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Abstract

Background and Aims
Impatiens tinctoria A. Rich, locally known as Ensosila, is a traditional cosmetic herb native to East Africa, specifically Tigray, Ethiopia. In Southern Tigray,
where this study took place, Ensosila has been cultivated on small farms for its cosmetic uses for many years. However, the species is now facing the threat
of extinction due to limited awareness of its additional benefits like its potential impact on soil productivity. Hence, this study was initiated to investigate the
effects of Ensosila cultivation on selected soil physico-chemical properties across soil depths and topographic positions.

Methods
Soil samples were taken from two land uses, Ensosila planted and non-planted farmlands, two soil depths (0–30 cm and 30–60 cm) and three topographic
positions (upper, middle and lower). Key soil parameters including texture, bulk density (BD), pH, electrical conductivity (EC), soil organic carbon (SOC), total
nitrogen (TN), available phosphorus (Av.P) and exchangeable potassium (Ex.K) were taken as major indicators. Data were analyzed using ANOVA and mean
comparisons were made using LSD.

Results
The results revealed that all tested soil parameters were significantly (p < 0.05) affected by land use. Ensosila planted soils had 1.4%, 6.3%, 31.9%, 46.2%,
27.6% and 7.4% higher pH, EC, SOC, TN, Av. P and Ex.K, respectively. Plantation of the herb also resulted 3.3% lower in BD. Furthermore, its residual effect
contributed to a 15.53 kg/ha of di-ammonium phosphate (DAP) equivalent.

Conclusions
It can be concluded that Ensosila had a potential impact on enhancing soil physico-chemical properties.

Introduction
In many countries, people have been using natural substances such as Impatiens to increase their natural beauty for thousands of years (Akbar, 2020;
Chungkrang & Bhuyan, 2020; Sripriya, 2024; Vaidya et al., 2023). Cosmetics from parts of the plant such as bark, leaf, flowers, roots, fruits and seeds are used
by people to improve their natural beauty, maintaining a youthful appearance, increase their sensuality, and preserve their health and hygiene (Desam & Al-
Rajab, 2021; John et al., 2014; Vaidya et al., 2023). Globally, there are more than 1000 Impatiens species distributed while more than 100 species have been
cultivated both annually and perennially with high succulent stems in Africa (Cheek et al., 2022; Gadagkar et al., 2023; Janssens et al., 2012).

Impatiens tinctoria is one of the largest species in the genus of Impatiens and is dominant in East African countries such as Ethiopia, Sudan, Uganda, Zaire,
Kenya, Tanzania, Malawi and Zambia (Seboka, 2017). In the regions of Ethiopia, Ensosila (Impatiens tinctoria) is one of the most abundant perennial herb
species commonly found in East Shewa (Alemayehu et al., 2022; Burju et al., 2014; Gurmessa et al., 2013; Nune, 2008), Butajura (Degu et al., 2020),
Endamohoni Tigray (Amede & Taye, 2015), South Gondar and West Gojjam (A. B. Mekonnen et al., 2022; Yayesh et al., 2015).

It is growing vertically up to 2 m tall, branching, succulent hollow stem and a smooth tuber with a large tuberous rootstock up to 30 cm × 10 cm (Fig. 1A & B)
that lies below the soil surface (Chen et al., 2020; Matthews et al., 2015; Seboka, 2017). It also tends to grow in wet deep clay loam soils, gentle slope, usually
at an altitude ranging from 750 to 3630 m above sea level with about 10–27 oC preferable temperature interval (Hailesilassie, 2016; Matthews et al., 2015;
Seboka, 2017). It propagates easily by cutting (Favi et al., 2021; Jansen, 2005; Kaviani et al., 2021).

Traditionally, Ensosila is used to treat various diseases such as bacterial and fungal infections (Gidamo, 2023; Li et al., 2024; Yang et al., 2001), cough
medicine with phlegm, skin inflammation, and healing burns (Hedberg, 1996; Pimple et al., 2023). Ethiopian women also use Ensosila (Impatiens tinctoria) as
beautifying agent (Amede & Taye, 2015). They chop the inner part of the tubers into a paste to dye the palm hands (Fig. 1C & D) and nails and making
complicated patterns on the hands and feet even during festivity (Hedberg, 1996). Furthermore, Ensosila is grown as a cash herb in both rain-fed and
supplementary irrigation systems that has been cultivated in small farmlands by smallholder farmers (Zuberi et al., 2014).

However, the herb is currently in a threat of extinction as farmers have a limited knowledge of the multifunctional benefits of the plant species (e.g. effect on
soil productivity) other than its cosmetic and medicinal uses. In this case, a critical study that deals on planting Ensosila species and its effect on soil
physico-chemical properties is scant. Hence, this study was conducted with the aim of evaluating the effect of Ensosila on selected soil physical and
chemical properties in Endamehoni district, Southern Tigray (northern Ethiopia).

Materials and Methods

Description of the study area
The study was carried out at the Embahasti kebelle of Endamehoni district, Southern Tigray (Northern Ethiopia). It is geographically located at 39o31’ − 
39o35’ E and 12o48’ − 12o53’ N (Fig. 2) at about 121 km south of Mekelle city (the Tigray capital) with an average elevation of about 2,875 m.a.s.l (AREP,
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2015).

Embahasti Kebelle represents the highlands cool sub-moist to moist and partially the mid-highland areas of the district. It has erratic, unevenly distributed
and bimodal rainfall. The short rainy season locally known as “Belgi” occurs usually from mid-January to March (15%) and the main rain season is locally
described as “Kiremti” that comes during mid June to mid-September (85%). The annual mean rainfall ranges from 600 to 950 mm. The annual temperature
ranges between 12 ˚C and 18 ˚C (Hagos & Girma, 2018; Van Beek et al., 2016). The area is dominated by basalt parent materials and the geological formation
was Alaje formation and Ashnge formation (FAO & ISRIC, 2012). In addition, the soil types in the study area were grouped into chromic Vertisols and eutric
Cambisols (AREP, 2015; Van Beek et al., 2016). From the total cultivated area, about 26 hectare (3.26%) was planted with Ensosila (Impatiens tinctoria) in the
year 2024.

Data collection method

Study site selection criteria and reconnaissance survey
The study site, Embahasti Kebelle, was selected due to the dominant presence of Ensosila tuber plant. About ten trips of reconnaissance field survey were
carried out in order to identify the two land use types (Ensosila planted and never planted areas), and characterize and take soil samples (Figs. 3 and 4).

With these adjacent representative land uses, two soil depths (0–30 and 30–60 cm) and three topographic positions that have different elevation ranges
(upper topographic position = > 2900 m, middle topographic position = 2850–2900 m and lower topographic position = 2,800–2,850 m) were used for the
study (Fig. 4). This classification helps to characterize the soil parameters and nutrient availability under the three elevation classes (Seifu et al., 2020).

Soil sampling and analysis method
A total of 72 soil samples (36 undisturbed and 36 disturbed) were taken from the two land use types, two soil depths and three topographic locations
replicated three times before the tillage operations. The disturbed soil samples were collected and thoroughly mixed, transported to the laboratory, air-dried,
crushed and made to pass through a 2 mm sieve. These samples were used for soil chemical properties (pH, EC, SOC, TN, Av.P and Ex.K) analysis using
standard laboratory methods (Table 1). Laboratory work was done at Mekelle Soil Research Center, Tigray Agricultural Research Institute, Mekelle, Ethiopia.
The undisturbed soil samples were collected using core sampler for bulk density and coarse fragment determination. Soil moisture content was determined
gravimetrically by oven drying the whole soil at 105 ◦ C for 24 hours to calculate the dry fine BD (Blake & Hartge, 2018). An adjustment for pure fine bulk
density was made by identifying and measuring coarse fragment proportion because it affects the soil carbon estimation (Ellert et al., 2001).

Table 1
Selected soil properties and their method of analysis

Parameters Method of analysis Sources

Soil Texture Hydrometer (Bouyoucos, 1962)

BD Excavation/Core method (Blake & Hartge, 2018)

pH Soil: Water ratio 1: 2.5 (Jackson, 1967)

EC Soil: Water ratio 1: 2.5 (Corwin & Rhoades, 1984)

SOC Walkley and Black method (Walkley & Black, 1934)

Total N Kjeldahl method (Bremner & Mulvaney, 1982)

Av. P Extraction method (Olsen, 1954)

Ex. K Neutral ammonium acetate (Jackson, 1958)

Statistical analysis
Data were tested for normal distribution before analysis. Then, all the collected data were subjected to analysis using GenStat software version 18th
(Goedhart & Thissen, 2018). For the quantitative variables, analysis of variance (ANOVA) and Pearson correlation were used within the general linear model
(GML) to compare the significance change in soil physicochemical properties and significances differences were compared using the least significance
difference (LSD) comparison method at 5% probability (0.05 significance level).

Results
Effect of Ensosila on soil physical properties 

Soil particle content was significantly (p < 0.05) affected by land use (Table 2). The proportion of sand, silt and clay in percent was increased by 13.7%,
decreased by 1.4% and decreased by12.3% respectively in non-planted areas. The soil particle size distribution on different land uses along soil depth and
elevation difference was significantly different. Along the topographic position, the lowest sand content was also recorded in the lower topographic position
(Table 2). 
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Table 2. Effect of Ensosila along soil depth and topographic position on means of particle size distribution and BD

***, ** and * indicate significant different at 0.1% (p < 0.001), 1% (p < 0.01) and 5% (p < 0.05) level of significance respectively; ns: non-significant with
means followed by different letters in the same row showed significantly different on LSD test; NP: non-planted area; P: planted area; SD: Soil depth; EA:
Elevation Aspect

Soil bulk density was significantly (p < 0.05) affected by land use. The bulk density in both land uses has increased in magnitude with soil depth. The lowest
value was recorded on soils in planted areas, with 6.67% and 1.56% reduction at the top and lower depths, respectively. 

Effect of Ensosila on soil chemical properties 

Comprehensively, pH has shown a 1.36% increase on planted areas compared to the non-planted areas. The mean pH (H2O) value was found to be neutral
(7.35) on the non-planted area and mildly alkaline (7.45) on the Ensosila planted area (Table 3) as per the rating of (Beyene et al., 2023) and (Wogi et al.,
2021). Ensosila plantation had significant (p < 0.05) effect on soil pH, with the lowest value on non-planted areas. The result revealed that Ensosila along soil
depth has resulted in a 2.2% and 0.54% increase in pH at both topsoil and subsurface layer, respectively. In relation to topographic position, the planted area
has increased by 1.6%, 1.1% and 1.2% in upper, middle and lower, respectively (Table 3). There was statistically (p < 0.05) significant difference in EC content
between land uses and soil depths with the highest value in the lower depth and in the planted areas. 

There was a significant difference (p < 0.05) in soil organic carbon content among land use types (Table 3). The mean Soil Organic Carbon (SOC)
concentration varied from 14.4 g/kg (Ensosila non-planted area) to 19 g/kg (Ensosila planted area), which was in the range of moderate to high according to
the classification made in (Hazelton & Murphy, 2007). According to Hazelton and Murphy, OC is classified as very low (< 6 g/kg), low (6 – 9.9 g/kg), moderate
(10 – 15.9 g/kg), high (16 – 19.9 g/kg) and very high (> 19.9 g/kg). The findings showed that Ensosila plantation has increased SOC content by 31.9%. The
mean value of organic carbon has also shown a decreasing trend across depth with a statistically significant difference (p < 0.05). This is related to a
decrease in faunal activities in the underlying horizons as reported in (Lawal et al., 2014). The soil organic carbon (SOC) was significantly (p < 0.05) higher in
the lower topographic position (16.12 g/kg) followed by middle (14.5 g/kg) and upper (13.25 g/kg) in the area of non-planted. This trend was also confirmed
in the other land use type with lowest value recorded at the upper topographic position (16.87 g/kg) followed by middle (18.95 g/kg) and lower (21.3 g/kg). 

Table 3. Effect of Ensosila along soil depth and topographic position on means of soil pH, EC, SOC and TN

SD and
EA

pH H2O (1:2.5) EC H2O (1:2.5) (dS/m) SOC (g/kg) TN (g/kg)

NP P LSD0.05 CV
(%)

 NP P LSD0.05 CV
(%)

 NP P LSD0.05 CV
(%)

 NP P LSD0.05

0 – 30
cm 

7.3b 7.46a 0.112** 1.5 0.079  0.083 0.004 ns 5.2 15.36 b 20.80 a 0.937*** 11.0 1.57 b 2.11 a 0.256***

30 –
60 cm 

7.4 7.44 0.108ns 1.5 0.082b 0.088a 0.003** 4.0 13.47 b 17.28 a 1.619*** 10.5 1.56 b 1.80 a 0.257***

Upper 

Middle 

7.36

7.35

7.48

7.43

0.153 ns

0.156 ns

1.6

1.6

0.078

0.081

0.083 

0.085

0.006 ns

0.005 ns

5.4

4.4

13.25 b

14.5 b

16.87 a

18.95 a

2.019***

1.834***

10.6

8.50

1.22 b

1.30 b

1.67 a

1.97 a

0.315**

0.318***

Lower  7.35 7.44 0.148 ns 1.6 0.083 0.087 0.005 ns 4.6 16.12 b 21.3a 2.449*** 10.2 1.57b 2.23a 0.347**

Grand
mean

7.35b 7.45a 0.07** 1.64 0.08b 0.085a 0.002*** 5.8 14.4b 19a 0.37*** 19.44 1.30b 1.90a 0.12***

***, ** and * indicate significant different at 0.1% (p < 0.001), 1% (p < 0.01) and 5% (p < 0.05) level of significance respectively; ns: non-significant with
means followed by different letters in the same row showed significantly different on LSD test; NP: non-planted area; P: planted area; SD: Soil depth; EA:
Elevation Aspect

Total nitrogen had shown a significant variation among land uses (p < 0.001). The average value of total nitrogen (TN) content was higher on Ensosila
planted areas (1.9 g/kg) as compared to the other land use type (1.3 g/kg). These values are classified as low to medium following Havlin et al. (1999)
classification guideline. Havlin and others classified total N as very low (< 0.5 g/kg), low (1.0 – 1.5 g/kg), medium (1.5 – 2.5 g/kg), and high (> 2.5 g/kg). The
result showed that the average value of total nitrogen decreased with an increase in soil depth on both land uses (Table 3). It is 34.4% and 15.4% higher in the
planted topsoil layer (0 – 30 cm) and subsurface layer (30 – 60 cm), respectively, compared to its corresponding non-planted one. Total nitrogen value under
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different land uses along soil depth had also shown a significant difference (p < 0.05). The total nitrogen content showed a decreasing trend with elevation:
upper topographic position (1.22 g/kg) < middle (1.30 g/kg) < lower (1.57 g/kg) at non-planted area while 1.67 g/kg < 1.97 g/kg < 2.23 g/kg, respectively at
planted area. 

The Av.P recorded in the planted area was 20.13 mg/kg while 15.78 mg/kg was in the non-planted area (Table 4). These were, respectively, categorized as
high and medium following to the (Wogi et al., 2021) classification guide that categorized Av.P values as very low (< 5 mg/kg), low (6 – 9), medium (10 – 17),
high (18 – 25 mg/kg) and very high (> 25 mg/kg). It was statistically different (p < 0.05) between the land uses, with a 27.6% increase in the planted area.
Available phosphorus (Av.P) was significantly (p < 0.05) different along soil depth. A higher value was recorded at the top soil layer (22.42 mg/kg) than that
of the subsurface layer (17.85 mg/kg). The available phosphorus content was also statistically significantly (p < 0.005) different in the upper topographic
position but not significant different in the middle and lower topographic positions. However, the trend was inversely related to topographic position that
showed an increase in available phosphorus with a decrease in elevation. For instance, Av.P was higher (20.75 mg/kg) at the lower position as compared to
the upper position (19.61 mg/kg) (Table 4), which is, respectively, classified as  high and lower following (Wogi et al., 2021) classification guide. 

Table 4. Effect of Ensosila along soil depth and topographic position on means of Av.P and Ex. K

SD and EA Av.P (mg/kg) Ex. K (cmol(+)/kg)

NP P LSD0.05 CV (%) P value  NP P LSD0.05 CV (%) P value

0 – 30 cm  18.11b 22.42a 3.40** 16.8 0.016 0.7 0.72 0.052 ns 7.5 0.064

30 – 60 cm  13.45b 17.85 a 3.74* 23.9 0.024 0.66b 0.73a 0.043* 5.9 0.047

Upper  12.37b 20.04a 5.74** 27.6 0.014 0.67b 0.70a 0.025* 2.9 0.043

Middle  16.62 19.61 5.37ns 23 0.243 0.67 0.71 0.046 ns 5.1 0.053

Lower 18.35 20.75 4.26 ns 16.9 0.237 0.71 0.77 0.082 ns 8.6 0.191

Grand mean  15.78b 20.13a 2.207*** 26.14 < 0.001 0.68b 0.73a 0.029** 7.34 0.008

 ***, ** and * indicate significant different at 0.1% (p < 0.001), 1% (p < 0.01) and 5% (p < 0.05) level of significance respectively; ns: non-significant with
means followed by different letters in the same row showed significantly different on LSD test; NP: non-planted area; P: planted area; SD: Soil depth; EA:
Elevation Aspect

Exchangeable Potassium (Ex. K) ranged from 0.68 to 0.73 cmol (+)/kg (Table 4) and its rating was high at both land uses (planted and non-planted areas)
following (Wogi et al., 2021) classification guideline. Wogi and others classified exchangeable Potassium as Very low (< 0.2 cmol (+)/kg), Low (0.2 – 0.3
cmol (+)/kg), Medium (0.3 – 0.6 cmol (+)/kg), High (0.6 – 1.2 cmol (+)/kg) and Very high (> 1.2 cmol (+)/kg). Potassium (K) was observed in a 7.35% higher
amount in planted area (0.73 Cmol (+)/kg) than in the remaining non-planted area. 

Regarding to soil depth, the mean exchangeable potassium (Ex. K) content of the soil across the non-planted and planted study area was 0.70 cmol (+)/kg
and 0.72 cmol (+)/kg at the topsoil surface while 0.66 cmol (+)/kg and 0.73 cmol (+)/kg at subsurface layer which was decreasing and increasing to down as
soil depth increased, respectively (Table 4). The result showed that potassium on planted area has increased by 2.86% at topsoil (0 – 30 cm) and 10.6% at
the subsurface layer (30 – 60 cm). Exchangeable potassium did not show a statistically significant difference (p > 0.05) across the topsoil soil layers but
significantly different (p < 0.05) on the subsurface layer. 

Exchangeable potassium was statistically significantly different (p < 0.05) at upper topographic position but not significantly different (p > 0.05) in the middle
and lower positions. The highest exchangeable potassium was recorded at the lower topographic position compared to the middle and upper (Table 4) at
both land uses. It was recorded 0.67 cmol (+)/kg, 0.67 cmol (+)/kg and 0.71 cmol (+)/kg at the upper, middle and lower topographic position, respectively in
the non-planted area; while 0.70 cmol (+)/kg, 0.71 cmol (+)/kg and 0.77 cmol (+)/kg at the planted area.

Discussion

Effect of Ensosila on soil physical properties
The proportion of silt and clay was higher in the Ensolila planted areas than their corresponding non-planted ones but sand fraction was lower at the Ensolila
planted areas. These findings are consistent with Merga et al., (2023) that reported there was low clay content in surface layers of cultivated lands as a result
of the removal of particles through erosion (both water and wind). The high clay fraction in the Ensolila planted area might also be due to the high organic
matter added by the herb. Having these organic matter, clay particles stick-up with the tuberous plants of Ensosila (Ufot et al., 2016). In addition, the residual
decayed leaves and stems of organic matter contributes to soil aggregation that enhances soil structure, improves water retention and stability of clay
particles (Li et al., 2024). This finding aligns with the findings stated in Gadana (2021) that reported clay content remained stable (35–40%) in tuber crop
fields, while adjacent wheat plots lost 10% clay due to erosion and Microbial biomass (linked to clay-SOM bonding). The average sand content of soils on
Ensosila planted area decreases with depth, while an increase in sand content was observed on the non-planted soils. This corresponds with the findings of
Asmare et al., (2023), Assefa et al., (2020), Fetene & Amera, (2018) Kebebew et al., (2022) and Masha et al., (2023) that reveals sand content is higher in
cereal cultivated land than Agroforestry, grass land, Enset cultivated land and shrub land. This could be related to the organic matter addition from Ensosila
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that enhances soil structure and water retention as well as less erosion prone to loss fine particles. The decreasing fraction from upper to lower topographic
position agrees with the findings of (Haile et al., 2024). This was mainly related to a low erosion rate as well as higher material deposition at the lower
position, while high erosion which migrates fine materials selectively away and leaves coarse particles in the upper position (Bufebo et al., 2021; Endrias et
al., 2024; Jaleta Negasa, 2020; Seifu et al., 2020). In addition, mulch straw obtained from vegetable residues conserve fine soil particles from vulnerability of
erosion by reducing runoff (El-Beltagi et al., 2022). Cumulatively, mean soil bulk density in Ensosila planted area has shown a 3.25% reduction as compared
to its corresponding non-planted one. The decrease in bulk density in the planted area could be due to higher organic matter addition by the Ensosila herb. In
this regard, (Mebrate et al., 2022) and (Sun et al., 2018) reported that crop residues addition and reduced tillage increased soil organic matter content,
resulted in less soil disturbance and reduced soil bulk density. Similarly, this result is in agreement with the findings of (Seifu et al., 2021) that reported low
and high bulk density values due to variation in contents of clay fraction and organic matter. However, soil bulk density was not significantly affected by
topography but numerical value was recorded as order as upper position > middle position > lower position in both land uses. This result is in line with the
findings of (Seifu et al., 2021) that reported mean value of bulk density in Lower elevation (2722–2800 m) < Middle elevation (2800–3100 m) < upper
elevation (3100–3944 m) and statistically significant (p < 0.05).

Effect of Ensosila on soil chemical properties
This lower value can be the result of removal of basic cations due to erosion (Amusan, et al., 2006; Fentie et al., 2020; Selassie et al., 2015). The increment in
pH values along the soil depth has been exsisted. This result could be associated with a higher organic matter content from Ensoisla as it can bind tightly or
traps basic cations, this may lead to decreased H+ concentration and increased pH of the soil (Assefa et al., 2020; Bahilu et al., 2016; Bufebo et al., 2021;
Seifu et al., 2020). A similar result was recorded in (Azeez et al., 2018) that showed pH has decreased as soil depth increased in plantation while (Dhaliwal et
al., 2023) and (Kaur et al., 2020) increased as soil depth increased due to leaching effect of the basic cations. The mean value of soil pH along elevation was
statistically (p > 0.05) different.

In the planted areas, the EC content was significantly difference with highest result in the subsurface soil depth. The reason is might due to soluble salts of
anions and cations move downward with leaching runoff, accumulating toward subsurface soil depth. In addition, since Ensosila tuber root is fleshy, it has
the capacity to hold water having soluble salts (Gidamo, 2023; Seboka, 2017). This, in turn, might have caused an increase in EC values down the depth
(Assefa et al., 2020; Dhaliwal et al., 2023). Similar studies such as (Dong et al., 2017) and (Ibrahim et al., 2022) stated that the highest accumulation of base
forming cations like Ca+ 2, Mg+ 2, K+ 2 and high accumulation of CaCO3 leads to increased EC. However, topographic position had no significant effect on EC.
This result is in par with (Hailemariam et al., 2023) and (Kamal et al., 2023) that explained EC had no major difference along altitude.

The soil organic content along the land use type, there was high SOC content in the Ensosila plantation areas than non-planted areas. This is related to the
high addition of organic materials through leaf fall or crop residues of the herb (Tsui et al., 2004). On the other hand, Ensosila plant has fat and fleshy tuber
that regulates the runoff and soil loss; penetrates the soil depth that enhances the soil aeration and captures water and plant nutrients; boosts soil microbial
activity that decomposes and incorporates the organic matter (Fentie et al., 2020; Sun et al., 2018; Tesemma, 2013). Likewise, (Lal, 2001) and (Abera &
Belachew, 2011) stated that most cultivated land soils of Ethiopia are poor in their SOC content due to the low amount of organic materials applied to the soil
and complete removal of the biomass from the field. Regarding to soil depth and topographic position, SOC content becomes decreasing as soil depth
increase but increasing at lower topographic position. This is related to a decrease in faunal activities in the underlying horizons as reported in (Lawal et al.,
2014) while high deposition of organic and fine materials at the lower topographic position (M. Mekonnen & Getahun, 2020). (Qiu et al., 2021) also
highlighted a significant reduction of SOC mineralization at erodible sites. The practices of ex-situ organic materials in lower topographic position protects
the long term fertility of the soils by maintaining a high level of OM content and increasing soil biological activities (Negash et al., 2012).

The highest total nitrogen content observed in the planted area may be attributed to the continuous input of organic matter, such as leaf litter and stems,
from Ensosila. As these materials decompose, microbial activity facilitates their conversion into nitrogenous compounds (Birhane et al., 2020; Fahad et al.,
2022; Kebede, 2021; Okolo et al., 2022; Song et al., 2023). Similar findings have been reported in Ethiopian agroecosystems, where organic amendments
significantly enhance soil nitrogen levels (Aytenew & Bore, 2020; Bufebo et al., 2021; Tesfay et al., 2020; Weldewahid et al., 2023). Even the amount of TN
across the individual soil depth was high at planted areas than compared to the non-planted areas. In agreement with this result, (Anwanane et al., 2017) and
(Manojlović et al., 2011) have reported that total nitrogen was high at the topsoil layer (0–30 cm) than subsurface (30–60 cm). The trend for total nitrogen
through the topographic position was increasing to down position. This remarkable difference might be attributed to the removal of organic matter
connecting to the displacing of total nitrogen from upper to middle and lasting at lower topographic position tended by water erosion (Bufebo et al., 2021).

The available phosphorus was significantly difference with high existence value in the Ensosila planted areas. This could be attributed to the continuous
organic matter addition from Ensosila, which can keep phosphorus from becoming bound to aluminum and other ions, thus making it more available
(Condron & Tiessen, 2005; Jemaludin, 2020; Mebrate et al., 2022; Regassa et al., 2023). Similar findings were reported in (Anwanane et al., 2017), (Manojlović
et al., 2011) and (Mebrate et al., 2022) in that available phosphorus was found to decrease across soil depth. The increase in available phosphorus in the
planted land used could be attributed to the Ensosila’s ability to reduce nutrient displacement caused by surface erosion, thereby enhancing in-situ infiltration
and leaching rather than ex-situ losses. Similar findings have been reported in Northern Ethiopia, where vegetation cover significantly reduced soil erosion
and nutrient depletion (VandenBygaart et al., 2021). Additionally, the substantial increase in available phosphorus in the subsurface layer (30–60 cm) may be
linked to the decomposition of Ensosila’s tuberous biomass deposited at deeper soil depths, which can contribute to subsurface nutrient enrichment (Geleta
Likasa et al., 2024). The loss of phosphorus via erosion might be also high on the upper position and more deposition at the lower position. Findings in
(Lawal et al., 2014), (Bufebo et al., 2021), (Buraka et al., 2023) and (Hailemariam et al., 2023) also showed that Av. P decreases with an increase in elevation
due to nutrient displacement by erosion.

In different land uses, exchangeable potassium content has been come high in the plantation areas than the non-planted areas. This might be due to the
Ensosila that conserves the weathered potassium from erosion risks along the farmland. In the other way, it might be decomposition of the plant species
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that could increase the exchangeable potassium in the soil. The report was supported by (Gidamo, 2023) that investigated the concentration of macro-
nutrients found in the Ensosila plant was orderly potassium (K) > calcium (Ca) > magnesium (Mg) > sodium (Na). Other findings of Anwanane et al. (2017)
revealed that the higher potassium content on the upper layer (0–30 cm) than the subsurface (30–60 cm). The result also agreed with in non-planted area
but disagreed in planting area having 0.72 cmol (+)/kg in topsoil layer and 0.73 cmol (+)/kg in subsurface layer. The reason could be due to high clay content
and organic matter in the subsurface layer particularly Ensosila stock zone increases the retention of cations. In addition, Tumayro and Tesgaye (2021),
reported that the exchangeable bases (Ca, Mg, K and Na) increases from surface (0–15 cm) to sub- surface (15–30 cm) soil depths. It might be due to
translocation of basic cations as truncating soil horizon subsurface to surface and vice versa by digging hoe for planting case. Along the topographic
position, the exchangeable potassium was significantly difference at all classes between the land uses and inceasing from upper to lower position. This
corresponds with the findings of (Mekuria et al., 2007), (Amare et al., 2013), (Bufebo et al., 2021) and (Buraka et al., 2023) that stated the highest
exchangeable potassium in the lower position. This is might be due to the plant tuberous stock allows breaking the parent material as biological weathering
(Babur, 2024; Dontsova et al., 2020) and the transportation of potassium reach materials from the upper & middle into the lower topographic position through
erosion agents (Bufebo et al., 2021; Buraka et al., 2023).

Conclusions
This study indicated that the Ensosilatuber plant species is important to enhance both soil physicochemical properties and soil fertility. The soil pH, EC, SOC,
TN, Av. P and Ex.K, respectively, increased by 1.4%, 6.3%, 31.9%, 46.2%, 27.6% and 7.4% but decreased its bulk density by 3.3% in soils under Ensosilaplanted
farms. This is due to completely falling of leaf litter and decomposition of dead tuberous stocks. Furthermore, Ensosilahad prospecting potential on moisture
conservation, source of nutrients and improving soil fertility due to its residual effect that contributes to a 15.53 kg/ha of DAP fertilizer equivalent. It can be
concluded that Ensosila is key rotational strategic cash crop for improving soil fertility. Based on the findings, Ensosilais a contributor for selected important
soil parameters and uses for improvement of soil fertility. Hence, it would advantage to use this crop as alternative rotational organic input to improve soil
productivity and crop production. 

Abbreivations
ANOVA            Analysis of variance 

Av. P                  Available Phosphorus 

BD                      Bulk density 

CV                      Coefficient variance 

DAP                   Di-ammonium Phosphate

EA                      Elevation Aspect

EC                      Electrical conductivity

Ex. K                  Exchangeable Potassium

LSD                    Least significant difference 

NP                       Non-Planting Area

P                          Planting Area  

pH                      Power of Hydrogen

SD                      Soil depth

SOC                   Soil Organic Carbon

TN                      Total nitrogen
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Figure 1

The Impatiens tinctoria A) Shoots B) Tuber roots C) Chopping D) Pasted on palm and feet

Figure 2

Location map of the study
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Figure 3

land use types as planted (a) and non-planted (b) areas
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Figure 4

Site design and sampling points for a single land use type


