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Abstract: Tillage is a land management practice where a sequence of manipulating the soil for crop production. To 
investigate the response of land management and cropping pattern on soil properties and crop yield, a field experiment was 
conducted under natural environment on Nitisol of Pawi area. Nine treatments combining two tillage methods (Zero and 
conventional), four crop covers (continuous maize, continuous soya bean, rotated maize, and maize soya bean intercrop) were 
laid out in RCBD with three replications. The result showed that land management and crop cover significantly affect bulk 
density, porosity, soil moisture, nitrogen, organic carbon, available phosphorus, and yield of a crop. Relative to conventionally 
tilled continuous maize, maize soya bean intercropping managed under zero tillage improve capillary porosity, non-capillary 
porosity, organic carbon, available phosphorus, and total nitrogen with a response ratio of 1.7, 2.7, 1.3, 2, and 1.3, respectively 
while reducing bulk density by 10%. Conversion of tillage system from conventional to zero tillage improves grain yield, 
biomass yield, and soil moisture by 6%, 10%, and 6%, respectively. Generally, zero tillage with greater cover is an appropriate 
approach to improve soil properties without negatively affecting grain yield. To understand and quantify the long-term impact 
of tillage and crop cover on soil health and productivity in Ethiopia long-term study is needed as this study was based on one-
year data from four years permanent plots. 
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1. Introduction 

Maize (Zea mays L.) is most important food crop in 
Ethiopia, grown by small holder farmers which ranked 
second in area coverage and first in production [26]. Maize 
production generally used for food, and source of cash also 
its straw can be used as fuel, animal feed, and construction. 
The national average of maize production in Ethiopia was 
39.92 quintal per hectare [26] mainly with traditional or 
conventional tillage system. Conventional tillage system can 
degrade the soil by disturbing important soil properties, 
which further affect crop production. 

Conservation agriculture is a win-win management 

option in dry areas of Ethiopia that improves yield and 
soil properties [20]. A review of conservation tillage in the 
Ethiopian highlands indicates that the effect of tillage on 
soil properties were both spatially and temporally 
inconsistent [13]. Conservation tillage increased grain 
yield of maize up to 1.5t/ha [66], equal (non-significance) 
[47] relative to conventional tillage. Zero tillage with 
intercropping retained more nutrients than conventional 
[3]. Studies at Minjar and Alem Tena reported that the 
effect of tillage on Ethiopian teff yield was inconsistent 
[8]. Research report from Melkassa indicated that 
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intercropping and monocropping of maize managed with 
conservation agriculture improve grain yield compared 
with conventional agriculture by 32% and 40%, 
respectively [43]. Beside this, almost all tillage research in 
Ethiopia was conducted in the humid highlands and dry 
areas of the region. 

Depending on the time where tillage was conducted, soil 
and climate conditions of the site implementation of 
particular tillage affect soil properties [55]. Crop type also 
affects soil properties [17]. Therefore, the effect of zero 
tillage on soil physical and hydrological properties is either 
neutral or positive [23]. Meanwhile, the adoption of zero-
tillage practice under permanent pasture improves soil 
physical and chemical properties and soil quality [36]. 
Continuous cereal-legume rotation managed with zero tillage 
favor soil hydrological properties than conventional tillage 
[31]. Generally, zero tillage cultivation with residue retention, 
crop rotation and nutrient management affect the soil 
physical, biological, and chemical properties [35]. 

Bulk density of the soil indicates the compaction or 
looseness of the soil and other soil physical properties. Soil 
physical properties are related to each other either positively 
or negatively. Soil compaction is an important parameter in 
evaluating soil loss and the hydrological response of re-
vegetation [44] also an indicator of soil structure [63]. 

Porosity is an important soil parameter that indicates the 
air and water composition of the soil. Therefore, it affects 
infiltration, soil moisture content, or water holding capacity 
of the soil. Soil pore can be capillary or non-capillary pore. 
Capillary pores (pore size < 0.1mm) are those which filled 
their pores by water with the action of capillary force. Thus, 
it is responsible for water storage/retention. Non-capillary 
pores (pore size > 0.1mm) are those critical for water 
infiltration and transmission where soil water freely moves 
via the action of gravity and belongs to macropore [33]. 

Studies conducted in the rift valley of Ethiopia was 
reported that the amount of organic matter, available 
phosphorus and bulk density was greater under conservation 
tillage than conventional tillage [20]. 

Researchers conducted in Ethiopia also reported that zero 
tillage improves organic carbon [68, 48, 12, 20]. Conversion 
of conventional tillage to zero tillage under crop rotation 
system improves total nitrogen from low to medium range 
[20]. 

However, opposing trends were reported in the literature. 
Finding from central rift valley of Ethiopia revealed that zero 
tillage reduce maize yield ranged from 40-55% and also 
mulching improve maize grain yield ranged from 23% to 33% 
than no mulch [58]. Bulk density under zero tillage increased 
by 13% [37], 10% [27, 42], 7% [14] over conventional tillage. 

The peoples lived in the lower and middle of Beles sub-
basin practices shifting cultivation. Within the river sub-
basin where Gumuz peoples are living, there is a frequent 
replacement of semi-natural vegetation by open cropland 
hence reduce carbon storage and aggravate soil erosion 
[53]. They practice zero tillage system and their main tool 
used for land clearing is tiba and fire. Tiba is their hoeing 

material where a blade is inserted approximately at an 
angle of 45°, which is unique worldwide. They use a 
sharpen iron fitted on a stick to open a hole and place the 
seeds. On the other hand, some parts of the area where the 
highlanders live, it is a very degraded area due to 
deforestation, animal intensification, mismanagement of 
land, and permanent cultivation system. But, the effect of 
land management practices in the study area like zero 
tillage were not studied [53]. Currently, conservation 
tillage i.e., no-till was introduced primarily to improve 
crop productivity sustainably via government and non-
government organizations. 

Therefore, this study examines the response of tillage 
practices and cropping pattern systems on soil properties and 
yield of crop focusing on the dominant cereal and pulse crops 
in Pawe area, Benishangul Gumuz Regional State. The 
objective of the study was to investigate the effect of land 
management and crop cover on soil properties and crop yield. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study was conducted at the experimental site of Pawe 
Agricultural Research Center. Pawe District is located at a 
distance of about 565 Km from Addis Ababa in North-
Western direction in Metekel zone of the Benishangul-
Gumuz Regional State, Ethiopia. Geographically it is located 
between 11°18´40´´ and 11° 19´ 29´´ latitude and 36° 24´ 
26´´ to 36° 25´ 27´´ longitudes (Figure 1). The site is 
geographically located in Beles River sub-basin within the 
great Abay Basin. 

Based on long-term meteorological data gathered at 
Pawe Agricultural Research Center from 1987 to 2016, the 
mean annual rainfall is 1608.78mm and the mean annual 
minimum and maximum temperatures of the district are 
16.7 and 32.6°C, respectively (Figure 2). The maximum 
temperature of the area rises up to 42°C. The area is 
characterized as a uni-modal rainfall pattern, extends from 
May to October with high rainfall in August. The climate 
of the area is characterized by warm sub-humid low lands. 
According to [15] by the end of the 21th century, global 
warming tends to slightly increase rainfall over the basin. 

The elevation of the district ranges from 1000 to 1200 
meters above sea level (masl) with slightly undulating from 
hill-tops towards 'Beles' river which is the economic growth 
corridor of Ethiopia [49]. Along the riverside, the slope is 
very undulating towards the waterway and flooding and 
waterlogging occur in most places where the slope is very 
flat. 'Ali Wenz', 'Chankur' and 'Ketem' rivers are tributaries of 
Beles main river. According to [45] geologically the study 
area comprises meta conglomerate and quartzite of the 
Precambrian basement complex where the geological 
formation of the area is characterized by Tulu Dimtu groups 
with tolalite, metabasalt, greenschist, marble and precious 
metals like gold. [32] Indicate that the dominant soil types 
are Vertisols (40 – 45% of the area), Nitisols, (25 – 30%), 
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and Luvisols (25 – 30%) with the pH of subsurface soils is 
higher than surface soil (5.5 to 6.9). 

Before the start of the national resettlement program in 
1985, Pawe district was covered by natural forest which was 
dominated by lowland bamboo, Acacia, and Hyperenia 
species of grass. Since the beginning of resettlement, these 
forest covers are diminished due to deforestation for 
farmland, construction of settlement, fuelwood, and 
infrastructure. 

The majority of the farming system is oriented towards 

grain production. Cereals and legume crops are the major 
crop production system in the district in which the major 
crops grown in the area are maize, sorghum, finger millet, 
rice, soybean, haricot bean, sesame, and groundnut. To 
improve soil fertility farmers practice crop rotation of cereal 
with a legume. Among all crop types, Sorghum (Sorghum 

bicolor L. Moench), maize (Zea mays), sesame (Sesamum 

indicum), soya bean (Glycine max), and groundnut (Arachis 

hypogaea) are the most common crop species cultivated in 
the study area. 

 
Figure 1. Geographical map of Pawe District. 

 
Figure 2. Thirty years (1987-2017) mean monthly rainfall, the minimum and maximum temperature recorded at Pawe meteorological stations. 



 American Journal of Plant Biology 2021; 6(4): 101-113 104 
 

 

2.2. Experimental Setup 

A field experiment was conducted on permanent 
experimental plots established for conservation agriculture at 
Pawe research site. The current research takes the advantage 
of a four years old permanent plots managed with different 
tillage and cropping pattern practices. This was because [29] 
reported that before three years of operation, the effect of 
tillage on soil hydrological properties was not evident in 
different parts of the world. Studies in Ethiopia also indicates 
the significant effect of conservation agriculture on crop 
yield was observed after three years of implementation [9]. 

The experiment was conducted on permanent plots at the 
age of four from the start of implementation. The experiment 
consists of a factorial combination of two levels of tillage 
method (conventional and zero tillage) and four crop cover 
types (maize, soya bean, maize soya bean intercrop, and 
rotated maize). The experiment was arranged using a 
randomized complete block design. A total of twenty-four 
experimental run-off plots (8 treatments replicated three 
times) having 9.75m×6m dimensions were established within 
the experimental site of Pawe agricultural research center to 
measure its response on soil properties and crop yield [62, 2]. 
The spacing between plots was 1m while replication was 4m 
apart. 

Treatments 

1. Maize with Conventional Tillage 
2. Maize with Zero Tillage 
3. Intercropping of maize and soya bean with 

Conventional Tillage 
4. Intercropping of maize and soya bean with Zero Tillage 
5. Rotation of maize and soya bean with Conventional 

Tillage 
6. Rotation of maize and soya bean with Zero Tillage 
7. Soya bean with Zero Tillage 
8. Soya bean with Conventional Tillage 
Description of treatments 

1) Conventional tillage (CT) for both maize and soya bean. 
A local tillage practice, where local farmers practiced in 
the study area, where they do at least two times tillage 
by oxen plow and remove the residues. 

2) Zero tillage: no-tillage, no burning & total residues 
retained as mulch year-round. 

3) Intercropping maize with soya bean: Maize was used as 
a main crop keeping an appropriate spacing while soya 
bean was sown in between the rows of maize. 

4) Rotated maize: maize was cultivated on plots where 
previously cultivated with soya bean. 

Maize (BH 545) and soya bean (TGX) varieties were used 
to test the effect of land management and crop cover on soil 
properties, and yield. The inter and intra row spacing of 
maize and soya bean crop were 75cm by 30cm and 60cm by 
5cm, respectively. All treatment plots received blanket 
recommendation of DAP (100kg/ha) and Urea (100kg/ha) 
fertilizer for maize. Whereas, 100kg/ha DAP were applied for 
soya bean. Oxen plow was used to till conventional plots 

with two tillage frequency. These conventional plots were 
leveled using a rake to avoid waterlogging. Crops under zero-
tillage plots were sown by opening holes to place the seeds 
via hoe which also used for agronomic management. Weeds 
under conventional tillage and after crop emergency in zero 
tilled plots were managed using labor. Glyphosate (roundup) 
was sprayed under zero tilled plots prior to emergency of 
crop. 

2.3. Data Collection and Measurement 

2.3.1. Soil Sampling and Measurements 

The effect of tillage and crop cover on soil properties were 
studied by taking both disturbed and undisturbed soil samples 
from each plot. The sampling design of the soil sample was 
the X-shape method to address the plot area. The soil 
samples were collected from a depth of 20cm as it is the 
upper plow layer of the soil. Disturbed samples were 
collected using a soil auger and then air-dried and stored in 
plastic bags. These samples were carefully sealed, tagged, 
and labeled to avoid errors. Finally, these samples were 
transported to the laboratory with the parameters to be 
analyzed (Table 1). 

Table 1. Selected soil physical and chemical properties and method of 

analysis. 

Parameters Method 

Soil texture 
Hydrometer method and then triangular 
textural classification 

Bulk density (BD) 
Undisturbed soil/core sample using Oven-
dried mass of soil/Volume of sample 

Soil organic carbon (C) Walkley- black method 
Total nitrogen (N) Kjeldahl extraction method 
Available Phosphorus (P) Available Phosphorus (Bray-II). 

Undisturbed samples were collected using cylinder cores 
to determine soil physical and hydraulic properties including 
bulk density (BD) using Equation 6, capillary porosity (CP) 
using Equation 7, non-capillary porosity (NCP) using 
Equation 8. In the laboratory, all these parameters were 
determined in a proper sequence [54]. First, the cylinder 
cores were dipped in 5 mm depth water to absorb water 
through capillary action for roughly 8hr before a constant 
weight reached; the corresponding weights were recorded as 
m1. Second, the cores were soaked in 4.8cm depth water for 
approximately 24hrs until saturated, and the respective 
weights were recorded as m2. Third, soil samples were put 
on dry sand for 48hr and the resulting weights were recorded 
as m3. Finally, the cores were subjected to oven-dried at 
105°C for approximately 24hrs and the weights were 
recorded as m4. Then the parameters were calculated by the 
following formulas: 
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Where; V is the volume of the cylinder core (m3). 

2.3.2. Soil Moisture Content 

The soil moisture content of the soil was measured 
according to ISO 11461: 2001 [24]. Soil moisture is 
significantly affected by tillage just after the end of the 
cropping cycle [5]. Therefore, soil moisture content after the 
harvest of maize and soya bean crop was undertaken. Soil 
core samples at 0-100cm with a 20cm interval were collected 
for soil moisture analysis just after harvesting. This was 
because of the rooting depth of maize is about 86cm [33, 52]. 
Even though there is a variety of methods for measuring soil 
moisture, measuring the weight of soil water called 
gravimetric soil moisture content is the only way which is 
used as a reference for other methods [52]. Therefore, 
moisture content of the soil in the study site was determined 
by laboratory/gravimetric method which is a standard method 
of soil water measurement by taking a physical sample of soil 
where the water lost via drying in an oven with a temperature 
of 105°C for 24hrs. As indicated in Equation 9 mass soil 
moisture content (%) was calculated from the sample weight 
taken using the core sampler. Then, the volumetric moisture 
content was obtained by multiplying the mass moisture 
content by corresponding bulk density [52, 24, 28, 41, 16, 1]. 

�
 (%) =
��
��

��
��
× 100                        (4) 

Where: 
W1=Weight of tin (g) 
W2=Weight of moist soil + tin (g) 
W3=Weight of dried soil + tin (g) 
Soil water content at field capacity and permanent wilting 

point were determined by pressure plate method subjected to 
3bar and 15bar, respectively. These were measured at Debre 
Zeyt Agricultural Research Centers` laboratory. 

2.3.3. Agronomic Data 

Sole maize, sole soya bean, maize soya bean intercropping, 
and rotated maize was sown via the recommended spacing 
between rows and among plants. Maize and soya bean crops 
were harvested from the net plot by leaving the border rows 
to see the effect of tillage and crop cover on maize and soya 
bean yield. The yield of crops was adjusted to a moisture 
content of 12% for maize and 12.5% for soya bean and 
converted to t/ha. The biomass of each crop was measured by 
air drying the harvested biomass for two days. Finally, land 
equivalent ratio (LER) was used to see yield advantages of 
intercrop over sole crop cultivation. The land equivalent ratio 
is a ratio of intercropped crop yield by the yield of the sole 
crop for each crop and finally summed the ratios (Equation 
11). 

��� =
��� ! "# �$%�&'&"(�! �)�*�

��� ! "# +" � �)�*�
+

��� ! "# �$%�&'&"((�! +"�) -�)$

��� ! "# +" � +"�) -�)$
 (5) 

2.4. Method of Data Analysis 

The collected data as per the objective of the study were 
managed with Microsoft excel and subjected to analysis of 

Variance (ANOVA) using SAS statistical package with 
PROC GLM procedure to compare the effects of land 
management and crop cover on yield and soil properties. 
Mean values were compared with list significance difference 
(LSD) at 5% level of rejection. Percent deviations (D in %) 
from the control plot or conventional tillage (CT) was 
calculated based on [10] (Equation 15). 

� =
.)&/�%�! %&�)%��$%
0"$%&"  %&�)%��$%

0"$%&"  %&�)%��$%
1100      (6) 

Where, the parameters are measured data (soil properties, 
grain yield, and biomass yield) obtained in zero tillage 
treatments while CT represents measured value in the 
conventional tillage treatment. 

Whereas, the response ratio (RR) or relative values was 
calculated as measured data in target treatment divided by 
control treatment (Equation 16). 

�� =
.)&/�%�! %&�)%��$%

0"$%&"  %&�)%��$%
                        (7) 

3. Results and Discussion 

3.1. Effect of tillage practice and Cropping Pattern on Soil 

Properties 

3.1.1. Bulk Density 

The effect of tillage practices on soil bulk density was 
statistically insignificant at 5% level of significance (Table 2). 
The highest bulk density (1.22g/cm3) was recorded from 
continuous maize managed with conventional tillage 
followed by conventional soya bean (1.21 g/cm3). Whereas, 
the lowest (1.1g/cm3) were from continuous maize, rotated 
maize, and maize soya bean intercrop. Soil bulk density was 
lower under sole maize, maize soya bean intercropped and 
rotated maize managed with zero tillage practices than the 
same cropping pattern with conventional tillage practices. 
Zero tillage reduced bulk density in a range of 1% to 10%, 
relative to conventionally tilled continuous maize cropping 
practices. The highest reduction (10%) was due to zero tilled 
maize soya bean intercropping and continuous maize while 
the lowest (1%) were due to conventionally tilled soya bean. 
It could be concluded that conventional tillage with 
continuous cultivation of maize and soya bean facilitate soil 
compaction due to complete removal of residues. 

Regardless of tillage, conversion of conventional tillage to 
zero tillage could reduce soil compaction by 0.6%, 1.7%, 
7.4%, and 10.1% under rotated maize, maize soya bean 
intercropping, soya bean, and maize cultivation system. 
Generally, zero tillage reduced soil compaction by 5% as 
compared with conventional tillage system due to multiple 
benefit of zero tillage as it reduces surface crusting and 
allowing more water to be infiltrated. Whereas, crop cover 
affects bulk density in the order of maize soya bean 
intercrop=rotated maize < continuous maize < continuous 
soya bean. This could be inferred by maximum soil 
disturbance together with full residue removal reduce organic 
matter content and enhance surface crusting. 
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This is in agreement with the finding of other studies [40, 
22]. In continuous maize and maize-soybean intercrop zero 
tillage reduced soil bulk density by 6% than conventional 
tillage [62]. As reported by [38, 5, 6, 4], zero tillage reduced 

soil bulk density and improved macro-porosity and organic 
matter than the conventional land management system. 
Besides this soil compaction increase at the deepest soil layer 
on fields managed with conventional tillage [18]. 

Table 2. Effect of land management practices on soil physical properties. 

Treatments Bd CP NCP Porosity 
Soil particle size (clay soil) 

Sand Silt Clay 

ZTMSI 1.10 (10) 0.58a (17.5) 0.04a (172.5) 0.61a (22) 39.3 6.7 54 
ZTRM 1.10 (9.6) 0.57a (17) 0.02bc (82.5) 0.60b (19) 36.3 9 54.7 
CTMSI 1.12 (10) 0.55b (12.6) 0.01c (7.5) 0.57c (12) 38.7 10 51.3 
ZTM 1.10 (10) 0.56ab (14) 0.03ab (132) 0.59b (17) 34 9.33 56.7 
CTRM 1.11 (9) 0.52c (6.5) 0.01c (7.5) 0.54d (6.5) 40 11.3 48.7 
ZTS 1.12 (8.4) 0.51cd (3.4) 0.02c (15) 0.52d (3.7) 41.3 7.4 51.3 
CTM 1.22 (--) 0.49de (--) 0.01c (--) 0.50e (--) 44.67 8 47.33 
CTS 1.21 (1) 0.48e (-2.5) 0.02bc (57.5) 0.50e (--) 38.67 11 50.33 
LSD (0.05) ns 0.02 0.01 0.02 ns ns ns 
CV (%) 3.83 1.99 28.28 1.79 12.63 26.25 10.09 

Note: Means with the same latter are non-significant; Values in the parenthesis are percent improvement, CTM=Maize with conventional tillage, ZTM=Maize 
with zero tillage, CTMSI=Maize soya bean intercrop with conventional tillage, ZTMSI=Maize soya bean intercrop with zero tillage, CTRM=Rotated maize 
with conventional tillage, ZTRM=Rotated maize with zero tillage, ZTS=Soya bean with zero tillage, CTS=Soya bean with conventional tillage, CP=capillary 
pore, NCP=non-capillary pore, LSD=least significant difference, CV=coefficient variation, ns=non-significant. 

Regarding the effect of cover crop/residue on bulk density, 
higher bulk density was reported on maize crop system than 
soya bean cropped fields [17]. Crop residue with tillage 
reduction improved soil organic matter and accelerate the 
formation of macro aggregate through an increase in 
microbial biomass content in soil [42]. Generally, both tillage 
management and cropping systems significantly affect soil 
compaction [22]. However, opposing trends were reported in 
the literature due to planting machines. Bulk density under 
zero tillage increased by 7% [14], 10% [27, 42], 13% [37] 
over the conventional tillage. 

3.1.2. Porosity 

As shown in Table 2, the volume of the capillary and non-
capillary pores of maize soya bean intercrop and continuous 
maize cultivated plots under zero tillage were significantly 
higher than conventionally tilled continuous maize cultivated 
plots. Zero tillage with maize soya bean intercrop and 
continuous maize cultivation practices increases non-
capillary and capillary pore volume by 2.72 and 2.32 times, 
and 17% and 14%, respectively relative to conventionally 
tilled continuous maize. The lowest capillary pore was 
observed from continuous maize (0.49) and soya bean (0.48) 
managed with conventional tillage whereas non-capillary 
pores (0.01) were from maize, rotated maize, and maize soya 
bean intercrop. 

Generally, the total porosity of soil shows a 3% to 22% 
increment relative to conventionally tilled continuous maize 
and soya bean cultivation practices with the greatest 
improvement under zero tilled maize soya bean intercrop. 
The total pore volume was significantly highest in maize 
soya bean intercrop followed by continuous maize managed 
with zero tillage. The result was concomitant with other 
results. Zero tillage practice resulted in a significantly greater 
number of smaller pores but interconnected compared to 
conventional tillage [23, 22]. Crop rotation with zero tillage 

improves porosity [51, 31]. Even though total porosity is 
inconsistent, greater macropore connectivity was observed 
under zero tillage than conventional [60]. Generally, both 
tillage management and cropping systems significantly affect 
porosity [22]. 

3.1.3. Soil Moisture Content 

The effect of land management and crop pattern on soil 
moisture is depicted in Figure 3. Soil moisture content, which 
was measured at crop harvesting, due to the conservation 
practices over different depths showed a similar trend except 
on the surface layer. At the surface layer, moisture content 
under continuous maize cultivation was within the range of 
plant available water which accounts for 14% and 73% under 
conventional and zero tillage, respectively. Soil moisture 
under the cereal-legume cultivation system was below the 
permanent wilting point at the surface layer. In the lower 20-
40cm soil layer, plant-available moisture content stored in the 
soil due to land management and crop cover was ranged from 
67% to 103% with the highest value in maize soya bean 
intercrop and lowest under soya bean both managed with 
conventional tillage. For deeper depths, the soil moisture is 
above the field capacity except for conventionally tilled 
rotated maize which was within the range of plant available 
water until a depth of 80cm and conventionally tilled soya 
bean until 60cm. 

Regardless of the practices, soil moisture content increased 
as go deep till 100cm. The response of conservation practices 
to soil moisture was distinct for the top 40cm and below 
40cm soil depths. For soil depths below 40cm, all cropping 
practices managed under zero tillage showed lower soil 
moisture compared to the same cropping practices under 
conventional tillage. The reverse was true for depths deeper 
than 40cm. Exceptionally, at all depths, soil moisture for sole 
soya bean, rotated maize and sole maize under conventional 
tillage was lower than for similar cropping under no-till 
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practices. In terms of the cropping system, except for 
conventionally tilled rotated maize, maize cultivation 
improves moisture content than soya bean crop. 

The distinction in soil moisture trends between the surface 
and sub-surface depths indicates the contribution of zero 
tillage and crop cover practices to enhance soil water 
availability at lower depths and able to tolerate stress 
conditions during dry spells. At the deepest layer, soil moisture 
was greater than field capacity in the range of 5% 
(conventionally tilled soya bean) to 18% (zero tilled maize 
soya bean intercrop). Zero tillage improved soil moisture on 
average by 6% than conventional tillage; 3%, 6%, 7% and 7% 
greater under maize soya bean intercrop, soya bean, rotated 
maize and sole maize cultivation. Thus, the cultivation of 
maize relatively improved soil moisture by 4.5% than soya 
bean cultivation. Generally, practicing zero tillage improves 
soil moisture than conventional tillage. 

 

Figure 3. Effect of land management and crop pattern on soil moisture trend. 
Note: CTM=Maize with conventional tillage, ZTM=Maize with zero tillage, 
CTMSI=Maize soya bean intercrop with conventional tillage, 
ZTMSI=Maize soya bean intercrop with zero tillage, CTRM=Rotated maize 
with conventional tillage, ZTRM=Rotated maize with zero tillage, 
ZTS=Soya bean with zero tillage, CTS=Soya bean with conventional tillage, 
FC=moisture content at field capacity, qs=moisture content at saturation and 
PWP=moisture content at permanent wilting point. 

3.1.4. Organic Carbon 

Soil organic carbon content was significantly affected by 
land management and cropping practices (Table 3). Soil 
organic carbon was lowest in conventionally tilled maize and 
highest in maize soya bean intercrop managed with zero 
tillage. Among the cropping practices, maize soya bean 
intercropping, rotated maize, continuous maize, and soya 
bean cultivation practices managed with zero tillage shows 
32%, 23%, 13%, and 11% increase in OC relative to 
conventionally tilled maize cultivation practices. 

Thus, zero tillage increase soil organic carbon by 15% 
relative to conventional tillage. On the other hand, under zero 
tillage maize soya bean intercrop, maize rotation, continuous 
maize, and continuous soya bean improve soil organic carbon 
content than conventional tillage system by 20%, 22%, 13%, 
and 11% respectively. This could be due to the removal of 
crop residues from conventionally managed plots. Regardless 
of crop cover, soil organic carbon was improved in the order 

of soya bean, maize, rotated maize, and maize soya bean 
intercrop. This implies intercropping and rotation of cereal 
with legume crop increase organic carbon due to the highest 
biomass and decomposition rate of legume crop like soya 
bean. 

Table 3. Effect of tillage practice and cropping pattern on soil chemical 

properties. 

Treatments 
Available 

Phosphorus (ppm) 

Soil organic 

carbon (%) 

Total Nitrogen 

(%) 

ZTMSI 4.36b (0.94) 3.16a (1.32) 0.24a (1.27) 
ZTRM 3.96b (0.85) 2.94ab (1.23) 0.22ab (1.19) 
CTMSI 7.08a (1.52) 2.64bc (1.10) 0.20bc (1.09) 
ZTM 4.82b (1.04) 2.71bc (1.13) 0.21bc (1.11) 
CTRM 4.36b (0.94) 2.41c (1.00) 0.19c (1.00) 
ZTS 4.49b (0.97) 2.66bc (1.11) 0.20bc (1.09) 
CTM 4.65b (--) 2.40c (--) 0.19c (--) 
CTS 3.30b (0.71) 2.51c (1.04) 0.20c (1.08) 
LSD (0.05) 2.19 0.39 0.02 
CV (%) 26.98 8.22 6.25 

Note: Means with the same letter are non-significant; Values in the 
parenthesis are response ratio relative to CTM; CTM=Maize with 
conventional tillage, ZTM=Maize with zero tillage, CTMSI=Maize soya 
bean intercrop with conventional tillage, ZTMSI=Maize soya bean intercrop 
with zero tillage, CTRM=Rotated maize with conventional tillage, 
ZTRM=Rotated maize with zero tillage, ZTS=Soya bean with zero tillage, 
CTS=Soya bean with conventional tillage, Pav=available phosphorus (ppm), 
OC=Organic carbon (%), TN=Total Nitrogen (%), LSD=least significant 
difference, CV=coefficient variation, ns=non-significant. 

This result agrees with the findings from experiments done 
for four years [5] and eight years [39]. Soil organic matter 
was affected by tillage operation where higher organic matter 
content was observed under zero tillage [51, 7]. Studies from 
Zimbabwe indicate that the conservation system increased 
soil carbon by 31% over the conventional system [62]. 
Studies conducted in Ethiopia also reported that zero tillage 
improves organic carbon compared with conventional tillage 
[68] by 68% [48], 14% in northern Ethiopia [12], 33% in the 
rift valley of Ethiopia [20]. Generally, soil particles are glued 
together by soil organic carbon to enhance soil structure by 
forming a stable soil aggregate which improves soil water-
holding capacity, aeration and infiltration of water [25]. 

3.1.5. Phosphorus and Nitrogen 

Available phosphorus and nitrogen also affected due to 
treatment applications (Table 3). Available phosphorus under 
conventional tillage with maize soya bean intercropping was 
significantly highest and almost two-fold of conventionally 
tilled continuous soya bean cultivated plot. About 38% 
improvement of available phosphorus due to maize soya bean 
intercrop was observed under conventional tillage than zero 
tillage while the soya bean cultivation system reduces 
available phosphorus by 36%. Compared with zero tillage, 
about 9% improvement of available phosphorus was observed 
under conventional tillage. Cultivation of maize with zero 
tillage increases available phosphorus by 7% than zero tilled 
soya bean while conventionally tilled maize shows 41% 
improvement of available phosphorus compared with 
conventionally tilled soya bean. Regardless of crop cover, the 
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concentration of available phosphorus was reduced in the order 
of maize soya bean intercrop, maize, rotated maize, and soya 
bean. Under similar management system cultivation of maize 
improved available phosphorus than soya bean. This indicates 
that a greater concentration of available phosphorus was lost 
with associated sediment or up taken by soya bean root. 

Studies reported that zero tilled maize is effective in 
reducing the loss of absorbed phosphorus than conventional 
practice [56]. The concentration of available phosphorus was 
greater in the upper soil layer ranged from 5cm to 15cm [39] 
and below 10cm of conventional tillage than zero tillage [21]. 
Continuous tillage with minimum soil disturbance improves 
the availability of phosphorus for maize roots, increase 
abundance of phosphorus fraction, and increase the activity 
of alkaline phosphate [67]. Thus, the uptake of available 
phosphorus by maize was improved due to a continuous zero 
tillage method. 

Since total nitrogen is directly related to organic matter 
content (Table 3), it was affected by land management and 
cropping pattern and follows the same trend. The highest total 
nitrogen was observed from the maize soya bean intercropped 
plot managed with zero tillage. Compared with conventionally 
tilled continuous maize, crop covers managed with zero tillage 
improved total nitrogen by 27%, 20%, 11%, and 9.3% under 
maize soya bean intercropping, rotated maize, maize, and soya 
bean. Whereas, conventionally tilled maize soya bean 
intercrop and soya bean improve the concentration of total 
nitrogen by 8.6% and 7.9% respectively. With similar crop 
cover, conversion of management practice from conventional 
to zero tillage improved total nitrogen by 17%, 10.7%, 10.7%, 
and 9.3% under maize soya bean intercrop, rotated maize, 
maize, and soya bean, respectively. The residues left on the 
ground surface of untilled plots could further be decomposed 
to improve soil nitrogen. Generally, zero tillage improves total 
nitrogen by 12% relative to conventional tillage. But, 
regarding the crop covers the concentration of total nitrogen 
was similar (0.2) which indicates crop cover did not affect soil 
total nitrogen. 

The result was concomitant with research reported from 
Ethiopia where conservation tillage increases total nitrogen 
over conventional practice [68] by 42% [12]. Studies also 
showed the level of nitrogen was changed from low to 
medium due to the conversion of conventional tillage to 
conservation tillage in the central rift valley wherein the 
conventional tillage system remains low [20]. Regarding crop 
covers, cultivation of maize-legume rotation improves the 
availability of phosphorus and total nitrogen that minimizes 
the application of fertilizers by improving soil health [65]. 

3.2. Effect of Land Management on Biomass and Grain 

Yield 

3.2.1. Maize Crop Biomass and Grain Yield 

Table 4 depicts the effect of tillage practice and crop 
pattern on biomass and grain yield of maize (Zea mays.). 
The biomass of maize ranged from 6.7 to 9.99 t/ha while 
grain yield ranged from 3.93 to 6.8 t/ha. The highest 
biomass yield (9.99t/ha) and grain yield (6.8t/ha) were 

recorded from conventionally tilled maize soya bean 
intercrop which was tailed by zero tilled intercropped. 
Whereas, the lowest grain yield (3.93t/ha) and biomass 
yield (6.71t/ha) were recorded from conventionally tilled 
continuous sole maize cultivated plot. The largest yield 
benefit (73%) was recorded from conventionally tilled 
maize soya bean intercrop tailed by zero tilled maize soya 
bean intercrop (65%), zero tilled maize soya bean rotation 
(45%), conventionally tilled maize soya bean rotation 
(41%), and zero tilled continuous maize (19%) over 
conventionally tilled continuous maize. 

Table 4. Effect of tillage practice and cropping pattern on maize yield. 

Treatments 
Biomass yield 

t/ha 

Grain yield 

t/ha 

Intercropped with conventional tillage 9.99a 6.80a 

Intercropped with zero tillage 8.40ab 6.50a 

Rotated with zero tillage 8.92ab 5.72ab 

Rotated with conventional tillage 9.08ab 5.54ab 

Sole with zero tillage 7.47bc 4.69bc 

Sole with conventional tillage 6.71c 3.93c 

CV (%) 10.85 15.60 
LSD (0.05) 16.63 15.70 

CV=coefficient of variation, LSD=Least significant difference. 

On average, grain yield of treatments managed with zero 
tillage had a 6% yield advantage over conventional tillage 
with a slight grain yield penalty (-4%) on maize soya bean 
intercrop and 19% yield advantage on sole maize. Compared 
with continuous maize; grain yield of maize soya bean 
intercrop and rotation outperformed by 39% and 22% on 
plots managed with zero tillage similarly by 73% and 41% 
under conventional management. 

Biomass yield of maize from conventionally tilled 
continuous maize treatment was significantly lower than 
biomass yield of conventionally tilled maize soya bean 
intercrop, conventionally tilled rotated maize, zero tilled 
rotated maize and zero tilled maize soya bean intercrop by 
49% and 35%, 33% and 25%, respectively. Relative to 
conventionally tilled continuous sole maize cultivation, 
the grain yield was increased by 65%, 19%, 45%, 41%, 
and 73% higher due to zero tilled intercrop, zero tilled 
sole maize, zero tilled rotated, tilled rotated and tilled 
intercropped plots, respectively (Figure 4). 

 
Figure 4. Biomass and grain yield deviation from CTM. 

Note: CTM=Maize with conventional tillage, ZTM=Maize with zero tillage, 
CTMSI=Maize soya bean intercrop with conventional tillage, ZTMSI=Maize 
soya bean intercrop with zero tillage, CTRM=Rotated maize with conventional 
tillage, ZTRM=Rotated maize with zero tillage, ZTS=Soya bean with zero 
tillage, CTS=Soya bean with conventional tillage. 
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Generally, zero tillage had a 6% grain and 10% biomass 
yield advantage over conventional tillage. Weed density is 
suppressed by residues retained under zero tillage system [58, 
57] and due to intercropping [68]. This implies continuous 
sole maize cultivation reduces grain and biomass yield due to 
lowered soil surface nutrient and relatively higher absorbed 
nutrient loss. On the other hand, conventionally tilled 
continuous sole maize cultivated field were recorded with 
greater surface runoff and soil loss. The higher grain yield 
under conventionally tilled maize soya bean intercrop was 
due to a relatively higher phosphorus content of the soil. 

3.2.2. Soya Bean Crop Biomass and Grain Yield 

The grain yield and biomass yield of soya bean (Glycine 

max L.) were highly influenced by land management and 
cropping pattern at a 5% level of significance (Table 5). The 

lowest biomass and grain yield were observed from 
conventionally tilled maize soya bean intercropped plot while 
the highest were recorded from conventionally tilled 
continuous sole soya bean cultivated plots. as shown in table 
5 both grain and biomass yield were greatly reduced due to 
intercropping whereas sole soya bean has 95% and 75% yield 
advantage, grain yield and biomass yield respectively. This 
was because of the shading effect of maize on intercropped 
soya bean. Intercropping, especially in zero tillage, were 
greatly reduce surface runoff and soil loss due to its 
beneficial effect as surface cover where it did not negatively 
affect the yield of soya bean. Biomass and grain yield of zero 
tilled intercropped soya bean was almost two times that of 
conventionally tilled. Zero tillage was better for improving 
soil nutrient due to crop residues left on the surface. 

Table 5. Effect of land management and cropping pattern on soya bean yield. 

Treatments Above-ground biomass yield Quintal/ha Grain yield Quintal/ha 

Sole Soya bean with conventional tillage 59.72a 18.20a 

Sole Soya bean with zero tillage 52.18a 17.63a 

Intercropped soya bean with zero tillage 17.26b 5.35b 

Intercropped soya bean with conventional tillage 11.51b 2.44b 

CV 16.66 20.10 

LSD 11.705 4.3895 

CV=coefficient of variation, LSD=Least significant difference. 

But, the cultivation of intercrop over monoculture is 
determined by land equivalent ratio and values greater than 
one indicates the advantage of intercrop against the sole. 
Thus, the land equivalent ratio under conventional tillage 
(1.86) and zero tillage (1.7) indicates the cultivation of maize 
soya bean intercrop was advantageous than their sole crop 
cultivation. 

A study in Gedarif, Sudan showed that zero tillage in the 
second season gave higher grain yield of sorghum (Sorghum 

bicolor L. Moench) crop compared with conventional 
practice [50]. Zero tillage integrated with green/legume 
manure was effective in improving soil properties and 
maximize crop yield under the rice-wheat system of 
Bangladesh [6]. A 28 years study at Nebraska under rainfed 
condition indicates that corn grain yield greatly influenced by 
crop rotation then tillage system where its response was 
inconsistent [59]. Grain yield of zero tilled soya bean was 
consistently higher and stable after an 11 year-lag period that 
crop rotation has a significant impact [59]. A study from 15-
year age of implemented zero tillage, maize incorporated 
management i.e., continuous maize and maize-soya bean 
rotation improves yield production [34]. A research report 
from silty loam soil (Albic Luvisol) of Zagreb, Croatia 
indicates that the yield of maize crop was greater with zero 
tillage management than conventional tillage system [24]. 
Generally, zero tillage improves the yield of both maize and 
soya bean as compared with the conventional system hence 
greater economic return [19]. 

Whereas, studies from the humid highland of Ethiopia 
reported that conventional tillage with sufficient residue 

increases the yield of wheat [2]. Grain and biomass yield in 
different crop type managed with zero tillage were higher 
relative to conventional practice [61, 30, 11, 2, 66, 10]. A 
study at Melkassa, rift Valley reported that conventional 
systems increase grain yield by 7% [43], 28% [46] relative to 
conventional practice. In addition to this, zero tilled sole 
maize had a yield advantage over similarly managed crops 
with conventional tillage systems [68, 46]. Generally reduced 
tillage with maize soya bean intercrop is the best alternative 
for resource-poor farmers [64]. 

4. Conclusion 

Appropriate soil management strategies such as 
conservation tillage and crop cover having maximum cover 
has the capacity in reducing the degradation rate of the soil 
and reducing runoff generation. A field experiment under the 
natural environment was undertaken during the cropping 
season (June – November) of 2018 on Nitisol of Pawi 
Agricultural Research Center research station for studying 
the response of land management on hydrological properties 
of the area. 

The results obtained from a permanent plot of field 
experiment showed that tillage and cropping system slightly 
improve soil properties by applying zero tillage practice 
continuously over four years. This implies a residue left on 
the surface of soil due to zero tillage has tremendous 
importance to enhancing the hydrological properties of soil. 
The result indicates that zero tillage with increased cover 
crop i.e., intercropping improved capillary porosity, non-
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capillary porosity, soil organic matter content and the 
moisture content of the soil. Moreover, zero tillage increased 
available phosphorus and total nitrogen by 2 and 1.3-fold, 
respectively. Application of zero tillage with maize soya bean 
intercropping increased the capillary pore by 17% over 
conventional tilled maize, which intern in, increase soil water 
holding capacity. While an increase in non-capillary pores by 
2.7-fold improved infiltration of water to the soil. Thus, 
application of zero tillage with greater cover has 
environmental benefit in reducing the loss of plant nutrients 
and allowing more water to infiltrate and stored in the soil 
profile which can be available for plants later on. On the 
other hand, loss of soil organic carbon due to tilled plots 
allows the vulnerability of erosion by losing the slaking 
resistance. 

Besides tillage and crop cover significantly influenced soil 
properties, susceptibility to erosion and runoff production, its 
effect on maize crop productivity was significant. 
Conventionally tilled with greater cover had a 73% grain 
yield advantage over tilled maize. Whereas, intercropped 
soya bean greatly reduced its yield while almost half yield 
was recorded from continuous cultivation over zero tilled. 
Hence, maize-legume cultivation greatly increased the yield 
of maize. Since the study was undertaken in the fourth year 
of implementation it does not indicate the long-term effect of 
tillage and cropping on soil properties and yield of crops. 
Therefore, to figure out the long-term impact of tillage and 
cropping pattern on soil properties and crop yield in Ethiopia 
a long-term study is needed by strategically establishing 
monitoring plots. 
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