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Abstract

Soil salinity and sodicity are basic processes that characterize the suitability of soil conditions for plant growth. The soil conditions can
be attributed to natural conditions such as climate, lithology, topography and pedology or anthropogenic activities such as mining, release
of industrial waste, smelting of iron, incineration of fossil fuels and agricultural land use particularly irrigation agriculture. The presence
of salts and sodium in high proportions in the root zone of growing crops hinders plant roots from withdrawing water from surrounding
soils because it lowers the amount of water available to the plant, regardless of the amount of water present in the root zone. The objective
of this study was to assess the soil health characteristics in the Zaki-Biam Area of Benue State, known for extensive yam farming. Five
cultivated Yam farms (A-E) were selected at the Mbamena axis in Zaki-Biam. Soil samples were collected at a depth of 0 to 15 cm during
the rainy season for three months (July-September). The physical proper ties of soil such as texture, bulk density, porosity, moisture content,
organic matter or content and soil colour were analyzed. Chemical properties of soil, pH, Nitrogen, Phosphorus, Potassium, Sodium,
Magnesium, Calcium, Cation exchange capacity (CEC), Exchangeable acidity (EA), Exchangeable base (EB), and electrical conductivity
were also analyzed. The study revealed that sites A, D and E were sandy loam, while site B and C were clay loam. Physical characteristics
of porosity, moisture content, and organic carbon were abundant in sites A, D and E than in site B and C. Chemical characteristics of
pH, Nitrogen, potassium and percentage base saturation were moderate for sites and E. These soils class fall under ‘very good’ for the
effective growth and yield of yams. Soil salinity concentrations were found to have ranged between 2.00 dS/m to 3.50 ds/m, a range rated
as good for effective growth of yams. Sodium adsorption ratio (SAR) ranged between 8.00 to 12.99, which is suitable for the growth of
tuber crops. Both soil salinity and SAR in Zaki-Biam soils are favourable for yam cultivation. It is recommended that farmers identify
the early symptoms of salt-affected soils so as to make appropriate treatment to land and water (in case of irrigation) as well as knowing

the crops to grow during rainy and irrigation seasons.
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Introduction

Soil is a non-renewable resource; once lost, it cannot be
recovered in a human lifespan. Salinity and sodicity are the
major causes of land degradation after soil erosion and have
been a cause of decline in agricultural land productivity.
Salinization can cause yield decreases of 10 to 25% for
many crops and may prevent cropping altogether when it is
severe leading to desertification (Awale et al., 2017; Kihara
et al., 2020). Salinity in soils is categorized into cations and
anions. The major cations are sodium, calcium, magnesium
and potassium. The major anions are chlorides, sulphates
and carbonates (Pros et al., 2022). Cultivating in a land
that has excess amounts of sodium can adversely impact
soil structure, making some crops growth difficult. Highly
saline and sodic soils can cause impediments in irrigation,
depending on the type and amount of salts present, the
specific plant species and growth stage, and the amount
of water able to pass through the root zone (Sheferia
etal., 2021).

Excess salt and sodium in the root zone of growing
crops hinder plant roots from withdrawing water from
surrounding soil as it lowers the amount of water available
to the plant, regardless of the amount of water actually in
the root zone, and that leads to stunted and slow growth of
crops, spotty stands of crops, no matter the amount of soil
moisture. If the salinity concentration is high, some plants
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may wilt and die, no matter how much water the plants
absorb (Demo et al., 2025). High salinity and sodicity cause
both hypertonic and hyperosmotic stress and can lead to the
death of yam plants (Hasegawa et al., 2000).

Among the cash crops, yam have become more popular
and its consumption has sharply increased with well-being
(Chang et al., 2010).The yam is a perennial vine plant
with tubers that are edible, medicinal, and used as health
foods (Wanasundera & Ravindran, 2014). Yams received
considerable attention among the medicinal plants (Renuka
& Nishtha, 2022; Tareen et al., 2025).

Yam (Dioscorea spp) belongs to the Dioscoreaceae
family and are a staple food and major source of calories
for about one-third of the world’s population (IITA, 2008,
2020). The production is high in Africa and Nigeria
alone accounts for 70% of world production (Thompson
& Oduro, 2021; Dokua, 2025). People consume yams,
sweet in flavour, as a cooked vegetable. In West Africa, it
is often pounded into a thick paste after boiling (referred
to as pounded yam) and is eaten with soup. Yams are also
processed into flour, which is used in the preparation of
another edible paste called Amala. Unlike cassava (Manihot
esculenta Crantz), sweet potato (Ipomoea batatas L.) and
aroids (Colocasia esculenta and Xanthosoma sagittifolium),
yam tubers can be stored for periods of up to 4 or even
6 months at ambient temperatures. This characteristic helps



sustain the food supply, especially during the difficult (food
scarce) period at the onset of the wet season (Agbede &
Adekiya, 2011).

The basic challenges farmers in Nigeria are facing are
the problem of salinity and sodicity of soils as causes of
land degradation. Sensitive crops (yam) lose their vigour
when even slightly saline soils are above the recommended
concentrations (Mau & Porporato, 2015).

Measuring salinity and sodium content in the soil
can provide information on how saline and sodic the
soil is, whether the salinity and sodicity are increasing
or not (Shahid et al., 2018). The knowledge will help
in determining the soil amendment to be done and the
suitable crops to be planted in such land condition. Thus the
objective of the study is to assess the soil health physico-
chemical characteristics of soils as it affects soils around
yam farms in Zaki-Biam Area, Benue State, Nigeria.

Materials and Methods
Study area

The study Area was Zaki-Biam town in Benue state,
Nigeria. Its geographical coordinates are 7°30°24” North,
9°36°37” East. The Area extent is about 1,408 km? with a
population of 181,474 as at the 2006 census. The people‘s
major farm activities are Yam cultivation.

Geology of the area

The area is situated in the Middle Benue Trough
of Nigeria and predomi nantly composed of crystalline
basement complex rocks, comprising of quartzite, siliferous
rocks, and older granites. The Area is within the elevation
above sea level of 190.2 meters. Zaki Biam is covered by
cropland (48%), shrubs (26%), grassland (14%), and trees
(12%) (Sule et al., 2020).

Climate

Zaki-Biam lies within the humid zone with little
seasonal temperature variation throughout the year (NMI,
2021). Two major seasons exist; rainy season between
April and October and the dry season between November
and March. Temperatures typically vary from 16.7 °C to
32.8 °C and is rarely below 13.3 °C or above 35.6 °C.
Relative humidity ranges from about 34% in February to
71% in November/December (NMI, 2021).

Study site and soil sampling

The study was carried out in 5 selected yam farms
in Mbemena axis of Zaki-Biam town, Benue state. Soil
samples were collected from five different cultivated sites at
0to 15 cm depth (rooting depth), and the pH was measured
in situ (Figure 1). Auger and core soil samples were labelled
and taken to the laboratory for analysis. Samples were taken
once a month for a period of 3 months (July, August and
September).
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Laboratory analysis

Physical and chemical properties were determined
using standard laboratory methods according to Soil Science
Division Staff (2017). Soil physical properties determined
are, soil texture, bulk density, total porosity, moisture
content, organic content and matter, and soil aggregate
stability; while chemical properties are soil pH, Nitrogen,
Phosphorus, Potassium, Sodium, Magnesium, Calcium,
Cation exchange capacity (CEC), Exchangeable acidity
(EA), Exchangeable base (EB).

Results and discussions
Results

The analyzed results were tabulated as grain size of
the soil particles with respect to textural class, percentage
composition of sand, clay and silt (Table 1). Soil physical
properties for the 3 months are as shown in Table 2.
Chemical properties are shown in Tables 3 and 4.

Discussions

Soil physical properties as affected by salinity and
sodicity

Physical properties of soil play an important role
in determining soil’s most suitable for agricultural,
environmental and engineering uses. These are in the areas
of retention, movement and availability of water and nutrients
to plants; ease of penetration of roots of crops and flow of
heat and air are directly associated with physical properties of
the soil. The texture of the soil for site A, D and E was sandy
loam while that of sites B and C was clay loam. Site A has
a mean soil fraction of 74.60% sand, 14.80% clay, 10.80%
silt; Site B; 44.45% sand, 45.49% clay, 9.96% silt; Site C;
42.80% sand, 45.60% clay, 11.60% silt; Site D had 70.44%
sand, 17.45% clay, 13.11% silt, and Site E; 73.51% sand,
16.05% clay, 10.43% silt. Thus, soils at sites B and C had low
infiltration and percolation rate while soils at sites A, D and E
had high infiltration and percolation rates which are necessary
for the effective growth of yam. Salinity and sodicity of a
soil affects the textural class of soil as with high proportion
of sand at the top layer of a soil, percolation and infiltration
is high whereas soil with higher percentage of clay has little
or no infiltration and percolation rate as stated by Diby ef al.
(2011), that tropical food species of Dioscorea grows more
favourably in a deep, loose, textured loamy soil with good
drainage. The similarities in textural class occurred between
soil sites A, D and E as with soil sites B and C (Figure 2).

Moisture content mean values for the five sample sites
were 20.14%, 13. 86%, 14.12%, 20.29% and 19.87% for
sites A, B, C, D and E respectively. This implies soils of sites
B and C have low moisture content for the effective growth
of yam, compared with the recommended values (Table 5).

The result for bulk density (g/cm?); showed the mean
value, standard deviation and coefficient of variance for

soils at site A was 1.32, 0.01 and 0.78 respectively, site B;
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Figure 1: (a-e) pH testing at the five cultivated sites

Table 1: Grain size analysis of soil particles of the study areas

Table 2: Physical properties of soils from the study sites

Site  Month % % % Textural Site Month M.C B.D Porosity O.C OM
Sand Clay Silt class % (g/cm®) % % %

A July 74.80 14.74 10.46 A July 20.18 1.30 50.57  0.78 1.35
August 74.60 14.55 10.85 Sandy August 20.01 1.33 50.63 0.79 137
September 74.40 14.50 11.10 loam September 20.22 1.31 50.71 0.80 1.38

Mean 74.60 14.80 10.80 Mean 20.14 1.32 50.64 0.79 1.36

S.D 0.18 0.18 0.28 S.D 0.09 0.01 1.03 0.01 0.01

C.v 0.27 1.29 2.57 C.v 0.42 0.78 2.01 1.20 1.02

B July 44.46 45.64 9.90 B July 14.10 2.00 3326 030 0.52
August 44.48 45.60 9.92 Clay August 13.20 2.02 33.01 031 0.54
September 44.40 45.55 10.05 loam September 14.30 2.01 33.77 0.33  0.57

Mean 44.45 45.59 9.96 Mean 13.86 2.01 3334 031 0.54

S.D 0.01 0.02 0.09 S.D 0.48 0.01 0.31 0.02 0.02

C.v 0.02 0.07 0.68 C.v 3.68 0.49 0.90 320 3.70

C July 42.55 45.80 11.65 C July 14.23 2.03 33.25 031 0.54
August 43.40 45.60 11.00 Clay August 14.13 2.02 3340 033 057
September 42.45 45.40 12.15 loam September 14.00 2.04 33.65 0.32  0.55

Mean 42.80 45.60 11.60 Mean 14.12 2.03 33.43 032 0.55

S.D 0.43 0.10 0.48 S.D 0.07 0.01 0.12 0.01 0.01

C.v 0.38 0.97 4.13 C.V 0.47 0.49 0.34 250 237

D July 69.80 17.20 13.00 D July 20.09 1.36 49.55 0.70 1.36
August 70.20 17.82 13.98 Sandy August 20.30 1.34 49.68 0.67 1.34
September 71.32 17.33 12.35 loam September 20.48 1.33 49.81 0.69 1.37

Mean 70.44 17.45 13.11 Mean 20.29 1.34 49.68  0.69 1.36

S.D 0.67 0.74 0.61 S.D 0.15 0.01 1.11 0.01 0.02

C.V 0.95 4.24 4.65 C.v 0.72 0.90 2.21 1.87 147

E July 74.08 16.02 9.90 Sandy E  July 19.78 1.33 49.48 071 1.37
August 72.45 16.07 11.48 loam August 19.87 1.35 49.67  0.67 1.39
September 74.01 16.08 9.91 September 19.96 1.36 49.81 0.68 1.38

Mean 73.51 16.05 10.43 Mean 19.87 1.38 49.65  0.68 1.38

S.D 0.77 0.09 0.77 S.D 0.07 0.01 1.17 0.02 0.01

C.v 1.08 0.19 4.17 C.V 0.35 0.70 0.24 2,65 211

E.SM 19.00 1.41 47.28 056 0.72

S.D=Standard deviation, C.V=Coefficient of variance, Mean=Average
values of July, August & September

2.01,0.01 and 0.49, site C; 2.03, 0.01 and 0.49, site D; 1.34,
0.01 and 0.90, and site E; 1.38, 0.01 and 0.70 respectively.
This clearly shows that bulk density is moderate in soil
sites A, D and E but high in B and C for effective growth
of yam (Table 5). Sites B and C equally have low porosity
and soil compaction and therefore impact the available
water capacity, root growth and movement of air and water
through soil. Bulk density increases with an increase in salt
levels, whereas particle density and porosity decrease with
an increase in salt levels. Any factor that influences soil
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M.C=Moisture content, B.D=Bulk density, O.C=Organic carbon,
0.M=0rganic matter, S.D=Standard deviation, C.V=Coefficient of
variance, Mean=Average values of July, August & September

pore space will affect bulk density. Changes in bulk density
affect available water and air capacity and strongly influence
permeability, drainage rate, traffic ability and penetration
by the plant (yam) roots. An increase in bulk density in site
B and C may be due to soil compaction (textural class).

Therefore, the effect of soil bulk density on yam
performance was more prominent in sites B and C. An



Table 3: Some nutrient concentrations of soil from the study site
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Table 4: Salinity concentration of soil from the study site

Site Month N% P K Na Mg Ca
Mg (Cmol (Cmol (Cmol (Cmol
L' kg kg') kg') Kkgh)

Site Month EC pH TEB EA CEC %BS
(dS/m) (Cmol (Cmol (Cmol
kg') kg') kgl

A July 0.08 210 193 022 270 298
August 0.07 208 192 025 286 296
September 0.06 2.09 191 024 288 298

Mean 0.07 2.09 192 024 281 297
S.D 0.01 0.02 0.07 0.02 0.01 0.02
C.vV 11.7 096 3.64 833 281 0.67
B July 0.02 410 091 020 258 290

August 0.04 408 08 022 260 289
September 0.03 4.09 0.87 022 259 286

Mean 0.03 4.06 0.89 0.21 259 288
S.D 0.01 0.01 0.02 0.01 0.01  0.03
C.vV 33.33 0.25 224 476 038 1.04
C July 0.03 4.08 090 023 260 2091

August 0.02 407 092 023 254 286
September 0.03 4.05 0.89 024 2.62 2.88

Mean 0.02 4.07 090 0.23 2.58 2.88
S.D 0.01 0.01 0.02 0.01 0.03  0.02
C.vV 25.00 0.25 2.28 4.34 1.16  0.69
D July 0.08 208 1.78 025 286 296

August 0.07 207 189 0.23 270 298
September 0.06 2.05 1.88 0.23  2.87 297

Mean 0.06 2.07 185 026 281 297
S.D 0.01 0.02 0.08 002 0.05 0.01
C.vV 16.86 097 438 7.69 177 0.33
E July 0.07 206 186 0.21 2.87 295

August 0.07 203 190 022 287 297
September 0.05 2.01 1.79 023 286 2.99

Mean 0.06 2.03 185 027 287 297
S.D 0.01 0.01 0.07 0.01 0.01  0.02
C.vV 16.86 049 247 370 035 0.67
E.SM 0.05 324 148 024 273 293

A July 281 650 4.19 0.10 429 97.66
August 2.72 648  4.18 0.09 427 97.89
September 2.80 6.46  4.17 0.07 424 98.35

Mean 2.77 6.48 4.18 0.09 4.27 97.96

S.D 0.07 0.07 0.01 0.01 0.07 0.21

C.vV 2,53 1.01  0.22 11.11 033 0.27
B July 3.87 5.00 322 1.89 511 63.01

August 392 515 320 1.87 5.07 63.12
September 3.88 5.16  3.18 1.82  5.00 63.60

Mean 3.89 514 320 1.86 5.06 63.24
S.D 0.04 0.02 0.02 0.01 0.02 0.25
C.vV 1.03 039 0.63 092 049 0.71
C July 401 514 334 1.81 515 64.85

August 4.00 520 336 1.80 5.16 65.12
September 4.03 5.19  3.33 1.83 516 64.53

Mean 4.01 518 3.34 1.81 5.16 64.83
S.D 0.01 0.03 0.01 0.01 0.01 0.27
C.vV 034 051 0.28 097 0.24 037
D July 2.58 655 4.02 0.08 4.10 98.04

August 2.62 650 4.13 0.07 420 98.33
September 2.61 6.52  4.12 0.05 4.17 98.80

Mean 2.61 652  4.09 0.07 4.16 98.39
S.D 0.01 0.07 0.08 0.01 0.07 0.31
C.vV 038 1.07 175 1429 136 0.12
E July 2.79 634  4.08 0.09 420 97.14

August 2.68 641 4.15 0.10 425 97.64
September 2.73 4.04  4.04 0.08 4.12 96.42

Mean 271 637 410 0.09 419 97.06
S.D 0.05 0.06 0.07 0.01 0.07 0.38
C.v 0.80 0.88 1.70 11.11 138 0.31

E.S.M 320 594 3.78 0.78 4.57 84.41

N=Nitrogen, P=Phosphorus, K=Potassium, Na=Sodium,
Mg=Magnesium, Ca=Calcium; S.D=Standard deviation,
C.V=Coefficient of variance, E.S.M=Entire site mean, Mean=Average
values of July, August & September

increase in soil bulk density is known to reduce root
elongation at low water contents Graveel et al. (2002).

Mean porosity of soil at site A was 50.64%, site B,
33.34%, site C, 33.43%, 0.12 and 0.34, site D 49.68%, and
site E 49.65%. Soil of sites A, D and E are the most porous,
this is probably due to the class of the soil which is sandy
loam and the degree of scaling surfaces. Soils with moisture
content within the range of 35-50% are porous and therefore
suitable for the growth of yam (Table 5).

The mean values of soil organic carbon at site A was
0.79%, site B, 0.31%, C, 0.32%, D, 0.69%, and E 1.19%.
Soils at sites B and C had lower values, therefore yam
cultivated in sites A, D and E will yield more.

Percentage organic matter at soil site A was 1.36%, B,
0.54%, C, 0.55%, D, 1.36%, and E 1.38%. This shows soil
organic matter is high in soils of sites A, D and E but low
in soils at sites B and C (Table 5).

Soil chemical properties as affected by salinity and sodicity

Chemical properties of soil also play an important role
in determining the soil most suitable for agricultural uses

EC=Electrical conductivity, TEB=Total exchangeable base,
EA=Exchangeable acid, CEC=Cation exchange capacity, BS=Base
saturation, Mean=Average values of July, August & September
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Figure 2: Grain size analysis of soil particles of the study area

in the course of movement and availability of water and
nutrients to plants.

The mean result of soil Nitrogen (N) at sites A was
0.07%, B, 0.03%, C, 0.04%, D 0.06%, and E 0.06%. Nitrogen
is a component of chlorophyll molecules which enables yam
leaves to absorb sunlight energy by photosynthesis, for yam
growth and yield. Sites B and C soils had low nitrogen; hence
yam grown in the sites might have insufficient nitrogen to
enhance better growth and yield. Meng et al. (2025), stated
that saline and sodic soils are usually low in nitrogen which
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is an essential nutrient that improves the photosynthetic
efficiency of yam and improves it yield.

The result of soil Phosphorus (P) at site Awas 2.09 mg L,
B,4.09mgL"!,C,4.07mgL"!, D2.07mgL",and E 2.03 mg
L. Soil in site B and C has higher phosphorus for better
growth and yield of yams, whereas soil of sites A, D and E
was moderate for yam growth and yield (Table 6 & Figure 3).
According to Freeman and Coe (2010), the salinity of a soil
causes excess phosphorus to reduce the ability of plants to
take up required micronutrients, particularly iron and zinc.
The build-up of phosphorus in lawns, pastures and croplands
causes plants to grow poorly and even die.

Potassium (K) in soils at site A was 1.92 Cmol kg™, B,
0.89 Cmol kg', C, 0.90 Cmol kg', D, 1.85 Cmol kg™, and
E was 1.85 Cmol kg™..

Mean concentration values of sodium (Na) for all sites
(A,B,C,Dand E) were 0.24 Cmol kg!, 0.21 Cmol kg™, 0.23
Cmol kg, 0.26 Cmol kg!, and 0.27 Cmol kg™ respectively.
High salinity and sodicity in soils inhibit high sodium in
soils, thus all the sites were affected, and hence sodium
efficiency falls within ‘moderate’ class rating (Table 7).

Table 5: Mean concentrations of physical properties of soil from
the study site compare with standard rating for effective growth
of yam

Properties Range* Class* Result from study Sites
Ratng A B C D E

M.C (%) <15 Low 13.86 14.12
>15-30 Moderate 20.14 20.29 19.87
>30 High
BDg/em* <130 Low
1.30-2.00 Moderate 1.32 1.34 1.38

>2.00 High 2.01 2.03

Porosity(%) <45 Low 33.34 3343

45-50 Moderate 49.68 49.65

>50 High 50.64

<0.40 Low 0.31 0.32
0.40-1.40 Moderate 0.79

>1.40 High

<1.35 Low 0.54 0.55
1.35-2.00 Moderate 1.36 1.36 1.38

>2.00 High

M.C=Moisture content; B.D=Bulk density; O.C=Organic carbon;
0.M=Organic matter. (Howeler, 1996; Dev, 1997; Hazelton & Murphy,
2007; Diby et al., 2011)

OC00 0.69 0.68

O.M (%)

Table 6: Mean macronutrient concentration from the study site
compared with standard rating for effective growth of yam

Properties Range* Class* Result from study sites
Rating A B C D E

N (%) <0.05 Low 0.03 0.04
0.05-0.06 Moderate 0.06 0.06
>0.06 High 0.07
P (mg/L) <2.00 Low
2.00-4.00 Moderate 2.09 2.07 2.03
>4.00 High 4.06 4.07
K (Cmol/kg) <1.0 Low 0.89 0.90
1.0-2.00 Moderate 1.92 1.85 1.85

>2.00 High

N=Nitrogen; P=Phosphorus; K=Potassium. (Freeman & Coe, 2010;
Esu, 2005)

70

According to Epstein and Bloom (2005), sodic soil build-
up sodium in plants which causes toxic levels that in turns
causes stunted growth of the plant, because it impairs plans
from their ability to take-up adequate moisture.

Mean Magnesium (Mg) concentration for
all sites (A, B, C, D and E) were 2.81 Cmol kg,
2.59 Cmol kg, 2.58 Cmol kg, 2.87Cmol kg, and
2.87 Cmol kg respectively. Mean values of calcium (Ca) for
all sites were 2.97 Cmol kg, 2.88 Cmol kg™!, 2.88 Cmol kg™!,
2.97 Cmol kg'!, and 2.97 Cmol kg™! respectively.

According to Haby ef al. (2000), the combined effects
of magnesium and calcium salts in soils contribute to soil
salinity which reduces the amount of sodium-induced
dispersion. All concentrations both calcium and magnesium
falls under the ‘moderate’ class (Table 7), which are all
higher than concentrations of sodium.

Electrical conductivity (EC) at all sites was A 2.77 dS/m,
B, 3.89dS/m, C,4.01dS/m, D 2.61 dS/m, and E, 2.71 dS/m.
The results shows that saline soil has higher EC in site B
and C whereas soil site A, D and E has lower salinity as per
standard rating (Table 7). According to Chinnusamy ef al.
(2010), the salinity threshold of tuber crops (yam) ranged
between 2.5-3 dS/m (based on saturated soil extract).

The sodium adsorption ratio (SAR) was computed
using the formula (Singh et al., 2020).

Na*

Ca2+ +Mg2+
\ 2

Where Na*, Ca?', and Mg?" values are from analyzed
concentration of the soil samples.

SAR =

The mean SAR values for the five sites (A-E),
were found to be 11.97, 12.22, 12.11, 11.76, and 12.86
respectively. All the soil sites had moderate SAR
concentration (Table 7 & Figure 4). A high level of sodium
ions in soil can affect the permeability of water in soils and
can lead to infiltration problems.

Ahmed et al. (2011) asserted that the SAR of yam
(based on saturated soil extract) is between 11 and 12,
while John et al. (2016) and Mohan et al. (2024), stated

x 8 7

o

25 4

k]

o4 K
=]

g3 -

c ——-P
lﬂz—

[

2, ——N
0 < ; 2 T < <> o

A B C D E
Soil sites

Figure 3: Soil site N, P and K (N = Nitrogen, P = Phosphorus,
K = Potassium)



Table 7: Mean salinity and sodicity concentrations from the study
site compared with standard rating for some chemical properties
of soil for effective growth of yam

Properties Range* Class* Result from study Sites
Ratng A B C D E

Na <0.20 Low
(Cmol/kg)
0.20-0.30 Moderate 0.24 0.21 0.23 0.26 0.27
>(0.30 High
Mg <2.00 Low
(Cmol/kg)
2.00-3.00 Moderate 2.81 2.59 2.62 2.81 2.87
>3.00 High
Ca <2.00 Low
(Cmol/kg)
2.00-3.00 Moderate 2.97 2.86 2.88 2.77 2.97
EC <2.00 Low
(dS/m)
2.00-3.50 Moderate 2.77 2.61 2.71
>3.50 High 3.89 4.01
SAR <5.00 Low
5.0-12.99 Moderate 11.97 12.22 12.11 11.76 12.86
>12.99 High
%BS <70.00 Low 63.24 64.83
70.0-80.00 Moderate
>80.00 High 97.96 98.39 97.06

EC=Electrical conductivity, SAR=Sodium adsorption ratio,
%BS=Percentage base saturation. (Esu, 2005; Gidey, 2018;
Tiri et al., 2020)

=g=EC
=li=SAR
Ph

Mean value of EC, SAR and pH
o = N W~ 00 O N

Soil site

Figure 4: EC, SAR and pH concentrations in soil sites

that yams are highly efficient in the utilization of native and
applied nutrients, the magnitude of response to fertilizers
and salinity vary with the species.

Soil pH mean concentration for 5 sites are; A, 6.48, B,
5.14,C, 5.18, D, 6.52, and E, 6.37, respectively. The sites
soils at A, D, and E are moderately acidic, whereas soils
in sites B and C are more acidic. This clearly shows that
all the site soils are basically acidic (Figure 3). Soil pH
influences the equilibrium state of oxidation reaction and
the solubility of several constituents and the ionic form of
several elements. It may increases as a result of nutrient
biocycling, low rainfall, burning and slow removal of bases
due to high cropping intensity (Zebarth et al., 2015).

Exchangeable base (TEB) concentrations from sites
are: A, 4.18 Cmol kg'!, B, 3.20 Cmol kg™', C, 3.34 Cmol kg,
D, 4.09 Cmol kg, and E, 4.10 Cmol kg'. Site B and C had
higher exchangeable base, whereas soils at site A, D and
E has lower salinity and sodicity with respect to the low
exchangeable base.
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High values of exchangeable base indicates that
calcium and magnesium are Exchangeable base (TEB)
concentrations from sites are: A, 4.18 Cmol kg, B, 3.20
Cmol kg™', C, 3.34 Cmol kg, D, 4.09 Cmol kg, and E,
4.10 Cmol kg'. Site B and C had higher exchangeable
base, whereas soils at site A, D and E has lower salinity
and sodicity with respect to the low exchangeable base.
High values of exchangeable base indicates that calcium
and magnesium are the dominant cations (Chapman,
2000).The rate of release of exchangeable base from the
nonexchangeable form increases with increase in the
intensity of soil weathering if the soil materials are uniform
(Schondorf et al., 2025; Gustafsson ef al., 2025).

Therefore yam cultivated in site A, D and E will do
better than those cultivated in site B and C based on the
standard rating of the amount of exchangeable base needed
for the effective growth and yield of yam.

Exchangeable acidity (EA) were: A, 0.09 Cmol kg'!, B,
1.86 Cmol kg, C, 1.81 Cmol kg, D, 0.07 Cmol kg™, and
E, 0.09 Cmol kg'. Site B and C had higher exchangeable
acidity than sites A, D and E (Table 7). Exchangeable acidity
has been identified to be inversely related to soil pH level,
and the average value of EA for effective growth of any
tuber crop is in the range of 0.5 Cmol/kg to 1.00 C mol/kg
(Hazelton & Murphy, 2007).

Result of Cation exchange capacity (CEC) showed
that site A had 4.27 Cmol kg, B, 5.06 Cmol kg, C,
5.16 Cmol kg!, D, 4.16 Cmol kg, and E, 4.19 Cmol kg™
CEC was higher in site B and C than in soil site A, D and E
(Table 7). The higher CEC in site B and C might be due to
surface to sub-surface increase in clay fraction as observed
in the site, suggesting that CEC was largely associated with
fraction. It could also be due to leaching resulting in the
downward movement of the cation exchange. CEC is the
total capacity of the soil to hold exchangeable cations and
essential nutrients and provides a buffer against soil acidity
(CUCE, 2007). Saline and sodic soils tend to have higher clay
fraction leading to higher CEC (Hazelton & Murphy, 2007).

Percentage base saturation (%BS) results showed site
A had 97.96%, B, 63.24%, C, 64.83%, D, 98.39%, and E,
97.61%. Percentage base saturation of the soil in site A, D
and E were moderate, indicating exchange complex was
saturated more with basic cations. Base saturation is used
in classifying the fertility level of soil with values greater
or lower than 70% indicating fertile or low fertility of soils
respectively (Tiecher et al.,, 2022). This clearly shows
that percentage base saturation was higher in site B and C
(fertile), while soils of site A, D and E has low percentage
base saturation(low fertility).The values obtained are
in agreement with Baker and Amacher (1981) on soils
of Nigerian semi-arid region. Key et al. (2009), Leticia
et al. (2019) and Culman et al. (2021), stated that %BS
represents the percentage of CEC occupied in the soil and
it increases with increase in EB as found in site B and C.
Mclean et al. (2013) also stated that 70% to 80% BS soils
provides cations to plants more easily for effective growth
of tuber crops (Yams).
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Conclusion

Assessment of soil salinity and sodicity in some yam
farms was conducted. Most soils were sandy loam and
others clay loamy, which was more compacted, thereby
limiting the infiltration and percolation rate of water
needed for the tuber crop to grow effectively. Mean values
of porosity, moisture content, organic carbon and organic
matter were moderate in concentration. This explains why
yams cultivated in some sites grow with poor yield due
to the insufficient basic physical properties. Chemical
properties of Nitrogen and potassium were moderate in
some sites and lower in major areas. Phosphorus, sodium
and magnesium were lower in major study sites. The study
clearly showed that yam grows and yields well in soil with
salinity concentration of 2.5 dS/m to 3.00 dS/m and sodicity
(SAR) of between 8.00 to10.00. The highest pH value was
5.14 and 5.18 which is high for soil healthy growth of yams.

The study revealed that crop growth and yield could be
predicted on the basis of the level of electrical conductivity
(EC) and the sodium absorption ratio (SAR). These
techniques can be adopted in precision farming for soil
management and improved root crop yield in the study area.

Based on result obtained from the five different
locations; farmers are advice to be identifying early
symptoms of salt-affected soils so as to make appropriate
land amendment as well as knowing the suitable crop to
grow during rainy and irrigation seasons.

Farmers cultivating in salty affected soils are advice
to grow salt tolerance crops such as Soya beans, rice and
sorghum, and Carry out reclamation method to improve on
the level of yam productivity on salty affected soils.
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