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Abstract

Soil fertility benefits of legume diversification depend on the legume-cereal ratio, the duration of legume
biomass production and residue management. Ethiopia has the highest rates of nutrient depletions mainly due to
the low nutrient input and high biomass removal. However, the net contribution of legumes to soil nutrient
balance is determined by the extent to which crop residue is removed from the field. Therefore, we assessed two
possible selected grain legumes fababean and soya bean. Soil samples were collected on a transect walk from
Dedo and Tiro-Afeta districts. Six composite soil samples from each transect (based on elevation) were collected
at the depth of (0-30cm). The soil samples were collected from fields that are known to grow continuous cereal-
cereal at least for the last three years. A pot experiment was therefore conducted under screen house a condition
in a RCBD with three replications on soils obtained from each transects. Soil physic-chemical properties were
studied before and after sowing. All plants related data from crops were recorded at 75% flowering stage. The
effect was observed by measuring plant biomass production for each fababean and soya bean. The study showed
a significant (P<0.05) difference and positive correlation between treatments with soil available P before
planting for both crops. Fababean recorded higher value for the biomass production under Dedo soils than soya
bean for the same parameter. Similarly, soya bean recorded higher value under Tiro-Afeta soils than Glycine
max L. for the biomass production. Thus, this study concludes that firstly growing fababean crop on the Dedo
soils and the soya bean crop on the Tiro-Afeta soils would improve soil fertility quickly and inexpensively
thereby crop productivity can be enhanced.
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Introduction

Soil fertility benefits of legume diversification depend on the legume-cereal ratio, the duration of legume
biomass production and residue management (CSA, 2004; Rachel et al., 2007; Rahman et al., 2009). Edible
legumes are usually harvested, and their leaves used as a vegetable or for forage thereby reducing nutrient input
to the soil. The N benefit of including a grain legume in a rotation has been widely debated; it is estimated at 0—
190 kg N ha™' for short or medium-duration soybean and generally higher for a long-duration legume that grows
for about 180 days (Giller and Cadisch, 1995; Hardarson and Atkins, 2003).

Legumes are commonly grown in rotation with cereals in the cereal-dominated highlands. Traditionally, the
major cereals like teff (Eragrostis Abyssinian), wheat or barley is grown in rotation with pulse crops. Faba beans,
common bean and soybean are grown following wheat or teff (Jung et al., 1989; Tilahun et al., 2001). The
commonly observed residual effects of the inclusion of a legume crop in a cropping system on a subsequent
cereal crop can be due to many processes. First, there is the possible positive effect due to the net N input in the
soil from biological N fixation (provided the quantity of N fixed is larger than the quantity of N exported in
grains or crop residues) and or due to the N-sparing effect (Giller, 2001). Residual effects can also be due to a
reduction of the weed seed bank, including parasitic weeds (Carsky et al., 2000), possible P mobilization and
transfer of P to the subsequent cereal changes of population structure of soil fauna and soil microbes (e.g.
Mycorrhizal fungi (Bagayoko et al., 2000), or pathogenic organisms such as nematodes (Bagayoko et al., 2000;
Alvey et al., 2001; Diels and Dercon, 2006).

Accumulated organic matter also improves the chemical properties of the soil, increasing cation exchange
capacity and slowing down leaching. Medium-and long term effects on soil nutrient supply are also possible.
After the first season the rate of nutrient release from a single application of organic matter is likely to be small,
but with the accumulation of organic matter the total nutrient release from slowly turning over materials can
become significant (Rowe and Giller, 2002; Peoples et al., 2009).

Organic inputs from legumes could increase crop yield through improved nutrient supply/availability and/or
improved soil-water holding capacity. Moreover, legumes offer other benefits such as providing cover to reduce
soil erosion, maintenance and improvement of soil physical properties, increasing soil organic matter, cation
exchange capacity, microbial activity and reduction of soil temperature (Tarwali et al., 1987; Abayomi et al.,
2001) and weed suppression (Versteeg ef al., 1998). Amount of nutrients annually taken away in the form of
harvested crops, crop residues transferred out of the fields or lost through leaching, erosion and volatilization are
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higher than the amount of nutrient inputs through fertilizers, deposition and Biological N, fixation. Therefore,
takes the above problems under consideration, scientific studies on the biomass production of Fababean and soya
bean on Integrated Soil Fertility Management was essential and may be plays a significant important for police
maker, academic purpose, research institution and rural communities. Therefore, this study is designed to
evaluation of grain legumes on biomass production potentials to Increase Soil Fertility in the humid highlands

2. Materials and methods

2.1. Description of the study area

The experiment was conducted in Dedo between 07°22” to 07°58” N latitude and 36°21” to 36052’ E longitude
and the altitude extend between 1600 to 2400m asl. Tiro-Afeta district ranges from 1200 to 1800 m a s | and lied
between 07° 20' to 07° 45° N latitude and 034° 25'- 34° 53” E longitude of the Oromia Regional State, South
West Ethiopia. Average day temperatures are about 18.6°C and annual total rainfall ranges between 1592-
1275mm, with bimodal distribution. The dominating soils of the region are Nitisols. The main crops cultivated in
this region are maize, sorghum, wheat, barley, teff, enset, faba bean and coffee).
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Figure 1: Total monthly rainfall (RF), average Figure 2: Total monthly rainfall (RF), average
minimum (T-min) and maximum (T-max) minimum (T-min) and maximum (T-max)
temperatures of the Dedo. temperatures of the Tiro afeta district.

Soil Sampling and laboratory analysis

Soil samples were collected from the two study sites (Dedo and Tiro-Afeta) based on Elevation and cropping
history. The sampled sites were known for continuous cereal production for the last three years that is known to
grow continuous cereal-cereal at least for the last three years. A total six composite soil samples were collected
by transect walking from both location to another, such as (Location I, Location II and Location III) from each
district (Dedo and Tiro afeta) where cereal crops grown for last three continuous years (Table 1). From different
farm plot soils sample collected separately were different Elevation and the sampled sites were recorded by GPS
(global positioning system). The selected representative fields were replicated three times, and for each field,
fifteen soil sub-samples were collected at depths of 0-30cm by using an Auger.
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Table 1: Site characteristics of the study area

Sample  Latitude Longitude Ranges of Slope Dominant crops for last
Sites N) (E) altitude Ranges three consecutive years
Dedo Woreda
DL1  7°51°-7°56" 36°49’-36°52° Above 2300 moderately wheat- barely -wheat
DL2  7°34’-7°40° 36°35°-36°42° 1900-2300  gently wheat- barely-wheat
DL3  7°22°-7°26" 36°24’-36°29° 1700-1900  gently teff-wheat-teff’

Tiro-Afeta Woreda

TalLl  7°40°-7°43> 34°49’-34°52> 1900-2300 moderately maize-teff-sorghum
Tal2  7°31°-7°35" 34°37°-34°41 1700-1900  gently sorghum-teff-sorghum
Tal3  7°20°-7°24° 34°26’-34°31° 1500-1700  gently teff-maize- sorghum

D= Dedo, Ta= Tiro afeta, L= Location, (Moderately= 5-10% & gently= 2-5%) FAO, (2006), N= North and E=
East and altitude classification according to (MoA, 2000).

Experimental layout

A pot experiment was conducted on soils obtained from fields that are known to grow continuous cereal-cereal at
least for the last three years. Grain legumes such as, fababean and soya bean were grown on these soils under
screen house condition without any inorganic and organic fertilizers. A check plot (pot) that contains only cereal
crops (wheat for Dedo and teff for Tiro-Afeta) was also included. The experiments were laid out in randomized
complete block design (RCBD) with three replications. The reason why RCBD was used is that: The screen
house that used for this experiment does not have the required facilities to control weather conditions inside. It is
simply a screen-house with shelters from its top and sides. This cannot control at least the wind/air movement
through the main door. It can avoid the confounding effects wind/air movement through the main door.

Pot experiments in the screen house

A total of 274.56 Kg of bulk soil was collected from both districts (Dedo and Tiro afeta) at different elevations.
Of these soils, 3.52 kg was filled in the each pot. From the total of 78 pots, in the 72 pots, the selected grain
legumes namely fababean and soybean were sown. But in the rest 6 pots wheat and teff crops were planted. The
seeding rate for legumes was four seeds per pot while for cereals 16 seeds for wheat. On June 07/2015, Planting
was conducted after 1 week, right from filling of soil in the pots. After 10 days of planting, 1 seedling out of four
was removed from each pot. The soil analysis was conducted both before planting and after harvesting.

Plant sampling and analyses

A root sample from the experimental pot was taken at 75% flowering stage. From each pot plant was selected
and uprooted. Fresh weigh were obtained immediately in the field after harvest using an electronic balance (Fehr
et al.,, 1971). All samples were packed in paper bags and labeled, then transported to the soil laboratory of
JUCAVM, for oven drying at 70°C for 48 hours, after which the dry weighs (RDW t ha) were recorded and
calculated according to (Fehr et al., 1971).

% Root dry matter = dry wt. /fresh wt. * 100

A shoot sample from the experimental pot was taken at 75% flowering stage. Fresh weigh were obtained
immediately in the field after harvest using an electronic balance. All samples were packed in paper bags and
labeled, then transported to the soil laboratory of JUCAVM, for oven drying at 70°C for 48 hours, after which
the dry weighs (SDW t ha™) were recorded and calculated according to (Fehr et al., 1971).

% Shoot dry matter = dry wt. /fresh wt. * 100

Statistical Analysis

Both soil physicochemical properties and plant data were subjected to analysis of variance using the general
linear model procedure of the statistical analysis system version 9.2 (SAS, 2002). The least significance
difference test (LSD) test was used to separate the significances between treatments at 5% probability level.
Moreover, simple correlation analysis was executed with the help of (Gomez and Gomez, 1984) to reveal the
relationships between selected soil and plant parameters among location.

Results and discussion

Physico-chemical properties of soil before experiment

All of the soil samples have clay content more than 30%, which is the margin ranges of total clay requirement
for Nitisol (WRB, 2006). The highest percentages of clay were observed at Dedo, while the lowest values were
recorded at Tiro-Afeta (Table 2). The clay and sand property were significantly (P < 0.05) affected by different
locations at both Dedo and Tiro-Afeta sites as shown (Table 2). Because of high rain falls the fine particles from
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the upper elevation can easily detach and transported to the lower elevation positions in the study area. These
results agreed with (Roukos et al., 2011; Mtambanengwe et al., 2004; Jobbagy & Jackson, 2000) significant
attitudinal/elevation variations of soil physical properties.

The mean value of bulk density of the soil in the two sites was significantly different (P <0.05) affected by
different elevation level. The highest mean (1.31 g/cm’) value of bulk density was recorded in the Dedo location
three and the highest mean (1.5 g/cm’) under Tiro-Afetalocated three might be associated with relatively low
content of organic matter and very high clay. The lowest mean (1.14 g/cm3) value under the Dedo locate one and
the lowest mean (1.17 g/cm3) value under the Tiro-Afeta location one as shown (Table 2). The reason for higher
soil bulk density on the DL3 as well as in the TaL3 could be due to the very high clay content (Sevgi, 2003;
Kidanemariam ef al., 2012; Shazia et al., 2014) and low SOM are low in percent pore space and result in higher

Bulk density.

Table 2: SD+ and Mean comparison of soil particles and bulk density before planting on Dedo and Tiro afeta.
Locations % clay % silt % sand STC BD (g/cm’)
DLI 45.6+0.5° 36+1.0° 18.3+0.5° Clay 1.14+0.02°
DL2 53+1.0° 36.6+0.5° 10.3+0.5° Clay 1.25+0.03"
DL3 61+1.7% 26+2.0° 13£1.0° Clay 1.31+0.01%
P Value kok k3k k3k kok

LSD (0.05) 3.16 3.66 1.51 0.05

CV (%) 2.62 4.9 4.8 2.08

TaLl 4142.6° 29+1.7° 30+1.0° Clay 1.17+0.03°
Tal2 46.3+3.7° 29+4.1° 24.3+1.5° Clay 1.22+0.02°
Tal3 55+£2.6" 30+1.1° 14.3+1.5° Clay 1.5+£0.01°
P value *x ns *x *x

LSD (0.05) 3.02 4.89 2.38 0.06

CV (%) 2.77 7.36 4.67 2.05

**=highly significant (0.01); *= significant (0.05), ns =non-significant. Means in a column show different letters
are highly significantly different (p<0.05) and similar letters show non-significant by LSD Test.STC = soil
texture class; BD= Bulk density; DL= Dedo location; TaL= Tiro afeta location; LSD= Lattice square design and
CV= Coefficient variability.

The organic carbon, organic matter, total nitrogen (TN), plant available phosphorus and pH of soils from
Dedo and Tiro-Afeta farm fields were given in (Table 3). The results showed that soil pHyyo varied significantly
(P<0.01) across locations (Table 2). The pH of the highest mean of Tiro-Afeta soil was lower than the pH of the
highest value of Dedo soil. For instance, the highest value (6.22+0.15) and (5.9140.04) soil pHy,o values were
recorded at lower elevation (location 3) for both districts (Table 3). Whilst the lowest value of pH (5.46) and
(5.46) were recorded at higher elevation (location 1) with both Dedo and Tiro-Afeta districts, respectively.

Soil pH-H,0 ranged from 5.46 to 6.22 at both transect location one and at Dedo location three respectively.
All of the soil samples had pH-H,O less the critical level (6.5-8.5) given by (Landon, 1991). This low soil pH at
the study sites could be attributed to the leaching into soil profiles even beyond sampling depth through leaching
and drain to streams through runoff generated from accelerated erosion. This enhances the activity of AI’* and
H" in the soil solution, which reduces soil pH and thereby increases soil acidity. The depletion of basic cations in
crop harvest, as indicated in their significant reduction, due to continues crop production is another cause for the
fall in soil pH (Schumann and Glover, 1999; Nanthi and Mike, 2003). Furthermore, continuous use of
ammonium based fertilizers such as diammonium phosphate, (NH4),HPO,, and urea in such cereal based
cultivated fields, which upon oxidation by soil microbes produces strong inorganic acids. These strong acids, in
turn, provide H' ions to the soil solution that in turn lower soil pH. Acidic nature of Nitisol was also reported by
(Yihenew, 2002). Thus, it is pertinent to raise the soil pH through liming to increase crop productivity of the
study areas. Generally, the pH values observed that soil pH was significantly affected by upper elevation as
compared to lower elevation (Pradhan et al., 1996) difference and in the study area were within the ranges of
strongly acidic to slightly acid soil reactions as indicated by (Landon, 1991; Tekalign, 1991; Tisdale et al., 1993).

Reported by (Mahler ef al., 1988) the optimal values for pHy,o in soils for legume crop, especially Vicia
faba L production ranges from 5.7 to 7.2. Soils with a pHyyo lower than 5.6 results in lower grain yields, while
soya bean can service lower pH than 5.7. Therefore, Tiro-Afeta soil has thus a pH that is too low for optimal
Vicia faba L. production. Dedo soil does reach optimal pH values either. It has a pH above the 5.6 border value
of good production.

The soil OM content is highly affected by different elevation levels. These elevation variations resulted in
highly significant differences (P <0.01) of OM content among the different elevation at both sites (Table 3). The
highest value (4.49+0.03) and the lowest value (3.12+0.11) of OM contents were recorded in farm field Dedo
location 3 and location 1, respectively, while the highest value (2.6140.11) and the lowest value (1.1240.55) of
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OM contents were recorded in farm field of Tiro-Afeta location 3 and location 1, respectively. The highest OM
content was recorded on the lower elevation of Dedo location three and the highest OM contents was recorded
on the lower elevation of Tiro afeta location three as shown (table 3) were signed (P <0.05) differently at
different elevations. In the higher elevation, relatively low soil OM, as compare to both middle and lower
elevation of farm land in both sites. In line with the present findings, earlier results suggested that the low
accumulation of OM in farmland soils could be due to, the reduction in total organic inputs (litter and crop
residues); increased mineralization rates of organic matter caused by tillage and increased wetting-and-drying
cycles and the loss by soil erosion (Gregorich et al., 1998; Chroth et al., 2003). Generally, the OM values
observed in the study area are within the ranges of low to medium and/moderate as indicated by (Berhanu,
1980andTekalign, 1991).

Soil OC is highly affected by different management practices continues cereal-cereal cropping system and
variation in elevation at different locations, (Table 3). Organic carbon varied significantly (P<0.01) across
locations. Organic carbon was recorded of higher value (2.61+0.02) and lowest value (1.81+0.06) for Dedo soils
location 3 & 1 respectively. Similarly, the highest value (1.5140.06) and the OC lowest value (0.65+0.32) were
recorded on location 3 and location 1 respectively, of Tiro-Afeta districts.

Organic carbon ranged from 0.65% at Tiro-Afeta location ol to 2.61% at Dedo location 3 (Table 3).
According to (Sanchez ef al., 1982; Landon, 1991), all of the sampled soils had organic carbon greater than the
critical level (0.5-1%) except Tiro afeta location one. High organic carbon than the critical, in Nitisol was also
reported by (Mesfin, 1998; Eylachew, 1999; Wakene and Heluf, 2001; Shimeles et al., 2006).

With increasing elevation the organic carbon content was decreased and the organic carbon status of the
soils at lower elevations were higher because of transportation bases and top part of soil particles from upper
elevation to lower elevation.OC values of Dedo location 1 and Tiro-Afeta location 3 soil are in the range of
values found by (Agegnehu and Fesschaie, 2006), for Nitisols in Ethiopia (1.5-1.8% C). OC values of Dedo
location two and three were higher than (Agegnehu and Fessehaie, 2006), but location 3, OC content was lower
than the values found by (Amanuel et al., 2000) for Nitisols in the southeastern Ethiopian highlands (3.0% C).
The value of OC at Tiro-Afeta location 1 and 2 were lower than the value found by (Agegnehu and Fessehaie,
2006). The TC values observed in the study area are within the ranges of low to medium and/moderate as
indicated by (Tekalign, 1991).

Table 3:SD+ and Mean comparison of soil pH, TC, OM, TN and Av.P of Dedo and Tiro afeta  districts before
planting of grain legumes.

Location pH (H,0) OC (%) OM (%) TN (%) Av.P (mgP kg'l)
DLI1 5.46+0.06° 1.81+0.06° 3.12+0.11° 0.15+0.01° 6.7+0.84°
DL2 5.69+0.13° 2.07+0.03° 3.56+0.06° 0.18+0.00° 8.8+0.85°
DL3 6.2240.15 2.61+0.02° 4.49+0.03° 0.2240.01° 12.2+0.85"
P Value *kk *kk k% k% *

LSD (0.05)  0.14 0.11 0.19 0.01 221

CV (%) 1.07 2.32 2.29 3.09 10.5
TaLl 5.46+0.11° 0.65+0.32° 1.12+0.55° 0.05+0.03° 4.3+0.36°
Tal2 5.67+0.05° 1.22+0.06 2.11£0.10° 0.11+0.01° 5.940.9°
Tal3 5.91+0.04 1.51+0.06 2.61+0.11° 0.13+0.01° 8.9+0.64°
P Value ok ok ok Hok o

LSD (0.05)  0.15 0.35 0.59 0.03 1.46

CV (%) 1.182 13.6 13.56 15.43 10.07

**=highly significant (0.01); *= significant (0.05), ns =non-significant. Means in a column show different letters
are highly significantly different (p<<0.05) and similar letters show non-significant by LSD Test. OC= Organic
carbon; OM= Organic matter; TN= Total nitrogen; Av.P= Available phosphorus; DL= Dedo location; TaL= Tiro
afeta location; LSD= Lattice square design and CV= Coefficient variability.

The total N content of soils was signed (P < 0.01) different at both Dedo and Tiro afeta location affected by
different elevation level as shown (Table 3). The average values of total N were highest at location 3, while the
lowest value was recorded on location 1 in the Dedo location 3 & location 1 respectively. The highest value
(0.13+£0.01) and the lowest value (0.05+0.03) recorded under the Tiro-Afeta location 3 & location 1 respectively
(Table 3). Total nitrogen ranged from 0.05% at Tiro-Afeta location one to 0.22% at Dedo location three. Based
on the classification of (Landon, 1991; Sanchez et al, 1982), total nitrogen was found as one of the limited plant
nutrient in the study sites. The values of total nitrogen in all soil samples were below the critical level (<1%).
The observed nitrogen deficiency in all soil samples could be because of low input of plant residues, nitrogen
rich organic materials like manure and compost in cereal based farming systems. As the area receives high
rainfall, the nitrogen leaching problem can be another reason for the decline of total nitrogen in crop fields.
Moreover, farmers of the study area do not integrate leguminous plants on their farmlands. Shimeles et al.
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(2006), similar nitrogen contents in the cultivated Nitisol was reported.

Total nitrogen was almost doubled for Dedo compared to Tiro-Afeta. TN values for Dedo soil were in the
range of values found by (Agegnehu and Fessehaie, 2006), for Nitisols in Ethiopia (0.17-0.22% N) and the value
of TN to Tiro-Afeta were low. TN values for Dedo and Tiro-Afetaare lower compared to values found by
(Emmanuel et al., 2000) for Nitisols in the southeastern Ethiopian highlands (0.25% N). The TN values observed
in the study area are within the ranges of Low to Medium and/high (0.10-0.25) as indicated by (Tekalign 1991).

Plant available phosphorus, as determined by the Bray method (Bray and Kurtz, 1945) in the Tiro-Afeta soil
is relatively low compared to Dedo soil. The available phosphorus was significantly (P < 0.01) different at
different elevations (Tables 3). The content of available P in the Dedo and Tiroafeta at the lower elevation level
of farm land appeared to be significantly higher than the rest upper two elevation level. Accordingly, the highest
(12.2+0.85 mg P kg'') and the lowest (6.7+0.84 mg P kg-1) available P contents were observed under the Dedo
location 3 and location 1, respectively, and the highest value (8.9£0.64 mg P kg') and the lowest (4.3+0.36 mg P
kg") available P contents were recorded under the Tiro-Afeta location 3 and location 1, respectively as shown
(Table 3).

Available phosphorous ranged from 4.3 mg P kg at Tiro-Afeta location 1 to 12.2 mg P kg' at Dedo
location 3 (Table 3). From the soil samples, except Dedo location 3 all available phosphorous below the critical
level (10-15 mg P kg'l) given by (Landon, 1991; Sanchez et al., 1982). The low level of available phosphorous
in the study area might be due to its fixation by Al and Fe, as their presence is expected at the pH values of the
soils of the study areas (Tisdale ef al., 1993). High phosphorous sorption capacity of Nitisols was also reported
by (WRB, 2006). The reason for higher P contents at lower elevation might be due to attributed to higher soil
organic matter, content, the nutrient availability, improved through recycling of the biomass back into the soil
and high OM decomposition that enhances the amount of available P in the soil at the lower elevation level.

According to (Cook, 1967; Cottenie, 1980; Landon, 1991) available soil P level of <5 mg P kg'1 is rated as
very low, 5-9 mg P kg™ as low and 10-17 mg P kg™ as medium, 18-25 mg P kg™ as high and >25 mg P kg is
rated as very high. Thus, the available P of the soils of the study area, with the exception of the higher elevation
of Tiro-Afeta and lower elevation Dedo sits of farmland, was between 5-9 mg P kg' qualifying for the low
ranges and Dedo location 3 was qualifying for moderate level, were Tiro-Afeta location 1 qualify for the very
low ranges (Table 3). Also results from the soil analysis for plant available P in Dedo and Tiro afeta upper and
middle elevation are in the range of the values (5.0 to 10.1 mg P kg™ soil) found for Nitisols in the Ethiopian
highlands (Agegnehu and Fessehaie, 2006) but lower elevation were higher in the ranges of (10.0 to 17.0 mg p
kg ") under Dedo sites.

In general, soils with a pH less than 5.5 (as is the case for both Dedolocations 1 and Tiro-Afeta location 1)
in the higher elevation, are deficient in available P content because of complexation and the fixation of cations
by adsorbing surfaces in the soil. Due to P complexation and slow release of P fertilizers, the proportion of the P
available for plants becomes inadequate (Leon and Le Mare, 1990; Marschner, 1995; Agegnehu and Sommer,
2000).

Biomass production by faba bean and soybean
Table 4: SD+ and Mean comparison of biomass by faba bean and soybean under Dedo and Tiro afeta.

Location faba bean soybean

RDW (t ha™) SDW (tha™) RDW (t ha™) SDW (tha™)
DLI 1.2+0.1° 14.0£0.6° 1.25+0.12¢ 11.74+0.65°
DL2 1.5£0.1° 17.4+0.6° 1.62+0.06° 14.47+0.72°
DL3 2.340.39° 20.1£1.7° 2.28+0.21° 18.56+0.79°
P Value * ok sk ok
LSD (0.05) 0.6 2.7 0.2877 1.8462
CV (%) 15.5 6.9 7.38 5.45
TaLl 0.5+0.04¢ 10.2+0.1° 0.54:£0.04° 7.34+0.56°
Tal2 0.8+0.1° 11.3+1.1° 1.04+0.22° 10.83+0.56°
TaL3 1.6+0.1% 17.0£1.1° 1.706%1.73° 13.9£1.7°
P Value *kk k% *kk *k
LSD (0.05)  0.27 1.48 0.4231 2.9016
CV (%) 12.1 5.1 16.99 11.38

**=highly significant (0.01); *= significant (0.05), ns =non-significant. Given the above table as mean =+
standard deviation, where, RDW= Root dry weight (t ha”') and SDW, Shoot dry weight (t ha™) for different
crops (Vicia faba L. and Glycine max L. for different elevation level soil from the Dedo and Tiro afeta pot
experiment.

Root dry weight of the faba bean was significantly different for the Dedo at different location and highly
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significantly (P< 0.01) different for the Tiro-Afeta location (Table 4). The highest average for RDW recorded
(2.3£0.39 t ha™") under Dedo location 3 and the lowest value of RDW of faba bean (1.240.1 t ha™") was recorded
on location 1 of Dedo district. The highest value under Tiro-Afeta recorded (1.6+0.1 t ha™), while the lowest
value was location one (0.5+0.04) t ha™ (Table 4). Root dry weight (RDW, t ha™) and shoot dry weight (SDW, t
ha™') data are shown in (Table 4). Root dry weight of the soybean was significantly different (P< 0.05) for the
Dedo and Tiro-Afeta at different location (Table 4). The highest average for RDW recorded (2.28+0.21 t ha™")
under Dedo location 3, where the lowest value of RDW of soybean (1.25£0.12 t ha™"). The highest value under
Tiro-Afeta recorded (1.706+1.73 t ha™) and the lowest value was location 1 (0.54+0.04) t ha (Table 4).

Shoot dry weight was significantly affected (P< 0.05) by elevation under both Dedo and Tiro-Afeta (Table
4). Shoot dry weights from Tiro-Afeta field were very low compared to Dedo. The highest value of Dedo
recorded (20.1+1.7 t ha™) at location 3 and the lowest value of Dedo obtained (14.0£0.6 t ha™) at location 1
(Table 4). The highest value of SDW of faba bean recorded from Tiro afeta (17.0+1.1 t ha™), while the lowest
value (10.2+0.1 t ha™'). Both RDW and SDW under both Dedo and Tiro-Afeta at different location varies
because the dry weight of faba bean depends on the amount of the P in the soil, as (Toomsan et al., 1995;
Amsalu et al., 2014) found at the different P level dry weights increases with increasing P. There was also a
positive and significant relationship between RDW and SDW with Av. P content (r= 0.980**) for root dry
weight and (r=0.983*%*) for shoot dry weight.

Shoot dry weight of the soybean was significantly different (P< 0.05) for the Dedo and Tiro-Afeta at
locations (Table 7).The highest value SDW of Dedo recorded (18.56+0.79 t ha™) at a location three and the
lowest value of obtaining (11.74+0.65 t ha™) at location one (Table 4). The highest value of SDW of Glycine
max L. recorded from Tiro afeta (13.9£1.7 t ha™) and the lowest value (7.34+0.56 t ha™). Shoot dry weight
increased significantly with increasing levels phosphorus in the soil. There was also a positive relationship
between (r=0.979*%*) available P of initially existed in the soil with shoot dry matter contents. These results
agreed with the recent reports of other workers (Bekere et al., 2012; Bekere and Hailemariam, 2012). Also, as
reports by (Tejera et al., 2005) working with bean showed a positive significant correlation between nodule
number and shoot dry weight and nodule number and N % confirming the importance of symbiosis in N
accumulation in legumes.

Conclusion

Our results showed that improvement of residue management of faba beans and soybean introduced into the
cereal based cropping system that are affected by the high cropland pressure and abandonment of natural fallows
will have a positive effect on the yield of cereal grown in rotation through the cycling of more N and P via crop
residues. This can be achieved provided that the legume residue is retained in the field and incorporated into the
soil prior to the cereal mono crop. The incorporated legume root, nodule and straw might have played a role in
improving cereal yield through the positive effects of N via BNF. Therefore, we argue that the N and P benefits
to rotational cereal are probably due to mineralization of crop residue derived organic N and P. The study
demonstrates the prospects and the importance of faba beans for Dedo locations and soybean for Tiro afeta to be
suitable alternative grain legumes for sustainable cereal based cropping systems in the humid tropical highlands
given that residues retention and incorporation is practiced as demonstrated in the present study.

Acknowledgments. The authors would like to thank transport and financial support from VLIR-UOS in the
framework of an Inter University Cooperation program with Jimma University, Ethiopia. Mr Bayu Dume is duly
acknowledged for analytical soil laboratory and Mr. Mekonnen Begnais also duly acknowledged for kindly
assisting in sample collection in the field and greenhouse.

References

Abayomi, Y.A., O. Fadayomi, J.O. Babatola, G.Tian, 2001. Evaluation of selected legume cover crops for
biomass production, dry season survival and soil fertility improvement in a moist savanna location in
Nigeria. African Crop Science Journal 9, 4: 615-627.

Agegnehu, G., Fessehaie, R. 2006. Response of Faba Bean to Phosphate Fertilizer and Weed Control on Nitisols
of Ethiopian Highlands. Italian Journal of Agronomy / Rivista diAgronomia, 2006, 2:281-290.

Agegnehu, G., Ghizaw, A., Sinebo, W. 2008. Yield performance and land-use efficiency of barley and faba bean
mixed cropping in Ethiopian highlands. European Journal of Agronomy 25, 202-207.

Alemayehu R. 2009. Formation and characteristics of Nitisols and the transformation of Nitic into Ferralic
properties in south-west Ethiopia. MSc thesis Interuniversity Programme in Physical Land Resources.
Ghent University, Belgium.

Alvey, S., Bagayoko, M., Neumann, G., Buerkert, A. 2001. Cereal/legume rotations affect chemical properties
and biological activities in two West African soils, Plant Soil 231, pp 45-54.

Amanuel, G., Kuhne, R.F., Tanner, D.G., Vlek, P.L.G. 2000. Biological nitrogen fixation in faba bean (Vicia

36



Journal of Natural Sciences Research WWWw.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) g
Vol.8, No.21, 2018 “s E

faba L.) in the Ethiopian highlands as affected by P fertilization and inoculation. Biology and Fertility of
Soils 32: 353-359.

Amsalu N, Adeline V, Jan D, Pascal B. 2014. Nitrogen and phosphorus benefits from faba bean (Vicia faba L.)
residues to subsequent wheat crop in the humid highlands of Ethiopia. DOI 10.1007/s10705-014-9609-x, pp
98:253-266.

Bado BV, Sedogo MP, Lompo F. 2004. Long term effects of mineral fertilizers, phosphate rock, dolomite and
manure on the characteristics of an ultisol and maize yield in Burkina Faso. In: Bationo A (eds). Managing
nutrient cycles to sustain soil fertility in sub-saharan Africa p. 608.

Bagayoko, M., Buerkert, A., Lung, G., Bationo, A., Romheld, V. 2000. Cereal/legume rotation effects on cereal
growth in Sudano-Sahelian West Africa: soil mineral nitrogen, mycorrhizae and nematodes, Plant Soil 218,
pp 103—116.

Bekere, W. and Hailemariam, A. 2012. Influence of inoculation methods and phosphorus rates on nitrogen
fixation attributes and yield of soybean (Glycine max L.) at Haru, Western Ethiopia.

Bekere, W., Endalkachew, W. and Tesfu, K. 2012. Growth and nodulation response of soybean (Glycine max L)
to Bradyrhizobium inoculation and phosphorus levels under controlled condition in South Western Ethiopia.
African Journal of Agricultural Research Vol.7 (30), pp. 4266-4270.

Boddey, R.M., De Moraes Sa, J.C., Alves, B.J.R., Urquiaga, S. 1996. The contribution of biological nitrogen
fixation for sustainable agricultural systems in the tropics. Biology and Biochemistry Vol. 29, No., 5/6, pp.
787-799, 1997.

Bouyoucos, G.J. 1962. Hydrometer method improvement for making particle size analysis of soils. Agron. J. 54:
179-186.

BPEDORS. 2000. Physical and Socio-Economical Profile of 180 District, Bureau of Planning and Economic
Development of Oromia Regional State, Ethiopia.

Bray, K.H. and L.T. Kurtz, 1945. Determination of total organic and available forms of phosphorus in soils. Soi/
Sci. 59: 39-45.

Bremner, J.M. and C.S. Mulvancy, 1982. Nitrogen Total. In: Page, A.L. (ed.), Methods of Soil Analysis,
Agronomy No. Part 2: Chemical and microbiological properties, 2nd edition, American Society Agronomy,
Madison, WI, USA. 595-624p.

Central Statistics Authority (CSA). 2004. Agricultural sample survey (2003/2004): Report on area under
cultivation yield and production of the major crops, main season, CSA, Addis Ababa, Ethiopia.

Chroth B, Vanlauwe and Lehmann J. 2003. Soil Organic Matter, Eds., Tres, Crops and Soil Fertility, CAB
International, pp. 78-79.

Cottenie, A. 1980. Soil and plant testing as a basis of fertilizer recommendations. FAO soil bulletin 38/2. Food
and Agriculture Organization of the United Nations, Rome.

Crasky, R.J. S.A, Trawali, M. Becker, D. Chikoye, G., Tian, and N. Sanginga, 1998. Munuca herbaceous cover
legume with potential for multipurpose uses. Resource and Crop Management Research Monograph. No. 25.
International Institute of Tropical Africa, Ibadan, Nigeria. pp 52.

Diels J and Dercon G. 2006. Improving sustainable intensification of cereal-grain legume cropping systems in
the savannahs of West Africa: quantifying residual effects of legumes on maize, enhancing p mobilization
by legumes and studying long-term soil organic matter (SOM) dynamics.

Eylachew, Z. 1999. Selected physical, chemical and mineralogical characteristics of major soils occurring in
Chercher highlands, eastern Ethiopia. Ethiopian Journal of Natural Resource,1(2): 173-185.

Fehr, W.R., C.E. Caviness, D.T. Burmood, and J.S. Pennington. 1971. "Stage of development descriptions for
soybeans, Glycine max (L.) Merrill." Crop Science 11:929-931.

Giller, K.E., 2001. Nitrogen fixation in tropical cropping system. 2nd edn. CABI publication. pp 90-93, 198-199.

Giller, K.E., and G. Cadisch. 1995. "Future Benefits from Biological Nitrogen-Fixation - an Ecological
Approach to Agriculture." Plant and Soil 174(1-2):255-277.

Gomez, K.A. and A.A. Gomez, 1984. Statistical procedure for agricultural research, 2nd Ed. John Wiley and
Sons, Inc., New York, USA. 680p.

Gregorich E. G, Greer K. J. Anderson D. W. and Liang B C. 1998. Carbon Distribution and Losses: Erosion and
Deposition Effects,” Soil and Tillage Research, Vol. 47, pp. 291-302.

Hardarson, G. and Atkins, C. 2003. Optimizing biological N2 fixation by legumes in farming systems. Plant and
Soil 252:41-54.

Jobbagy, E.G., Jackson, R.B. 2000. The vertical distribution of soil organic and its relation to climate and
vegetation. Ecology Application. 10, 423-426.

Jungk A, Claassen N. 1997. lon diffusion in the soil-root system. Adv Agron 61:53-110.

Kidanemariam A, Gebrekidan H, Mamo T, Kibret K. 2012. Impact of Altitude and Land Use Type on Some
Physical and Chemical Properties of Acidic Soils in Tsegede Highlands, Northern Ethiopia. Open Journal
of Soil Science, 2: 223-233.

37



Journal of Natural Sciences Research WWWw.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) g
Vol.8, No.21, 2018 “s E

Landon, J.R., 1991. Booker Tropical Soil Manual, A handbook of soil Survey and Agricultural Land evaluation
in the tropics and subtropics. Longman publication. London. pp 500.

Leon, L.A., Le Mare, P.H. 1990. Effects of residues of triple-super-phosphate on the quantity intensity
relationship of fresh phosphate in some soils from Brazil and Colombia. NutrientCycling in Agro
ecosystems, Vol. 24, No. 3:159-166.

Mahler, R.L., Saxena, M.C., Aeschlimann, J. 1988. Soil fertility requirements of pea, lentil, chickpea and faba
bean. In: R.J. Summerfield (ed.): World crops: Cool season food legumes. Proceedings of the International
Food Legumes Research Conference on Pea, Lentil, Faba Bean and Chickpea. Washington, USA, 6-11 July,
1986, 279-289.

Mesfin, A. 1998. Nature and management of Ethiopian soils. Alemaya University of Agriculture, Ethiopia. pp
272.

Mtambanengwe F, Mapfumo P, Kirchmann H. 2004. Decomposition of organic matter in soil as influenced by
texture and pore size distribution. In: Bationo A (eds). Managing nutrient cycles to sustain soil fertility in
sub-Saharan Africa p. 608.

Nanthi S. B. and Mike J. H. 2003. Role of Carbon, Nitrogen, and Sulfur Cycles in Soil Acidification,” In: Z.
Rengel, Ed., Hand Book of Soil Acidity, University of Western Australia Perth, Perth, pp. 42-43.

Ndema Nsombo Eugéne, Etame Jacques, Taffouo Victor Desire and Bilong Paul. 2010. Effects of some physical
and chemical characteristics of soil on productivity and yield of cowpea (Vigna unguiculata L. Walp.) in
coastal region (Cameroon), ISSN 1991-637X Academic Journals, pp. 108-114.

Peoples, M.B., Brockwell, J., Herridge, D.F., Rochester, 1.J., Alves, B.J.R.. 2009. The contributions of nitrogen-
fixing crop legumes to the productivity of agricultural systems. Symbiosis 48 pp. 1-17.

Rachel Bezner, Sieglinde Snapp, Markochirwa, LizziE Shumba and Rodgers Msachi. 2007. Participatory
research on legume diversification with Malawian smallholder farmers for improved human nutrition and
soil fertility, doi: 10.1017/S0014479707005339. pp. 437-453.

Rahman MM, Amano T, Shiraiwa T. 2009. Nitrogen use efficiency and recovery from N fertilizer under
ricebased cropping systems. Aust J Crop Sci 3:336-351.

Reeuwijk, L.P. van. 2002. Procedures fo soil analysis. 6th edition. Technical paper/International Soil Reference
and Information center, Wageningen, The Netherlands

Roukos Ch, Papanikolaou C, Mountousis I, Kandrelis S and Chatzitheodoridis F.2011. Soil property variations
in relation to plant community and altitudinal zone in the rangelands of Epirus, Greece, Journal of
Agricultural Science, 17 (No 6) Agricultural Academy, pp 806-815.

Rowe Ed and Giller Ken, 2002. Legumes for soil fertility in southern Africa: needs, potential and realities, IsaN
970-648-113-3.

Sahlemedhin Sertsu and Taye Bekele. 2000. Procedures for soil and plant analysis. National Soil Research
Center, Ethiopian Agricultural Research Organization. Technical paper No. 74. Addis Ababa, Ethiopia.
Sanchez, P.A., Couto, W., Boul, SSW. 1982. The fertility capability soil classification system: interpretation,

applicability and modification. Geoderma, 27: 83-309.

SAS(Statistical Analysis System) InstituteInc. Cary, NC, USA.(2002-2008)note: SAS(r) proprietarysofiware 9.2
(TS,MO0) licensed to SAS institute inc. site 1.

Schumann W and Glover S. 1999. The Acid Soil Action Pro-gram for Southern NSW,” Proceedings 14th
Annual Con- ference, Queanbeyan, pp. 55-58.

Sevgi O. 2003. Altitudinal Nutrition Growth Relations of Black Pine (Pinus nigra Arnold) at Bayramic Forest
Enterprise (Kaz mountains). Doctorate Thesis at University of Istanbul Science Institute.

Shazia Saeed, Muhammad Younus, Khan Barozai, Alia Ahmad and Syed, H. S. 2014. Impact of Altitude on Soil
Physical and Chemical Properties in Sra Ghurgai. International Journal of Scientific & Engineering
Research, Volume 5, ISSN 2229-5518.

Shimeles, D., Mohammed, A., Abayneh, E. 2006. Characterization and Classification of the Soils of Tenocha-
Wenchancher Micro Catchment, Southwest Shewa. M.Sc thesis, Alemaya University, Ethiopia. pp 111.
Smaling, E. 1993. Soil Nutrient Depletion in Sub-Saharan Africa. In: H. Van Reuler and W. Prins (eds), Then
Role of Plant Nutrients for Sustainable Food Production in Sub-Saharan Africa. Leidschendam, VKP.
Smaling, E.M.A. and Braun, A.R. 1996. Soil fertility research in sub-Saharan Africa: new dimensions, new

challenges, Comm. Soil. Sci., 7,365-386.

Speirs, M. & Olsen, O. 1992. Indigenous Integrated Farming Systems in the Sahel. World Bank Technical Paper
No. 179, Africa Technical Department Series. World Bank, Washington, DC.

Tarwali, S.A., M.Peters, and R. Schultze-Kraft, 1987. Forage legumes for sustainable agricultuire and livestock
production in sub-humid West Africa. ILRI project report, Nairobi, Kenya. 132pp.

Tejera, N.A., Campos, R., Sanjuan, J. and Lluch, C. 2005. Effect of sodium chloride on growth, nutrient
accumulation, and nitrogen fixation of common bean plants in symbiosis with isogenic strains. Journal of
Plant Nutrition 28, 107-1921.

38



Journal of Natural Sciences Research WWWw.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) g
Vol.8, No.21, 2018 “s E

Tekalign Tadese. 1991. Soil, plant, water, fertilizer, animal manure and compost analysis. Working Document
No. 13. International Livestock Research Center for Africa, Addis Ababa.

Tilahun A, Takele B and Endrias G. 2001. Reversing the degradation of arable land in the Ethiopian Highlands,
pp- 1.

Tisdale, S.L., Nelson, W.L., Beaton, J.D., Havlin, J.L.. 1993. Soil fertility and fertilizers. 5th edition. Macmillan
Publishing Co., NY, pp 634.

Van Reeuwijk, L.P., 1992. Procedures for soil analysis, 3rd Ed. International Soil Reference and Information
Center (ISRIC), Wageningen, the Netherlands. 34p.

Versteeg, M.N., Amadji, F., Eteka, A., Gogan, A., and Koudokpon, V. 1998. Farmers adaptability of Mucuna
fallowing and Agroforestry technologies in the coastal savanna of Benin. Agricultural Systems 56 (3), 269-
287.

Wakene, N., Heluf, G. 2001. Assessment of Important Physicochemical Properties of Dystric Udalf (Dystric
Nitisols) under different Management Systems in Boko Area, Western Ethiopia. MSc Thesis, Alemaya
University, Ethiopa. pp 93.

Walkley, A. and I.A. Black, 1934. An examination of the Degtjareff method for determining soil organic matter
and a proposed modification of the chromic acid titration method. Soil Sci. 37: 29-38.

Wilding, L.G. 1985. Soil spatial variability: Its documentation, accommodation and implication to soil surveys.
pp. 166-187. In: D.R. Nielsen and J. Bouma (Eds.). Soil Spatial Variability Proceedings of a Workshop of
the ISSS and the SSA, Las Vegas PUDOC, Wageningen.

World Reference Base (WRB). 2006. World Reference Base for Soil Resources: A framework for International
Classification, Correlation and Communication. Food and Agriculture Organization of the United Nations.
Rome, Italy. pp 145.

Yong, R. N. and Warkentin B.P. 1966. Soil properties and behaviour. Amsterdam etc., Elsevier Scientific
Publishing Comp., 1975. 449 pp. Bibliography: pp.431-439.

39



