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SUMMARY 

Background: Soil hydraulic parameters in non-saturated conditions are crucial for explaining soil water dynamics in 

the field. It is therefore necessary to understand the link between soil water potential and hydraulic conductivity in the 

soil in order to estimate plant available water and hence simulate its movement within the soils. However, measurement 

of such hydraulic properties in the field and laboratory is somehow difficult, laborious and costly. Objective: To 

determine soil hydraulic properties of Ferro-chromic Luvisols in Katumani using the RETC code based on pedo-

transfer functions; % sand, silt, clay and soil bulk density. Methodology: Undisturbed soil samples were collected 

from a profile pit at 0-15, 16-30, 31-45 and 46-60 cm depths using core rings for bulk densities and texture 

determination. Soil water retention curves and saturated hydraulic conductivities (Ksat) were estimated for all the 

samples using standard suction apparatus and the constant head method, respectively. The air entry suction (α) and 

pore size distribution (n) were generated using the RETC code. Results: The permanent wilting point and field capacity 

were at 0.081, 0.102, 0.107 and 0.121 and 0.188, 0.225, 0.241, 0.262 m3m-3 H2O, whilst its soil water diffusivity ranged 

from a low of 6.39, 6.94, 9.03 to a high of 12.5 cm2min-1 in the 0-15, 16-30, 31-45 and 46-60 cm depth, respectively. 

Ksat values from RETC code ranged from 29 - 48 cm day-1, while the total and readily available water within the soil 

profile were 330.4 and 214.7 mm H2O, respectively. Implication: The air entry value (α) and pore size distribution 

(n) implied an almost even distribution from the top and subsequent horizons. The soils ‘field capacity was achieved 

at pF 2.0 whilst PWP was arbitrary indicated at pF 4.2 reducing the time it takes to calculate irrigation cycles based on 

the amount of water available to the crops. Conclusion: The data indicates that pedo-transfer functions; especially 

high bulk densities negatively impact on soil hydraulics conductivity. 

Key words: Pedotransfer functions; RETC code; Van Genuchten parameters; field capacity; permanent wilting 

point. 

 

RESUMEN 

Antecedentes: Los parámetros hidráulicos del suelo en condiciones no saturadas son cruciales para explicar la 

dinámica del agua del suelo en el campo. Por lo tanto, es necesario comprender el vínculo entre el potencial hídrico 

del suelo y la conductividad hidráulica en el suelo para estimar el agua disponible para las plantas y, por lo tanto, 

simular su movimiento dentro de los suelos. Sin embargo, la medición de tales propiedades hidráulicas en el campo y 

en el laboratorio es algo difícil, laboriosa y costosa. Objetivo: Determinar las propiedades hidráulicas del suelo de los 

luvisoles ferrocrómicos en Katumani utilizando el código RETC basado en las funciones de pedotransferencia de; % 

arena, limo, arcilla y densidad aparente del suelo. Metodología: Se recogieron muestras de suelo no perturbadas de un 

pozo de perfil a 0-15, 16-30, 31-45 y 46-60 cm de profundidad utilizando anillos de núcleo para determinar las 

densidades aparentes y la textura. Se estimaron las curvas de retención de agua del suelo y las conductividades 

hidráulicas saturadas (Ksat) para todas las muestras utilizando un aparato de succión estándar y un método de cabeza 

constante, respectivamente. La succión de entrada de aire (α) y la distribución del tamaño de poro (n) se generaron 

utilizando el código RETC. Resultados: El punto de marchitez permanente y la capacidad de campo del suelo 

estuvieron en 0.081, 0.102, 0.107 y 0.121 y 0.188, 0.225, 0.241, 0.262 m -3m-3 H2O, mientras que la difusividad del 

agua del suelo varió de un mínimo de 6.39, 6.94, 9.03 a un máximo de 12.5 cm2/min en los 0-15, 16-30, 31-45 y 46-

60 cm de profundidad, respectivamente. Los valores de Ksat del código RETC oscilaron entre 29 y 48 cm día -1, 

mientras que el agua total y fácilmente disponible dentro del perfil del suelo fue de 330.4 y 214.7 mm H2O, 

respectivamente. Implicaciones: El valor de entrada de aire (α) y la distribución del tamaño de poro (n) implicaron 
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una distribución casi uniforme desde la parte superior y los horizontes subsiguientes. La capacidad de campo de los 

suelos se alcanzó en pF 2.0 mientras que PWP se indicó arbitrariamente en pF 4.2 reduciendo el tiempo que se tarda 

en calcular los ciclos de riego en función de la cantidad de agua disponible para los cultivos. Conclusión: Los datos 

indican que las funciones de pedo-transferencia; las densidades aparentes especialmente altas tienen un impacto 

negativo en la conductividad hidráulica del suelo. 

Palabras clave: funciones de pedotransferencia; código RETC; parámetros de Van Genuchten; capacidad de campo; 

punto de marchitamiento permanente. 

 

 

INTRODUCTION 

 

Soil is a non-renewable natural resource which 

supports activities such as soil-plant-water movements 

and other productivities in land use (Giddens, 2009; 

Schoonover and Crim, 2015). Ferro-chromic Luvisols 

are the most prevalent soil types within eastern Kenya, 

characterized by a base saturation determined by 

NH4OAc at pH 7.0 >50 per cent, posing a low to 

moderate fertility. Luvisols have an argillic horizon 

due to translocation of clay from the surface to a depth 

of accumulation, within 100cm from the surface 

(Miedema et al., 1999). Most Luvisols in the arid and 

semi-arid lands (ASALS) of eastern Kenya, form a 

strong surface sealing that cause low rates of 

infiltration paving way for high runoff, hence eroding 

the topsoil (Muchena and Gachene, 1988). Studies by 

Karuku and Mochoge (2016) on various forms of 

nitrogen in luvisols from Katumani indicated the 

existence of a low amino acid-N (23.1-30.8% of total 

N) and low organic matter content.  

 

Luvisols are suitable for crop production, though 

prolonged cultivation without proper management 

practices tends to change some of its physical 

properties, leading to compaction, reduced 

permeability as well as interfering with the soil-plant 

water continuum (Karuma et al., 2014; Kahlon and 

Khurana, 2017). In most agricultural landscapes, soil 

compaction is a major challenge hindering crop 

production; as it negatively impacts on the available 

soil water, air permeability (pore size), bulk density, 

porosity and inhibits root penetration and thus the soil-

plant water relation (Hakl et al., 2007; Nawaz et al., 

2013).  

 

Water retention characteristics are fundamental in 

solving problems related to crop water needs and 

quantifying the response of hydrologic systems to 

climate change (Vorosmarty et al., 1989; Dolph et al., 

1992). Soil water movements are mainly dependent on 

pedo-transfer functions of the texture, organic matter 

content and bulk density (Hillel, 1998; Karuku, 2011; 

Karuku et al., 2012). Hillel (1982) indicated that 

particle-size distribution affects soil water content at 

matric soil water potential < 100 kPa, whereas Klute 

(1986) documented that the influence of soil organic 

matter on soil water retention characteristics was due 

to its hydrophilic nature and position in the soil 

structure, which are important pedo-transfer functions.  

 

Measurement of soil water characteristic curves 

(SWCCs) has proven to be time consuming and 

expensive (Benson et al., 2014; Peranić et al., 2018, 

Karuku, 2011; Karuku et al., 2012).  Thus, alternative 

methods to estimate the SWCC have been sought 

(Aubertin et al., 2003; Chin et al., 2010; Anlauf, 2014). 

Empirical functional relationships based on the particle 

size distribution and other pedo-transfer functions 

(PTFs), are the most commonly used methods in 

estimating the SWCC (Van Genuchten et al.  1992). 
To estimate the soil moisture curve, a variety of 

mathematical models have been presented (Tyler and 

Wheat craft, 1992). Generally, the model curve is more 

successful since one can estimate the sigmoid shape of 

moisture; as seen in the Van Genuchten model (1980). 

Retention Curve program (RETC) is a computer pro-

gram used for analyzing soil water retention and 

hydraulic conductivity functions of unsaturated soils 

(Van Genuchten et al., 1991) and utilizes the least 

squares optimization approach to estimate the 

hydraulic conductivity and unknown model 

parameters from observed retention data.  

 

Soil and water are two fundamental resources in the 

agricultural environment. The potential response of 

soil water properties is a key indicator of the impact of 

agricultural management on the movement of water 

and chemicals through the soil. Unfortunately, soil 

water characteristics are difficult to measure in the 

field, hence methods are needed to relate easily 

measured soil physical properties to soil water 

retention characteristics the use of the RETC code. In 

Kenya, there is relatively little documentation on soil 

hydraulic properties as impacted by both physical and 

chemical aspects of the soils. Henceforth, this will 

create a novel framework for revitalizing sustainable 

food production in the arid and semiarid areas of 

Eastern Kenya. 

 

MATERIALS AND METHODS 

 

Study site description 

 

The study was conducted at the Kenya Agricultural 

and Livestock Research Organisation, Katumani in 

Machakos County, Kenya (Figure 1) and lies under 

agro-ecological zone IV (Jaetzold et al., 2006) and at 

an altitude of 1624m asl. The center is located at 

latitudes -1.5819° S and longitude 37.2450° E as per 
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the Military Grid Reference System coordinates. The 

site experiences a bimodal rainfall distribution; with 

the long rains from March to May and the short rains 

from November to mid-December. The mean daily 

maximum and minimum temperatures are 24.7 and 

13.7 oC, respectively with a mean annual rainfall of 

450-600 mm (Jaetzold et al., 2006). The average wind 

speed varies from 7-11km hr-1. The predominant soil 

types are derived from a pre-Cambrian basement 

system rock mainly composed of quartz felspatic 

gneiss parent material poor in ferro-magnesiurn 

minerals, and are classified as Ferro-chromic Luvisol 

in the FAO- UNESCO System (Mbuvi and Van de 

Weg, 1975). The soils exhibit a sandy clay loam 

texture with a saturated hydraulic conductivity ranging 

from 0.91- 1.98 mhr-1 (Gicheru and Ita, 1987; Deckers 

et al., 2010; Mwendia et al., 2017). Total available 

water (TAW) ranges between 10-50 mm m-1. The area 

is suitable for sweet potato (Ipomoea batatas L.), 

maize (Zea mays) Katumani variety, beans (Phaseolus 

vulgaris), pigeon peas (Cajanus cajan) and mangoes 

(Mangifera indica).  

 

Data collection 

 

Using core rings, undisturbed soil samples were 

obtained from different horizon depths of 0-15, 16-30, 

31-45, and 46-60 cm in a profile pit dug in the field 

(Green et al., 1986). The samples were used to 

determine the soil water content (SWC), dry bulk 

density (ₚb), total porosity and total soil water 

potential. Saturated hydraulic conductivity, Ksat was 

determined using the constant head method as 

described by Reynolds and Elrick (2002). Soil water 

retention was determination with ceramic pressure 

plates at pF 0.0, 2, 2.5, 3.7 and 4.2 as described by 

Schofield (1935). 

 

Soil physical properties were determined as follows: 

soil texture analysis done using the hydrometer method 

described by Huluka and Miller (2014); the particle 

size distribution was further classified as sand, silt clay 

according to USDA. The constant head method was 

also used in the laboratory to determine Ksat (Ibrahim, 

2016).  

 

 

Figure 1. Study Area: Map of Kenya (top left) extract of Machakos county (top right) and Machakos town sub-county 

insert Kalama ward (below). Source: Generated from ARC-GIS. 
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Soil water computations  

 

Soil wetness from gravimetric method was computed 

using the core rings as the ratio of the amount of water 

in the soil sample to the dry weight of the soil, after 

drying in an oven at 105 °C for 24 hours Eqn 1, 2 and 

3; 

 

% 𝑮𝑺𝑴𝑪 =
𝑴𝒘 –𝑴𝒅

𝑴𝒅
𝒙 𝟏𝟎𝟎                                          (𝟏) 

 

Where: Mw = Weight of fresh wet soil Md= weight of 

oven-dry soil 

 

𝐕𝐨𝒍𝒖𝒎𝒆𝒕𝒓𝒊𝒄 𝒔𝒐𝒊𝒍 𝒘𝒂𝒕𝒆𝒓
= 𝑮𝒓𝒂𝒗𝒊𝒎𝒆𝒕𝒓𝒊𝒄 𝒔𝒐𝒊𝒍 𝒎𝒐𝒊𝒔𝒕𝒖𝒓𝒆
× 𝒃𝒖𝒍𝒌 𝒅𝒆𝒏𝒔𝒊𝒕𝒚                                                           (𝟐)    

 
𝑾𝒂𝒕𝒆𝒓 𝒔𝒕𝒐𝒓𝒂𝒈𝒆 𝒊𝒏 𝒂 𝒉𝒐𝒓𝒊𝒛𝒐𝒏 (𝒎𝒎) =
𝒗𝒐𝒍𝒖𝒎𝒆𝒕𝒓𝒊𝒄 𝒔𝒐𝒊𝒍 𝒘𝒂𝒕𝒆𝒓 ×𝒔𝒐𝒊𝒍 𝒅𝒆𝒑𝒕𝒉

𝟏𝟎
                                       (𝟑) 

 

The capacity of soil to retain water and avail it to crops 

after rainfall was computed as total available water 

(TAW). It is a measure of the quantity of water a crop 

extracts from its rooting zone; Eqn 4; 

 

𝑻𝑨𝑾
= 𝟏𝟎𝟎𝟎(𝜽𝑭𝑪 − 𝟎. 𝟓𝜽𝑷𝑾𝑷)𝒁𝒓(𝒎𝒎)                   (𝟒)  
 

Where; TAW as the quantity of water in the root zone; 

Zr representing the rooting depth; θ FC; field capacity; 

θ PWP permanent wilting point (m3m-3). 

 

Modelling soil water retention using the RETC 

Code 

 

The retention curve model (RETC) is a computerized 

program used in determining soil hydraulic 

conductivities and water retention functions of 

unsaturated soils characteristic of field conditions (Van 

Genuchten et al., 1991; Wessolek et al., 1994). The 

model can be used in predicting the soil moisture 

characteristic curve of any given soil given the pedo-

transfer functions (PTFs). This model incorporates 

three predictors PTFs: i) soil textural classes, ii) sand, 

silt, and clay percentages (SSC) and iii) % Sand, silt, 

clay and soil bulk density. It uses a non-linear least 

square analyses to estimate the unknown model 

parameters from the observed retention and diffusion 

data by incorporating the van Genuchten model 

(Schaap and Leij, 2000). The soil water retention curve 

(SWRC), Mualem–Van Genuchten was fitted by 

measuring soil water content at six matric potentials 

using undisturbed soil samples. For pressure potentials 

of 0.1, 1 kPa, 20 kPa, 32 kPa, 100 kPa, 500 kPa and 

1500 kPa, pressure chambers were used. The 

procedure described by Cornelis et al. (2005); Karuku 

(2011) and Karuku et al. (2012) was followed. The 

Van Genuchten (1980) equation (Eqn.5) was fitted on 

a set of discreet points determined in the laboratory 

using the Leven Marquardt algorithm (Marquardt, 

1963) for fitting the SWRC (Van Genuchten al., 1991) 

Eqn 5: 

 

 𝜽(𝝍) =  𝜽 𝒓 +
 𝜽 𝒔 − 𝜽 𝒓  

(𝟏+)(𝜶|𝝋|)𝒏)𝟏−𝟏/𝒏
                      (𝟓) 

 

 

RESULTS AND DISCUSSIONS 

 

Soil physical characteristics 

 

Table 1 show the sites soil physical properties 

observed throughout the soil profile.  

 

Sand and silt fractions, constitute only the skeletal 

activity of a soil, while clay fraction performs an 

additional role in soil water relations (Mojid et al., 

2009). Consequently, most soil properties, such as the 

hydro-chemical and electrical properties, are described 

by the clay fraction of a soil. Bulk density, porosity, 

hydraulic conductivity and textural classes of a ferro 

chromic Luvisol in Katumani are listed in Table 1. 

 

The bulk density decreased down the profile as the 

soils were highly compacted in the upper horizons (0-

15 cm) (Table 1). The high bulk density in top layers 

may have formed due to compaction caused by 

previous shallow ploughing or which created a hard 

pan and also due human traffic and raindrop impact. A 

hard pan is a cemented or compacted and often clayey 

layer in soil that is impenetrable by roots (Costantini, 

2021). Under such conditions, soil pores are 

compressed from large to intermediate, thereby 

 

 

Table 1. Soil physical properties of the studied soil. 

Depth Pb (g/cm3) Porosity % Sand % Silt % Clay % Ksat Textural class 

0-15 1.5301 42.26 68 15 17 21.72 Sandy loam 

15-30 1.4689 44.57 64 13 23 54.86 Sandy clay loam 

30-45 1.3831 47.81 60 15 25 31.94 Sandy clay loam 

45-60 1.3025 50.85 60 11 29 47.47 Sandy clay loam 

Average 1.4211 46.37 63 14 24 40 Sandy clay loam 

Key: Pb- Bulk density, Ksat- Saturated hydraulic conductivity 
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impeding root penetration, water infiltration, drainage 

and air exchange, ensuing less plant growth thus lower 

yields, especially during drought (Karuku et al., 2012; 

Karuku and Mochoge, 2016). The detrimental effects 

of increased bulk density may be coupled with 

decreased porosity, and thus altering the soil’s water 

retention and hydraulic conductivity, which in turn 

affect the infiltration ability of the soil and its plant-

available water storage capacity (Zhang et al., 2006). 

Similarly, Mwendwa et al. (2020) working on nitisols 

in Kabete reported a decrease in Ksat values with 

increased bulk density. The effects of traffic on soil 

hydraulic properties have been presented by Miller et 

al. (2002) indicating that the soil-water characteristic 

curves (SWCCs) being more sensitive to changes in 

compaction than changes in water content when 

compaction occurred. Similar studies by Zhou et al. 

(2004) identifies soil structure (and aggregation), 

initial water content, void ratio, type of soil, 

mineralogy, and compaction method also have 

potentially significant effects on features of the 

SWCC. However, the compaction levels in this study 

did not affect the textural pores, though significantly 

changed the structural pores, which form the main 

functional environment for plant roots. Most of the 

soils within the Kenyan semi-arid areas are mainly 

formed on gravelly sand materials and some from 

weathered rock materials derived from limestones and 

many contain loess (Pye,1995 and 2015; Wright, 2001; 
Mutuku et al., 2021). These may have resulted due to 

the slow rates of weathering, aggravated by lack of 

water and hence their clay contents are usually 

relatively low (Hewitt et al., 2021). Bulk densities 

range from high to very high whereas the total 

available water capacities range from low to very high, 

depending on the gravel contents of the soils and the 

amount of finer interstitial fill (Flint and Flint, 2002; 

Phalempin et al., 2021). However, with irrigation these 

soils can be used for productive agriculture. 

 

According to the USDA soil texture classification 

system, the soil at the site was sandy clay loam (Table 

1). Nevertheless, the percentage sand decreased as clay 

increased down the profile through illuviation process. 

Soil texture influences other soil physical properties 

such as structure, moisture availability, soil erodibility, 

root penetration, and fertility, as well as the physico-

chemical components of the soil (Karuma et al., 2014). 

Producing crops under sandy soil is a promising 

solution to address hunger especially in developing 

countries (Ismail and Ozawa, 2007). However, the 

major issue associated with such a textural class is 

water deficiency (DeBano, 1981). In the same way, the 

upper horizon (0-15cm) of the soil has large 

interconnected pores and propensity to adjust to the 

degree of saturation at a rapid rate as values of suction 

increase, thus having a low available water capacity 

which affects crop production.  

 

Soil water retention  

 

Figure 2 and 3 presents the soil water characteristic 

curve for a Chromic Luvisol in Katumani. 

The SWCC is critical in agricultural, ecological, and 

environmental soil research as it emphasizes the 

hydro-physical link between soil water content and 

energy state (Cornelis et al., 2001). It provides the 

optimal amount of moisture that can be retained in soil

Figure 2. Soil water retention curve for a Chromic Luvisol in Katumani.   
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Figure 3. Predicted soil moisture characteristic curves for a chromic Luvisol in Katumani from the RETC model. 

Key: 1(0-15cm); 2(15-30cm); 3(30-45cm) and 4(45-60cm depth). 

 

 

and the degree of dryness to which plants can reduce 

the moisture content through uptake and transpiration 

process and to avail moisture to plants under a 

particular matric (Richards and Weaver, 1944). Its 

slope represents the amount of moisture stored in 

unsaturated soils, which can be represented as 

gravimetric water content, volumetric water content 

potential, or saturation degree (Tian, 2014).  

 

The studied soil attained field capacity (FC) at pF 2.0. 

Readily available water (RAW) ranged from pF 3.0 

and 4.0 (Figure 2). The soil had a greater portion of 

water release at pF 1.5 (water content near saturation), 

and decreased as it approached pF 3.0, though some 

moisture was still retained in the soil pores signifying 

the dry and wet range of moisture in the soil. In such 

clay textured soils, the gradual reduction in soil water 

content with increased matric suction may be 

attributed to the pore size distribution and adsorptive 

forces holding the water (Barbour, 1998; Or et al., 

2002). As the soil dries up, it becomes more difficult 

for the plant to extract water from it. At FC, plants 

draw water at maximum rate. As water content drops 

below FC, plants use draw less of its water, thus acting 

as an early warning system, and hence facilitating 

agricultural production. The quantity of soil water 

accessible for absorption by plants is determined by the 

difference in soil water content between FC and the 

PWP. Researchers are therefore able to calculate the 

necessary irrigation frequency based on the plant's 

accessible water and the pace at which this water is 

drained/transpired by crops. Besides irrigation 

scheduling, this information can be valuable in crop 

growth modelling and yield prediction as well as 

construction of sand dams in the study region. 

 

The 0-15 cm depth attained a PWP at lower water 

contents of 0.081 compared to the deeper horizons 

with PWP at 0.102, 0.107 and 0.121 m3m-3 for 0-15, 

16-30, 31-45 and 46-60 cm depth, respectively (Figure 

3).  Similarly, the soil water content reduced as the 

suction increased from FC to a pressure head of 

approximately 15,000cm. The 0-15cm depth had the 

narrowest curve among all the depths, probably 

because of the high bulk density and thus poising low 

available water extractible by the plant roots (Shang 

and Li, 2019). On the hand, the 45-60cm depth had the 

highest water retention and this could be due to the 

increased clay percentage within the depth (Table 1). 

It could be further observed that a higher clay content 

culminated to high water retention at any given matric 

potential (Figure 4). This distinctive variation in 

SWCC in different depths may be ascribed to the 

differences in hydro-physical soil properties such as 
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the bulk density, macro and micro porosity, pore size 

distribution, water storage, infiltration rate and 

hydraulic conductivity) (Yeom, 2017; Bahmani, 2019; 

Shojaee et al., 2019). 

 

SWCC’s fitting parameters 

 

Table 2 presents the van Genuchten parameters 

obtained using the RETC water equation model. a 

controls the point of inflection on the SWCC and bears 

a relation to the air entry value (AEV) of the soil 

whereas the n indicates approximately the pore size 

distribution of soils and hence controls the rate of 

desaturation (or absorption) as soon as the air entry is 

completed. The air entry suction (α) and pore size 

distribution (n) (van Genuchten soil parameters) for 

the horizons ranged from 0.0272 to 0.0218 and 1.3896 

to 1.4247, respectively, and were higher in the top 0-

15cm. 

 

AEV indicates the matric suction from which air 

begins to enter into the soil’s largest voids (Corey, 

1977) voids as water empties. In unsaturated soils, the 

air entry suction mainly influences the seepage and the 

soil shear strength (Lin et al., 2021). The observed air 

decreased down the profile as presented in Table 2 

though uniform. Down the profile, the pores are micro, 

not macro due to high clay content and these tends to 

hold more water and less air. An increase in clayey 

content influenced the soil water holding capacity and 

consequently soil plant water relations, resulting in an 

increase in pore size distribution in the lower horizons. 

On the other hand, the n values in this case were 

relatively uniform (Table 2), indicating more 

uniformity in the distribution of pores unlike those of 

Karuku et al. (2012) in Nitisols which has a higher clay 

percentage than the case of Luvisols. Conversely, these 

parameters are dependent on the type of soil, size of 

voids and the depth of ground water table which 

determines the matric suction governing the difference 

between Nitisols and Luvisols. In chemically active 

soils like clay, pore fluid (water) chemistry and 

mineral composition are influencing parameters as 

well (Scelsi et al., 2021). 

 

The total available water (TAW) increased down the 

profile ranging from lows of 16 mm to highs of 85 mm 

reflecting a change in soil texture and structure (Wang 

and Liu, 2013). The top 0-15cm exhibited a low TAW 

(16.1 mm) (Table 3), which might be ascribed to the 

high bulk density caused by compaction, that reduced 

the large soil pores to intermediate and therefore 

reducing the available water. Muya et al. (2011) 

reported a TAW of approximately 20-35 mm within 

the 0–30cm depth of Salic Luvisols in Northern Kenya 

citing compaction as the major. The observed 

cumulative TAW within the 0.6m profile depth was 

198.2 mm. This is lower since the amount of water 

needed for major crops grown within the study area 

are; 488.1 mm sweet potato (Mbayaki and Kinama, 

2022), maize, beans and mangoes 696.8 mm. 554.9 

mm and 1307.8 mm, respectively (Onyancha et al., 

2017). As a consequence, this opens up the door to 

adopting optimal irrigation schedules for sustainable 

crop production, boosting crop water uptake, and 

thereby improving the economic use of water in 

ASALs. 

 

 

Table 2. Saturated and residual soil water content and air entry suction of the study area. 
Depth (cm) θr (m3 m-3) θsc(m3 m-3) α (cm-1) n (-) Ks (cm day-1) 

0-15 0.0553 0.3902 0.0272 1.4247 31.16 

15-30 0.0662 0.4148 0.023 1.3896 28.94 

30-45 0.0711 0.4403 0.0208 1.4008 33.98 

45-60 0.0791 0.4702 0.0218 1.3826 47.78 

Key: θs saturated soil water content m3m-3; θr residual soil water content m3m-3 and α indicating the inverse of the air 

entry suction; Ks: saturated hydraulic conductivity. 

 

 

Table 3. Soil water content at saturation (θs), field capacity (θfc), permanent wilting point (θpwp) and total 

available water. 

Depth θs (m3m-3) θfc (m3m-3) θpwp (m3m-3) S (mm) FC (mm) PWP (mm) TAW (mm) 

15cm 0.390 0.188 0.081 58.44 28.16 12.12 16.05 

30cm 0.414 0.225 0.102 124.29 67.38 30.48 36.90 

45cm 0.440 0.241 0.107 197.93 108.56 48.26 60.30 

60cm 0.470 0.262 0.121 281.79 157.45 72.49 84.96 

 θs; saturated soil water content, θfc; field capacity; θ PWP permanent wilting point; FC cumulative water storage at 

field capacity; PWP cumulative storage of water at wilting point; TAW, total available water. 
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In crop production, the rate of evaporation from the 

soil is mainly determined by water-transmitting 

properties of the soil (Rijtema, 1969; Balba, 2018) and 

also the source of the water per the water table depth, 

plus the energy-latent heat of evaporation. This implies 

that; the actual evaporation rate is determined either by 

external evaporativity or by the soils own ability to 

deliver water; whichever is less (hence the limiting 

factor). When the soil water potential at the soil surface 

is low, the evaporation rate is then driven by external 

conditions which may be linked to reference 

evaporativity of the given site. On the other hand, when 

the soil water potential at the soil surface increases, the 

evaporation approaches a limiting value regardless of 

how high external evaporativity may be (Nelson, 

2001). Thus, results obtained in the site show low 

water content within the upper horizon and thus 

minimal transpirable water available in the soil. This 

implies that water loss will mainly be driven by crop 

transpiration and thus affect its production and 

resultant yield. Hence, such results imply that the 

evaporation from the soil increases with the increase of 

the moisture content and the rate of diffusivity. 

 

Soil water diffusivity  

 

Interaction of solid, liquid and air phases within the 

soil determines the movement of water in unsaturated 

soils and thus, the saturated hydraulic conductivity 

value cannot be effectively used to define water flow 

alone. Flow and solute transport determination under 

non-saturated conditions is important in order to 

improve the usage efficiency of water resources and to 

protect ground water from contamination and 

depletion. Therefore, the term soil water diffusivity is 

introduced since all constant parameters such as water 

potential, permeability, strength etc. of saturated soil 

become a function in unsaturated soil. Diffusivity in 

soil is a crucial as it aids in predicting the movement 

of water and solute within the vadose zone and 

expressed as a function of its volumetric water content 

(θ) (Merdun and Quisenberry, 2005; Kassaye et al., 

2021). 

 

The predicted rate of diffusivity increased down the 

profile ranging from a low of 6.39, 6.94, 9.03 to and a 

high of 12.5 cm2min-1 depth, respectively (Figure 4). It 

could be noted that the rate of diffusivity among the 

four depths was lowest in the 0-15cm depth. This could 

be linked to the high bulk density observed in the 

studied soil. Soil compaction process increases soil 

bulk density and decreases total pore space; as a result, 

water-related soil properties are significantly altered. 

As the level of compaction increases, the volume of 

soil macropores decreased to intermediate resulting to 

variability of air and water permeability. A low soil bulk

 

 

 
Figure 4. Predicted soil water diffusivity vs relative water content for a chromic Luvisols in Katumani based on the 

RETC model. Key: 1(0-15cm); 2(15-30cm); 3(30-45cm) and 4(45-60cm depth). 
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density coupled with a higher clay content are assumed 

to be positively correlated with soil hydraulic 

properties and thus results in increased soil porosity in 

the subsequent depths (Dingman, 2015; Landl et al., 

2021). Hence, the profile with the highest porosity is 

usually characterised with a higher soil water 

diffusivity, and therefore an increase in the diffusivity 

at a given water content may be attributed to an 

increase its hydraulic conductivity as observed in 

Table 1. Henceforth, this study establishes that soil 

water diffusivity is a function of water content. 

 

CONCLUSION 

 

Soil hydraulic characteristics are significant for 

defining and forecasting water and electrolyte 

transport in soils, which are relevant to many 

agronomic, engineering, and environmental fields of 

study. Physico hydraulic state of the soil influences the 

soil plant water relationship, water flow, diffusivity 

and air permeability. Henceforth, models used to 

predict soil hydraulic conductivity have space for 

development in terms of dataset size and soil types, and 

should thus incorporate quantity of organic carbon and 

other hydraulic conductivity-controlling 

characteristics. The findings of this study will aid in 

predicting water movements in soils for most rainfed 

and irrigated crop production especially in ASALs. 
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