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Abstract

Biological SWC practices of chomo grass, vetiver grass are the most productive, easy to accept and effective at reducing soil
erosion and increasing soil organic matter. The objective of this research was to evaluate their effect on some selected soil
physicochemical properties in Mana Sibu area. The land treated with chomo grass, vetiver grass, and adjacent untreated lands, as
well as the three age groups of these grasses, young (0-10), middle (10-20), and old (20-30) years were considered. A total of 27
soil samples were collected from the subsurface of 0-20 cm soil depth in a 'zigzag' design because of vetiver strips impractical for
means. The gathered soil samples were evaluated using laboratory procedures, and the general linear model included a total of 8
variables. The dry sieving analysis was carried out to separate the soil aggregate stability. Chomo and vetiver grasses effect on
soil physicochemical properties, the clay soil texture was statistically highly significant at p < 0.001 following the treatments and
at p < 0.01 along with age categories, while silt was not significant. The highest mean value of clay (72.67%) in the chomo grass
treatment and age category (73%). The soil aggregate stability was shown to have statistical significance at p< 0.01 in the soil dry
aggregate stable size fractions of > 2 mm, 0.075-0.425 mm, and 0.075 mm. Results for SOC were statistically significant at p<
0.05, while TN was at p < 0.05, soil PH at P < 0.01, and CEC at p <0.01.
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1. Introduction

Land degradation is one of the most important worldwide
concerns of the 21 century, posing a threat to environmental
and long-term growth [9]. Consequently, land degradation is
an obstacle to sustainable development due to its impact on
the environment, food security, agro-ecosystem service pro-
vision, and people’s livelihoods UNCCD [41]. 55.6% of the
land area in the world has been affected by soil degradation in
the historic past, and the affected area has been vreported as

being damaged by water erosion [20]. In Ethiopia, soil erosion
is estimated to affect more than half of the land, with 25% of it
being severely eroded and 4% of it no longer being productive
[46] and the soil loss rate of the country ranges from 16 to 300
t/ha/yr [14]. Because of soil erosion, the country loses 1% to 2%
of its crop production each year, resulting in a loss of USD 1
billion [37]. Therefore, the government of Ethiopia is devot-
ing substantial amounts of resources towards strengthening
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the national research system, in which more emphasis is given
to the development of agricultural technologies in general and
integrated natural resource management of soil conservation
and extension programs in particular [40]. As a result of the
forementioned efforts, the future of agriculture in Ethiopia
largely depends on the country’s ability to generate and im-
plement large-scale improved agricultural technologies that
increase productivity and income [6].

Biological soil and water conservation practices are the
most productive measures for conserving soil and water re-
sources [18]. These measures are cheap, easily accepted by
farmers, and even effective in reducing soil erosion, while less
attention was given until the beginning of the 2000s because
of technical biasness towards physical soil and water con-
servation measures (Descheemaeker et al., 2006b). Biological
SWC practices in Ethiopia are Enclosures [29], plantations
[30], agroforestry [16], gully re-vegetation (Nyssen et al.,
2009a), and soil fertility-enhancing plantations [24]. Vegeta-
tion is a sensitivity factor that affects soil erosion, and the use
of vegetation mitigation measures is an effective way to con-
trol soil erosion caused by water [44]. The ability of vegeta-
tion to prevent soil erosion is the combined effects of leaves,
stems, roots, and litter that perform the function of soil and
water conservation. In general, sheet and rill erosion are re-
duced by 50% when vegetation cover is around 20%, by 75%
when vegetation cover is around 30-35%, and by 90% when
vegetation cover is around 60% [17].

The soil physicochemical properties are influenced posi-
tively by SWC practices. Many scholars reported that the
effects of SWC practices on the soil's physical properties by
Terefe [38] found that the clay concentrations were measured
in treated cropland (36.33%), and grazing land (38.33%).
Untreated land has a soil bulk density of 1.0242 gm/cm?
greater than treated fields at 0.9542 gm/cm?® in Diga district by
Megersa [26]. In the case of total porosity, Selassie et al. [35]
found that (63.47% and 66.98%) are under natural forests and
(45.63 and 45.58%) are under cultivated land. Therefore,
biological measures can speedily restore degraded land in
terms of soil physical properties, improving soil fertility and
nutrient status more than physical structures [39]. Regarding
soil chemical properties, total nitrogen (0.5% and 0.4%), soil
pH (6.0% and 5.8%), soil organic matter (4.4% and 3.8%),
and soil organic carbon (2.2% and 1.8%) were found un-
der-treated and untreated farmland by [22].

Some authors have conducted their studies in different di-
rections in Mana Sibu district on the chomo grass as to reha-
bilitate degraded land and manage termites [1]; degraded land
rehabilitation role of chomo grass and its socioeconomic
importance by [15]; the role of chomo grass and exclosures in
restoring soil organic matter, total nitrogen, and associated
functions in degraded lands by Damene et al. [5] and much
traditional land management, such as soil and water conser-
vation practices, occurs in the fruitful scenario of Mana Sibu
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district [10]. However, there is a research gap on chomo
grasss morphological characteristics and its soil physico-
chemical properties under open land managed by chomo and
vetiver grasses. In this study, it was examined how
chomograss and its age category affected the morphological
traits and selected soil physicochemical properties under open
land with nearly similar natural factors. The native
chomograss was chosen as a target plant because of its envi-
ronmental importance in the study area.

2. Materials and Methods

2.1. Study Area

The location of Manasibu Woreda is lying between 9
3000™-100000" North latitude and 34%000"- 35 2000 east
longitudes (Figure 1). Population of Mana sibu woreda of
126,083 and the 15911 households, 64,399 were men and
61,684 were women; 14,008 or 11.11% of its population was
urban dwellers [3] whereas the major economic activity is
Agriculture based on rain-fed. The study area has six land
use/land covers which include arable lands (56%), grasslands
(16%0), settlement areas (14%), forest lands (6%), degraded
lands (7%), and marshy areas (1%). The area is suitable for
the cultivation of different annual and perennial crops. Hence,
cereals (mainly maize, sorghum, barley, wheat, and teff),
pulses (horse beans, field peas, and haricot beans), vegetables
(tomato, cabbage, and onion), oil crops (Niger seed, and lin-
seed), perennial fruits (mango, banana, avocado), root crops
(potato, taro, yam, and sweet potato), and cash crops (coffee
and spices) are the source of food and cash to the people.
Perennial crops (coffee and fruits) accounted for 51% of the
total area, followed by cereals (26%), oil crops (14%), pulses
(5%), and vegetables and root crops (3.4%). The altitude of
Manasibu Woreda ranges between 1145-1989 meters above
sea level. The annual average temperature is 20.38 <C whereas,
the average low is 14.25<C and the Average high is 26.5<C.
The total annual precipitation in the District is 1652 mm, and
the average precipitation is 137.67 mm in the Woreda
(MANO, 2021 unpublished).

Mana Sibu district has two agro-ecologic zones; Moist
Woina Dega 89965.17 Ha (47.9%) and Moist kola 97677.29
Ha (52.1%) with the altitude range of 1500 -1989 and
1145-1500 asl respectively (Figure 2) according to MoA [3].
The study area is characterized by undulating and rolling
topography. The dominant slope gradient of the district ranges
from 3 to 15% that covers 59% of the total area. Slope gra-
dients ranging from 15 to 30% and 0 to 3% respectively cover
around 18% and 13% of the total study area. However, steeper
gradients of > 30% account for about 10% of the total area
(MANO, 2021 unpublished).
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Figure 1. Map of Study Area and Agroecology map of Mana Sibu
district.

2.2. Research Design and Methods

2.2.1. Experimental Design and Treatments

For study, Korke 02 kebele was purposively selected be-
cause of its well practices of biological SWC (Chomo, and
Vetiver). For experimental implementation 27 samples' plots
were selected whereas, 9 plots conserved with chomo grass, 9
plots with vetiver grass and and 9 plots control were without
conservation practices. The experimental practice of two
treatments which could be conducted as: chomo grass and
vetiver grass with 3 age categories young (0-10 years), mid-
dle (10-20 years), and old (20-30 years) with 3 replication
and control without any conservation practices corresponding
to all the age category of treatments. The treatments would be
arranged in a randomized complete block design where soil
conservation practice (chomo grass) taken as the main plot.

2.2.2. Design for Soil Data Collection

The two practices (chomo grass vs. vetiver grass) and one
control were used as treatments to study their effects on soil
properties in the study area. On soil properties in Manasibu
district korke 02 kebele, a divided plot design with chomo
grass and vetiver grass biological soil and water conservation
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measures (chomo grass vs vetiver grass) was used. Thus, a
total of twenty-seven (27) chomo grass, vetiver grass prac-
tices, and control (3 treatments x 3 age classes x 3 replications)
were identified for soil properties in randomized complete
block design (RCBD).

2.2.3. Research Methods and Procedures

This research was conducted in the Mana Sibu district. This
area is known for Chomo grass development as alternative
biological soil and water conservation. The study Woreda was
purposely selected due to its chomo grass existence, growing
experience, and wide coverage in the area. A purposive sam-
pling technique was used to select a sample site to fit the
aforementioned objectives of the study. The sample frame of
the study was the chomo grass existence on conserved land as
an alternative biological soil and water conservation practice
in the three age classes for characterization. Personal obser-
vations were conducted to gather field data notes on the
characteristics and management activities of individual
farmers on their interest in the application of chomo grass as
an indigenous soil conservation mechanism and its associated
factors. These observed facts have been further investigated
and consolidated with farmers who have implemented the
chomo grass as an alternative biological soil and water con-
servation practice on their farmland and with farmers on their
farmland by visualizing the practice. The practice was carried
out on different issues of indigenous use of the chomo grass
and vetiver grass biological soil conservation mechanism in
the study area community.

2.2.4. Soil Sampling Methods and Procedures

Soil sample collection was carried out for each 10 m x10 m
sample plot. During the sampling, five sampling points were
set in each sample (Figure 5) to the "zig-zag" shape; a sam-
pling design that is collected by traveling in a zig-zag pattern
collecting from alternate corners of a plot. Then, the litter on
the soil surface was removed, and the soil samples (disturbed
and undisturbed) from the soil layer extending from 0-20 cm
depth were collected using a sharp-edged and closed, circular
auger pushed manually down the soil profile from the three
age classes. The soil samples from five (5) sampling points
were mixed into one (1) soil sample (there were nine (9)
mixed soil samples for each treatment), which was put into the
sampling box to avoid crushing and damaging the soil struc-
ture. A total of twenty-seven (27) mixed soil samples and
undisturbed soil samples were taken with a core sampler of a
height of 5 cm and a diameter of 5 cm for soil bulk density
determination from selected sites as predesigned. Finally, the
soil samples were sent to the soil and water laboratories at
Asossa University College of Agriculture and Natural Re-
source Department of Soil Resource and Wa tershed Man-
agement and the soil laboratory at Jimma University College
of Agriculture and Veterinary Medicine for investigation of
soil physicochemical parameters.
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Figure 2. Soil sample collecting process.

2.2.5. Data Analysis Methods

(i). Laboratory Testing
The hydrometer method developed by Sakar and Haldar

[34] was used to determine the proportions of soil particle size.

Following that, the equilateral triangle proposed by the United
States Department of Agriculture (USDA) and described by
Osman [33] was used to determine soil texture and textural
classification. A 1:2.5 soil to water ratio was used to assess
soil response (soil pH) using a pH meter (Figure 6. The con-
centration of soil organic carbon (SOC) was evaluated using
the Walkley and Black fast titration method published by
Sakar and Haldar [34], The modified Kjeldahl methods, as
modified by [34], were used to determine total nitrogen (TN).

Hydro method soil
texture analysis

Reading PH meter

Figure 3. Soil Analysis Process in the Laboratory.

Soil bulk density was determined by the core method [2]
and quantified as the mass of the oven-dry soil (105°C) di-
vided by the core volume.

_ My, (kg)
T ov(md)

1)

M is Mass of oven dried
V is core volume
Total porosity was calculated as London [25]:
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(ii). Soil Aggregate Stability Analyses

To obtain different size fractions of dry aggregates, five
hundred grams (500 g) of fresh soils were placed on the top of
a nested of sieves (2, 1, 0.6, 0.425, 0.212, 0.075 mm) and
fractionated into four aggregate sizes. The sieve set was
placed on the table stand firmily level surface. The dry sieving
method was performed as described by Mendes et al [27]. The
fresh soil placed on the top of six sieves has rotated the sieve
with one hand, gently tapping the side of the frame with the
other hand, until most of the finer material has passed through
into the pan. This typically took 1-4 minutes to complete. Soil
recovered from each sieve was separately weighed for each
sieve. Dry aggregate size distribution (ASD) was determined
by the hand dry-sieving method. Briefly, 500 g of air-dried,
undisturbed sample is sieved through a nest of sieves having 2,
1, 0.6, 0.425, 0.212, and 0.075 mm square openings so four
aggregate size classes (ASCs) are obtained (>2, 0.425 -2,
0.075 - 0.425, and <0.075 mm). According to Kezdi [23], and
Vandevelde, [43] Percentage retained on any sieve was cal-
culated as:

Weight of soil retained
total soil weight

x100

©)

Whereas Cumulative percentage retained on any sieve was
calcuted:

CP= Zpercentage retained 4)
Percentage finer than any sieve size was estimated as:
PF= 100%—2 percentage retained (5)

Determination of effective size (Dyg), uniformity coeffi-
cient (Cy), and coefficient of gradation (Cc) was done from
the particle-size distribution curves were used for comparing
different soils. Also, three basic soil parameters were deter-
mined from these curves. The determined those parameters
were effective size, uniformity coefficient and coefficient of
gradation. The uniformity coefficient is given by the relation
Bowles, [52]

D

C =_—%
! DlO (6)

Where Dy, is the diameter in the particle-size distribution
curve corresponding to 10% finer is defined as the effective
size. C, is the uniformity coefficient and Dg is the diameter
corresponding to 60% finer in the particle-size distribution.
According to Olawuyi and Asante [32] the coefficient of
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curvature was expressed as:

2
C =2 ™
Dgo x Dy

where C. is the coefficient of gradation and Ds, diameter
corresponding to 30% finer.

Mean-weight diameter of dry aggregates was measured by
using the weights of these ASCs, dMWD (mm) is calculated
as Hillel [19]:

dMWD = Zn“xivvi

i=1

®)

where w; is the weight percentage of each ASC with respect to
the total sample and x; is the mean diameter of each ASC
(mm). Dry GMD (mm) is calculated as Hillel, calculated [19]:

|

where w; is the weight percentage of each ASC with respect to
the total sample and x; is the mean diameter of each ASC
(mm). Aggregate size distribution, expressed as the structure
coefficient (Ks), is calculated according to Shein et al. [36]:

dGMD =esp {EM %)

i=1 W1

Ks=2
b

(10)
where “a” represents the weight percentage of aggregates
0.075-2 mm and “b” represents the weight percentage of
aggregates <0.075 mm and >2 mm. however in case of this
study analysis the sieve diameter used was 0.075-2 mm and
4.75 mm was as checker of the operation above 2 mm.

(iii). Statistical Analysis

Data analysis was carried out; by employing the two types
of statistics. The descriptive data parts of the research were
analyzed by using descriptive statistics such as mean and
percentages. The inferential parts of the research were ana-
lyzed by using inferential statistics. The multivariate Analysis
of Variance was used to test the differences in soil properties
due to chomo grass, vetiver grass soil conservation practices,
and control followed by the General Linear Model procedure
at a P<0.05 level of significance. The LSD was used for the
results showed significance for mean separation. The chomo
and vetiver grasses and age were used as independent varia-
bles and the soil parameters were used as dependent variables.
Pearson correlation analysis was performed for some selected
soil properties to evaluate whether the soil parameters are
associated with each other. Besides correlation, multivariate
linear regression was done to measure the strength of relation
and model fit. Statistical analyses were done with IBM SPSS
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Statistics version 20 and, MS-Excel was used to generate
tables. The research model was set as:

(11)

Y, =X+q +ﬂj + (a,B)ij +&

Where y; = dependent variable (soil physicochemical

properties), X - sample mean, o; = chomo and vetiver
grasses, Bj = chomo and vetiver grasses ages, (af});; = interac-
tion between, chomo and vetiver grasses, and their ages, and
&j = random error

3. Result and Discussion

3.1. Selected Soil Physical Properties Influenced
by Chomo and Vetiver Grasses

Soil particle fractions: Soil particle fractions showed a
statistically significant difference (p < 0.05) with a higher
percentage of clay content in the chomo grass plot. The clay
was statistically highly significant at p < 0.001. Silt and total
porosity of soil properties are significant at p 0.001, whereas
sand and BD are significant at p < 0.01 and p < 0.001. After
analysis of variance was showed significant the LSD test
carried out for soil physical properties (LSD=8.787). This was
showed that the mean difference between BD vs (silt 13.98,
sand 14.16, TP 41.1, and clay 68.72), silt vs TP (27.12 and
clay 54.74), sand vs TP (26.94 and clay 54.56), and TP vs clay
(26.63) in all treatments were significant. The mean particle
size proportion showed that the soil was fine-textured in the
chomo and vetiver grass plots, with a significant difference
from the control plot. The soil in the study area has been
dominated by clay content, experiencing a mean value of
72.67, 72.11%, and 64.56%, in chomo grass, vetiver grass,
and control plots, respectively (Table 1), which implies that
the mean value of clay content was higher under chomo grass
conserved plots. This result is in agreement with (Belayne et
al., 2019), who reported that the clay content experienced a
mean value of 67.8% in conserved soil and non-conserved soil
at 60.5% in the Gumara watershed. Under the vetiver grass,
the highest mean sand component (16.11%) was found. Be-
cause soil texture is not modified by conservation techniques
over such a short period, the variance in sand content could be
attributed to inherent soil properties derived from the parent
material. The higher the mean sand content, the vetiver grass
was most probably remaining to eroded soil deposition under
the strip slope gradient erosion control effect of the grass and
coarse materials left by stiff roots, which may have increased
the sand content under the vetiver grass. This result is con-
sistent with Selassie et al., [35] that found sand percentage
(18%) contents in the Grazing lands of the Zikre Watershed,
North-Western Ethiopia. However, the high mean value of silt
was recorded in the control plots (Table 3). This result is
consistent with the higher average value of silt (37.67%) that
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was recorded in the untreated land (Terefe, [38]).

Bulk density: This study result revealed that the variation in
bulk density was statistically significant following treatments
at p < 0.05 (Table 1). The investigation revealed that the
highest mean value of bulk density was observed in the con-
trol (1.18 gm/cm3). However, there were lower mean values
in the vetiver grass treatment (0.98 g/cm3). A comparatively
higher bulk density in control plots could be related to the
washing out of fine organic matter-rich soils by erosion and
thereby exposing slightly heavier soil particulates. The find-
ings of this study agree with that of Megersa [26], who found
that untreated areas have a higher soil bulk density (1.0242
gm/cm3) than treated fields (0.9542 gm/cm3). In terms of age
classes, the statistical analysis of bulk density revealed
non-significance at p < 0.05 under the age class of the treat-
ment. The old-age chomo grass plot had a higher mean value
of 1.12 g/cm3, while the young-age vetiver grass had a higher
mean value of 1.08 g/cm3. The higher mean values were
clearly related to the compact effect of old age chomo grass
and the high nutrient absorption of young age vetiver grass, as
well as the freshly appeared grass's reduced ability to protect
itself from erosion. This result is in line with that of Selassie et
al. [35], who reported that the lowest bulk density values were
found (1.05 t/m3) in natural forests and the greatest (1.33 t/m3)
in grazing land.

Total porosity: The soil pore space content analyses of
variance were statistically significant following the treatments
at p < 0.05 (Table 3). However, there was a statistically
non-significant result observed between age groups. However,
the highest mean values were observed in the middle (10-20)
vetiver grass (57.33%), which was greater than the highest
mean values of the chomo grass plot (43.27%) in the same age
group. Then, just like with vetiver grass, the percentage of
total porosity is high; in the case of chomo grass, it also rises.
This could be owing to a large amount of sand in the soil and
the ability of the chomo and vetiver grass treatments to restore
organic matter content, both of which have substantial con-
sequences for increasing pore space in the soil. However, the
lowest mean values were recorded in the control plot (29.58%)
(Table 4). The findings are consistent with those of Selassie et
al. [35], who found that the highest TP values were found
under natural forests (66.98%), and the lowest values were
found under cultivated land (45.58%).

Table 1. The overall mean of selected soil physical properties in-
fluenced by treatments.

Soil physical properties

Treat-

ments Sand Clay ilt (9 2D ™
%) (%) SR (grema) (%)

Vetiver 1611° 72112 12.11° o8P 55.02°

grass

172

Soil physical properties

Treat-

ments Sand Clay o BD TP
@ ) ) (gem3) ()

Chomo coge 7267 1122°  101® 4188

grass

Control 13.67°  64.56" 21.78% 1.8 29.58°

MSE 4045 4044 40471 0034 43819

p.valie 0000  0.000 0000 0014 0.025

R? 0.745  0.928 0948  0.606 0572

Note: BD =>Bulk Density, TP => Total Porosity

Effect of Treatments and Age Categories on Soil Physical Properties

@ Sand

Measured Units

=t Clay
——ilt
—_—TP

—=BD

-

014 (20-30)

i ddle (10-20)

a
g
@

Treatments and Age Categories

Figure 4. Treatments and age categories effect on soil physical
properties.

Soil dry aggregate stable influenced by chomo and vetiver
grasses: Table 2 shows the soil dry aggregate stability (DAS)
in chomo and vetiver grassland management with neighboring
control using the dry sieving method. The study results reveal
that treatment types have a highly significant (p < 0.01) effect
on each dry aggregate stable size class. Only the 0.075 mm
aggregate stable had a significant treatment and its interaction
with soil aggregate size class at p <0.05 where the aggregate
size classes of 2-0.425 mm and 0.425-0.075 mm were sta-
tistically significant In both types of grass from the six distinct
age groups and one control, the > 2 mm and 0.425-2 mm
fractions were the most common (Table 2). Figure 5 below
shows, that the content of >2 mm fractions accounted for
17.69%, while the percentage of 0.425-2 mm fractions ranged
from 32.54 to 39.57, with the highest mean observed in the
vetiver grass plot, while 0.075 mm- 0.425 mm, the mean
percentage ranges from 39.93 to 47.65, with the highest mean
observed in the control plot, and in the < 0.075 mm, the mean
percentage ranged from 4.36 to 9.79, with the highest mean
observed in the control plot. In vetiver grass, the largest per-
centage was found in the 0.075-0.425 mm diameter range
(40.18%), whereas the other diameter percentages for >2 mm,
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and <0.075 mm were 20.37, and 3.69%, respectively. This
study results in line with Igwe and Nwokocha [21] that found
the dry stable aggregate sizes of >2 mm ranged from 11.88 to
22.18%, while the 2-1 mm sizes were between 13.03 and
23.03%. And also (Zhao et al., 2017) found that the types of
land use contributed to soil aggregate variation, implying that
land use was the most important factor determining soil ag-
gregate stability and size distribution. The percentage of soil
dry aggregate stable fractions in diameters of > 2 mm,
0.075-0.425 mm, and 0.075 mm in all age classes of the
treatments indicated a significant difference in diameters of >
2 mm, 0.075-0.425 mm, and 0.075 mm. The soil diameters of
0.425-2 mm, on the other hand, had little bearing on the soil
aggregate size distributions. As a result, with the dry sieving
procedure, the percentages of 2 mm fractions were chomo
grass > vetiver grass > control. However, in the range of
0.075-0.425 mm, the vetiver grass comes first, followed by
chomo grass, and then control. Unlike the control plot, the
first, chomo grass and vetiver grass were similar in the soil
particle fractions of 0.075 mm, hence, control > vetiver grass
= chomo grass. This reveals that both chomo and vetiver
grasses aggregate soil particles more than neighboring
non-treated land, implying that these two types of grass con-
tribute to soils with high organic matter content. The amount
of organic matter in the environment increases collective
stability. This finding in agreement with that of Gyssels et al.
[17], who found a positive association between fine roots and
soil aggregate stability, suggesting that plant roots may be
another element in soil aggregate development and stabiliza-
tion. Besides, these findings are consistent with Dorji's [8]
findings that soil organic matter plays a role in the stability
and distribution of soil aggregates. The control plot had lim-
ited soil aggregation, resulting in small particles of clay that
are vulnerable to various types of erosion agents, as seen in
the last order. Vanek et al. [47] found a similar finding, stating
that clay-rich soils are deemed "fine-textured" and can cause
compaction and drainage issues. The results of this investi-
gation revealed that the two main treatments (Chomo and
Vetiver grasses) have nearly similar effects on soil dry ag-
gregate stability (Figure 5). The soil particle size distribution
curve overlapped at many spots in this case. This suggests that
both types of grass have similar soil aggregation conditions.
Because vetiver grass is an internationally recognized bio-
logical SWC measure, the chomo grass exhibits a high degree
of similarity in drastically recovering and conserving de-
graded land in this research area. In the case of chomo grass,
the effective size (D) was calculated to be 0.3131 from the
semi-log graph. D3y and Dgp, on the other hand, were 0.8299
and 0.8762, respectively (Figure 6). From the particle-size
distribution curves, the uniformity coefficient (C,) and the
coefficient of gradation (C.) were found to be 8.033 and
0.2462, respectively. These curves were also used to deter-
mine three basic soil characteristics. However, vetiver grass
plot dry sieving showed the significance of the effective size
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(D1o) was discovered to be 0.0942, whereas D3y and Dgy Were
0.234 and 0.768, respectively. The uniformity coefficient (C,)
was calculated to be 8.153 and the coefficient of gradation (C,)
to be 0.0067. In the instance of the control plot, the Dq (ef-
fective size) observed was 0.0838, whereas the D3y and Dg
were recorded as 0.1417 and 0.501 in that order. The control
plot uniformity coefficient (C,) was calculated to be 5.973,
while the coefficient of gradation (C.) was calculated as
0.00336 from the semi-log graph using micro-soft excel
(Figure 5). However, based on the rates of Zhou [48], this
result showed that gap graded soil because, C. is not between
land 3.

In this study, the mean weight diameter of chomo grass and
vetiver grass in the examined soils yielded the best results.
While dry, MWD grew much more in chomo grass (1.06 mm)
tested soil than in Vetiver grass (1.02 mm) and control plots
(0.87 mm) soil (Table 3). This result is in line with Igwe and
Nwokocha [21], who found that the MWD for the dry ag-
gregate stable was from 0.88 to 1.87 mm. By having the
highest mean weight diameter in soil dry aggregate stable, the
Chomo grass has a great impact on the soil particle dry stable
aggregate (DSA) size distribution. The Chomo grass plot soils
had a greater geometric mean diameter of dry sieved aggre-
gates (GMD) than the Vetiver plot soils.

Table 2. Mean soil dry aggregates stability by dry sieving method in
different treatments.

Soil aggregate stability (%0)

Treatments

0.425-2 0.075-0.425 <0.075
>2mm
mm mm mm
Chomograss 17.69a  43.1l1a 36.67b 5.8b
Vetiver grass  15.07b  39.23ab  38.92b 4.36b
Control 9.58¢c 35.54b 44.99 10.12a
P. Value 0.002 0.043 0.007 0.007

Table 3. MWD, GMD and Ks in Soil Particle Aggregate Stability.

Treatments MWD (mm) Ks GMD (mm)
Chomo grass 1.06 1.12 0.595
Vetiver grass 1.02 1.24 0.299
Control 0.87 0.91 0.303

MWD=mean weight diameter, GMD =geometric mean diameter and
Ks=coffiecient of soil structure
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3.2. Selected Soil Chemical Properties Effected
by Chomo and Vetiver Grasses

The soil organic carbon (SOC): The analysis of variance
results for SOC showed a statistically significant mean dif-
ference following treatments at p < 0.05 (Table 4). The mean
values of the organic carbon content of the soil in the vetiver
grass conserved plots were higher (14.22%) than in the chomo
grass plots (13.3). The smallest mean values were observed in
the non-conserved control plots (8.18%). The order is vetiver
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grass plot > chomo grass plot > control plot. This could be
because vetiver grass with age variation reduces surface run-
off and soil erosion, which boosts biomass development and
adds to soil organic carbon input. It could also be linked to
increased biomass production and reduced degradation in the
protected vetiver and chomo grass plots of land. This study's
finding is in agreement with Damene et al. [5] finding that soil
organic carbon is much greater in wood/bushland soils than in
chomo grasslands and bare land soils, in the order
wood/bushland > grassland > bare land. There was no sig-
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nificant mean variation across vetiver and chomo grass age
classes. From youngest to oldest age, the mean variation in
chomo grass was (2.9%) and in vetiver grass was (0.5%).
Comparatively, the lowest mean values were recorded in the
control plot age group for both soil parameters. For all age
classes of the treatments, there was no significant difference
in soil organic carbon. This result is in line with Damene et al.
[5], who reported a consistent result, that the difference in soil
organic carbon accumulation between grassland exclosures
and bare land was 0.23%. Gupta, [51] also reported that by
agroforestry system enhancement, the soil nutrient was 33-83%
organic carbon for restoring and increasing land productivity.

3.2.1. Total Nitrogen

The total nitrogen (TN) content of the soil was statistically
significantly affected by chomo grass as an alternative bio-
logical SWC practice at p< 0.05 (Table 4). According to
Landon [25] found that the TN content of the soil in the Mana
Sibu district was rated high and medium in vetiver and chomo
grass conserved plots and non-conserved control plots, re-
spectively. The mean total nitrogen of the soil was greater in
vetiver and chomo grasses conserved (1.21 and 1.11%) than
in non-conserved control plots (0.73%). This result is con-
sistent with Gadisa and Hailu's [13] findings of increased total
nitrogen between conserved (0.15%) and non-conserved
farmlands (0.101%). In terms of age classes, the TN was
statistically non-significant at p < 0.05. However, the highest
mean values were observed in the chomo grass age classes of
0-10 (1.22%) and the lowest was at age 10-20 (0.98%).
While the vetiver grass plot showed a significant mean dif-
ference between young (1.23%) and old (1.17%) ages. For
both chomo and vetiver grasses, treatments, and age classes,
the total nitrogen revealed significant maximum mean values
in the age classes, while in the control treatment and age
classes it showed a minimum to medium range in all cases.

3.2.2. PH of the Soil

The acidity level of the Mana Sibu district in general was
rated as medium acidic based on Osman's [33] acidity and
alkalinity categories of soil pH. This study result of soil PH
showed that the treatments were statistically significantly
different at P < 0.01. The mean pH values of the soil in the
study area for the three treatments were 5.03, 5.12, and 4.32 in
the chomo grass, vetiver grass, and non-conserved control
plots, respectively (Table 4). The acidity of the soil could be
related to the sub-humid nature of the area and the high
amount of rainfall. It is true that greater rainfall increases soil
acidity, and humid areas are more acidic than arid and
semi-arid areas [33]. Concerning the age groups, the mean
values of pH in the study area of all the locations ranged from
the young age of chomo grass (4.83 to 5.30), vetiver grass
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(4.87 to 5.23), and control plot (4.30 to 4.37). This finding is
consistent with the findings of Damene et al. [5], who found
that the soil pH ranges from the lowest in bare lands (5.04) to
the highest in wood/bushland (5.35) soils in the Mana Sibu
District, and Selassie et al., [35] found that the soil pH range
from non-managed plots has a lower pH value (5.44) than
other land treatments (6.05) in the Zikre watershed. Though
soil pH is mainly determined by parent materials, it is also
influenced by land cover types in the long run. The small pH
reflected in the young age of vetiver grass might be related to
high rainfall, associated with leaching and removal of im-
portant soil nutrients due to the newly emerged vetiver grass's
ability to recover from soil erosion.

3.2.3. Capacity for Cation Exchange

The cation exchange capacity (CEC) showed statistical
significance at p<0.01. According to the rating standards of
Landon [25], the cation exchange capacity (CEC) of the soil
in the Mana Sibu area was rated as medium (17.44 to 24.78
meqg/100gm) in all treatments. The study results revealed that
chomo grass as an alternative biological SWC measure in the
study area had a positive effect on the CEC content of the soil.
The mean value was higher in chomo grass conserved plots
(24.78 meq/100gm), followed by vetiver grass conserved
plots (23.00 meq/100gm) and non-conserved control plots
(17.44 meq/100gm) (Table 4). This is believed to be caused
by the relative effect of chomo grass as an alternative bio-
logical conservation measure in the Mana Sibu district. This
study's findings agree with Megersa's [26] findings that CEC
values were considerably different among land-use types,
with natural forest (44.33 meg/100gm) and cultivated areas
(41.95 meqg/100gm) having the highest and lowest values,
respectively. In like ways, Tesfay et al. [12] reported that
CEC values were greatest in natural forests (35.44
meq/100gm) and lowest in cultivated lands (26.08
meq/100gm). In terms of the age classes of the treatments, the
CEC was shown to have statistical significance at p < 0.01
with the greatest mean value (25.33 meq/100gm and 25.00
meq/100gm) being observed in the middle and old age Chomo
grass, respectively. Whereas the vetiver grass treatment had
the highest mean value CEC of (25.00 meqg/100gm) at a
young age. In the same way, plots of middle and old-age
vetiver grass had mean values of 22.33 meg/100 gm and 22.67
meq/100 gm, respectively. When determined using the USDA
textural triangle, the soil in the Mana Sibu area is dominated
by clay, and soils with a higher clay fraction are more likely to
have a higher cation exchange capacity. The findings of this
study agree with those of Tesfay et al. [12], who reported that
the lowest (37.57 meg/100 gm) and maximum (56.78
meq/100 gm) CEC were found in the middle and young age
exclosures in Ethiopia's central dry lowlands.
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Table 4. The Mean soil chemical properties influenced by treatments.

Treatments PH SOC TN CEC
Chomo grass 5.03 13.00 111 24.78
Vetiver grass 5.12 14.22 1.21 23.00
Control 4.32 8.18 .73 17.44
MSE .20 225 +0.195 +1.33
P Value 0.001 0.014 0.031 0.001
R 0.829  0.7014 0.6656 0.8944
R? 0.688  0.492 0.443 0.800

Note: CEC= cation exchange capacity, SOC = Soil Organic Carbon,
TN = Total Nitrogen

4. Conclusion

In the Mana Sibu district, land resources management by
chomo and vetiver grasses have showed higher improvement
in selected soil properties and ground cover intensity. Chomo
grass and vetiver grass and their age category significantly
influenced soil physicochemical properties in the study area.
Chomo and vetiver grasses conserved land that has the highest
clay content, TP, organic carbon, total nitrogen, and soil ag-
gregate stability. However, soil bulk density and soil silt con-
tent were lowest in the chomo and vetiver grass-treated land.
Therefore, chomo grass and vetiver grass could be an alterna-
tive measure to conserve soil and water that improve soil fer-
tility and community livelihoods. Chomo grass is highly rec-
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ommended for gully head rehabilitation due to its densely
growing habit and high ground cover. It is also recommended
for highly degraded and fragile soils, where other plants can-
not well survive; because it is effective in enclosures and open
areas by favoring the environment. It is preferable to scale up
and expand chomo grass as an alternative biological SWC
practice to non-practice areas, and Additional effectiveness
research on chomo grass soil erosion control is required.
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SWC Soil and Water Conservation
CEC Cation Exchange Capacity
TN Total Nitrogen
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