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Abstract: Liming improve the properties of acidic soils and commenly increases crop productivity. The experiment to
evaluate the effect of lime, manure and kitchen ash application on yield and yield components of faba bean was conducted at
Yebokla kebele in Gozamin district of Amhara Region in 2017 season. The factorial combination of 0, 1.5 and 3 t/ha lime, 0, 2.5
and 5 t/ha manure and 0, 0.5 and 1 t/ha kitchen ash treatments were replicated three times and laid out in randomized complete
block design. The results show shortened days to maturity was recorded from plot receiving 1.5 t lime, 2.5 t manure and 1 t/ha
kitchen ash. The numbers of effective nodule was significantly higher at 1.5 t.lime and 2.5 t’/ha manure while higher plant height
was recorded from 1.5 t/ha lime and 5 t/ha manure treatments. Number of pods per plant increased by combined application of
2.5 t manure and 1 t/ha kitchen ash while maximum number of seeds per pod observed at 5 t/ha manure. The highest seed yield
(2.59 t/ha) obtained from combined used of 1.5 t lime, 5 t manure and 0.5 t/ha kitchen ash meanwhile maximum straw yield was
recorded from 5 t/ha manure rate. The economic analysis revealed that combined used of 1.5 t lime, 0.5 t kitchen ash and 5 t/ha
manure gave a net profit of 26,533 Birr/ha with acceptable MRR (98%), thus this treatment is found optimum to increase crop
yield on acidic soils of Gozamin district.
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cultivation of faba bean has declined in 2013 to 2015 [5, 6]
which might be due to high intensity of soil acidity and
nutrient depletion. Currently, some farmers in the area grow
acid tolerant crops such as wild oat or engedo (Avena
abyssinica) and lupine or gebeto (Lupinus spp) at the expense
of other important crops including faba bean.

As much as 95% of the cultivated land and 85% of the
population of Ethiopia is found in the Ethiopian highlands. Most
cultivated lands have been degraded due to inappropriate land
use, torrential rainfall pattern and intensive cultivation for long
period of time with low nutrient replenishment features [7, 8].
Rapid population growth in Ethiopia in general and in Ethiopian
highlands in particular has increased the demand of food and
fiber products and as a result it exerts pressure on environmental
resources especially on land. Most soils of Ethiopian highlands

1. Introduction

Faba bean is a highland pulse crop and a source of protein
for low income group of society as it contains about 20 to 30%
protein in weight basis. Besides, faba bean is the main source
of income for highland farmers and contributes a great share
of foreign exchange to Ethiopia [1, 2]. Being a legume crop
that significantly fixes N and increases soil fertility, it is
widely used for intercropping [2, 3]. In crop rotation of faba
bean and wheat, grain yield of wheat increased by 36% as
compared with crop rotation in fields of barley and wheat [4].
Faba bean is the first seed legume in Ethiopia in terms of
source of foreign exchange earnings [1] besides it is the
leading pulse in area coverage and yield in the country,
Amhara Region and in east Gojjam zone. However, the
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have low level of essential plant nutrients and organic matter.

According to the report published in 1988 [9], about 30% of
the Ethiopian highlands’ soils are highly weathered, but now a
days this coverage larger, due to high intensity of acidity. Acid
soils cover nearly 40% of Ethiopia [10] and the problem has
begun to be visible in the west, southern, south-western and
northwestern parts of Ethiopia Acidic soils are rich in iron and
aluminum oxides and upon acidification they easily release
large amounts of aluminum which reaches toxic level for root
growth and limits the availability of most nutrients
particularly phosphorus [11, 12]. Crop grown in acidic soils
has taken up only 9.6% to 13.5% of the applied P fertilizer
[13]. The yield of crops, particularly barley is as low as 0.5 t
ha' due to high intensity of soil acidity [7]. The survey
conducted in northwestern Ethiopian highlands indicates that
16.2% of cultivated lands of Amhara National Regional State
are categorized as strongly acidic, whereas 28.3% of the
cultivated lands are moderately acidic [14]. Neither inorganic
fertilizers nor organic sources alone can result in sustainable
productivity [15]. Maintaining soil fertility and using plant
nutrients in sufficient and balanced amounts is one of the key
requirements to increase crop yield [16].

Adverse soil properties limit the availability of certain plant
nutrients as a result of fixation and low decomposition of
organic matter [17, 18]. Vast areas of tropical lands that were
once fertile have rendered unproductive due to continuous
cultivation and erosion which has caused physical soil
degradation, loss of soil organic matter and a decrease in
cation exchange capacity as well as increased Al and Mn
toxicity and the availability of certain nutrients particularly P
which is decreased in low soil pH [13]. On the other hand, the
activities of most beneficial microorganisms that are involved
in the process of mineralization of N and biological nitrogen
fixation are inhibited under acidic conditions [19].

Ethiopian highland’s soils are highly acidic and depleted of
nutrients and as a result productivity of the crop has decreased
[10]. Faba bean is sensitive to acidic soil which requires a pH
of 6-8 soil and the crop can grow in lower acidic saturation
soil [at permissible acid saturation of 5%, 20]. Low
productivity of faba bean in Ethiopian highlands is due to
several abiotic factors but the intensity of soil acidity and
fertility depletion have the leading role [21]. Soil acidity is one
of the major soil chemical constraints which limit agricultural
productivity in the mid and highlands of Ethiopia.

Liming of acidic soil increases the pH of soil and as a result
precipitates exchangeable aluminum (decrease Al toxicity) and
increases the concentration of essential nutrients [22, 23].
Liming creates suitable soil environmental condition for
leguminous crops as compared to cereal in terms of associated
microorganisms. Liming acid soils increases the activity of
nitrogen fixers, which is evidenced by significantly higher
number of nodules after liming. This might have increased
nitrogen fixation by groundnut and hence increased yield [24].
Although, lime application significantly improves the
productivity of acidic soils it requires a huge amount of liming
materials and the cost is unaffordable to poor farmers. Wood
ash is used to raise pH in soils due to its chemical composition

and content of many plant nutrients often limiting plant growth
[25, 26]. On the other hand, manure application on acid soils
also increases soil pH but decreases the solubility of Al [27, 28].
Improving crop production through applying high cost
inputs (fertilizers and lime) is unsustainable management but
integrating them with locally available low cost inputs such as
manure, biofertilizer and ash has synergistic effect on
sustainable production [29]. Thus, integrated use of lime with
locally available materials such as manure and wood ash has
great opportunity to improve the crop production for resource
poor farmers. However, there is little information about the
integrated effects of lime, manure and wood ash on yield
response of faba bean in Ethiopian highlands in general and in
the study area in particular. Therefore, this study was designed
to address the following objectives.
i. To investigate the effects of lime, kitchen ash and
manureapplication on growth and yield of faba bean
ii. To determine the optimum application rates of the
inputfor faba bean production

2. Materials and Methods
2.1. Description of the Study Area

The experiment was conducted on a farmer’s field at
Kezkez gote of Yebokla kebele, Gozamin district of Amhara
National Regional State (ANRS). The site is located at about
45 km northeast of Debre Markos town (Figure 1), The site
lies geographically at 10°25°57.03”N and 37°53°37.28” E
with an altitude of 2553 masl. The experiment was carried out
under rain fed conditions of 2017 main season. The study area
receives about 1,344 mm annual rainfall and has mean annual
temperature of 16.4°C. Its rainfall characterized by uni-modal
pattern which starts in the middle of June and extends to the
middle of October, meanwhile peak rainfall received from mid
of July to end of August. The experimental site is categorized
under moist cool (M4) agro-ecology [30]. The distribution of
soil types in ANRS is Luvisols, Cambisols, Leptosols, Nitisols,
Vertisols, Acrisols and Regosols, respectively [31], and these
soils are dominantly acidic in nature. This experiment was
conducted on Nitisol soil. Engedo or wild oat (4vena sativa),
wheat, barley, barley and tef, respectively are the major crops
grown in the study area.
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Figure 1. Schematic map of the experimental area.
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2.2. Experimental Materials

The test crop was faba bean, variety Walki (EH96049-2)
which was released in 2008 by Holleta Agricultural Research
Center (HARC/EIAR). Liming material was Dejen calcite
lime with moisture content of 1.1%, purity of 91%, fineness
factor of 52% and relative neutralizing value of 47% [32].
Kitchen ash was collected from local dwellers and sieved
through 2 mm sieve size. The calcium carbonate equivalent
(CCE) of wood ash ranged between 13.2 and 92.4% (on
average 55%) [33]. Farmyard manure was collected from
ranches and decomposed for one and half month under shade
to minimize the volatilization of nitrogen.

2.3. The Physicochemical Properties of the Experimental
Soil and Farmyard

Ten soil samples were collected randomly in two-way
diagonal fashion at root depth (0-15cm) before crop planting
and combined into two composite samples. Together with two
farmyard manure samples they were transported to Bahir Dar
and Debre Markos Soil Testing Libratory for the determination
of selected physicochemical properties. The soil samples were
air dried, ground and sieved at 2 mm size for the analysis of pH,
available P where as, for the determination of total nitrogen and
organic carbon the soil was passed through a 0.5 mm pore size
sieve. Soil pH was determined in solution of 1M KCl and water
with a ratio of 1.2.5 soil solution. Texture was measured by a
hydrometer method [34]. Soil organic carbon was estimated
through wet digestion method [35] whiles Kjeldhal procedure
was used for total nitrogen [36]. Available phosphorous was
extracted by Olsen method [37] and the phosphorous
concentration of the solution measured by a spectrophotometer
[38]. Exchangeable bases (Ca, Mg, K and Na) were extracted
with 1 M NH;OAc at pH 7 solution and Ca and Mg were
determined by atomic absorption spectrophotometer while
exchangeable K and Na were measured using flame photometer
[39]. Exchangeable acidity was estimated by saturating the soil
samples with 1M KCI solution but titrated with 0.02 M NaOH
[40] while its exchangeable Al was determined from the same
solution of 1M KCI application of 1 M NaF which forms a
complex with Al and releases NaOH, which was back titrated
with standard solution of 0.02 M HCI. Exchangeable H was
determined by computing a difference of exchangeable acidity
to exchangeable Al.

The experimental soil was clay in texture and strongly
acidic (5.1 pH) in reaction. However, faba bean prefers soil
within pH ranges between slightly acidic and slightly acidic
[41]. Its exchangeable acidity and Al were 1.81 and 1.62
Meq/100g soil, respectively. Exchangeable Al becomes
significant at pH levels less than 5.5 in water or about 4.7 in
CaCl solution [42]. A content of exchangeable A" ions above
2 cmol/kg will negatively affect growth for many crops [43].
The soil has 0.11% total N and 1.35% organic carbon and it
was categorized under low rate, besides the soil has very low
level (0.6 ppm) available phosphorus [44]. In acidic soils
phosphates tend to form stable insoluble complexes with the
dissolved Al ions making the P unavailable for plants [13, 45].

On the other hand, it has low exchangeable cation K, Mg, Ca,
Na 0f 0.28, 0.97, 3 and 0.01meq/100 g soil, respectively.

The moisture content of farmyard manure was determined by
oven-drying the samples at 105°C for 24 hours. The
pre-determined rate of manure was adjusted using moisture
correction factor [46]. The total nitrogen and available
phosphorous contents of farmyard manure were estimated as per
[36] and [37] methods, respectively. Its exchangeable Ca and Mg
were extracted using | M NH4OAc solution and measured by
atomic absorption spectrophotometer. The moisture content of
the farmyard manure was 0.33 and it was slightly alkaline in
reaction (7.76 pH). The manure contained 1.82% total N, 1.6%
organic carbon and 12 ppm available P while exchangeable Ca
and Mg were 21 and 34 cmoerg'1 soil, respectively.

2.4. Experimental Design and Procedures

The experimental field was tilled three times by oxen-drawn
local plough (Maresha) then followed by manual bed
preparation to obtain a fine seed bed. A gross plot size was 2 m
x 1.5 m (3 m%). The space between adjacent plots and blocks
were kept at 0.5 m and 1 m apart, respectively. The
pre-determined rates of lime and kitchen ash during the
experiment set up were uniformly spread thoroughly mixed into
the soil through plowing one month before crop sowing.
However, the predetermined rate of farmyard manure was
broadcasted uniformly on plots 15 days before crop sowing.
The factorial combinations of three levels of lime (0, 1.5 and 3
tha™), kitchen ash (0, 0.5 and 1 tha™) and manure (0, 2.5 and 5 t
ha) treatments were replicated three times and laid out in
randomized complete block design. The net plot was
determined by excluding the outermost row from both sides of a
plot and 0.25 m row length at both ends as border and therefore,
the net size was 1.6 m™. Faba bean was planted in row with
inter-row space of 40 cm on July 7, 2017 at seeding rate of 175
kg ha'. The recommended N rate (18 kg ha™) as of urea 60% of
the rate (10.8 kgNha™) was applied as starter dose while the rest
7.2 kg N ha™' was applied at tillering stage. Phosphorus fertilizer
at 46 kg P,Os ha™" was applied as triple superphosphate (TSP) at
sowing. All cultural practices that adopted for faba bean
production were properly implemented during the experimental
season. Crop data were collected from the net plot area.

2.5. Data Collection

The crop phenological stages (days to germinate, heading
and maturity) were recorded when the crop reaches the
respective stage.

a, Days to 50% emergence was determined by counting the
number of days required to 50% of the plants to emerge.

b, Days to 50% flowering refers to the days required by the
plants to attain 50% flowering, identified by visual observation.

¢, Days to 50% pod setting is the number of days required
50%plants attain pod setting identified by visual observation

d, Days to 90% maturity is the number of days from sowing
up to plant maturity through visual observation of senescence
of the leaves as well as easily at least three pods could be
quenched when pressed between the forefinger and thumb and
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when most of the pod color turns to black.

Crop growth parameters (number of effective nodules, crop
height and panicle length) were measured from ten randomly
selected plants from the middle rows of net plot area on proper
time. The data were collected through destructive testing, so
all data are of independent samples making measurements on
all individuals in the population infeasible.

a, Number of nodule per plant: Bulks of the root mass
carefully uprooted from randomly selected ten plants in the
net plot area were collected for nodulation study at 50%
flowering. It was assessed from the randomly selected five
plants per plot at 50% flowering. The plants uprooted gently
and washed by water. Nodules remaining in the soil were
picked by hand. Nodules were removed from the plant roots
and separately spread on a sieve until the water drain and then
these nodules were dissected for determination of their color.

b, Effectiveness of the nodules was assessed based on their
color. Nodules with pinkish, brown and reddish color due to leg
hemoglobin presence were considered as an effective nodule
while nodules with green, yellow and white color classified as
ineffective in N fixation. The scores for nodule coloration were
made in 1-3 scale, 1 scored for white, yellow and green nodules,
ineffective in N fixation, 2 scored for pink and slightly red
nodules it is moderately effective in N fixation, 3 scored for red
and dark red nodules which is effective in N fixation.

¢, Nodulation rating was done by carefully uprooting ten
plants with intact nodules and examined for nodulation in the
taproot, in the secondary roots butclose to taproot, scattered all
over the roots and plants showing no root nodulation. The
rating of the plants for nodulation was done in scale of 1-10.
The number of plants, which have developed nodules on
taproot, close to taproot, scattered over the entire roots and
plants with no nodules on their root are identified and
subjected to the following formula for nodulation rating [47].

d, Plant height of randomly selected ten plants from net plot
area at 90% maturity of the crop and measured from the soil
surface up to the tip of the stem.

e, Number of leaves per plant stands for an average total
number of leaves per plant from randomly selected ten plants
on net plot area at 50% physiological maturity.

f, Effective number of tillers was obtained bycounting the
number of fertile tillers that arising from main stem at 90%
physiological maturity stage. It was recorded from the
randomly selected 10 plants on net plot area.

Yield and yield components parameters (pod number per
node and plant, pod length, hundred seeds weight, seed, straw
and biomass yield and harvest index) were measured
according to the standard procedure

a, Pod number per plant was obtained by counting the total
number of pods per plant from randomly selected ten plants on
net plot area.

b, Pod length is an average value of randomly selected ten
plants on net plot area.

¢, Pod number per node is the number of pod per node from
ten randomly selected plants

d, Hundred-seeds weightis the mean weight of randomly
collected hundred seeds

e, Seed yield is the seed yield was weighted from the net
plot area’s thrashed crop through adjusted moisture content of
14%, finally converted into kilograms per hectare

f, Biomass yield is obtained after the whole above ground
parts of plant on the net plot area had been harvested at crop
maturity it was weighted after during in the sun for three days
and converted into kilograms per hectare

g, Straw yield was calculated as a difference of biomass
yield and seed yield and converted into kilograms per hectare

h, Harvest index was calculated as ratio of seed yield to
biomass

2.6. Economic Analysis

Economic analysis was done using the CIMMYT partial
budget methodology [48]. The dominance analysis procedure,
which was used to select potentially profitable treatments,
comprised ranking of treatments in an ascending order of total
variable cost from the lowest to the highest cost to eliminate
treatments costing more but producing a lower net benefit than
the next lowest costing treatment.

The production cost was computed by using the average
price of inputs during application season while the average
price of faba bean seed was computed based on its price on
harvesting season. The variable cost also included the packing
material, transportation, labor cost involved in harvesting,
threshing and winnowing of the produce as this varied
according to the yield obtained from a particular treatment. The
cost of each kg faba bean seed at local market (Yebokla town)
during harvesting season was 16.5 birr kg while during the
application season the price of lime was 2.50 birr kg™'. However,
the costs of manure and kitchen ash were estimated in terms of
its N content (urea fertilizer) and lime neutralizing value, which
were 0.70 and 1.50 birr kg™, respectively. The cost of labor for
harvesting and trashing, was 1.50 Birr kg while cost of 0.20
Birr kg™ for packaging and transporting. Then by following the
CIMMYT partial budget analysis method, the total viable cost,
gross field benefit, net benefit and marginal rate of return were
calculated. Any treatment with net benefits less than or equal to
those of a treatment with lower cost is considered to be
dominant. The treatments were arranged in an increasing order
of total viable cost to exclude dominantor inferior treatments
from analysis of marginal rate of return (MRR) in order to
recommend economically profitable treatments [48].

2.7. Data Analysis

The collected data were subjected to analysis of variance by
following the procedure as in [49] and then analyzed using
SAS software version 9.1 [50]. Wherever, the treatment
showed a significant effect, Least Significant Difference (LSD)
was used for means separation.

3. Results and Discussions
3.1. Phenological Stages of the Crop

3.1.1. Days to 50% Emergence
The analysis of variance revealed that days to 50%
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emergence was not affected by main or interaction effects of
lime, wood ash and manure (p > 0.05). Indeed, seed
emergence is largely dependent on the utilization of reserve
material and metabolites in the mother tuber [51] and not so
much on external factors.

3.1.2. Days to 50% Flowering

Days to 50% flowering was highly significantly (p <0.01)
affected by main effects of lime and significantly (p < 0.05)
affected by manure application but non-significantly
influenced by main effect of kitchen ash and all interaction
effects (two way and three way interaction effects) of lime,
manure and kitchen ash. Days to flowering decreased with
increasing rates of lime and manure, zero liming and manuring
plots required the longest time to flowering meanwhile,
maximum rates resulted in the earliest flowering (Table 1).
Lime application on acidic soils reduces toxic Al
concentration and increases the availability of P, Ca, N and

therefore enhances plant growth and flowering [12, 52, 53, 54].

Similarly, application of manure increases pH of an acid soil
and decreases the solubility of Al, thus it hastens the growth of
plants [27].

Table 1. Days to flowering of faba bean as influenced by main effects of lime
and manure.

Table 3. Days to pod setting affected by additions of lime and kitchen ash.

A Kitchen ash (t/ha)
Lime (t/ha)
0 0.5 1
0 78.94 778 77.4"
1.5 76.9" 76.3" 76.2"
3 76.6" 77.38 77.6"
L CR (0.05) 1.27

3.1.4. Days to 90% Maturity

Days to 90% maturity was highly significantly (p < 0.01)
affected by main effects of lime and manure while
significantly (p < 0.05) influenced by kitchen ash but
insignificantly (p >0.05) to all interaction effects of lime,
manure and kitchen ash. The crop was matured earlier due to
the application of lime, manure and kitchen ash at 1.5, 2.5 and
1 t/ha rate, respectively (Table 4).

Table 4. Days of maturity influenced by main effects of lime, manure and
kitchen ash.

. Days of Manure Kitchen
Lime (t/ha) ma)tlurity OM) (thay °M ashtha O
0 152.9°¢ 0 151.08 0 151.4°
1.5 148.8* 2.5 149.9% 0.5 151.2°
3 150.8° 5 151.74 1 150°

LCR (0.05) 11

Lime (t/ha)  Days to flowering Manure (t/ha) Days to flowering
0 48.1° 0 4734
15 46.2° 2.5 46.5"
3 46.0° 5 46.6

LCR (0.05)  0.68

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.1.3. Days to 50% Pod Setting

Days to 50% pod setting was highly significantly (p <0.01)
affected by main effect of lime while significantly (p < 0.05)
influenced by main effect of manure and interaction of lime
and kitchen ash. Early pod setting observed on limed plots
than un-limed plots, thus liming hastened plant growth.
However, the number of days to pod setting was shortened at
low application rates of manure (Table 2). However,
application of excess N has resulted to prolonging the growth
period of crop, because high application rate of manure
supplied more N manure can contain up to 50 — 80% of the N
and P originally in the feed [55].

Table 2. Days to pod setting affected by main effects of lime and manure.

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.2. Growth of the Crop

3.2.1. Number of Nodules Per Plant

Number of nodules on each plant was highly significantly
(p < 0.01) affected by main effects of lime and manure only.
Maximum nodules were recorded at 1.5 and 2.5 t/ha lime and
manure application, respectively while minimum nodules
were observed on lower lime and maximum manure
applications (Table 5). Similarly, number of nodules per plant
on groundnut was significantly affected by lime rates levels
andmaximum nodule number was recorded at 3.7 t/ha limes
application [24].

Table 5. Number of nodules affected by main effects of lime and manure.

Lime (t/ha) No. nodules Manure No. nodules
per plant (t/ha) /plant

0 24.9° 0 29,31

L5 34.8° 25 32.62

3 23.4° 5 211

LCR (0.05) 6

Lime (t/ha)  Days to pod setting Manure (t/ha) Days to pod setting
0 77.8° 0 76.9*
1.5 76.5° 2.5 76.7*
3 77.2% 5 77.8°

LCR (0.05) 0.73

Means marked with the same letter within a column don’t differ statistically at
p=0.05

On the other hand, long days to pod setting was recorded in
plots not receiving lime andkitchen ash, while lime and/or
kitchen ash application shortened the days to pod setting due
to their liming effects to acidic soils (Table 3).

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.2.2. Effectiveness of Nodules

Nodules of white, yellow and green colors are considered
ineffective in N fixation, while pink and slightly red colored
nodules are moderately effective but red, brown and dark red
nodules are effective in N fixation. The number of ineffective
nodules was significantly (p < 0.05) affected by main effect of
manure only but insignificantly by the other effects. However,
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the number of slightly effective and effective nodules were
highly significantly (p < 0.01) affected by main effects of lime
and manure while insignificantly (p > 0.05) influenced by the
remaining effects. Minimum nodule number was observed at
maximum rate of manure (5t/ha) while maximum number of
nodules was recorded at low rate of manure (Table 6).

Table 6. The effect of manure on the number of nodules differing in
effectiveness for N fixation.

Table 8. The effects of lime and manure application on plant height.

Lime (t/ha) Plant height Manure (t/ha) Plant height
0 105.1° 0 105.9€
1.5 115.4° 2.5 111.58
3 117° 5 119.94

LCR (0.05) 4.2

Manure (t/ha) :_,:;;ftfieocl:we N f;;gilttilje Effective
0 10.4° 29.74 63.3"

2.5 12.6" 31.74 67.5°

5 8.7° 19.6° 41.9°
LCR (0.05) 3.1 7.0 14.9

Means marked with the same letter within a column don’t differ statistically at
p=0.05

On the other hand, 1.5 t/ha lime highly increased the
effectiveness of nodules but their effectiveness was declined
with excess application rate (Table 7).

Table 7. The effect of lime on effective nodule number for N fixation.

Lime (t/ha) Slightly effective Effective
0 25.68 54.1°
1.5 35.5% 76.2°
3 208 42.7°
LCR (0.05) 7 14.9

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.2.5. Number of Leaves Per Plant

The number of leaves was significantly (p < 0.05) affected
by main effect of manure and combined application of manure
and kitchen ash but insignificantly (p > 0.05) influenced by
other treatments. Number of leaves linearly increased with
application rate of manure. Maximum numbers of leaves on
each plant was recorded with application of 5 t ha” manure.
Similarly, number of tef leaves per plant was significantly
affected by nitrogen application [56]. On the other hand,
maximum number of leaves on each plant (24 leaves) was
recorded by combined application of maximum doses of
manure (5t ha') and kitchen ash (1t ha™). It increased the leaf
number by 21% over zero level of combined manure and
kitchen ash treatment (Table 9).

Table 9. Number of leaves in faba beans receiving both manure and kitchen
ash.

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.2.3. Nodulation Rating

Nodulation rating was not significantly affected by any of
the treatments. Nodulation rating is determined by crop type
and climate condition.

3.2.4. Plant Height

Plant height was highly significantly (p < 0.01) affected by
main effects of lime and manure while insignificantlyaffected
by the other effects. This result is consistent with the study
conducted in Kenya where it was indicated that rate of wood

ash has no significant differences in plant height response [26].

However, with contrast to this finding, application of wood
ash has significantly increased plant height of wheat but
manure application has had an insignificant effect [25]. All
lime treated plots responded with the longest height while zero
liming maintained the shortest plant height (Table 8). Thus,
liming has favored the growth of plant height. Analogous to
this finding, lime application on acidic soils has significantly
(p £0.001) increased the plant height, fresh shoot biomass and
dry root biomass of wheat [25]. On the other hand, plant
height linearly increased with rate of manure, thus the longest
height was obtained by the application of maximum rate of
manure while shortest height observed at zero application.
Plant height increased by 10 and 13% over the control
treatment through 1.5 t ha' lime and 5 t ha' manure
applications (Table 8).

Kitchen ash (t/ha)

Manure (t/ha)

0 0.5 1
0 19.9¢ 21.3% 19.4
25 20.8%4 19¢ 20.8%4
5 22.2% 22.2% 24°
L CR (0.05]) 1.9

Means marked with the same letter don’t differ statistically at p = 0.05
3.3. Yield and Yield Component Parameters

3.3.1. Number of Pods Per Plant

Number of pods per plant was highly significantly affected
(p < 0.01) by interaction effect of lime, manure and kitchen
ash -but it was significantly affected (p < 0.05) by main effect
of manure and interaction effect of manure and kitchen ash.
The maximum number of pods (11) was recorded in plots
receiving 2.5 t/ha manure while minimum pods on each plant
(9) was observed at zero level manure. Similarly, number of
pods per plant was higher where the recommended dose of
mineral fertilizer was added, than in limed plots [26]. Liming
has also had a significant influence on pod yield of groundnut
[24]. Maximum pod number on each plant was recorded in
plots receiving 2.5. t ha” manure and 0.5 t ha” kitchen ash
while minimum pod number was recorded through application
of 2.5 t/ha manure with no kitchen ash. On the other hand, the
highest number of pods (14.7) was observed on non-limed, 2.5
tha manure and 1 t ha kitchen ash receiving plots but lowest
number of pods (6.3) was recorded when no kitchen ash, 3 t
lime and 5 t ha' manure applied together. However, plots
receiving only 1.5 t ha™' lime or combined with 0.5 t ha™
kitchen ash (Table 10).
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Table 10. Number of pod per plant by interaction effect of lime, manure and
kitchen ash.

Table 11. Effect of manure on number of seeds per pod.

Manure (t/ha) Number seeds per pod
. Manure Kitchen ash (t/ha) 0 2.8
Lime (Uha) 0 7o 0.5 1 25 2.7
0 6.7% 10.2°%% 9.8 5 3
0 2.5 7.7%% il 2= 14.7° Least Critical Range (0.05) 0.2
5 12.3abc 12.2abc 8.2cde
0 9. 9. 9,50 3.3.5. Hundred Seed Weight
abede ab bede . . . .
L5 2.5 10,3 13.3 10 Hundred seed weight was highly significantl < 0.01
5 11 33abcd 7 67cde 8 7bcde g g y g y p
; 1. gibc g gcde 7 3de affected by main effects of lime, manure and kitchen ash and
3 )5 g ghede 13.3% 10,5 significantly (p < Q.OS) influenced by inte.raction of 1irpe and
5 6.3¢ 10.820cde gbede manure. Applications of manure and kitchen ash linearly
L CR (0.05) 47 increased the weight of faba bean seeds while excess

Means marked with the same letter don’t differ statistically at p = 0.05

3.3.2. Pod Length

The pod length of the crop was significantly affected (p <
0.05) by main effect of manure but insignificantly (p.> 0.05)
influenced by the other treatments. Application of 2.5 t/ha
manure gave the longest pods while the shortest podswere
recorded at zero level manure. Pod length was increased in

quadratic fashion through the application of manure (Figure 2).

The positive effects of manure application on faba bean
growth and yield attributes is due to additional supply of plant
nutrients as well as improvement in physical, chemical and
biological properties of soil [57].
7 7y =04026l0(x)+ 6.4596 6.0

6.9 - R*=0.7145
6.8
6.7 | LCR at 5%=0.43
66 -
65 -
6.4
6.3
6.2
6.1 T

.82

Pod length (cm)

Manure (t/ha)

Figure 2. Effect of manure application on pod length of faba bean.

3.3.3. Number of Pods Per Nod

Number of pods per nod was in-significantly (p > 0.05)
affected by all effects of the experiment. Maximum pods per
nod (3) occurred in plots un-limed but received 0.5 t ha’
kitchen ash and 5 t ha'! manure, The number of pods of faba
bean has been significantly affected by different rates of
NPK-fertilizer.[58].

3.3.4. Number of Seeds Per Pod

The number seeds in each pod was significantly (p < 0.05)
affected by manure application but the effect by the other
treatments wasinsignificant at p > 0.05. The highest number of
seed per pod (3) was recorded at maximum application rate of
manure (5 t/ha) while the lowest seed number (2.7) was
observed at 2.5 t/ha manure application (Table 11). In contrary
with this, seed number per pod of the soybean has been
significantly affected by interaction of lime, Bradyrhizobia
and nitrogen fertilizer [59].

application of 1.5 t/ha lime resulted in declined weight of
seeds. The percentage of large seeds and 100-seeds weight of
groundnut has not generally been affected by P sources or
liming [60]. On the other hand, maximum 100-seeds weight
(66.7 g) was obtained with combined application of 1.5 t lime
and 5 t/ha manure, increasing the weight of the seeds by 22%
over the control treatment (Table 12).

Table 12. Hundred seeds weight (g) as affected by application of lime and

manure.

. Manure (t/ha)
Lime (t/ha) 0 25 5
0 44 8° 50.8%¢ 547>
1.5 50.3¢ 59.9° 66.7°
3 53,9 56.7 57.8°
L CR (0.05) 55

Means marked with the same letter within a column don’t differ statistically at
p=0.05

3.3.6. Seed Yield

Seed yield was highly significantly (p < 0.01) affected by
main effect of manure while significantly (p <0.05) influenced
by the main effects of lime and kitchen ash and interaction of
lime, manure and kitchen ash. The highest seed yields were
recorded in plots receiving individual applications of 5 t ha™!
manure, 1.5t ha lime and 0.5 t ha' kitchen ash. Lime and
manure applications showed equivalent response (Table 13).
Groundnut yield has also been significantly increased by
liming due to the availability of calcium [61]. Seed yield of
soybean has been significantly affected by the interaction of
lime, N and Bradyrhizobia inoculation [59].

Table 13. Effects of manure, lime and kitchen ash on seed yield of faba bean.

Manure Seed yield Lime Seedyield Kitchen Seed yield
(t/ha) (kg/ha) (t/ha)  (kg/ha) ash (t/ha) (kg/ha)

0 1723 0 1620° 0 1728°

25 1831° 1.5 20314 0.5 1921*

5 2091* 3 19944 1 1995*
LCR (0.05) 183.7

Means marked with the same letter within a column don’t differ statistically at
p=0.05

The highest seed yield (2.59 t ha') was obtained at
combined 1.5 t lime, 5 t manure and 0.5 t ha™ kitchen ash
while the lowest yield of 1.34 t ha” was recorded on control
treatment. There were sorts of statistical parity among
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combined 3 t lime, 2.5 t manure and 1 t ha kitchen ash
treatment, 3 t lime, zero level manure and 1 t ha! kitchen ash
and combined zero level lime, 5 t ha manure and 1 t ha™
kitchen ash treatment (Table 14). The ultimate goal of this
study is to improve faba bean seed yield, hence therefore
integrated use of 1.5 t lime, 5 t manure and 0.5 t ha™ kitchen
ash gave 1.25 t ha™ more seed yield over the control treatment.

Table 14. Effect of combined use of manure, lime and kitchen ash on seed
yield.

3.3.9. Harvest Index

Harvest index was highly significantly (p < 0.01) affected
by manure application. The highest harvest index was
recorded at zero level manure while the lowest index was
observed on higher application rate of manure (Table 17).

Table 17. Application of manure on harvest index of the crop.

Manure rate (t/ha) Harvest index (%)

Lime Manur _ Kitchen ash (t/ha)
(t/ha) e(t/ha) 0 0.5 1
0 13438 1435 1481%
0 2.5 1528 1620t 17130t
5 1 759bcdet'g 1 7 1 3bcdefg 1 99 1 abedefg
0 1 53 1abcdef 1 759bcdefg 2 1 30abcde
1.5 2.5 1736t 199 @bedefe 20832bcdel
5 19447bedefe 2593¢ 2315%
0 1 694cdet'g 1 944abcdefg 1 99 1 abedefg
3 25 1 736hcdefg 2083abcdef 1 99 1 abedefg
5 2083 ¢cdef 2153%d 2268
L CR (0.05) 4.67

Means marked with the same letter don’t differ statistically at p = 0.05

3.3.7. Straw Yield

Straw yield was highly significantly affected (p < 0.01) by
main effect of manure only. The highest straw yield was
obtained at maximum rate of manure (5t/ha)] while the lowest
straw yield recorded in no manure received plots (Table 15).

Table 15. Effect of manure on straw yield.

Manure (t/ha]) Straw yield (kg ha™)
0 1111.1¢

25 1415.6°

5 1607°

Least Critical Range (0.05) 147

3.3.8. Biomass Yield

Biomass yield of the crop was highly significantly (p <0.01)
affected by application of manure while biomass yield was
significantly (p < 0.05) influenced by lime application. The
highest biomass yield was obtained in plots receiving 1.5 t ha™!
lime and 5 t ha”' manure meanwhile thelowest at zero levels of
manure and lime (Table 16). Similarly, the dry shoot biomass
yield of wheat has been significantly increased by application
of 3.5 t ha! lime and manure P of 130kg ha'. Application of
manure to acid soils increases in soil pH and decreases Al
solubility and ameliorates Al toxicity, thus increases plant
growth in acid soils [27, 62].

Table 16. Main effects of manure and lime application on biomass yield.

Lime (t/ha)  Biomass yield (kg/ha) ng;ﬂe ?l:;);lrll:)ss yield
0 3084 0 2873C
15 3413° 2.5 3043P
3 3326° 5 3700

LCR (0.05) 238

Means marked with the same letter within a column don’t differ statistically at
p=0.05

0 61.1°
25 56.5°
5 56.5°

Least Critical Range (0.05) 0.22

3.4. Economic Analysis

The economic analysis results showed that the maximum
net benefit of 26,533 birr ha with acceptable marginal rate of
return (MRR) of 98% was obtained on combined 1.5 t lime,
0.5 t kitchen ash and 5 t ha™ manure treatments (Table 18). It
was followed by combined 1 t/ha kitchen ash and 5 t/ha
manure treatment which gave a net benefit of 21,516 birr ha™
with MRR of 85%. The return of most treatments increased as
crop yield raised due to minimum increment in cost of
production when compared with the obtained net returns with
an acceptable MRR An increase in output will always raise
profit as long as the marginal rate of return is higher than the
minimum rate of return 100% [48].

Table 18. Economic analysis of faba bean.

Tret GFBgrain  Input cost TVCBr NB MRR
L*WA*M (Br/ha) (Birr) /ha (Br/ha)

0*0*0 19938 0 2054 17883 D
0*0.5*0 21313 750 2946 18367 54.2
0*1*0 22000 1500 3767 18234D

0*0*2.5 22688 1750 4088 18600 20.4
0*0.5*%2.5 24063 2500 4979 19084 54.2
0*1%*2.5 25438 3250 5871 19567 54.2
0*0*5 26126 3500 6192 19934 114
1.5*0*0 25713 3750 6399 19314D

0*0.5*5 25438 4250 6871 18567 D
1.5%0.5*0 26126 4500 7192 18933D

0*1%*5 29562 5000 8046 21516 85.3
1.5%0*2.5 25781 5500 8156 176245D
1.5*1*0 31625 5250 8508 23116 346
1.5*%0.5%2.5 29562 6250 9296 20266D

3*0*0 25162 7500 10092  15069D
1.5%1*2.5 30937 7000 10187 20750 D
1.5*%0*5 28874 7250 10225  18649D

3%0.5%0 28874 8250 11225 17649 D
1.5*1*5 34375 7750 11292 23083 D
3*0*2.5 25781 8750 11406  14375D
1.5%0.5*5 38500 8000 11967 26533 98.8
3*1*0 29562 9000 12046 17516D
3%0.5%2.5 30937 10000 13187  17750D

3*¥1%2.5 29562 10750 13796 15766 D

3*0*S 30937 11000 14187 16750 D
3%0.5%5 31969 11750 15044 16925 D

3*¥1*5 33687 12500 15971  17716D

3.5. Correlation Analysis

Days to flowering was positively and significantly
associated with days to pod setting (r=0.45) and maturity
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(r=0.3) but positively and significantly associated to plant
height (r=-0.36), 100 seeds weight (r=-0.29), seed (r=-0.27),
straw (r=-0.29), and biomass (r=-0.32) yields. Plant height
was positively and significantly correlated to seed (r=-0.25),
straw (r=0.37) and biomass (r=0.39) yield. This result agreed
with the finding of an earlier report [63] where plant height
correlated positively with seed, straw and biomass yield.

However, number of nodules per plant was negatively and
significantly correlated to straw (r=-0.23) and biomass
(r=-0.23) yield. Seed yield was positively and significantly
associated to hundred seeds weight (r=0.33), straw (1=0.27),
biomass (r=0.85) and harvest index (r=0.53) (Table 19).
Similarly, seed yield of groundnut has associated positively
and significantly with the harvest index of the crop [64].

Table 19. Correlation coefficients of the crop parameters.

DE DF DPS DM PH NNPP NENN SENN ENN NPPP PL NPPN NLPP NSPP HSW GY SY BY
DF -0.05

DPS  -0.07 045"

DM -0.06 0.30* 027"

PH -0.06 -0.36" -0.02 -0.28"

NNPP -0.09 -0.03 -024" -023" -0.13

NENN -0.01 0.01 -0.05 -0.15 -0.02 0.74"

SENN -0.09 -0.03 -0.32" -0.18 -0.16 0.89™ 041~

ENN -0.16 -0.04 -0.12 -026 0.12 0.64" 02 0.59"

NPPP 0.16 -0.05 -022° -023" 0.03 002 -00 059 -0.05

PL 002 -02 -0.02 -0.14 0.2 -0.01 0.06 -0.04 -0.06 039"

NPPN 0.05 -0.05 -02 -0.17 -0.01 0.12 005 016 0.05 062" 0.16

NLPP -026" -022 000 -0.03 033 -0.14 -024" -0.09 0.09 -0.03 0.18 -0.06

NSPP  -0.11 -0.19 0.02 -0.05 0.19 -0.19 -024" -0.12 -0.04 -0.08 024" -0.08 031"

HSW  -0.08 -0.29" -0.08 -0.36 0.54™ -0.11 -0.15 -0.09 0.09 0.01 0.04 0.08 0.38™ 0.11

GY -0.27" -027° 006 -0.04 025 -0.15 0.02 -0.19 -0.18 -0.05 0.1 -0.03 021 021 035"

SY -0.24" -029" -0.02 006 037" -0.23" -0.15 -0.17 -0.24" 0.05 0.17 0.19 0.19 011 026" 027"

BY -0.32™ -0.35™ 029  0.01 039" -023" -0.07 -024" -0.26 -0.01 0.17 0.08 025 021 038" 083" 0.75"

HI -0.00 009 000 -05 -0.18 0.09 0.5 002 009 -01 -0.06 -0.19 -0.03 008 0.00 053" -0.68" -0.0

DE= Days to Emergence, DF= Days to Flowering, DPS= Days to Pod Setting, DM= Days to Maturity, PH= Plant Height, NNPP= Number of Nodules Per Plant,
NENN= Non-Effective Nodule Number, SENN= Slightly Effective Nodule Number, ENN= Effective Nodule Number, NPPP= Number of Pods Per Plant, PL=
Pod Length, NPPN= Number of Pods Per Nod, NLPP= Number of Leaves Per Plant, NSPP= Number of Seeds Per Pod, HSW= Hundred Seeds Weight, GY=

Seed Yield, SY= Straw Yield, BY= Biomass Yield, HI= Harvest Index, ** = Significant at p< 0.01 and * = Significant at p< 0.05.

4. Conclusion and Recommendation

Most cultivated lands of Amhara National Regional State
are characterized by high acidity and nutrient depletion.
Ameliorating these soils can increase the productivity of crop.
Most farmers in the study area are small-scale and resource
poor, therefore integrating use local available liming materials
such as manure and kitchen ash with lime has great advantages
and is highly applicable in the area. However, meager
information is available about its effects based on the
empirical studies to adopt the practice in the study area.

Lime and manure application significantly hastened
flowering, pod setting and maturity of faba bean while kitchen
ash application had an insignificant effect to most crop
phenological stages. Nodulation of the crop was significantly
affected by application of lime and manure. Maximum nodule
numbers were recorded at 1.5 t/ha lime and 2.5 t/ha manure
application but their number declined with excess rates of lime
and manure. Similarly, the effectiveness of nodules increased
through. 5 t lime and 2.5 t/ha manure application. Plant heights
significantly increased by 1.5 t lime and 5 t/ha manure
application. Maximum number of pods was obtained upon
combined use of 2.5 t manure and 1 t/ha kitchen ash, while
manure application increases the length of pod. The highest
number of seeds per pod was recorded on 5 t/ha manure. Seed
yield was significantly affected by individual effects of lime,
manure and kitchen ash and by their combined application of

1.5 t lime, 5 t manure and 0.5 t/ha kitchen ash gave 1.25 t/ha
(22%) more yield over the control treatment. Straw and biomass
yields were significantly increased at maximum rate of manure.
The economic analysis showed that combining use of 1.5 t
/ha lime, 0.5 t/ha kitchen ash and 5 t ha™ manure management
gave maximum net profit of 26,533 Birr/ha with marginal rate
of return of 98%. This treatment gave additional profit of 8650
Birr/ha over the control treatment. Thus, integrating use of 1.5
t lime, 5 t manure and 0.5 t/ha kitchen ash to faba bean
increases the production and profit in Gozamin district.
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