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ABSTRACT 
 

Soil survey assessment was conducted to characterize and map the distribution of the physico-
chemical characteristics of irrigated and rain-fed agriculture and water quality evaluation from 
irrigated areas in Raya Azebo, Tigray, Ethiopia. A total of 76 Auger samples have been taken from 
a depth of 0-20cm. Three Pits, 1m x1m and 40cm depth also were opened, and soil samples were 
taken from two soil depths 0-20 and 20-40cm. Assessment of the groundwater quality of the study 
area was done to determine its suitability for agricultural purposes and water for this purpose 
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requires meeting certain safety standards. Water samples were also collected from the main source 
hand-dug wells and the furrow irrigation for analysis. Accordingly, major soil properties and water 
quality parameters were analyzed and mapped. The selected parameters for rain-fed were pH, 
electrical conductivity, total nitrogen, available phosphorus, organic matter, cat ion exchange 
capacity, available potassium, exchangeable calcium and magnesium. Important constituents like 
TDS (243.2 to 448 mg/l), pH (7.08 to 7.95), and EC (0.95 to 1.75 dS/m) were assessed from the 
water sample and compared with standard limits of irrigation water quality. In general, the soils of 
both rain-fed and irrigated areas and the irrigation water quality laid under safe and salt-free, but 
some soil nutrients like organic matter, nitrogen, potassium, calcium and magnesium status showed 
low to medium rank. Hence, the soil requires attention regarding integrated nutrient management 
approaches. 
 

 

Keywords: Soil fertility; groundwater; soil mapping; soil characterization; water quality. 
 

1. INTRODUCTION 
 

Soil fertility is one of the key factors for 
agricultural productivity in Tigray, Ethiopia. Low 
essential soil nutrients due to limited 
replenishment of removed nutrients, and high 
erosion rates in mountainous areas caused soil 
fertility decline to threaten current and future food 
production [1,2]. Due to long history of 
agriculture, population growth and unwise 
utilization of natural resources, Tigray has faced 
challenges related to land degradation for a long 
period and agricultural productivity has 
decreased dramatically. Soil characterization, 
soil classification, and soil mapping provides 
information that could benefit farmers, especially 
in the area of food security and environmental 
sustainability. Soil characterization provides 
information to understand the physical, chemical, 
mineralogical, and microbiological properties of 
the soils we depend on to grow crops, sustain 
forests and grasslands as well as to support 
homes and society structures [3]. Soil 
characterization study, therefore, is beneficial to 
understand the soil, classifying it, and to 
understand the environment [4].  
 

Determining the suitability of land for irrigation 
requires a thorough evaluation of the soil 
properties, the topography of the land in the field 
and the quality of water to be used for irrigation 
[5].  One of the special purposes of a soil survey 
is the type of soil survey that is implemented to 
establish soil fertility, soil chemical and physical 
properties, and mapping of fertilizer 
recommendations. For such type of soil survey, 
the acceptable international standard scale 
ranges from 1:25,000 to 1:50,000 based on the 
variability of soils where the observation density 
varies in the range of 1:10 to 50 ha [6].  
 

In our region, some areas have high potential for 
crop production. For example, Raya Azebo 

district has a big flat land that can be used for 
irrigation. This area is intensively used for 
irrigation and rain-fed production by investors 
and farmers of the area. Some or limited studies 
were conducted in the area, according to [7] soils 
of the area are generally potential for agriculture, 
and more than 80% of the area is being 
cultivated, mainly for teff and sorghum. However, 
regarding the soil properties, detail sampling has 
not been taken and was not well-studied yet. Due 
to climate challenges, there is an erratic rainfall 
distribution in the area but the area has 
underground water potential. Therefore, the 
challenge can be addressed with the expansion 
of irrigated agriculture. Even though, intensive 
farming and surface irrigation have been 
practiced in the soils of the cultivated area, soil 
physico-chemical properties of the irrigated and 
non-irrigated areas in Raya Azebo district were 
unknown. Therefore, the objective of the study 
was to characterize the soil physico-chemical 
properties and water quality of irrigated and non-
irrigated parts of the study area.  
 
Spatiotemporal analysis, monitoring, and change 
detection in soil and water quality and their 
amendment would help researchers, policy 
makers, industrial players and farmers to take 
remedies to improve soil fertility, soil health, and 
water quality to enhance nutrient and water use 
efficiency and to sustain the agricultural land in 
general. 
 

2. MATERIALS AND METHODS 
 

2.1 Description of the Study Area 
 
The study area is Raya Azebo district in Tigray 
Region (Fig. 1B), Northern Ethiopia. It is located 
between latitude 120 5’N and 390 10’E longitude. 
The administrative center of this district is 
Mehoni.  The district represents rain-fed based 
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farming systems of lowlands and Vertisol is the 
dominant soil types, which cover over 70% of the 
study area [8]. The main activities carried out in 
the study area are mixed farming or sedentary 
(i.e. crop production and animal husbandry). The 
main crops grown in the area include teff, 
sorghum, maize, and barley production followed 
by pulses. Cropping season is almost once a 
year because the study area has unimodal 
rainfall distribution except in some rural kebelles 
which obtain rain in summer and spring. 
Therefore, for this study, we selected two 
kebelles using purposive sampling techniques, 
Kara Adishaho and Tsigea Wargiba with an 
elevation of 1669m and 1895m, respectively. 
These selected areas used both rain-fed and 
irrigation-based cropping systems. 
 

2.2 Soil Sampling and Georeferenced 
Information 

 
Boundaries and soil sampling location points 
were determined from other maps such as 
geology, land use, or any other administrative 
maps. To validate the map, ground truthing or 
google earth checking was done to determine the 
soil sampling area. After stratifying the area of 
interest, sampling locations have been randomly 
distributed over the agricultural land with highly 
skewed to the currently cultivated land. It is 

especially important to view the map scale from 
the point of view of the soil survey consumer. 
Therefore, the scale was detailed (1:10,000)  
(Fig. 1C). 
 

2.3 Sampling Design and Field Survey 
 
The soil survey was conducted in two steps-
auger and pit-based analysis. All observation 
points were accurately geo-referenced by hand-
held, Global Positioning System (GPS) and at 
every auger point site, other information was 
described. During an auger observation, a mostly 
free survey technique (random sampling) was 
used. 
 
The type of sampling employed was composite 
soil sampling taken from locations having similar 
soil types, topography and history of similar land 
utilization types (LUT). A total of 76 soil samples 
of both kebelles have been taken from a depth of 
0-20cm. Three Pit also opened 1x1m and 40 cm 
depth, and soil samples were taken from two soil 
depth 0-20 and 20-40 cm. Water samples also 
collected from the irrigation sites of the two 
kebelles and have been taken 4 water samples 
from the main source hand dug wells and 4 
samples from the furrow which comes                       
from each hand dug wells in both kebelles for 
analysis. 

 

 
 
Fig. 1. Geographical location of the study area (Ethiopian Regions (A), Tigray Districts (B), and 

Study boundary with sample points (C)) 
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Interview was conducted using informal 
discussion to capture data pertaining to farmer’s 
perception on soil fertility and 30 sample                 
farmers were randomly selected from the 
provided area. 
 

2.4 Soil and Water Sample Analysis  
 
Soil and water samples were analyzed at 
Mekelle Soil Research Center laboratory. Soil 
samples were air dried and passed through a 2-
mm sieve. For determination of organic carbon 
(OC) and total nitrogen (TN), 0.5 mm sieve was 
used. Soil pH was measured using meter 
equipped with combined glass electrode from pH 
1:2.5 soil/solution in water. The electrical 
conductivity (EC) of the 1:2.5 soil/solution in 
water suspension was recorded with the help of 
an electrical conductivity meter.  Organic carbon 
by modified Walkley and Black method [9]; cation 
exchange capacity (CEC) by replacing 
exchangeable cations with ammonium acetate 
(NH4OAc) [10]; available phosphorous [11] and 
total nitrogen [12] were used for estimation. Soil 
texture was determined by hydrometer 
determination [13]. Moreover, available 
potassium (av. K), exchangeable calcium (Ca) 
and magnesium (Mg) were measured for soil 
analysis. Also, pH, EC, Bicarbonates (HCO3), 
Total Dissolved Solids (TDS), Ca, Mg, Chlorine 
(Cl) & Sodium (Na) were determined for water 
quality.  

 
2.5 Data Analysis  
 
Descriptive statistics such as minimum, 
maximum, mean and percentages were used to 
analyze soil property data. Different standard 
rate and guidelines for interpretations of results 
of soil physico-chemical characterization and 
water quality for irrigation has been used. The 
generated raster layers of each soil parameter 
were further reclassified in spatial analyst tools of 
the ArcGIS 10.2 software using different rating 
classes and maps of major properties generated 
[14,15,16]. 

 
3. RESULTS  
 
3.1 Assessment of Soil Physico-chemical 

Properties of Rain-fed Area 
 
Texture: A total of 76 soil samples of both 
kebelles have been collected and analyzed for 
soil texture. 80 % of the total samples were 
categorized as clay and 20% as clay loam hence 

the study area had a dominantly clay texture and 
was classified as vertisol [7]. 
 
Soil reaction (pH 1:2.5): pH ranged from 7.1 to 
7.9. According to the soil alkalinity rating fixed by 
[16] (Supplementary Table 1), it was observed 
that nearly 96% of samples were categorized as 
moderately alkaline, and 4% of samples were 
categorized under neutral soil pH. Similar to our 
study, [7] also reported the soil pH of the area as 
moderate to strong alkaline. 
 
Salt concentration (ECe): The electrical 
conductivity (EC) of the soil samples analyzed 
ranged from 0.05 to 1.22 mmohs/cm. The total 
samples were classified under normal or non-
saline ranges according to the previously 
described limit set by [15] (Supplementary Table 
S1). The geospatial interpolation result depicted 
that the study area is characterized as almost 
free of salinity. 
 
Cation exchange capacity (CEC): The cation 
exchange capacity ranged from 34.4 to 70 
cmol/kg. The majority of the sampled area falls 
under very high status and only a few                  
samples ranged in high cat ion                          
exchange capacity. According to the rating of 
CEC set by [17] (Supplementary Table S1), 97% 
of the total sample is classified under high   
status, and 3% of the total sample also classified 
under low status. Hence, the soil can hold                    
the cations with a good soil management 
practice. 
 
Organic matter (OM %): The organic matter 
analyzed in all sampled clayey soils exhibited in 
the range of 1.09 to 3.87%.  The distribution of 
soil samples concerning OM content indicates 
that the soil is low to medium range. The OM 
content classification of our results was based on 
the limit or rating set by [16] (Supplementary 
Table S 1), 59% of the total samples had low 
organic matter, and 41% of the total sample was 
also laid on medium organic matter content               
(Fig 2). 
 
Total nitrogen (TN %): The total N content of 
the clayey soil ranged from 0.04 to 0.2%. The 
majority of the sampled area falls under medium 
status and the rest is in low total Nitrogen             
(Fig. 3). According to the rating on soil total 
nitrogen set by [16] (Supplementary Table S1), 
81% of the total samples of the area had the 
medium status of total nitrogen and 19% of the 
total sample also had a low status of total 
nitrogen. 
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Fig. 2. Spatial distribution of soil organic matter 
 

 
 

Fig. 3. Spatial distribution of soil total nitrogen 
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Fig. 4. Spatial distribution of soil available potassium 
 

 
 

Fig. 5. Spatial distribution of soil calcium 
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Fig. 6. Spatial distribution of soil magnesium 
 
Available phosphorus (av. P): The available 
Phosphorus varied from 6.74 to 42.2 mg/kg. The 
study indicated that the majority of the sampled 
area exhibited high and few also as a medium of 
Phosphorus content.  This is based on the rating 
set by [18] (Supplementary Table S1), 84% of 
the sampled area exhibited as high and 16% also 
as a medium of P content. 
 
Available potassium (av. K): The results 
showed that the available K content ranged from 
87.1 to 257 mg/kg (Fig. 4). The data reveals that 
45% of soil samples tested were in medium level 
of available K, 29% as high and 26% of samples 
were indicated as a very high range. The K 
availability rating was depending on [19] 
(Supplementary Table S1). 
 
Calcium (Ca): The Calcium content of the 
sampled area ranged from 92 to 312 mg/kg. The 
result indicates that the highest of the sampled 
area exhibited very low (Fig. 5). According to [19] 
(Supplementary Table S1), the result indicates 
that about 75% of the total sampled area 
exhibited very low and 25% also under low 
calcium content. 
 
Magnesium (Mg): The results showed that the 
magnesium content varied from 28.8 to 86.4 

mg/kg. The result has shown that about 79% of 
soil samples tested were low (Fig. 6). The result 
has shown that about 79% of soil samples tested 
were low and 21% had very low soil magnesium 
content in the sampled area. This rating is 
according to [19] (Supplementary Table S1). 
 

3.2 Pit Soil and Ground Water Quality for 
Irrigation Purpose 

 

3.2.1 Physico-chemical properties of soil in 
the irrigated area 

 

As indicated in Table 1, this study compares the 
soils of the irrigated area in soil property and 
fertility status with two depths of 0-20 and 20-
40cm. In both depths, the soil was in the same 
range of moderately alkaline in reaction and 
showed a pH range of 7.85 to 8.0. The salt 
concentration of the two depths was laid on salt-
free, which ranged from 0.25 to 0.55 mmohs/cm. 
The organic matter content and total nitrogen 
were found to be in the low and medium range, 
respectively in both depths, however, the upper 
depth (0-20cm) contained more organic matter 
and total nitrogen than the bottom depth (20-
40cm). A similar study in this area by [7] reported 
that the organic matter content of the soils is 
rated as low to medium, and declines with depth. 
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Table 1. Some physico-chemical properties of the irrigated soil 
 
Soil  
depths 
(cm) 

Properties 

Textural 
class 

pH OM% ECe 
mmohs/cm 

TN % Av.P 
mg/kg 

CEC 
cmol/kg  

Av. K Ca  Mg 
mg/kg   mg/kg  mg/kg 

Profile 1 
0-20 Clay 7.92 2.55 0.3 0.14 10.6 69.6 195 100 67.2 
20-40 Clay 7.85 2.21 0.33 0.11 7.58 67.4 152 128 57.6 
Profile 2 
0-20 Clay 7.86 2.14 0.55 0.12 11.24 69.8 138 92 52.8 
20-40 Clay 7.93 2.32 0.43 0.10 6.7 70.2 104 76 43.2 
Profile 3 
0-20 Clay loam 8.2 1.67 0.48 0.11 30.9 52.2 108 68 45.6 
20-40 Clay loam 7.93 1.33 0.25 0.08 6.38 36.8 59.5 60 31.2 

OM = Organic Matter, ECe = Electrical Conductivity, TN = Total Nitrogen, Av.P = Available Phosphorus, CEC = Cat ion 
Exchange Capacity, Av.K = Available Potassium, Ca = Calcium, Mg = Magnesium, mmohs/cm = millimhos per centimeter, 

mg/kg = milligram per kilogram, cm = centimeter, cmol/kg = centimol per killogram, 

 
Table 2. Different parameter indices for rating groundwater quality and their mean results 

 
Source of WSa Parameters 

pH  ECe in 
dS/m 

Ca2+ Mg2+ TDS Na+ Cl- HCO3
- 

mg/l               mg/l            mg/l me/l             me/l           me/l 

Irrigated area 1 
main source 1 7.4 1.7 132 43.2 435.2 1.83 2.81 3.8 
furrow water 1 7.4 1.45 252 48 371.2 2.7 2.05 4.8 
Irrigated area 2 
main source 2 7.5 1.45 136 50.4 371.2 1.9 2.42 4.4 
furrow water 2 7.5 1.38 248 48 352 2.95 1.65 5 
Irrigated area 3 
main source 3 7.4 1.75 160 50.4 448 1.9 2.03 4.4 
furrow water 3 7.4 1.73 224 48 441.6 3.97 2.48 4.6 
Irrigated area 4 
main source 4 7.9 0.95 196 55.2 243.2 2.19 1.63 3.8 
furrow water 4 7.1 1.2 228 50.4 307.2 3.11 1.25 3.6 
SWa = Water Sample, mg/l = milligram per litter, me/l= milliequivalent per litter, dS/m = deciSiemens per meter, Na+= Sodium, 

Cl-=Chloride, HCO3
-= Bicarbonate 

 
Soil available phosphorus, available potassium, 
cat ion exchange capacity, calcium and 
magnesium content was found to be higher in the 
upper depth (0-20cm) than that of lower depth 
(20-40cm). 
 
3.2.2 Ground water quality for irrigation 
 
The source of water for irrigation in this study 
was ground water and two types of water 
samples has been taken (from main source and 
canal/furrow) to compare the quality of water with 
the soil of the irrigation area. Each parameter of 
the water quality area is indicted below (Table 2) 
and the rating of the water quality status is 
according to (Supplementary Table S2). 
 
Hydrogen ion concentration (pH): The 
concentration of hydrogen ion (pH) from both the 
main source and the furrow source ranges from 
7.08 to 7.95 (Table 2). All the water samples 
analyzed from both sources have similar 

concentrations within the moderately safe limit of 
6.5 to 8.4 standard set by [20] (Supplementary 
Table S2). 
 
Bicarbonate (HCO3-): Substantial bicarbonate 
levels in irrigation water can increase soil pH, 
and in combination with carbonate, they may 
affect soil permeability. The concentration of 
bicarbonate in both sources of a water sample is 
found to be in a slight to moderate hazard range 
of (3.6-5.0 me/l) (Table 2), related to the rating in 
(Supplementary Table S2). 
 
Magnesium (Mg2+): Magnesium is an important 
contributor to water hardness. In the study area, 
magnesium concentration ranged between 43.2 
to 55.2 mg/l in the main and furrow sources of 
water, which is a very low to low-rate 
concentration (Table 2). 
 
Calcium (Ca2+): Calcium contributes to the 
hardness of water and it is the fifth most common 



 
 
 
 

Berhane et al.; Asian J. Res. Rev. Agric., vol. 6, no. 1, pp. 171-184, 2024; Article no.AJRRA.1550 
 
 

 
179 

 

element found in most natural waters. The 
calcium concentration in the sampled 
groundwater and furrow in the study area is 
verylow132 to 252 mg/l. which is a very low to 
low rate of Ca concentration (Table 2). 
 
Total dissolved solids (TDS): Salts of calcium, 
magnesium, sodium, and potassium present in 
the irrigation water may prove to be injurious to 
plants. When present in excessive quantities, 
they reduce the osmotic activities of the plants 
and may prevent adequate aeration. The TDS 
value of the study area ranges from 243.2 to 448 
mg/l. They are generally classified as excellent to 
good irrigation water (Table 2). 
 

Electrical conductivity (EC ds/m): Conductivity 
is measure of the ability of water to conduct an 
electric current. It is used to estimate the number 
of dissolved solids. It increases as the amount of 
dissolved mineral (ions) increases. In the study 
area, the value of conductivity ranged between 
0.95 to 1.75ds/m. Which is non-saline level of EC 
(Table 2). 
 
Chloride (Cl-): Chloride is a common ion in 
irrigation waters. Although chloride is essential to 
plants in very low amounts, it can cause toxicity 
to sensitive crops at high concentrations. 
According to [20] guideline for rating of water 
quality the concentration of chloride is low or with 
no problem and ranged between 1.25 to 2.81 
me/l (Table 2). 
 
Sodium (Na+): Sodium content is another 
important factor in irrigation water quality 
evaluation. Plant roots absorb sodium and 
transport it to leaves where it can accumulate 
and cause injure. In this study the sodium 
content is found to be in a range 1.83-3.97 me/l 
(Table 2), which is 75 % of the total sample is in 
a safe or none hazard, whereas 25 % of the 
samples showed slight to moderate hazard. 
 

3.3 Farmers Perception on Soil Fertility 
Status 

 
Farmers’ response in the study area and their 
best practice is that they strongly believe that 
returning sorghum residue in to the field can 
increase soil fertility status through 
decomposition.  Farmers of the area had less 
demand on chemical fertilizer due burning of 
their crops in having of a rainfall shortage. About 
this [21] reported that because of low amounts 
and poor distribution of rainfall, farmers have less 
interest in chemical fertilizer use alone. 

Moisture stress is a frequent occurrence in the 
study area. Soil moisture is a main concern 
which needs proper soil moisture conservation 
practices that are acceptable by the communities 
in terms of cost, accessibility and ease to use. 
Farmers in the study sites offered practices like 
crop and soil fertility management, agricultural 
water management, and soil and water 
conservation aspects. There is also a huge 
potential for livestock and irrigation crops 
commodity value chain development. [7] also 
reported that with the absence of enough 
moisture, the use of chemical fertilizer is not an 
appropriate solution in the study district. 
Preferably, the use of organic fertilizer as organic 
amendment is suitable for the area. This practice 
can increase the organic content of the soil as 
well as provide nutrients such as nitrogen and 
phosphorus while increasing CEC values of the 
soil. In addition, the organic amendment is useful 
to reduce soil pH to neutral level. Application of 
sulfur containing fertilizer is also beneficiary to 
reduce higher soil pH. 
 
The farmers rarely practiced crop rotation but the 
cultivated area has a potential to grow not only 
sorghum but also teff, wheat, barley and chick 
pea. They raised a problem that when we grow 
teff lately, most of the time it is damaged by flies 
and sorghum also has disease in its foot and 
around head. Therefore, according to farmer’s 
response, the area has high potential in crop 
productivity through good farm management. 
This is strongly agreed with [21] study that these 
potentials have been limited due to drought, 
deforestation, and shortage of fuel wood. 
Recently, farmers are exposed to irrigation crops 
development without full understanding of the 
skill and science of irrigated agriculture. 
 

4. DISCUSSION  
 
The study investigates the physico-chemical 
properties of soil and water quality in irrigated 
and rainfed agricultural lands. With a focus on 
understanding the suitability of these resources 
for agricultural purposes, the research employs 
various sampling techniques and analyzes key 
parameters to assess the conditions of the soil 
and water. 
 
The scientific relevance of this study lies in its 
contribution to understanding the environmental 
factors influencing agricultural productivity in the 
specific area of Raya Azebo. By characterizing 
soil properties such as pH [22], electrical 
conductivity [23], nutrient content (nitrogen, 
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phosphorus, potassium [24,25], organic matter 
[26], and exchangeable cations (calcium, 
magnesium [27,28], the study provides valuable 
insights into the fertility and health status of the 
soil in both rainfed and irrigated areas [29,30]. 
Furthermore, the evaluation of water quality 
parameters such as total dissolved solids (TDS), 
pH, and electrical conductivity (EC) [31] from 
various sources adds depth to the assessment, 
particularly regarding the suitability of water for 
irrigation purposes [32,33]. 
 

Comparison with existing studies on soil quality 
and agro-environmental factors in tropical 
agricultural territories of Latin America may 
reveal similarities or differences in soil and water 
characteristics, as well as agricultural practices 
and management strategies [34,35]. Such 
comparative analysis can enhance the 
understanding of regional variations in soil fertility 
[36,37,38], nutrient management practices 
[39,40], and water quality concerns, thereby 
informing the development of context-specific 
agricultural interventions and policies [41,42,43]. 
 

In terms of findings, the study indicates that while 
the soils in both rainfed and irrigated areas are 
generally safe and free from salinity issues, they 
exhibit deficiencies in key nutrients such as 
nitrogen, potassium, calcium, and magnesium, 
as well as low to medium levels of organic 
matter. This suggests the need for integrated 
nutrient management approaches to improve soil 
fertility and health [44,45,46]. Moreover, the 
evaluation of water quality parameters against 
standard limits underscores the importance of 
ensuring the suitability of water for irrigation to 
maximize agricultural productivity and 
sustainability [47]. 
 

The study's emphasis on spatiotemporal 
analysis, monitoring, and change detection in soil 
and water quality further highlights its scientific 
significance. By employing such approaches, 
policymakers and farmers can identify trends, 
patterns, and potential areas of concern, 
enabling them to implement targeted remedial 
measures to enhance soil fertility, soil health, and 
water quality [48,49]. Ultimately, these efforts 
contribute to improving nutrient and water use 
efficiency and ensuring the long-term 
sustainability of agricultural lands in the region 
[50,51,52]. 
 

5. CONCLUSION 
 

Poor soil fertility status is a key production 
constraint in agriculture. Hence, soil 

characterization and irrigation water quality 
assessment provides information for our 
understanding of the physical, chemical, 
mineralogical, and microbiological properties of 
the soils and water. The properties of soil and 
water in the study area were categorized as; 
 

• Moderately alkaline in soil pH, and soluble 
salt content comes under safe or non-
saline condition.  

• The soil of the irrigated area was also in 
the same range of moderately alkaline in 
soil pH and the ECe of the two depths also 
on salt free.  

• The OM, TN, av.P, av.K, CEC, Ca and Mg 
were found to be in low and medium 
range, but these parameters shows soil 
nutrients decreasing as soil depth 
increasing.  

• The ground and canal water quality of the 
study area was assessed and found; non-
saline, slight to moderate bicarbonate, with 
no problem in chloride and low in calcium, 
magnesium and sodium.  

 
Farmers in the area, believed that returning crop 
residue in to the field would improve soil fertility 
and soil health but rarely practiced crop rotation 
regardless of potential of the area for crop 
diversification due to competing interest of the 
residue for livestock feed and fuel wood. In 
general the soil and water quality were found to 
be safe and salt free. Thus, the soil requires 
attention regarding integrated nutrients 
management approaches. Spatiotemporal 
analysis, monitoring, and change detection in soil 
and water quality and their amendment could 
help researchers, industrial players, policy 
makers and farmers to take remedies to improve 
soil fertility, soil health, and water quality. 
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SUPPLEMENTARY TABLES 
 

Table S1. Limits for the soil test values used for rating the soil properties in the study area 
 
Parameters Rating or class References 

Soil pH strongly 
acidic 

moderatel
y acidic 

slightly 
acidic 

neutral moderately 
alkaline 

strongly 
alkaline 

Tekalign (1991) 

4.5-5.2  5.3-5.9 6 - 6.6 6.7-7.3 7.4-8.0 >8.0 

OM (%) 
 
ECe 
(mmohs/cm) 

Low  Moderate  High Tekalign (1991) 
0.86-2.59 2.59-5.17 > 5.17 
< 1 1-2 > 2 Marx et al 

(1996) 
 TN (%) Very low  low Medium Tekalign 

(19991) <0.05 0.05-0.12 0.12-0.25 
 Av.P (mg/kg) Low medium High Olsen et al 

1954 <5 5-10 >10 
 Av.K (mg/kg) Medium  High  v.high Jones (2003) 

91-140 141-300 >300 
CEC 
(cmol/kg) 

High v.high Hazelton and 
Murphy(2007) 25-40 >40 

Ca (mg/kg)  V.Low  Low Jones (2003) 
 1-250 251-1000 

 Mg (mg/kg) V.Low Low Jones (2003) 
1-50 51-150 

 
Table S2. FAO Guidelines for interpretations of water quality for irrigation 

 
Sr. No Parameters  Unit  FAO Guidelines for irrigation 

Degree of restriction on Use 

   None Slight to 
moderate 

Sever  

1 pH - Normal range 6.5 – 8.4  
2 TDS mg/l <450 450-2000 >2000 
3 Electrical 

Conductivity 
ds/m <0.7 0.7-3.0 >3 

4 Sodium  me/l <3 3-9 >9 
5 Chloride  me/l <4 4-10 >10 
6 Bicarbonate  me/l <1.5 1.5-8.5 >8.5 

TDS = Total Dissolved Solids, FAO = Food and Agriculture Organization 
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