisoning in animals 
and humans through the food chain (Karaca, 2001; Oliveira et al., 2006; Yang et al., 2006; D’Ascoli et al., 
2009; Peralta-Videa, 2009; Mudgal et al., 2010; Yadav, 2010; Kaplan et al., 2011; Jaishankar et al., 2014;  Liu 
et al., 2017.). Some physical and chemical properties of soils such as cation exchange capacity, pH and 
organic matter are effective in the accumulation of these metals in soil. Especially heavy clay soils can absorb 
heavy metals in their bodies due to their high cation exchange capacity. Also in soils with high organic 
matter content, heavy metals are absorbed more and low solubility compounds occur (Bakış and Bilgin, 
1998).  

Tokat Province, selected area for this reseach, has been shown to be an important settlement center 
throughout its history with the advantage of being established on the fertile valley of Yeşilırmak. The fertile 
plains where all kinds of agriculture can be made are distributed all over the province. The most important 
of them are Kazova, Omala Plain, Turhal Plain, Niksar Plain, Erbaa Plain, Artova and Zile Plain. All kinds of 
fruits, vegetables and sunflowers, especially cereals, sugar beet and tobacco are grown in these plains. 
Approximately 16.5% of the province is composed of meadow and pasture areas and sparse plant areas, 
while 31.0% of them constitute forest areas. The agricultural activities area covers 38.2%. In addition some 
researcher performed about heavy metal concentration in arable lands such as Arda et al. (2015), in their 
study, took 42 soil samples from the Ipsala District and its villages and stated that the nickel concentrations 
determined in the Ipsala Region were significantly higher than the limit values (0.25-109.5 mg/kg). 
Moreover, Metin (2010) indicated that in the study it was determined the amount of trace elements and 
heavy metals in the agricultural lands of the Aluvial, Colluvial and Vertisol group in the western part of the 
Bursa plain, there was no pollution exceeding the limit values in terms of Cd, Co, Cr, Ni and Pb in the studied 
agricultural soils. Akyıldız and Karataş (2018) reported also that in the soil samples taken from Adana city 
center and its surrounding areas, Fe, Mn and Pb were found to be below the standards and Cu, Hg, Co, Cd and 
their elements were found to be above a few sample standards. In the analysis results of Ni, As, Cr and Al, 
samples were mostly above the standards. It is stated that the parameters that cause pollution are generally 
caused by environmental factors, and that the geological structure in the region may contribute in the 
increase of Cr and Ni elements.  

In the study, which investigated the heavy metal contents and pollution characteristics in the water and 
sediments of the Khoshk River in southwestern Iran, it was stated that the amount of heavy metal in the 
sediments decreased as Mn>Cr>Pb>Ni>Zn>Cu>Cd respectively. Based on the enrichment factor and 
geoaccumulation index values, it was determined that the sediments were filled with Cr, Zn, Pb, Cu and Cd. 
According to the results obtained from the basic component analysis with sediment samples, it was stated 
that the high Ni concentration is related to the composition of the main rocks, whereas Cr, Zn, Pb, Cd and Cu 
values may be due to anthropogenic activities (Salati and Moore, 2010). 

In order to determine the amount of Cd, Co, Cu, Ni, Pb, Zn in the Bafra deltaic plain and to analyze the spatial 
distribution of the heavy metal, 108 soil samples were taken from 0-20 cm depth from an area of 
approximately 100 thousand ha. In order to reveal the source of heavy metal pollution (natural or 
anthropogenic), the enrichment factor was calculated. The highest enrichment factor was found for Cd 
(12.826), while the smaller enrichment factor values for Pb, Ni, Co and Cu were calculated. The 
concentrations of Cd, Cu and Zn in some regions of the study area were determined to be slightly higher due 
to the high percentage of phosphorus fertilizers and intensive agricultural applications. It is stated that the 
values exceeding the criterium for Ni are due to the high content of this element in the main material 
(Kızılkaya et al., 2011). 

The aim of this present study conducted in arable lands of some basins located on Tokat province was to 
determine i) some physico-chemical properties of soils, ii) to find heavy metal (HM) content and their 
enrichment factor (EF) and iii) to detect relationship between some physico-chemical properties and HM 
concentration. 

Material and Methods 
Field description 
This study was carried out in Tokat province in the Central Black Sea region of Turkey. The Province of 
Tokat is coordinated between 4200000-4520000 North and 210000-360000 East (WGS84, UTM-37 Zone m) 
(Figure 1). Total area of the Tokat is about 10272.58 km2. However, arable land selected for this study covers 
approximately 38.2% of the total area. On the other hand, 47.5% of the study area is covered by forest and 
pasture lands. 

http://ascidatabase.com/author.php?author=O.&last=Kaplan
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Figure 1. Location map of the study area 

The climate can be described as sub-humid and according to long term meteorological data (1974-2017), 
average annual precipitation and temperature of the study area are 431.4 mm and 12.6 ºC, respectively. The 
study area lies at an elevation above the sea level from 75 to 2415 m. The region has topographically very 
heterogeneous topographic features such as hilly, rolling, flat, etc., but particularly hilly and rolling 
physiographic units are common in the study area, only 12.0% of the total area is almost flat and gentle 
slope and about 22.5% of it is less than 10% slope degree (Figure 2). Most of the total area corresponding 
with 796200.9 ha has more than 20% slope degree.  

 
Figure 2. Elevation and slope maps of the Tokat Province 

Soil Sampling and analysis 
Field study was conducted in 2017. In total 280 soil samples classified as mostly alluvial, brown, brown 
forest, non-calcareous forest, chestnut and reddish chestnut great soil group were taken from soil surface (0-
20 cm) in agricultural lands (Figure 3). The sampling was carried out after harvest in the autumn and before 
start of the next cropping season in order to avoid the influence of agricultural practices during the crop 
growing season, i.e. fertilization. In addition, their coordinates were recorded using global positioning 
system (GPS) tool. Samples were air-dried and sieved through a 2 mm sieve to be prepared for analyses. Soil 
requirements for organic farming including soil physico-chemical properties, heavy metal concentration 
were determined based on literatures. Table 1 shows the selected analytical protocols. 
Table 1. Protocol measurements for some soil physical and chemical properties  
Parameters Unit Protocol Reference 
Texture (Clay, Silt and Sand) % hydrometer method Bouyoucos (1951) 
pH 1:1 (w:v) soil-water suspension Soil Survey Laboratory (1992) 
EC dSm-1 (w:v) soil-water suspension Soil Survey Laboratory (1992) 
CaCO3  % Scheibler calcimeter Soil Survey Staff (1993) 
Organic Matter % Walkley-Black method  Soil Survey Laboratory (1992) 

Total heavy metal (Cu,Cd,Cr,Pb,Co,Ni,Zn) mg kg-1 
According to EPA 3051 sing 
ICP-OES detection 

Kloke (1980) 
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Figure 3. Soil samples pattern in great soil group map of the study area 

Some physico-chemical characteristics of soil such as the organic matter, pH, and lime contents, and the 
particle size fractions are of great importance in the heavy metal toxicity of soils. The calculation of the 
enrichment factors (EF) for the heavy metals was made using an equation suggested by Sposito (1989) and 
Agbenin (2002).  

EF= (HMsoil) / (HMearth) 
where HMsoil is the total heavy metal concentration in the soil sample, and HMearth is the mean heavy metal 
concentration in the earth’s crust, which is 0.11 mg kg-1 for Cd, 50 for Cu, 100 for Cr, 20 for Co, 80 for Ni, 14 
for Pb, and 75 mg kg-1 for Zn (Sposito, 1989). Based on the EF value, five categories of pollution were 
distinguished by Sutherland (2000): the absence of enrichment (<2), moderate enrichment (2–5), high 
enrichment (5-20), very high enrichment (20–40), and extremely high enrichment (>40). 

Results and Discussion 
Soil physico-chemical properties and heavy metals 
The physico-chemical characteristic selected in this study showed changefulness as a result of dynamic 
interactions among natural environmental factors, including the degree of soil formation, leaching process, 
and agricultural activities such as tillage systems or fertilization (Dengiz et al., 2015). The descriptive 
statistical parameters such as mean, maximum, minimum, and coefficients of variation (CV) of the some 
basic physico-chemical properties related to 280 soil samples taken from surface (0-20 cm) of the crop lands 
in 21 micro catchments of the Tokat province were given in Table 2. In order to determine variability of 
some physico-chemical soil properties, many researchers offer to investigate coefficient of variation (CV). 
According to CV values, it was classified as low (<15%), medium (15-35%) and moderate (> 35%) (Mallants 
et al., 1996). In this case, variables of sand, silt of physico-chemical soil properties and Zn have moderate CV. 
On the other hand, the variables of clay, EC, CaCO3 content and OM of soil physico-chemical properties and 
all HM (except for Zn) had a high level of variability. In addition to that, the values of pH in soil samples have 
low variability and ranged from moderately acid to slightly alkaline (5.22 and 8.07), whereas electrical 
conductivity had a mean value of 0.63 dS m-1. The mean values of organic matter and CaCO3 content (%) 
were 2.04 and 11.34. Table 2 shows also HM status of the soil samples.  

As for the concentrations of heavy metals in the surface soils given in Table 2, it was determined that 
variables of heavy metal concentration of soils had a high level of variability. In the soils studied, the 
concentrations of Cu amounted to 6.83–106.11; Cr, 0.00-377.44; Pb, 0.00-19.80; Co, 0.00-27.55; and Ni, 2.79-
521.92 mg kg-1. The heavy metal contents such as Cu, Ni and Cr were higher than those given in Table 2. On 
the other hand, Pb, Co, Cd and Zn concentration not exceeded their permissible threshold level in all of the 
soil samples. While 51% of the soil samples was found Ni concentration exceeded its maximum permissible 
value and illustrated its grouping in representative micro catchments (Figure 4), Cr concentration passed 
maximum level of permission in 15% of soil samples. Furthermore, only in one sample an elevated Cu and 
Pb content was found.  
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Table 2. Descriptive statistical analysis of physico-chemical properties and heavy metal of soil samples 

Parameters Mean           SD      *CV Variance Min. Max. **Skewness Kurtosis 
Physico-chemical properties 
Sand, % 42.57 11.66 27.38 135.88 11.11 87.05 0.39 0.83 
Clay, % 27.59 10.28 37.25 105.60 4.91 52.93 0.33 -0.22 
Silt, % 29.84 8.01 26.83 64.12 7.73 67.27 1.29 3.42 
pH, 1:2.5 7.45 0.46 6.19 0.21 5.22 8.07 -2.93 9.49 
EC, dS m-1  0.63 0.31 48.87 0.09 0.00 2.83 2.20 10.48 
CaCO3, % 11.34 9.41 82.99 88.56 0.00 53.05 0.90 0.95 
OM, % 2.04 0.87 42.78 0.76 0.74 5.88 1.66 3.82 
Heavy metal 
Cu (0-100)#  36.55 15.64 42.79 244.60 6.83 106.11 1.14 2.95 
Cd (0-3) # 0.56 0.47 83.35 0.22 0.00 2.37 0.59 0.29 
Cr (0-100) # 58.54 50.66 86.53 2566.18 0.00 377.44 2.61 9.68 
Pb (0-100) # 6.93 3.70 53.44 13.71 0.00 19.80 0.36 -0.05 
Co (0-50) # 8.63 5.59 64.71 31.22 0.00 27.55 0.80 0.61 
Ni (0-50) # 67.04 67.86 101.22 4605.17 2.79 521.92 3.30 14.11 
Zn (0-300) # 36.14 11.85 32.79 140.46 3.73 76.69 0.18 0.18 

SD: Standard deviation, Min.: Minimum, Max.: Maximum, n: sample number, EC: Electric conductivity, OM: Organic matter. 
*CV (Coefficient of Variation),  **skewness:< │∓0.5 │= Normal distribution, 0.5- 1.0 = Application of character changing for dataset, 
and > 1,0 → application of Logarithmic change,  
#: Maximum permissible concentration (mg kg-1) 

According to results, micro catchments coded as 2, 3, 4, 11, 8, 12, 13, 14, 16,  located around Zile, Sulusaray, 
Niksar, and Artova Districts were determined accumulation of Ni concentration which exceeded maximum 
permissible concentration (MPC) in surface soil soils of the northern east and southern west parts of the 
Tokat province area. This relatively high Ni concentration level is not related with industrial or other 
anthropogenic pollution. It can be said natural case namely; it appears to be associated with the properties 
of the parent (volcanic) rock. As Chen et al. (2005) and Kızılkaya et al. (2011) reported, the Ni concentration 
in volcanic rocks is 20–40 times greater as compared to other ones. All the heavy metal concentrations 
determined in the soils of the test plots were lower than the threshold ones. In addition to that, high Cu 
heavy metal content was found in one micro catchments coded as 8 located around Niksar District. This fact 
is likely related to the wide application of pesticides containing copper. In addition, in some micro 
catchments coded as 2, 3, 4 and 11 of Sulusaray and Artova District have Cr accumulation group. On the 
other hand, the other micro catchments codded as 9, 15, 20, 21and located around Zile, Reşadiye and Erbağ 
Districts were detected less affected or no contaminated by heavy metal (Figure 4). Moreover, Cu have 
(106.11 mg kg-1) over threshold level in each one soil sample in micro catchments coded as 8 and 11. This 
case can be assessed no potential risk in terms of heavy metal concentration. Because, these heavy metals 
don’t show grouping of samples as Ni or Cr in Figure 4. 

 
Figure 4. Exceeded heavy metals their maximum permissible concentration in representative micro catchments 
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A correlation analysis was done for the determination of the relationships between the physico-chemical 
properties of the soils and heavy metals and given in Table 3. Puschenreiter and Horak (2000) stated that 
the basic soil characteristics, such as the pH and texture, are of great importance in the availability of heavy 
metals in the soils. It was found that a significant negative correlation was revealed between the content of 
sand and the Pb concentrations, whereas a positive correlation was determined between the clay content 
and the heavy metal content such as Cd and Pb. This result confirmed the data of Temmerman et al. (2003). 
In addition, no significant relation was found between the content of silt and the heavy metals which are Cd, 
Pb, Co and Zn. The soil’s pH and the CaCO3 content have significant role related to the heavy metals 
accumulation in the soils. Negative linear correlations were found between these soil properties and some 
heavy metals in surface soil depth. 

Table 3. Relationships between some physico-chemical properties of the soils and the heavy metals in the surface and 
subsurface soils 

Parameters Sand, % Clay, % Silt, % pH EC, dS m-1 CaCO3, % OM, % 
Clay, % -0.740** 1      
Silt, % -0.506** -0.206** 1     
pH -0.019** 0.045** -0.030*** 1    
EC, dS m-1 -0.173** -0.026** 0.285** 0.137** 1   
CaCO3, % -0.275** 0.090** 0.284** 0.374** 0.170** 1  
OM, % -0.040** 0.035** 0.014* -0.369** 0.246** -0.031** 1 
Cu, mg kg-1 0.073** 0.076** -0.204** -0.155** -0.241** -0.432**  -0.024*  * 
Cd, mg kg-1 -0.076** 0.155** -0.088** -0.015** 0.045* 0.084** 0.100* *  
Cr, mg kg-1 0.074** 0.014** -0.125** 0.079* -0.095* -0.151*** -0.041* *  
Pb, mg kg-1 -0.181** 0.187** 0.023* -0.002** 0.048* 0.006** 0.183** 
Co, mg kg-1 0.106** -0.116** -0.006* 0.085* -0.092* -0.129*** -0.038* * 
Ni, mg kg-1 0.074** 0.034* -0.151** 0.099* -0.075* -0.130*** -0.058* * 
Zn, mg kg-1 -0.008** 0.064* -0.070** -0.054* -0.070* -0.216** 0.112*    

*P < 0.05, ** P < 0.01, EC: Electric conductivity, OM: Organic matter. 

In addition to obtain real heavy metals’ values, all the elements were additionally grouped into five levels by 
Sutherland (2000) in order to estimate their relative accumulation according to the enrichment factors (EF) 
values for surface and subsurface soil samples. Some statistical characteristics of the EF for the surface and 
subsurface soils are given in Table 4. In surface soil samples, the EF values for Cd and Ni attest that the soils 
were enriched with these elements as compared to their mean background value. , Cd, Ni and Cr have found 
16%, 10% and 6% soil samples as moderate enrichment class, whereas 55% and 1% of the total soil samples 
were determined significant enrichment class in terms of Cd and Ni elements. The EF values for the other 
elements were < 2. The maximal EF value for Cd (21.6) points to the enrichment of the soil with this element; 
the EF values <2 for Pb, Co, and Zn pointed to the absence of the soil’s enrichment with these elements 
(Table 4). Only a few soil samples have moderate EF classes in terms of Pb and Cu.  

Table 4. Some statistical characteristics of the enrichment factors (EF) for the surface and subsurface soils, mg kg-1  

Heavy Metals Mean        SD                   *CV Variance Min. Max. **Skewness Kurtosis 
Cu  0.73 0.31 42.79 0.10 0.14 2.12 1.14 2.95 
Cd  0,49 0,26 53,44 0,07 0,00 21.6 0,36 -0,05 
Cr  0.59 0.51 86.53 0.26 0.00 3.77 2.61 9.68 
Pb  0.53 0.58 110.25 0.34 0.00 9.12 11.79 174.47 
Co  0.43 0.28 64.71 0.08 0.00 1.38 0.80 0.61 
Ni  0.84 0.85 101.22 0.72 0.03 6.52 3.30 14.11 
Zn  0.48 0.16 32.79 0.02 0.05 1.02 0.18 0.18 

Conclusion 
This present study was conducted in some intensive cultivated land of Tokat Province in order to determine 
heavy metals content and their enrichment factors. For this purpose, 280 soil samples were collected form 
surface soil. The results showed that mostly the concentration of Ni followed by Cr exceeded their threshold 
levels. The local pollutions from Ni and Cr were attributed to the natural influences (particularly due to 
parent material). The concentrations of the other HMs are relatively lower than the critical values. The mean 
values of the HMs contents arranged in the following decreasing order: Ni>Cr>Cu>Zn>Co>Pb>Cd in the 
studied soil sample. In addition, it was found significantly positive relation between Pb and OM while the 
same relation was also found clay content and Cd and Pb. On the other hand, according to EF of HMs in total 
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soil samples, Cd, Ni and Cr have found 16%, 10% and 6% soil samples as moderate enrichment class, 
whereas 55% and 1% of the total soil samples were determined significant  enrichment class in terms of Cd 
and Ni elements. Besides, all other HM elements did not exceed minimal enrichment level. However, in some 
regions of the study area, the Cu, Cd and Pb contents were also slightly raised, this case possibly stems from 
anthropogenic effects such as excessive P fertilization, field traffic and pesticide using. 
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This study quantifies actual evapotranspiration (ETa) for a period from June to September 
2016 measured by two weighable gravitation lysimeters in a semi-arid grassland in 
southwest Siberia. As part of a crop rotation system, the first lysimeter was fallow but 
covered with ruderal vegetation. The second lysimeter is permanently characterized by 
pristine steppe vegetation. In addition to ETa measurements, the reference 
evapotranspiration (ET0) is computed by a Penman-Monteith model. The estimates are 
related to the ETa records and the model is evaluated with regard to its performance in a 
semi-arid environment. The results indicated an ETa driven by energy but limited by 
water. Within 115 days the total amounts of ETa ranged from 205 mm to 374.1 mm, and 
daily values varied from 0.1 to 6.9 mm day-1. The large differences are caused by the 
different vegetation cover of the lysimeters. Due to the high and dense canopy of the 
pristine steppe vegetation, the transpiration term was considerably higher compared to 
the ruderal vegetation where soil evaporation took the major part. The daily ETa records 
differed on average by -91.1% to the ET0 estimates. The statistical analyses yielded a low 
correlation between ETa of the ruderal vegetation and ET0 but an acceptable model 
performance for the pristine steppe. However, it was observed that ETa occasionally 
exceeds ET0, particularly after precipitation. Due to the high water availability and the 
subsequent rise of ETa, ET0 was underestimated, whereas it was overestimated during dry 
periods. Finally, the quality of the Penman-Monteith model varied substantially with the 
water supply at the study site. 

 Keywords: Actual evapotranspiration, Penman-Monteith FAO-56, semi-arid, Siberia, 
weighable gravitation lysimeter. 
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Introduction 
In semi-arid areas, the availability of water is of particular importance. These environments are 
characterized by low precipitation and water is a limited resource, which influences vegetation density, 
cover, and biomass. Knowledge of soil-atmosphere exchange of energy and moisture, as well as crop water 
requirement, is important for the management of regional water resources. For this purpose, processes have 
to be identified that exhibit influence on the hydrological cycle. Actual evapotranspiration (ETa) is often used 
to determine the water loss from the soil surface (evaporation) and from the growth and temperature 
regulation process of plants (transpiration). However, measurement of ETa is a challenge (Wohlfahrt et al., 
2010; Allen et al., 2011; Amatya et al., 2016). There are different possibilities for obtaining accurate 
estimates of ETa; indirect methods such as residual energy balance, Bowen ratio energy balance, soil water 
balance (Shi et al., 2008; Wegehenkel et al., 2008; Meissner et al., 2016a; Martel et al., 2018), and those that 
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include lysimetry and eddy covariance methods for direct measurements (Wohlfahrt et al., 2010; Fleischer 
et al., 2015; Gebler et al., 2015). Weighable lysimeters are widely used for ETa measurements (Von Unold 
and Fank, 2008; Schrader et al., 2013; Wegehenkel and Gerke, 2013; Mauder et al., 2017; Oberholzer et al., 
2017). Though, for lysimeter measurements a lot of requirements have to be considered (Allen et al., 2011). 
In summary, soil properties and vegetation cover of the lysimeter must be very similar to the surrounding 
area. It is usually difficult to reconstruct the original soil profile and to maintain the field conditions of soil 
and vegetation. Eventually, lysimeter measurements represent only point measurements that will be 
transferred to large areas. Nevertheless, they remain effective due to the weighing system that enables the 
derivation of evapotranspiration (ET) from mass records with the highest accuracy compared to the 
methods mentioned above (Allen et al., 2011).  

Furthermore, lysimeter measurements will also be used for calibration and validation of ET models 
(Makkink, 1957; DehghaniSanij et al., 2004; López-Urrea et al., 2006; Wegehenkel and Gerke, 2013). As 
water stress become more and more to an important issue, baseline information is required for water 
resource planning, particularly in arid and semi-arid regions. Therefore, the estimation of ET by 
deterministic models has exponentially increased in recent years. These models built around climate and 
land surface data, provide reliable ET rates for a reference crop. From the several existing models, the 
Penman-Monteith FAO-56 (PM FAO) equation is the most used for estimating reference evapotranspiration 
(ET0). Due to the high demand of data, the PM FAO model proved to be highly accurate (DehghaniSanij et al., 
2004; López-Urrea et al., 2006; Sabziparvar and Tabari, 2010; Martel et al., 2018). Nevertheless, the data 
demand is also a major drawback of the model. For calculation of ET0 high-resolution, the data that is 
required is limited in many regions. Large parts of Siberia, for instance, are not covered by meteorological 
measurement stations. Yet, water resources and ET estimations are relevant for these large areas; especially 
with regard to climate change, which has a direct impact on the regional hydrological cycle and agriculture 
(Fraser et al., 2013; Degefie et al., 2014). Moreover, they belong to the region which has the potential to 
become the “bread basket” of the world due to the large land and yield reserves (Bagley et al., 2012; Swinnen 
et al., 2017).   

Previous studies conducted in Siberia (Yamazaki et al., 2004; Park et al., 2008; Fleischer et al., 2015), have 
used land surface models to investigate water and energy exchanges at forests and transition zones. The 
estimation of ET refers solely to the Bowen ratio method, eddy covariance, and models based on Penman 
formulations. However, there is an absence of studies based on ET estimation by weighable lysimeter 
measurements.  

In the framework of the research project KULUNDA (Balikyn et al., 2016) an established monitoring network 
enabled the estimation of ETa by weighable gravitation lysimeters in the Kulunda grass steppe of southwest 
Siberia. On this basis, the study quantifies ETa of two lysimeters with different vegetation cover under semi-
arid conditions. In addition, ET0 is calculated by using the PM FAO equation (Allen et al., 1998), which was 
selected due to the crop reference of grass and the independence to the climate type.    

The objectives of the study are:  

i. to assess ETa as a function of vegetation cover and climatic conditions, 
ii. to compare ET0 estimates with ETa records,  

iii. to assess the PM FAO model for a semi-arid environment.    

Material and Methods 
The study site and monitoring network 

The study site is part of the semi-arid Kulunda steppe, southwest Siberia, and located between the Central 
Asian steppe and the North Asian forest-steppe (Balikyn et al., 2016). The site is 100-140 m a.s.l.; its mean 
annual temperature is about 0 °C with a maximum in July (up to +40 °C) and a minimum in January (down to 
-47 °C). The annual precipitation is about 250-450 mm, where the major part of 200 mm occurs from April 
to October. The global radiation is 2-3 times higher than the energy that is required to evaporate 
precipitation. The surrounding area is plain and dominated by natural steppe vegetation.  

In the framework of the research project KULUNDA a monitoring network was established, which has 
consisted of a weather station and a weighable gravitation lysimeter station. The set-up of the weather 
station was in September 2012. Meteorological parameters such as rainfall, air temperature, wind speed and 
direction, air humidity and barometric pressure are measured by a multisensor at a height of 2.3 m. A 
pyranometer recorded the solar radiation at a height of 2 m, and a pluviometer mounting in a tipping bucket 
rain gauge collected precipitation at the standard height of 1 meter.   
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The containerized lysimeter station with two weighable soil monoliths (manufacturer “UGT-Muencheberg”, 
Germany and Helmholtz Centre for Environmental Research – UFZ, Germany) was installed at the test farm 
of the project in Poluyamki (N52° 03.959’ E79° 42.786’; approximately 700 km southwest of Novosibirsk) 
between June and August 2013 (Balikyn et al., 2016). The soil monoliths were monolithically extracted from 
an arable land (lysimeter 1 - LYS 1- ruderal vegetation) and a fallow site (lysimeter 2 - LYS 2 – pristine 
steppe), which was covered with pristine steppe vegetation since the 1950s. The different cultivation 
allowed comparative analyses between arable land and unconverted grassland. Thus, there was an 
ascertained crop rotation at LYS 1: wheat (2013), peas (2014), wheat (2015), and fallow (2016). In contrast, 
LYS 2 was dominated by natural feather grass (Stípa pennáta) between 2013 and 2016. 

Each lysimeter had a surface area of 1 m², a depth of 2 m and was monolithically filled with a soil, which was 
identified as Calcic Chernozems according to the guidelines of the Food and Agriculture Organization of the 
United Nations (FAO). A detailed description of the lysimeters is given by Meissner et al. (2016b). The total 
mass of each lysimeter vessel was approximately 4000 kg and the mass changed with water input 
(precipitation, dew, rime, and the water equivalent of snow) and water output (ETa). The vessels were 
positioned into the lysimeter station on load cells that measure the mass with high precision of ± 20 g (Xiao 
et al., 2009). The data were consolidated and stored in a data logger with a recording interval of one hour. 
Due to their geometry, a change of mass is equal to a water storage change in millimeters (1 kg ≈ 1 L/m² = 1 
mm). Therefore, all changes of mass are given in millimeters in the following.  

Data preparation and calculation of ETa 

The lysimeter measurements started in August 2013. However, reliable measurements have turned out to be 
a challenge at this study site. Currently, data was only available from August 2013 to September 2016, but 
the time series was not continuous. Due to the malfunction of the lysimeters during winter induced by sub-
zero temperatures and snow, all data between October and May were nonapplicable for data analysis. 
Furthermore, direct access to the data was not possible. The release of the data was hindered by the Russian 
administration and created a time delay between measurement and receipt of data. For these reasons, data 
analysis took place only with a data set from June 08, 2016 to September 30, 2016. 

The processing of lysimeter data was executed in several steps according to the principle of the adaptive 
window and adaptive threshold filter (AWAT) developed by Peters et al. (2014). First, the raw data were 
manually filtered, and all data during system error or noticeable outliers were removed. If the resulting gaps 
did not exceed a period of four hours, values were estimated by linear interpolation. In step two, the data 
were smoothed by using an adapted window width. The Savitzky-Golay filter (Savitzky and Golay, 1964) was 
proven as an eligible smoothing routine for the data set. The window width (ω) was set at 5 hours and a 
polynomial of 3rd order was used. The window width was adapted to increasing noises. Third, an adaptive 
threshold (δ) was applied to obtain ETa out of mass data. The setting of threshold was optimized for 
lysimeter separately. For LYS 1 the lower limit for threshold (δmin) was set to 0.04 mm, whereas the upper 
limit (δmax) was set to 0.7 mm. The threshold values of LYS 2 were increased with δmin = 0.05 mm and 
δmax = 0.8 mm. At last, inconsistent values of the filter output were corrected manually.  

Information about water fluxes at the pedosphere-atmosphere interface can be derived from mass changes 
of a lysimeter. The total mass of the system (M) is the sum of lysimeter mass (Mlys) and of drainage (Mdrain). It 
is assumed that a mass increase is precipitation (P) and a mass decrease is ETa. With this assumption that 
either ETa or P occurs, but not both at the same time, P is equal to zero when ETa is active, and vice versa 
(Schrader et al., 2013):  

M = Mlys + Mdrain 

P = {
∆M   for    ∆M > 0
0      for    ∆M ≤ 0

  

ETa = {
∆M   for    ∆M < 0
0       for    ∆M ≥ 0

 

(1) 

where Mlys is the mass of lysimeter vessel [kg], Mdrain is the amount of seepage water [kg], and ∆M is the total 
mass change of lysimeter vessel in the according time interval [kg].  
Depending on the aims of data use, ET  a can be expressed at different time scales. Where daily values are 
required, hourly values are summed-up for one day, starting from 12:00 and follows to 24 hours. 
Furthermore, for lysimeter readings of ETa, LYS 2 was considered as a reference since the canopy of the 
lysimeter corresponded to the surrounding field. 
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Estimation of ET0 by using the PM FAO model 

The measurements of ETa by lysimeters were compared with ET0 calculated by the PM FAO equation 
according to Allen et al. (1998). The Penman-based models are widely used in virtually any climate type. The 
recommended FAO version has proven as a highly accurate model for calculating ET0 if the required 
meteorological input parameters are available. The approach assumes a surface of a uniform and actively 
growing grass vegetation without water stress, an approximate height of 0.12 m, a daily surface resistance of 
70 s m-1, and an albedo of 0.23. In connection with the original Penman-Monteith equation (Monteith, 1965) 
the final form is as follows:  

 

ET0 =  
408∆(Rn−G)+ γ 

900

T+273  
u2 (es −𝑒𝑎)

∆+ γ(1+0.34 u2)
  

(2) 

 

where ET0 is the reference evapotranspiration [mm d-1], Rn the net radiation [MJ m-2 d-1], G the soil heat flux 
density [MJ m-2 d-1], T the mean daily air temperature [°C], u2 the mean daily wind speed at 2 m height [m s-

1], es the saturation vapor pressure [kPa], ea the actual vapor pressure [kPa], ∆ the slope vapor pressure 
curve [kPa °C-1], and γ the psychrometric constant [kPa °C-1] (Allen et al., 1998). 
The calculation of daily ET0 values was conducted by using R software. The R software package 
“Evapotranspiration” included different models to estimate ETa, ET0 and potential evapotranspiration (ETp) 
(Guo et al., 2016). For the modeling, PM FAO required information about daily minimum and maximum 
temperature, incoming solar radiation, and wind speed as well as minimum and maximum relative humidity. 
The data were taken from the weather station of the monitoring network. Hourly data were manually 
calculated according to Eq. 2. In order to assess the model results related to the ETa records the correlation 
of Pearson (r), the root mean square error (RMSE, Eq. 3), and the mean absolute error (MAE, Eq. 4) was 
used. 

 

RMSE =  √
∑ (Xi −  Yi)

2n
i=1

n
 

(3) 

MAE =  
∑ |Xi −  Yi|

n
i=1

n
 

(4) 

The variables Xi and Yi are the ith observed reference and estimated values, respectively; n is the total 
number of data. 
In addition, the ratio of ETa to ET0 delivers information about the water supply of the soil for a grass 
vegetation with an height of 0.12 m. The daily ETa record divided by ET0 estimate resulted in an index 
varying between 0 and 1. The water availability is high (moist) by an index of 1, i.e. there is no climatic risk 
of non-water supply (Louzada et al., 2018). Optimal water availability goes along with an index between 0.8 
and 1. An index of <0.8 indicates a water deficit where only <80% of ET0 will be satisfied (Roth et al., 2005). 

Results and Discussion 
Within the measuring period of 115 days, the total sum of ET0 was considerably higher than ETa of the 
lysimeters, +157.8% for ruderal vegetation and +41.3% for pristine steppe. The minimum of ETa was 
205 mm measured by LYS 1, which was 45.2% less than ETa measured by LYS 2 (374.1 mm). A maximum of 
ET0 was calculated by 528.6 mm. As the theoretical maximum estimate by ET0 was not reached, it is assumed 
that ETa was limited by water and not by energy. Table 1 lists the monthly ETa and ET0 records of June – 
September 2016. The maximum ETa was achieved in July as well as the slightest deviation (-31%) between 
both lysimeters. The largest deviation was in June with -66.4%. ET0 differs on average +235.5% (ruderal 
vegetation) and +163% (pristine steppe) per month, respectively.  
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Table 1. Monthly ETa records of the lysimeters and ET0 estimates calculated by PM FAO model; the data are based on 
daily mean values. 

Month ETa 
LYS 1 

ruderal vegetation 

 
LYS 2 

pristine steppe 

ET0 

PM FAO 

 mm month-1   

Juna  
Jul 
Aug 
Sep 

34.8 
88.5 
56.4 
25.3 

103.7 
128.3 
100.2 
41.8 

125.8 
145.2 
142.4 
115.4 

aNo data from June 01 to June 07, 2016 

The daily ETa values were within the range of 0.1 to 6.9 mm day-1, whereas ET0 calculated by PM FAO model 
varied from 2 to 8.3 mm day-1 (Figure 1). The medians lay between 1.4 and 4.5 mm day-1. The difference 
between mean ETa of the lysimeters and ET0 is -91.1%. The ETa of the ruderal vegetation had the smallest 
median and yielded the lowest values as well as variation. The median of the ETa of the pristine steppe was 
at 3.3 mm day-1 and it covered the widest range of values. The minimum and maximum values of ETa of the 
lysimeters were very similar. ET0 had a maximum value of 8.3 mm day-1 with a maximum difference of 
+24.5% (to ETa of the ruderal vegetation), and a mean difference of +20.7% (to maximum ETa of both 
lysimeters). The absolute deviation was greatest with 7 mm day-1 between ETa of the ruderal vegetation and 
ET0, which corresponds to a difference of -556.3%. 

 

Figure 1. Comparison of ETa measured by lysimeters and ET0 computed by the PM FAO model. The box plots are based 
on daily data. The box boundaries represent the 25th and 75th percentiles, the inner lines indicate the medians, the 
whiskers extend to 1.5 times the interquartile range, the crosses mark the 1st and 99th percentiles, and the strokes 

show the minimum and maximum values. 

 

In general, daily ETa and daily values of solar radiation and air temperature were positive correlated (Table 
2). Therefore, the energy was the leading factor for ETa at the study site. In contrast to observations of other 
studies in which factors such as relative humidity and wind speed removed water vapor from the vegetation 
surface (Priestley and Taylor, 1972; Shi et al., 2008; Yang et al., 2014) their low correlation indicated no 
relationship. The negative correlation with wind speed was noticeable, but similar results were found in 
previous studies with arid and semi-arid site conditions (El Bably, 2003; Martel et al., 2018). 
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Table 2. Pearson correlation coefficients (r) between ETa of the lysimeters and meteorological parameters 

Lysimeter 
Meteorological parameter 

Solar radiation Air temperature Relative humidity Wind speed 
LYS 1 - ruderal vegetation 0.41** 0.45** 0.46** -0.17 
LYS 2 - pristine steppe 0.80** 0.69** 0.18* -0.13 
  *P< 0.05; **P< 0.01 

Daily ETa rates between lysimeters and ET0 illustrated largely negative differences (Figure 2). Lysimeter 1 
recorded up to 5.2 mm day-1 (06/14/2016) less than LYS 2 (cf. Figure 2a). The fluctuations were high in June 
and became lower from August. This may be caused by the diversity of vegetation. LYS 2 exhibited a high and 
dense layer of grass, which has induced ETa and interception. On the other hand, LYS 1 was fallow in June. 
Hence, evaporation was the exclusive process at LYS 1, as a result of the lack of vegetation. From July a 
convergence of ETa of LYS 1 to ETa of LYS 2 was observed based on the development of ruderal vegetation 
and the additional transpiration term at LYS 1. The conditions of LYS 1 were also reflected in the high 
fluctuation between ETa of the ruderal vegetation and ET0 during the whole period (cf. Figure 2b). The 
discrepancies between observed and calculated data were high with an average of -3.2 mm day-1, except for 
July where the deviations became lower with a mean of -1.8 mm day-1. ETa of the pristine steppe 
demonstrated minor deviations to ET0 between June and August, and account several days where ETa = ET0 

(cf. Figure 2c). It was found that ETa repeatedly exceeded ET0 with amounts up to +0.8 mm day-1 
(07/13/2016), in which ETa of the pristine steppe tended more frequently to exceed ET0.   

 
Figure 2. Daily differences of ET between June 08 and September 30, 2016; a) ETa of ruderal vegetation – ETa of pristine 

steppe, b) ETa of ruderal vegetation – ET0, c) ETa of pristine steppe - ET0. 

The results of the statistical analyses showed a low correlation between ETa of the ruderal vegetation and 
ET0 (Figure 3). In addition to the high values of RMSE and MAE, the model can be assessed with poor quality 
for LYS 1. The PM FAO assumes an extensive surface canopy that completely covers the ground. However, 
the ruderal vegetation at LYS 1 did not comply with these conditions over the investigated period. ETa of the 
pristine steppe and ET0 were strongly correlated. The RMSE with 1.7 mm and MAE with 1.4 mm presented a 
significant performance, with a tendency to overestimation. Nevertheless, due to the dense and high steppe 
grass at LYS 2, the transpiration term may be larger as the model assumed. This assumption is justified by 
Roth et al. (2005) who pointed that the water consumption of a full developed vegetation cover may lead to 
an underestimation of ET0. Similar results were also found by other studies (Wegehenkel and Gerke, 2013; 
Gebler et al., 2015). Indeed, a further and more widespread explanation for ETa > ET0 is the “oasis effect”. It 
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occurs if conditions of vegetation and atmosphere of the lysimeters differ to those of the surrounding area. 
Actually, LYS 2 had to be preventing the oasis effect by reason of the same vegetation cover. Yet, LYS 1 was 
fallow; therefore, different soil water availability between the surrounding area and LYS 1 has to be 
considered. On the other hand, there is also the possibility that ETa was overestimated by the pristine steppe 
vegetation. If the canopy of the lysimeter exceeds the rim, the effective area of the lysimeter can be larger 
than the original lysimeter extent. This “bloom effect” leads to higher radiation absorption of the vegetation, 
which eventually results in increased ETa (Allen et al., 2011). The bloom condition can be excluded at LYS 1 
because the vegetation is not tall and dense enough to exceed the lysimeter. There is a low likelihood that 
the oasis effect, as well as the bloom effect, occurs at both lysimeters at the same time. Thus, they cannot be 
responsible for ETa > ET0 in this case.  

 

 

Figure 3. The relationship between ETa and ET0 on a daily basis (n=115), and the respective error values. 

Figure 4 illustrates the daily water availability for the lysimeters. In June, the mean soil water availability 
index was at 0.3 for LYS 1 and at 0.8 for LYS 2. Thus, the pristine steppe showed an optimal water supply, 
whereas only 30% of the potential water demand was available for soil and the ruderal vegetation. However, 
the values for the ruderal vegetation should be treated with caution since it has already been demonstrated 
that the model quality for LYS 1 was poor. Thus, the lower index of the ruderal vegetation in June was less 
related to the soil water availability. Frequent precipitation caused a rise in water availability in July; 
consequently, ETa is increased (Wever et al., 2002; Armstrong et al., 2008). On some days the water 
availability crossed the 100% threshold (ETa/ET0 = 1), which follows from ETa > ET0 (cf. Figure 2b, 2c). A 
connection was found between ETa > ET0 and precipitation events with cumulative amounts of >20 mm 
occurring a few days before. Between July 09 and July 11, for instance, a total rainfall of 30.9 mm was 
measured by the tipping bucket rain gauge. Within two days the water availability indices rose from 0.3 
(ruderal vegetation) and 0.7 (pristine steppe) to 1.1, respectively. However, the virtual absence of 
precipitation led to a decrease of ETa from August to September. During this period only 30 to 50% of ET0 
could be covered by ETa. Due to the water stress, the deviations from observed data have increased. Hence, 
the PM FAO model overestimated ET0 and indicated that the quality is strongly influenced by water 
availability. The PM FAO model is more suitable for short vegetation with permanent high water supply. As 
the growth stage constitutes an essential part within the ETa process, the crop evapotranspiration may be a 
more appropriate approach because the crop canopy and aerodynamic resistance will be adapted to the 
reference crop. Though, the response to water stress cannot be reproduced since the method does not 
process information about soil water content. The issue of ETa > ET0 suggests that the calculated ET0 reflects 
insufficiently the real water consumption of the vegetation (Roth et al., 2005). In such a case, plant-specific 
correction factors are necessary to derive ETa from ET0.  This circumstance is again a proof that lysimeter 
measurements are qualified to improve model estimations (irrespective of model assumptions) because 
they provide reliable field data.   
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Figure 4. Illustration of the daily water availability between June and September 2016. The ETa/ET0 indices are related 
to the left axis; the upper bars are related to the right axis and show the daily sum of P measured by a tipping bucket 

rain gauge. 

Although the study led to first scientific findings of ETa for this site, further investigations are necessary. The 
major challenge is to get long-term data as measurements could not be executed so far over winter. Finally, a 
long-term study can enable to determine the local soil water balance and to evaluate the contribution of ETa. 
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The study was conducted to determine the effects of different tillage practices on some 
physical and hydraulic properties of soils in Hadejia Local Government Area of Jigawa state 
during the 2017 cropping season. The field experiment was laid in a Randomized Complete 
Block (RCB) Design in factorial arrangements with 4 treatments for tillage practices-TP 
(Zero tillage-ZT, Minimum tillage-MT, Conventional tillage-CT and Deep tillage-DT) and 
sampling depth-SD (5 cm, 15 cm, 25 cm and 35 cm) all were in four replicates. Data 
collected were analyzed using the generalized linear model of Statistical Analyses System 
(SAS 9.4) for the ANOVA. The results showed that there were significant differences 
(p<0.05) in the main effect of TP and SD as well as in the interaction effect between TP and 
SD on soil bulk density (Bd), saturated hydraulic conductivity (Ksat), volumetric moisture 
content (VWC) at different soil water potentials and plant available water (PAW). Greater 
Bd and Ksat were observed in DT which differed significantly (p<0.05) from other TP while 
the lowest was found in ZT with 6.5% reduction than DT. The result further showed no 
significant difference in terms of PAW (p>0.05) between the TP at the average depth of 15 
and 25 cm, but they (TP) differed significantly at the average depth of 5 and 35 cm with the 
highest in ZT. Higher soil moisture content retained at all soil water pressure was found in 
ZT which differed significantly (p<0.01) form other TP. The research concluded that the 
best TP to be adopted in Hadejia in terms of improvement in physical and hydraulic 
properties is ZT practice.  

 Keywords: Conventional tillage, deep tillage, minimum tillage, sampling depth, tillage 
practices, zero tillage 

© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
Tillage is the mechanical disturbance of the soil for the purpose of crop production. Over the decades, focus 
has been drawn to the effects of different tillage practices on some physical and hydraulic properties of soils 
around the globe. However, increasing demand for food and fiber by the ever-growing human population 
has placed high stress on farmers to produce large quantity of food to meet this demand. One of the means to 
increase the output is through the employment of modern Agricultural machineries like ploughs, harrows, 
planters, harvesters etc. These machineries lead to high output per unit area, timely and efficient operations 
and reduction of drudgery associated with crop production. These practices, however, have shown to be 
highly destructive of the soil, which resulted to about 24% of the global agricultural land degradation (Bai et 
al., 2008).  
Irrigation management practices largely depend on accurate and timely characterization of spatial and 
temporal soil moisture changes in the root zone, especially in arid and semi-arid regions. Conservation 
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tillage has increasingly been utilized as the agricultural best management practice to reduce soil erosion 
(Salem et al., 2015). The knowledge outcome of conservation tillage on soil moisture conditions, soil 
compaction and soil temperature, has become a major concern among producers considering adopting this 
tillage system (Licht and Al-Kaisi, 2005). Soil compaction is usually determined by measuring soil bulk 
density and cone index. Soil bulk density and cone index are also utilized to predict the depth of soil 
hardpans (Mehari et al., 2005; Afzalinia and Zabihi, 2014). Therefore, evaluating the effects of conservation 
tillage practices on soil moisture and compaction can help to explain some of the differences in plant growth 
and development under different tillage practices (Licht and Al-Kaisi, 2005). 

Undesirable management practices cause degradation in soil health; depletion of organic matter and other 
nutrients, as well as decline in crop productivity (Ramos et al., 2011). Reducing disturbance of soil by 
reduced tillage influences several physically (López-Garrido et al., 2012), chemically (Page et al., 1986), and 
biologically (Bronick and Lal, 2005; Muñoz et al., 2007) interconnected properties of the natural body. Soil 
tillage is one of the important factors influencing soil properties and crop yield. Among the crop production 
factors, tillage contributes up to 20% (Khurshid et al., 2006) and affects the sustainable use of soil resources 
through its influence on soil properties (Lal and Stewart, 2013). Therefore, currently there is a significant 
interest and emphasis on the shift from extreme tillage to conservation and or no-tillage methods for the 
purpose of controlling erosion process and preserving soil nutrients (Iqbal et al., 2005). Conventional tillage 
practices cause change in soil structure by modifying soil bulk density and soil moisture content. In addition, 
repeated disturbance by conventional tillage produces a finer and loose-setting soil structure while 
conservation and no-tillage methods leave the soil intact (Rashidi and Keshavarzpour, 2007). The number, 
size, and distribution of pores again control the ability of soil to store and transmit water, air and 
agricultural chemicals and, thus, in turn, regulate erosion, runoff, and crop performance (Khan et al., 2001). 

Generally, these properties are affected by land management practices associated with row crop and 
perennial crop production practices (Zaibon et al., 2016). A research conducted by Fuentes et al. (2004) by 
comparing the hydraulic properties under natural prairie, conventional tillage, and no-till management for 
silt loam soils (Ultic Haploxerolls), discovered that in the natural prairie, hydraulic conductivity values were 
about one order of magnitude larger than in the cultivated soils. They concluded that even after 27 years of 
continuous no-till, hydraulic properties were not restored to the original values of the prairie soils. 

However, scientific researches are limited on the effect of tillage practices on the rainfed arable land in the 
Hadejia area. The research has been initiated to determine the best tillage practices with desirable soil 
properties. The soil physical and hydraulic properties investigated include bulk density, soil water retention, 
saturated hydraulic conductivity and pore size distribution. This research was carried out to evaluate the 
effect of tillage practices on bulk density, saturated hydraulic conductivity and water retention of the dryland 
soil under the four (4) different tillage practices. We hypothesized that differences in tillage practices would 
have significant effects on the physical and hydraulic properties of the soils. 

Material and Methods 
Experimental site 

The study was conducted at four different locations (Lat. 12.46o 061N and Long.10.04o 081E, Lat. 12.46o 011N 
and Long.10.04o 091E, Lat. 12.47o 031N and Long.10.040 071E and Lat.12.460 041N and Long.10.040 031E) in 
Hadejia local govt. area. The ecological zone is Sudan savannah which comprises of scattered trees and 
sparse vegetation. Rainfall ranges from 500-700 mm annually and rains between the month of June and 
October, mean annual temperature ranges from 27oC to 38oC. The experimental sites were continuously 
being utilised for rainfed cultivation of cereals and legumes for a long period of time. 

Experimental design and treatments 

The Tillage Practices (TP) were considered as first factor and the sampling depth (SD) as the second factor, 
with four (4) replications each which were laid in Randomized Complete Block design in a factorial 
arrangement. The four tillage practices were; Zero tillage (ZT: no any tillage activity is performed), Minimum 
tillage (MT: using hoe manually), Conventional tillage (CT: ox-ploughed by animal to a depth of about 15 cm) 
and Deep tillage (DT: tillage by chisel plough up to 22–25 cm depth using a tractor). The sampling depths 
included; 0-10 cm (average = 5cm), 10-20 cm (average = 15 cm), 20-30 cm (average = 25cm) and 30-40 cm 
(average= 35 cm).  
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Soil sampling and analysis 

Undisturbed soil samples were taken using aluminum ring core samplers at the sites in the month of October 
2017. The core samplers had a dimension of 5 × 5 cm each. The samples were collected by 10 cm increment 
from 0 to 40 cm depth for each tillage practice, making a total of 64 soil core samples. The sample cores were 
trimmed, covered the top and bottom openings, labelled and sealed in plastic bags and transported to the 
laboratory for measurements and analyses.  

Particle size analysis 

Particle size analysis was conducted using Bouyoucos hydrometer method, where sodium hexameta-
phosphate (Calgon) was used as a dispersant agent (Gee and Bauder, 1986). The USDA textural triangle was 
used to determine the textural class of the soil samples. 

Bulk density (Bd) and soil moisture contents (MC)  

Bulk density was determined using core method (Blake and Hartge, 1986). The soil was taken by pressing 
the core ring and carefully removed to preserve a known volume. Sample was then oven dried to 105 oC for 
24 hours and reweighed to determine the oven dry weight. The bulk density and moisture content were 
calculated thus; 

                      
                                        

                                 
 

(1) 

                         
                                                        

                               
     

(2) 

Saturated hydraulic conductivity (Ksat) 

The saturated hydraulic conductivity of the soil samples was determined by constant head method as 
described by Klute and Dirksen (1986). To determine the hydraulic conductivity, calibrated measuring 
cylinder was placed on the stand and followed by funnel on top of the cylinder, then a brass ring covered one 
side with white cloth and tighten with rubber ring was placed in the funnel and the required amount of the 
soil sample was placed inside the brass ring. Volumetric flask with the required amount of water was tilted 
upside down by the help of clamp and then the water was released by removing the stopper of volumetric 
flask to the brass ring with already contained soil sample, then the water drops into the measuring cylinder. 
The quantity of dropped water has been measured as well as the time taken. Hydraulic conductivity was 
calculated using the formula below; 

               
  

   
 

(3) 

where Ksat is the saturated hydraulic conductivity (cm/h), Q is the volume of water collected (cm3), T is the 
time taken (hr), A is the cross-sectional area of the sample (cm2), H is the hydraulic head difference (cm), and 
L is the length of the soil column (cm) 

Soil water retention 

Water retention of the soils under different tillage practices at different sampling depth was determined 
using the pressure plate and pressure membrane described by Richards (1947). The soil of a known weight 
was put into the core ring and placed on porous ceramic plates and was placed inside a pressure chamber 
for 7 days. The applied pressure was 0.1, 1, 10, 33, and 1500 kPa. The samples were then oven dried at 105 
oC for 24 hours which was weighed and multiply by the soil bulk density to obtain the volumetric moisture 
content (VMC). 

Data analysis 

Minitab 16, was used to test the normality for the parameters studied, which was conducted using 
Anderson–Darling at P=0.05. All data collected were analyzed using Statistical Analyses System (SAS 9.4 SAS 
system for windows by SAS Institute Inc., Cary, NC, USA). Analysis of Variance (ANOVA) and Proc GLM were 
used to determine the significant treatment effect on the measured properties with the significant difference 
of p<0.05. Least significant difference (LSD) was used for mean separation to detect significant difference 
between the means. 
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Results and Discussion 
The results of main and interactive effects of various tillage practices and sampling depth on bulk density 
(Bd) and saturated hydraulic conductivity were presented in Table 2. The results showed significant effect of 
tillage practices and sampling depth as well as their interaction on soil Bd (p<0.05). The mean values of the 
bulk densities differed significantly from one tillage practice to another in the order DT>CT>MT>ZT with DT 
having 3.3%, 5.2% and 6.5% higher bulk densities than CT, MT and ZT respectively. Similar result was 
reported by Alam et al. (2014) who also recorded highest bulk density reduction (6.41%) in ZT followed by 
MT (3.95%). Higher Bd obtained in DT could be due to soil compaction attributed to regular machinery used 
for ploughing. The lower Bd observed in ZT may be attributed to the maximum utilization of the soil 
vegetative cover year-in year-out. Many researchers (Rachman et al., 2004; Liebig et al., 2005; Mudgal et al., 
2010) acknowledged the influence of vegetative cover on soil bulk density; the higher the vegetative cover 
the lower the bulk density of a soil. The sampling depth also differed from one another statistically (P<0.05) 
in terms of Bd. Higher bulk density values were recorded in the lower depth whereas the lowest Bd values 
were obtained in the upper depths. There was 1.4% increment in Bd in the lower depth (20-40 cm) over the 
upper depth (0-20 cm). the Lower Bd values in the upper depth was due to the organic residues that are 
being left behind after harvest which decomposes and translocated up to some certain levels of the soil 
profile. The results agree with Seobi et al. (2005) who reported concomitant increase in Bd with an increase 
in sampling depth. The interaction effect between tillage practices and soil depth on Bd is presented in 
Figure 1a. The interaction showed that the Bd values increases with increase in depth in virtually all the 
tillage practices, with the exception of ZT which remain constant at the average depth of 5, 15 and 25 cm 
depth and then increases with 2.7% at the lower average depth of 35 cm. Bd of CT also remain unstable 
throughout the different sampling depth, which increases and decreases alternately as the depth progressed. 

Table 2. Analysis of variance (ANOVA) and main effect means for bulk density and saturated hydraulic conductivity. 
Main effects are Tillage practices and sampling depth. 

  ANOVA P>F 

Source of Variation Bulk Density (Bd) Sat. Hydraulic Conductivity (SHC) 

Replication (R)  0.1573 0.0596 

Tillage practices (T)     <0.0001           <0.0001 
T*R 0.0493 0.2274 
Sampling depth (D)     <0.0001           <0.0001 

T*D     <0.0001           <0.0001 
Tillage practices Means 
ZT 1.43d 0.75d 
MT 1.45c 1.84b 
CT 1.48b 1.02c 

DT 1.53a 2.90a 
LSD 0.02a 0.14a 
Sampling depth (cm) 

 0-10 cm 1.46b 1.76b 
10-20 cm 1.46b 1.41c 

20-30 cm 1.48a 1.43c 
30-40 cm 1.49a 1.91a 
LSD 0.02a 0.14a 

Mean comparisons were made only when P values for the main effects were ≤0.05. Means followed by same letters 
within the same column (for a given Bd and SHC) are not significantly different from one another at 5% level of 
significance. 

The result presented in Table 2 and Figure 1b showed significant difference (P<0.05) in the main effect of 
tillage practices, sampling depth and the interaction of the two on saturated hydraulic conductivity (Ksat). 
The highest Ksat was recorded under DT which differed significantly from that of other tillage practices in 
the order of DT>MT>CT>ZT with DT having an increment of 36.5%, 64.8% and 74% over MT, CT and ZT 
respectively. Despite having wide margin in Ksat values between the tillage practices, ZT, CT and MT all fall 
under the saturated hydraulic conductivity class of moderately slow (Teh and Jamal, 2006), with only DT 
having different class of moderate among the tillage practices. However, in terms of the sampling depth, Ksat 
differed from one another but they all fall under moderate slow class. Particle size distribution plays a vital 
role in determining the saturated hydraulic conductivity of soils. Higher Ksat in DT was due to the 
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proportion of sand, silt and clay content of the soil under tillage practice possessed. DT had higher 
proportion of sand and lower percentage of clay across the sampling depths (Table 1) when compared with 
the soils under other TP, and sandy soils had very rapid conductivity of water than silt and clay soils. The 
results of Ksat disagrees with Seobi et al. (2005) and Mudgal et al. (2010) but concurred with Zaibon et al. 
(2016) who indicated that normally, Ksat decreases with sampling depth due to the overburden pressure of 
the overlying soil, the downward movement of fine particles, and fewer roots, which reduce the proportion 
of interconnected pores and the pore size distribution. Seobi et al. (2005) reported that Ksat at 0-10 cm soil 
depth was 36 times greater than at the 30-40 cm soil depth. They found that the lowest value of Ksat at the 
30-40 cm soil depth was due to the higher concentration of smectite clay in that soil horizon (Seobi et al., 
2005), however, in this study it was found contrary because of higher proportion of sand content as shown 
in Table 1. 

  
(a) (b) 

Figure 1. Effect of (a) Tillage practices and sampling depth on Bulk density (Bd) and (b) Tillage practices and sampling 
depth on saturated hydraulic conductivity (SHC). Bars indicate LSD values at 5% level of significance.  

ZT: Zero tillage, MT: Minimum tillage, CT: Conventional tillage, DT: Deep tillage 

The interaction effect between TP and SD (Figure 1b) on Ksat followed the same trend for all the tillage 
practices. They all decrease from 5 cm average depth to 15 cm and then increases slightly at 25 cm and 
finally increases considerably at the final average sampling depth (35 cm) greater than the initial sampling 
depth. Higher Ksat values observed at the 5 cm depth compared to 15 and 25 cm was due to the greater 
percentage of organic matter content at the surfaces and lower clay content than at the deeper depth (Table 
1), while at the same time significant Ksat values at the deeper depth (35 cm) than its upper depths 
counterparts was because of the significant proportion of the sand content in the depth.  

Table 1. Particle size analyses of the experimental soils under different tillage practices at different sampling depth.  

Tillage practices Sampling depth (cm) Clay (%) Silt (%) Sand (%) Textural class 
ZT 0-10 12 19 69 Sandy loam 

 
10-20 12 22 66 Sandy loam 

 
20-30 13 22 65 Sandy loam 

 
30-40 14 22 64 Sandy loam 

MT 0-10 14 19 67 Sandy loam 

 
10-20 14 19 66 Sandy loam 

 
20-30 15 21 64 Sandy loam 

 
30-40 16 21 63 Sandy loam 

CT 0-10 22 14 64 Sandy clay loam 

 
10-20 23 15 62 Sandy clay loam 

 
20-30 22 16 62 Sandy clay loam 

 
30-40 23 17 60 Sandy clay loam 

DT 0-10 16 13 71 Sandy loam 

 
10-20 17 13 70 Sandy loam 

 
20-30 16 14 70 Sandy loam 

  30-40 18 14 68 Sandy loam 
ZT: Zero tillage, MT: Minimum tillage, CT: Conventional tillage, DT: Deep tillage 
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The ANOVA results for soil water retention (Table 3) showed that tillage practices had a significant effect (P< 
0.05) on volumetric moisture content retained at all soil water pressures. The result showed that ZT had 
higher moisture content at all the soil water pressures than other tillage practices. This result suggests that 
conservation tillage practices and soil management can affect soil water retention at all soil water pressure 
range. Consequently, this range of soil water pressure is affected by soil structure and root distribution 
effects. Soil water retention differed significantly with sampling depth (P<0.05), and the interactions 
between TP and SD were also significant (P<0.05) which is presented in Figure 2. Volumetric moisture 
contents (VMC) in the ZT practice was significantly different from all TP at all soil water pressure except at 
0.1kpa which indicated no significant difference among all the TP (Figure 2a). Similar trend was observed in 
Figure 2c but it did not differ significantly from CT. At 15 and 35 cm depth (Figure 2b and 2d), similar trend 
was observed with ZT having higher moisture content which differed significantly (P<0.05) from other TP at 
1, 33 and 1500 kpa only while DT had the lowest moisture content at these soil water pressure. Soil water 
retention is also a function of soil structure; total porosity and aggregates distribution. Allowing land under 
ZT to be covered with residues and vegetation during raining season is an important activity towards 
aggregate stability and increasing soil pore spaces which added a greater below ground biomass as 
compared with other tillage practices. Bulk density results were numerically lower at virtually all the depth 
for the ZT practice, which perhaps contributed to higher water retained in the ZT practice. Root of crops and 
weeds also played a significant role towards having lower Bd values and greater water retention of the soil 
under ZT practice. Mudgal et al. (2010) reported that because of the shallowest topsoil in the upper depth (4 
cm), it had more water content than deeper depth. 

Table 3. Analysis of variance (ANOVA) and main effect means for volumetric moisture content (VMC) across a range of 
soil water pressures. Main effects are Tillage practices and sampling depth 

ANOVA P>F 

Source of Variation                                               0.1kpa       1kpa       10kpa            33kpa 1500kpa 

Replication (R)  0.5925 0.9116 0.4200 0.4362 0.1253 

Tillage practices (T) 0.0277 <0.0001 0.0002     <0.0001     <0.0001 

T*R 0.7313 0.8398 0.3332 0.1255 0.9693 

Sampling depth (D) 0.5823 0.1588 0.0102     <0.0001     <0.0001 

T*D 0.0304 0.0003 0.0006     <0.0001     <0.0001 

Tillage practices VMC (m3 m-3) Means 

ZT 0.450ab 0.394ab 0.354ab 0.316ab 0.185ab 

MT 0.440bb 0.368bb 0.342bb 0.254cb 0.144cb 

CT 0.450ab 0.375bb 0.342bb 0.290bb 0.164bb 

DT 0.445ab 0.373bb 0.336bb 0.223db 0.106db 

LSD 0.006bb 0.008bb 0.007bb 0.006bb 0.006bb 

Sampling depth(cm) 

0-10cm 0.452ab 0.381ab 0.347ab 0.267bb 0.146bb 

10-20cm 0.446ab 0.378ab 0.347ab 0.278ab 0.156ab 

20-30cm 0.451ab 0.379ab 0.343ab 0.279ab 0.159ab 

30-40cm 0.445ab 0.372bb 0.336bb 0.255cb 0.137cb 

LSD 0.006bb 0.008bb 0.007bb 0.006bb 0.006bb 

Mean comparisons were made only when P values for the main effects were ≤0.05. Means followed by same letters 
within the same column (for a given soil water pressure) are not significantly different from one another at 5% level of 
significance.  

Figure 2 indicated that water content of a soil under different tillage practices can be different at all the soil 
water pressure levels. In terms of plant available water (FC-PWP), significant difference (P<0.05) was 
observed only at 5 and 35 cm average depth. However, at 5 cm depth the PAW was recorded in the order of 
ZT>CT>DT>MT with ZT having an increase of 31.5%, 42.1% and 47.3% over CT, DT and MT respectively. At 
the deeper/lower depth, the increase in PAW followed this order ZT>CT>MT>DT with 7.8% and 15.4% each 
of MT and DT. MT and DT had similar PAW at the lower depth (35 cm). The result disagrees with Alam et al. 
(2014) who found the maximum Available water content under DT, then followed by ZT, even though, it was 
after 2 cropping cycles.    
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(a) (b) 

  
(c) (d) 

Figure 2. Effect of tillage practices on soil water retention by sampling depth: (a) 5 cm, (b) 15 cm, (c) 25 cm, (d) 35 cm. 
Bars indicate LSD values at a given soil water pressure when significant at 5% level.  

ZT: Zero tillage, MT: Minimum tillage, CT: Conventional tillage, DT: Deep tillage. 

Conclusion  
Based on the given conditions under which the work was carried out, the study showed the importance of 
zero tillage among other soil conservation practices and based on the conditions under which this work was 
carried out the results of the research indicated that ZT attributes can be reaped beyond upper depth. 
Among the tillage practices, ZT had the lowest bulk density value (1.42 and 1.46 Mg m-3) at the upper (5 cm) 
and lower (35 cm) depth while DT had the highest values at the corresponding depths, with 5.3 and 6.4% 
increment respectively. Ksat ranges in the order of DT>MT>CT>ZT. The highest Ksat value in DT was due to 
the higher proportion of sand particles in soil under the practice. However, the hydraulic conductivity 
classes of the area, showed that all the soils under the tillage practices fall under same category of 
moderately slow hydraulic conductivity with the exception of DT practice. The VMC retained at varying soil 
water pressure potential was significantly different at all depths. It followed the order of ZT>MT>CT>DT 
from highest to lowest. ZT also recorded the highest plant available water (PAW) with 47.3 and 15.4%, 31.5 
and 7.4% and 42.1 and 15.4% increase over MT, CT and DT practices respectively at the average depth of 5 
and 35 cm. There was no significant difference observed among the TP at the average depth of 15 and 25 cm.  

Based on the findings of this study, the following recommendations were made: 

1. The use of zero tillage (ZT) should be encouraged since it neither involves cost nor adverse effects on the 
soils. 

2. The study should be extended to cover long time effects for tillage practices-TP (Zero tillage-ZT, Minimum 
tillage-MT, Conventional tillage-CT and Deep tillage-DT)  

3. Farming practices in an upland soil that rely solely on rainfall should be based on conservation tillage 
practices as this study revealed their important contributions to some soil physical and hydraulic 
properties as well as to the plant. 
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The objective of this research were to determine the effects of foliar fertilization (20% N: 
20% P2O5: 20% K2O) at different growth stages on yield and nutrient contents of spring 
wheat (Triticum aestivum L.) and to reveal proper application time and frequency in 
Kostanai-Kazakhstan conditions. The field experiment was conducted according to 
randomized plot design with four replications with a seeding rate of 500 seed per m2 on the 
plots having a size of 5.0 m length and 4.0 m width. Foliar applications of the fertilizer at 
1%rate were done at tillering (T), stem elongation (S), heading (H) stages of wheat and the 
combinations of these stages (T+S, T+H, S+H and T+S+H). Wheat yield values varied 
between the lowest 1.32 t/ha in the control and the highest 2.14 t/ha in the foliar 
fertilization done at tillering and steam elongation stages (T+S). According to control 
treatment, increases in grain yields by the foliar fertilization done at the different growth 
stages were determined as follows; T+S (61.7%) > T+H (47.4%) > T+S+H (41.8%) > S+H 
(41.6%) > T (38.5%) > S (19.1%) > H (16.6%). There was no significant difference among 
the macronutrient contents in grain obtained by the foliar fertilization at the different 
growth stages. N, P and K contents in the grain were close the values cited in the literatures. 
Ca and Mg contents deficiency in grain were determined due to the acidic soil pH condition 
of Kostanai-Kazakhstan. Nitrogen, P, K and Ca uptakes by grain, except Mg, generally 
increased with the all application of foliar fertilization. When the foliar fertilization was 
done at T+S stages, the highest macro nutrient uptakes by grain in wheat were generally 
obtained. This research indicated that the first foliar fertilization should be applied at the 
tillering stage and the best foliar fertilization management for high grain yield and nutrient 
uptake should be done two times at the combination of tillering and stem elongation stages.  

 Keywords: Wheat, grain yield, foliar fertilization, nutrient uptake. 

© 2019 Federation of Eurasian Soil Science Societies. All rights reserved  

Introduction 
The nutrients in soil have an important role in the crop nutrition to achieve higher yield, better growth and 
plant development. Fertilization is one of the most important parts of the crop growing technology and has 
the highest dynamic effect on the grain wheat yield economically (Ivanova et al., 2007). It is generally 
assumed that if fertilizers are applied in autumn or spring then all crop nutrient requirements can be met 
from the soil. It is not always true, for example particularly late in the season when abundant nutrients may 

                                                           
* Corresponding author.  
Ondokuz Mayıs University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, Samsun, Turkey  
Tel.:  +90 362 3121919                                                                                                                                              E-mail address: cgulser@omu.edu.tr 
e-ISSN: 2147-4249                                                                                                                                                                        DOI: 10.18393/ejss.575026 



 C.Gülser et al./ Eurasian J Soil Sci 2019, 8 (3) 275 - 281 

276 
 

be present in the soil but unavailable to a crop due to dry conditions. In this case, soil nutrient supply 
combined with internal re-translocation may not always be adequate for setting and filling the maximum 
number of grains, and crops might benefit from supplementary foliar applications of nutrients (Barraclough 
and Haynes, 1995). Many studies showed that foliar fertilization at different growing stages of wheat 
increased grain yield over the control (Bhutto et al., 2016; Jarecki et al., 2017;  Mikos-Szymańska, 2018). 
Rusek et al. (2016) found that the average yields of wheat were significantly higher about 30% after urea-
superphosphate and concentrated superphosphate with urea fertilizers over the non-fertilized plots. They 
determined that N and P fertilization increased the N, protein and gluten contents in grains and had the 
positive effect on wheat quality. Czuba (1993) reported that nitrogen use efficiency (up to 160%) through 
foliar application was greater than soil application of urea. Sarandón and Gianibelli (1990) determined that 
foliar application of urea at the end of tillering increased dry matter yield, grain yield, harvest index and total 
N uptake by wheat and maximum grain yield was obtained with the application of N at sowing plus a foliar 
application at the end of tillering. In a field experiment by Khan et al. (2009), foliar application of urea in 
different concentrations and at different stages increased yield and yield components of wheat. Potassium 
nitrate is readily available and widely used in horticulture (Weinbaum, 1988), and in view of the well-known 
synergisms between N and K during uptake and translocation in plants, it would seem to be an ideal source 
of macronutrients for late, supplemental foliar feeding. Munson (1982) reported that nutrient uptake by 
wheat was 125 kg/ha N, 22 kg/ha P, 92 kg/ha K, 16 kg/ha Ca, 14 kg/ha Mg, and 14 kg/ha S when 8 t/ha of 
dry matter was produced. In a greenhouse study, low concentrations of KNO3 (20 mM) sprayed on wheat at 
anthesis considerably increased grain numbers (Prakash and Joshi, 1973). In addition to their benefits, foliar 
fertilization may also help reduce the denitrification, leaching and immobilization, frequently related to N 
fertilization to the soil system (Gooding, 2005) by improving N use efficiency to a greater extent (Czuba, 
1993). It is also reported that the foliar application of urea, applied at and after anthesis, is beneficial over 
soil treatments in increasing grain N content of wheat (Zhigulev, 1992). Gülser et al. (2017) reported that the 
application of 1.0% rate of foliar fertilization (10% N, 5% P2O5, 5% K2O) only at stem extension stage or 
together with tillering stage increased the yield components and raw protein contents of grains in wheat 
plant.  

The objectives of this research were to determine the effects of foliar fertilization (20% N: 20% P2O5: 20% 
K2O) at different growth stages on yield and nutrient contents of spring wheat (Triticum aestivum L.) and to 
reveal proper application time and frequency in Kostanai-Kazakhstan conditions. 

Material and Methods 
This research was carried out at the experimental field of Kostanai Agricultural Research Institute in 
Kazakhstan. Soil properties of the experimental field were determined on the soil samples taken from the 
field randomly before seeding. Soil samples taken from the field were air dried and sieved from a screen 
with 2 mm opening size to prepare for analysis. Sand, silt, clay contents of the soil samples were determined 
by Hydrometer method (Bouyoucos, 1962). Soil pH values were measured in soil suspension (1:1 w:v) by 
glass electrode pH meter and EC values were determined in the same soil suspension (1:1 w:v) by EC meter 
(Rowell, 1996). Soil organic matter (OM) contents were determined by modified Walkley-Black method, 
(Walkley and Black, 1934). Lime (CaCO3) contents of soils were determined by Scheibler calcimeter 
according to Nelson (1982). Some properties of the soil used in this research are given in Table 1. The soil of 
experimental field had sandy clay loam (SCL) textural class, moderate in organic matter content, acidic in 
soil pH, non-saline and limeless (Soil Survey Staff, 1993).     

Table 1. Some properties of the experimental soil. 

Clay, % 25.87 pH(1:1) 5.45 
Silt, % 11.04 EC, dS/m 1.272 
Sand, % 63.09 Organic matter, % 3.18 
Texture SCL Lime (CaCO3), % 1.06 

Average climatic data of temperature and rainfall for long term in Kostanai are given in Figure 1. According 
climatic data, the highest mean temperature is on July (27°C) while the lowest mean temperature is on 
January (-23°C). The total precipitation per year is about 347 mm and the region receives the highest mean 
precipitation on July (61 mm) and the lowest precipitation is on December (10 mm).      
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Figure 1. Climatic data for long term in Kostanai, Kazakhstan 

A field experiment was conducted at the fields of Kostanai Agricultural Research Institute with randomized 
complete plot design having three replications. The plot size was kept 20 m2 (5x4m) and 2 m spacing among 
the parcels was left to avoid edge effect. After ploughing and land leveling, seeds of spring wheat variety 
Omskaya-18 at a recommended rate of 500 seeds per m2 were sown throughout the plots in 26.05.2016.  In 
the control plots, only basic recommended NPK fertilization for wheat in Kostanai conditions was applied 
from soil and there was not foliar fertilization. Also, the basic NPK fertilization was applied for the 
experimental plots including foliar fertilization. The foliar fertilizations at 1% rate of totally water soluble 
fertilizer (20% N: 20% P2O5: 20% K2O) produced by Agrobigen R&D using with nano-technological methods 
were applied with spraying 0.5 L fertilizer solution to plant leaves in each plot to wet all plants completely at 
tillering (T), stem elongation (S), heading (H) stages of wheat and at the four combination times of these 
stages (T+S, T+H, S+H and T+S+H). The foliar fertilizations were applied at tillering stage in 25.06.2016, 
stem elongation stage in 12.07.2016 and heading stage in 23.07.2016.  

In order to determine the foliar fertilization effect, ripened plants were harvested in 27 August, 2016. Plants 
from all plots were sampled to measure yield and yield criteria parameters and to analyze plant nutrient 
contents. Plant samples were dried at 65°C with aeration until reaching a constant weight. Dried plant 
samples were grained using a stainless steel grinder to make samples ready for analysis. Grained seed 
samples were placed in the oven at 450±50°C for 8 hours. Seed ashes were treated with 10 N HNO3 and 
filtrated using blue band filter paper according to Jones (2001). Total nutrient contents of seed samples were 
determined in filtrated solutions by the following methods at the laboratory of Soil Science and Plant 
Nutrition Department of Ondokuz Mayıs Uiversity, Samsun-Turkey; total nitrogen (N) contents by Kjeldahl 
method, total Phosphorus (P) contents with the vanado-molybdophosphoric acid color method 
spectrophotometrically; total potassium (K), calcium (Ca) and magnesium (Mg) contents using Perkin Elmer 
A400 Atomic Absorption Spectrophotometer (Jones, 2001). Variance analyses and correlations for the data 
were done using SPSS pogramme and significant differences between the treatment means were shown 
Duncan test.      

Results and Discussion 
Effect of NPK foliar fertilization on grain yield in wheat  

Foliar fertilization with 1% rate of NPK (20:20:20) at different grown stages of wheat under Kostanai-
Kazakhstan conditions significantly increased the grain yield over the control application (Figure 1A). While 
the lowest grain yield (1.32 t/ha) was obtained in the control, the highest grain yield (2.14 t/ha) was 
obtained with the foliar fertilizations at the combination of T+S stages. Although the increase in grain yield 
by foliar fertilization made only at S and H stages was not significant, the foliar fertilization in T stages 
significantly increased grain yield over the control. The foliar fertilization made more than one times at the 
combination of wheat grown stages significantly increased the grain yield compared with the control. The 
percentage increases in grain yield according to the control are given in Figure 1B. Percentage increment 
effect of foliar fertilization at different growth stages on grain yield over the control were determined as the 
following order; T+S (61.7%) > T+H (47.4%) > T+S+H (41.8%) > S+H (41.6%) > T (38.5%) > S (19.1%) > H 
(16.6%). Khan et al. (2009) found that the wheat grain yield was increased by 32% when 4% urea solution 
was applied as foliar spray at tillering, stem elongation and boot stage. Jarecki et al. (2017) reported that 
three times foliar fertilization increased wheat grain yield over the control. Mikos-Szymańska et al. (2018) 
determined that the standard NPK soil fertilization plus calcium micronized suspension foliar fertilization at 
tillering and stem elongation stages had the highest grain yield in spring wheat compare to control by 15.7%. 
In another study, Maitlo et al. (2006) found that the foliar application of urea done at tillering and ear head 
emergence stages by the integrated application of urea through broadcasting significantly increased the 
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wheat grain yield (4.11 t/ha) over soil application urea alone (3.47 t/ha). Gülser et al. (2017) determined 
that total biological wheat yield varied between the lowest 5.44 t/ha in control treatment and the highest 
7.38 t/ha in 1.0% rate of NPK (10:5:5) foliar fertilization treatment at stem extension stage. In this study, 
similarly it was found that 1% foliar fertilizations of NPK (20:20:20) at different growing stages showed 
significant increments in wheat grain yield over the control. It was determined that if one or more foliar 
fertilization will be applied regarding the growing stages of wheat, the first one should be applied at the 
tillering stage and the best foliar fertilization management for high grain yield was the combination of 
tillering and stem elongation stages. 

 

Figure 1. Effect of foliar fertilization at tillering (T), stem elongation (S) and heading (H) stages on wheat grain yield 
(A) and percentage increase in grain yield according to control (B). 

Effect of foliar fertilization macronutrient content and uptake by grain in wheat  

The foliar fertilization at 1% rate of NPK (20:20:20) had no significant effect on macronutrient content of 
grain (Table 2). Smith et al. (2018) reported that increased grain yield by the N and P fertilization generally 
diluted grain nutrient concentration for P, Zn, Ca, K, Mg, and Mn. In this study, similarly N and Mg 
concentrations in grain generally decreased by the foliar fertilization and the concentrations of the other 
elements almost stayed stable due to dilution effect of increasing yield. While the highest N content 
(1.938%) was obtained in the control treatment, N content of grain generally decreased by the foliar 
fertilization. The highest P (0.404%) and K (0.563%) content were determined by the foliar fetilization 
applied at H stage.  On the other hand, the highest Ca (0.017%) and Mg (0.089%) content were found by the 
foliar fetilization applied at T+S+H and S stage, respectively. Tiryakioğlu et al. (2014) found that there were 
high genotype effects for all macronutrients and plant organs and  N, P, K, and Mg decreased during grain 
filling in all plant parts except the grain. They reported that the rate of decrease varied depending on plant 
organs and nutrients and grain nutrient concentration, except nitrogen content, increased up to 
physiological maturity, in contrast to the other nutrients, Ca content increased or remained stable depending 
on the plant organs. In this study gener ally, N and Mg concentrations in grain reduced with the application 
of foliar fertilization over the control when comparing with the other nutrients (Table 2). Ostrowska and 
Porebska (2017) indicated that N, Ca, Mg contents and Ca:Mg ratio of grain in wheat were 2.07%, 0.05%, 
0.08% and 0.6, respectively. They reported that the Mg content higher than that of Ca in cereal grain and 
consequently the Ca:Mg ratios were lower than 1. The ratio of Ca:Mg is an indicator of Mg deficiency in plant 
and an imbalanced Ca:Mg ratio often negatively influences product quality (Gerendás and Führs, 2013). The 
ratio of Ca:Mg in cereals is an important parameter for human and animal health  and the Mg content higher 
than that of Ca in cereal grain and consequently the Ca:Mg ratios are lower than 1. The low Ca content in 
plants is caused by intensive N fertilization in acidic soils (Ostrowska and Porebska, 2017). In this study, Ca 
content in grain was similarly low under the acidic soil condition.  

Table 2. Effect of foliar fertilization on macronutrient content of wheat grain 
Foliar fertilizations at grown stages N, % P, % K, % Ca, % Mg, % Ca:Mg 
Control 1.938 0.356 0.532 0.013 0.078 0.169 
Tillering (T) 1.803 0.377 0.529 0.013 0.058 0.229 
Stem elongation (S) 1.858 0.393 0.504 0.014 0.089 0.156 
Heading (H) 1.878 0.404 0.563 0.015 0.055 0.272 
T+S 1.899 0.351 0.544 0.014 0.063 0.227 
T+H 1.849 0.334 0.534 0.015 0.044 0.345 
S+H 1.870 0.342 0.456 0.015 0.061 0.249 
T+S+H 1.897 0.358 0.543 0.017 0.057 0.292 
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The foliar fertilization at 1% rate of NPK (20:20:20) significantly increased N, P, K and Ca uptakes by grain in 
wheat, except Mg uptake. The N uptake by grain varied between the lowest (25.6 kg/ha) in the control and 
the highest (40.6 kg/ha) in the foliar fertilization at T+S stages (Figure 2). Increments in N uptake over the 
control were significant in the foliar fertilization done at T, T+S, T+H, S+H and T+S+H stages (p>0.01). 
Increasing total N uptake also reflects the increase total protein content in grain of wheat plant. Siuliauskas 
et al. (2001) found that 30 kg N/ha, applied as foliar spray during heading and at the beginning of milky 
ripeness increased wheat yield upto 8.54 t/ha and protein content up to 15.29%. Khan et al. (2009) reported 
that integrated application of N through soil and foliage facilitated the higher N uptake in plants. They 
determined that the highest mean N uptake of 149.9 kg/ha was in the treatment where 6% urea solution 
sprayed at tillering, stem elongation and boot stage, which was significantly higher than all other treatments. 
In another study, Maitlo et al. (2006) found that the 2.5% foliar application of urea done at tillering and ear 
head emergence stages by the integrated application of urea through broadcasting significantly increased 
the N uptake by grain (59.36 kg/ha) over soil application urea alone (25.96 kg/ha). Gülser et al. (2017) 
reported that the highest raw protein content (18.5%) and the yield components in wheat was determined 
over the control with the  application of 0.5% rate of foliar fertilization (10% N, 5% P2O5, 5% K2O) at tillering 
plus stem extension stages. Similarly in this study, the highest protein amount or N uptake by grain in wheat 
was determined with the foliar fertilization done at the T+S stages.    

 

Figure 2. Effect of NPK foliar fertilization at tillering (T), stem elongation (S) and heading (H) stages on N uptake by 
grain in wheat (p>0.01). 

The P uptake by grain varied between the lowest (4.65 kg/ha) in the control and the highest (7.45 kg/ha) in 
the foliar fertilization at T+S stages (Figure 3). Increments in P uptake over the control were significant in 
the all foliar fertilization treatments (p>0.05). The K uptake by grain also varied between the lowest (7.05 
kg/ha) in the control and the highest (11.58 kg/ha) in the foliar fertilization at T+S stages (Figure 3). 
Increments in K uptake over the control were significant in the foliar fertilization done at the T, T+S, T+H, 
T+S+H stages (p>0.01). Maitlo et al. (2006) detrmined that the 2.5% foliar application of urea done at 
tillering and ear head emergence stages by the integrated application of urea through broadcasting 
significantly increased the P and K uptakes by grain (20.00 kg/ha and 24.65 kg/ha) over soil application 
urea alone (16.89 kg/ha and 20.89 kg/ha), respectively.  

 

Figure 3. Effect of NPK foliar fertilization at tillering (T), stem elongation (S) and heading (H) stages on P (p>0.05) and 
K (p>0.01) uptakes by grain in wheat. 
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While the Ca uptake significantly increased by the foliar fertilization (p>0.01), there was no significant effect 
of foliar fetilization on Mg uptake over the control (Figure 4). It was found that the highest Ca uptake (0.31 
kg/ha) was obtained by the foliar fetilizations done at the T+S and T+S+H stages, the lowest Ca uptake (0.17 
kg/ha) was determined in the control. Except the foliar fertilization done at H and T+H stages, Mg uptake by 
grain generally increased by the foliar fertilization compared with the control. The highest Mg content (1.40 
kg/ha) was determined with the foliar fertilization done at S stage. Klikocka (2018) reported that the uptake 
of K, Mg and Ca by grain significantly increased in direct proportion to the increase of the N fertilization dose 
and was the highest after application of 120 kg N/ha (K–22.55, Mg–8.36 and Ca–2.28 kg/ha).  

 

Figure 4. Effect of NPK foliar fertilization at tillering (T), stem elongation (S) and heading (H) stages on Ca (p>0.01) 
and Mg uptakes by grain in wheat. 

The grain yield showed unsignificant negative correlations with N (-0.218), P (-0.395), K(-0.163), Mg(-0.264) 
and unsignificant positive correlation with Ca (0.042) contents. However, the significant correlation 
coefficients between the grain yield and uptake of macroelements by grain showed the following order; N 
(0.966**) > K (0.752**) > Ca (0.651**) > P (0.631**). Klikocka et al. (2018) determined that the  correlation  
coefficients  between  grain  yield  and  the  content  of  macroelements  decreased  in  the  order  Mg > Ca > K 
> P and the strength of the relationship between grain yield and uptake of macroelements by grain had the 
following order P > Mg > K > Ca.  

Conclusion  
The 1% rate of foliar fertilization (20% N: 20% P2O5: 20% K2O) applied at the different growth stages 
increased the grain yield of wheat.  The highest grain yield (2.14 t/ha) was determined with the foliar 
fertilization applied at the tillering plus stem elongation (T+S) stages compared with the control (1.32 t/ha). 
Increased grain yield by the foliar fertilization generally diluted macro nutrient content in grain. Therefore, 
there was no significant difference in macronutrient content in grain among the foliar fertilization done at 
the different growth stages and their combinations. Although N, P and K contents in the grain were close the 
values cited in the literatures, Ca and Mg contents were lower than the values indicated in the different 
studies. It shows that there are Ca and Mg deficiency in the gain grown under the acidic soil pH condition of 
Kostanai-Kazakhstan. The Ca:Mg ratio in grain for all treatments was lower than 1. Besides the basic N, P, K 
fertilizers, foliar or soil fertilizers including Ca and Mg should be used for wheat growth in this region. Macro 
nutrient uptakes by grain, except Mg, generally increased with the all foliar fertilization. The highest macro 
nutrient uptakes by grain in wheat were generally obtained with the foliar fertilization done at the T+S 
stages due to the highest grain yield. It can be suggested that if one or more foliar fertilization will be applied 
during the growing stages of wheat, the first one should be applied at the tillering stage and the best foliar 
fertilization management for high grain yield and nutrient uptake was the combination of tillering and stem 
elongation stages. 
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