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Abstract

Soil acidity and low available P are the major sbiémical constraints which limit productivity admmon bean
on Nitisols of southern Ethiopia. In view of this, a field expnent was conducted at Areka Agricultural
Research Centre in the 2014 main cropping seasasstss the effect of lime and phosphorus fertiliates on
the yield and yield components of common bean. Fexels of RO, 10, 20, and 3kg ha’) and four levels of
lime (CaCQ) (0, 0.9, 1.8, and 2.7 t Bawere laid out in a factorial combination in rami@ed complete block
design with three replications. Significantly thighest plant height (72.34 cm), leaf area inde233), effective
nodules per plant (93.55), primary branches part2467), number of pods per plant (18.52), 1&dswveight
(24.31 g), and seed yield (3176 kg'havere obtained from the highest rate of P (30 &g)hSimilarly, the
highest rate of lime (2.7 t Haresulted in significantly highest total numbemafdules per plant (67.20) and 100
seed weight (24.61 g). On the other hand, nonkeopairameters were significantly affected by theraction of
the two factors. Moreover, the highest economiarret10,637 Birr hd) was recorded from the combination of
2.7 t lime h&d and 30 kg hdof P. In general, common bean responded positieetfie application of both lime
and phosphorus with more remarkable response fgphcation. Thus, it can be concluded that appiicabf
2.7 t ha lime and 30 kg hHAof P proved to be superior with respect to graieldjias well as economic
advantage.
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1. Introduction

Common bean is one of the most important food e crops in Ethiopia and it is the source ofteim and
cash for smallholder farmers (Dergjeal, 1995). The current national production of comrbean in Ethiopia
is estimated at 366,876.94 hectares; with a tatadyction of 4, 630, 08.490 tons and average pitbdtycof
1.26 tons per hectare (CSA, 2013). It is also gpoitant food and cash crop in Wolaita Zone whei® study
was conducted with an area of 19,768.25 hectamse@rage productivity of 1.00 ton per hectare (C33L3).
Major common bean producing regions are centrateea, and southern parts of the country and inraen
Ethiopia; farmers grow early maturing white pearbgges for export as their cash crop (CSA, 2005).

Soil acidity is a significant problem of agricultirpproducers in tropical and subtropical regionsciwh
limit legume productivity (Bordeleau and Prevos294). This is aggravated by the inherent poor lfigrtand
acidity in most tropical soils (Okalebst al, 2006). About 40% of the Ethiopian total landaféected by soil
acidity (Mesfin, 2007). About 27.7% of these s@ite dominated by moderate to weak acid soils (pH.sfto
5.5), and around 13.2% by strong acid soils (ptbx@Mesfin, 2007). In Wolaita Zone, from the totahble
lands, about 32000 ha of land are reported to kaenately to highly acidic (Wolaita Zone Office ofAculture
unpublished yearly report 2013).

In acid soils, there are problems of both plantient deficiencies and toxicities of Aluminum (A),
Manganese (M), and Hydrogen (H. Plant growth, and especially root growth, indasbils is retarded by
toxicities of (Al'®), (Mn*?), and H (Crawfordet al, 2008). Acidic soils cause poor plant growth fésg from
aluminium (AI"®) and manganese toxicity (M) or deficiency of essential nutrients like phospiso calcium
and magnesium. Restoring, maintaining and improféntlity of this soil is major priority as a deme of food
and raw materials are increasing rapidly. Limingdasnil makes the soil environment better for leqnous
plants and associated microorganisms as well asdse concentration of essential nutrients byrmgigs pH
and precipitating exchangeable aluminium (Kisingb al, 2012). Availability of essential nutrients and
biological activity in soils are generally greatestintermediate pH at which organic matter breaivn and
release essential nutrients like N, P and S isredth

Soil acidity constrains symbiotic ,Nfixation (Munns, 1986), limitingRhizobium survival and
persistence in soils and reducing nodulation ange&s nutrient imbalance (Foy, 1984). Increased asndity
may lead to reduced yields, poor plant vigour, andulation of legumes (Kang and Juo, 1986). Webdl
(1984) indicated that multiplication &hizobiumn the rhizosphere and nodulation were inhibitedta4.3.

Ways of improving crop output from such soils irdguapplication of nitrogenous and phosphatic
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fertilizers, liming and addition of organic manutiwag, 1992). The effects of soil acidity, aciddtion, and
liming can be classified into three main categotiied cannot always be sharply distinguished: tzlability of
nutrients, and toxic elements, and soil structure.

In highlands of Ethiopia, available P is potentidte limiting element in crop production (Tekalign
and Haque, 1987) and 70 to 75% of the agriculsoés$ of these regions of the country are P defidj@ekalign
et al, 1988). Available P content of most soils in SNRGF Ethiopia is less than 5 mg kgwhich is in the range
of low P content (Kels&t al, 1996), whereas the available P content of sdildreka Agricultural Research
Centre is very low ranging between 1.2 and 4.3 gigik the surface soil layers indicating that impnmeat of
available P content through amendments is needsuastain productivity of these soils (Abayneh, 2003

Like many legumes, common beans prefer well aeratdticiently drained soil with a pH of 6.0 to 7.5
the critical pH thresholds being 5.0 and 8.1 (Luekal, 2007). Soil pH relates to both soil's capacdysupply
nutrients and to its aluminium and manganese tiyxioioblems (Kimaniet al, 2010). Common beans are
sensitive to high concentration of aluminium, boeamr sodium (Hornecét al, 2007).

Acid soils constrain crop production but can beyveroductive if nutrients and lime are constantly
applied and appropriate soil management is prat{ieaO, 2000).

The generally accepted practice to reduce soilitgcid the application of agricultural lime. Lime
applied to acid soils raises the pH of soils, risglin enhanced availability of nutrients, suchPasCa, Mg, Mo
etc. and improved crop yields (Kisingt al, 2009). Soil acidification and the associatedelfetency are major
soil degradation issues in many parts of southegion including Areka acidic soil. Thus, this studsas
conducted to assess the effects of liming and gtwss fertilizer application on growth, yield conmgmts and
yield of common bean; and to determine economicafigropriate rates of lime and phosphorus for commo
bean production in the study area.

2. Materialsand M ethods

2.1. Description of the Study Area

Field experiment was conducted at Areka AgricultRasearch Centre (ArARC) during June to Octob&Gh4
main cropping season. ArARC is located at the degaof 300 km South of Addis Ababa at an altitufi@880
meters above sea level (m.a.s.l.), latitude °@fZ4” North and longitude of 331'30” East. It receives mean
annual rainfall of 1520 mm in a bi-modal patternthaméxtended rainy season from March to Septembee. T
mean annual maximum temperature iS@pwhereas the mean annual minimum i¥C1@Abay, 2011). The soil
of the center is Alisols, which is very deep (>1&8), very dark brown to black in colour and clagnio in
texture. The pH (kD) of surface soil is 4.7 which is strongly acidibayneh, 2003). The available P (Olsen)
content of the center’s soil is 4.2 mgkgvhich is rated as low for most of the crops. Teirogen content
varied from 0.01 to 0.53% and is rated as verytowedium.

Scoil characters Value Rating Reference

AL Particle size distribution

Sand (26) 26
Silt (2%) 40
Clay (%9) 34
Textural class Clay loam

B. Chemical analysis

Soil pH 4.7 Very Strongly Iandon (1991)

Acidic
Organic carbon (2o) 2.07 Low Hazelton and Nurphy (2007)
Total IN (20) 0.148 Low Bruce and Rayment (1982)
Available P (mg kg ') 5.3 Low Hazelton and NMurphy (2007)
Exchangeable Acidity (meq/100g) 0.72 Very low Daryl D. Buchholz (1983)
Exchangeable Al (cmol. kg!) 2.4 High NMoore (2001)
CEC [cmol (+) kg 24.11 Nedium Tandon (1991)

2.2. Experimental M aterials

Crop: The common bean variety Hawassa Dume was usdtidastudy. The variety was released by Hawassa
Research Centre of Southern Agricultural Reseanstitlite in the year 2008 (MoARD, 2008). HawassanBu
has medium sized dark red food types and white dtoeolour with a maturity period of 85-90 days with
determinate growth habit. The variety is adaptedrtaltitude range of 1100-1750 meter above sed ieith
rainfall of more than 500 mm in growing season. Hasa Dume common bean variety was chosen forublg st
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because it is high yielder, well adapted, prefemesti seed colour and widely grown in the area bglimwlder
farmers in the study area.

Fertilizer/liming materials. Triple Super Phosphate (46%2) and ground lime (85% calcium carbonate with
fineness of 25% pass a 60-mesh screen made at|Bueestone crushing factory) were used as sourfes o
phosphorus and liming materials, respectively.

2.3. Soil Sampling and Analysis

Pre-planting composite soil sample from the expenital site was collected in a zigzag pattern frbendepth of
0-30 cm before planting. Uniform volumes of soilre®btained in each sub-sample by vertical inseriban
auger. One kg of the composite sample soil was gtdmmto Hawassa Bureau of Agriculture Soil Testing
Laboratory and analysed for organic carbon, totab®l pH, available phosphorus, cation exchangeacity
(CEC) and textural analysis using standard laboyaimcedures

2.4. Treatments and Experimental Design

The treatments were factorial combinations of folsphorus levels (0, 10, 20, 30 kg P)hand four calcium
carbonate rates (0, 0.9, 1.8, and 2.7 t Ca@&). The calcium carbonate (CagCate of 1.8 t ha was
considered as standard in this experiment basgeMious recommendation from Areka Agricultural ash
Centre (Abay, 2011). Treatments were laid out indoamized complete block design (RCBD) with three
replications. A gross plot size was 2.8 m x 3 n8 (nf) consisting of seven rows. One row from each side
the plot and one plot from both edges of the pletenleft as border and one row was left for desirec
sampling. Thus, the net plot size was 4 rows xr0.4 2.8 m= 4.48 fa The spacing between blocks and plots
was 1.2 m and 1 m, respectively.

2.5. Experimental Procedures
The land was ploughed by a tractor, disked, andoled by hand. The common bean variety was plaated
inter-row spacing of 40 and intra row spacing 10tem seeds per hill.

The lime (CaCG@) was evenly spread and incorporated into the2bim deep by using hoe one month
before planting of common bean. Starter nitrogetiliteer at the rate of 23 kg N Hawvas applied in the form of
Urea (46% N) to all the plots at planting wherdaes whole rates of TSP as per the treatments weriedmt
planting time. All cultural practices such as weeglicultivation, etc were applied uniformly to allots as
required.

2.6. Crop Data Collection

2.6.1. Growth parameters

Leaf area was measured just before flowering ugtad area meter (Model-Cl-202-Area meter, CID, INC.
U.S.A) by taking a destructive sample of five ptaftom a destructive row. Then, the leaf area indes
calculated as the ratio of total leaf area to #mpective ground area occupied by the crop (40 dfl gm).
Similarly, the total nhumber of nodules was detemdirfrom five plants randomly taken from each plot a
flowering by carefully digging and exposing wittetbulk of root mass and nodules. The roots werd@shsand
the nodules were separated from the soil and @rwdsthe total number of nodules was determinedoopting.
Effective nodules were separated by their colorereta cross section of an effective nodule made avitocket
knife showed a pink to dark-red color, whereaseeegrand/or white color indicated non-effective ratian.

Plant height was measured as the height of fivdaanty taken plants from the ground level to thexape
of each plant at the time of physiological matufitym the net plot area. Likewise, number of priynaranches
per plant: was determined by counting the primagnbhes on the main stem from randomly taken flaatp
from the net plot area at physiological maturity.

2.6.2. Yield components and yield

Number of pods per plant was determined by courttregnumber of pods per plant of five randomly take
plants from each net plot area at harvest andttienumber of seeds per padsrecorded from five randomly

taken pods from each net plot at harvest. Hundesdl sveight (g) was determined by taking weight 00 1

randomly sampled seeds from the total harvest feach net plot area and the weight was adjusted% 1
moisture level.

Total above ground dry biomass was obtained froemairied five sample plants per plot for 48 h at 85
°C and the weight was converted to kg'h@ihe seed vyield (kg Hj was recorded from the four centralvs
after drying and threshing and then the seed yigld adjusted to moisture level of 10%. Finally|diper plot
was converted to kg HaHarvest index (Hlwas computed as the ratio of seed yield (kg)Ha total above
ground dry biomass.

2.6.3. Agronomic efficiency (AE)is defined as the quantity of grain yield per wiihutrient applied.
AE (kg kg?) = G-G,
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Na

Where G is the grain yield of the fertilized plot (kg),uGs the grain yield of the unfertilized plot (kg),
and Na is the quantity of P applied (kg).

The highest agronomic efficiency (AE) (10.90 kg'kgvas obtained at 10 kg ' P application.
Besides this, significantly higher AE regardlesd imhe treatments was recorded due to 10 kg Pthan those
obtained with other rates of P application. Theugabf AE indicated that for a unit of fertilizerapplied, the
highest seed yield was produced at the lowesteéP(fdt kg Fha®), whereas the lowest AE (4.78 kg Rgwvas
produced at the highest P rate (30 kg P)h@he decreasing trend in AE with increasing Resawvas also
reported by Gifole eal. (2011) who found a declining trend of AE from 90 9.3 kg kg at the rates of P
ranging from 10 to 60 kg P haon haricot bean.

Combined application of P and lime improved AE ampared to that obtained by P application alone.
The highest AE (13.24 kg Ky was obtained due to 2.7t lime with 10 k¢na. Similarly, Deviet al (2012)
reportechigher AE (12.67 kg k§) by combined application of single super phosphatéinoculation.

The agronomic efficiency showed that the graind/iel common bean responded better to the lowest
level of P (10 kg a) which was in agreement with the results of@atiand Buerkert (2001) who reported that
small amounts of applied fertilizer optimized neii use efficiency. Moreover, significantly high®E at 10 kg
Pha’ was recorded due to 2.7t lime“hathan other limed treatments. This might be duthé presence of plant
growth promoting traits beside,Xixation in 2.7t lime h& isolate.

2.7. Statistical Data Analysis

All the measured and recorded parameters were cdabjgo analysis of variance (ANOVA) appropriate to
factorial experiment in RCBD using Gen Stat"lédition software (GenStat, 2012). Fisher's Pretgdteast
Significance Difference (LSD) test at 5% probapilével was used for mean comparison when the ANOVA
showed significant differences for the treatments.

2.8. Economic Analysis

Variable cost of lime and phosphorus fertilizer waed for partial budget analysis. Price fluctuaiduring the
production season were considered. An easier wagxpfessing this relationship is the calculationthod
marginal rate of return,e. the change in net benefits divided by the margaust (i.e. the change in costs),
expressed as a percentage. Marginal Rate of Rethioh refers to net income obtained by incurringné cost
of fertilizer, was calculated by dividing the natiease in yield of common bean due to the appicatf each
rate to the total cost of lime and phosphoruslieeti applied at each rate. This enables to idgmtié optimum
rate lime and phosphorus fertilizer for common bpaduction (CIMMYT, 1988).

3. Resultsand Discussion

3.1. Growth and Nodulation of Common bean

3.1.1. Leaf areaindex

The main effect of phosphorus showed highly sigaift (P<0.001) effect on leaf area index of comrnean,
but the main effect of lime and the interaction eveot significant (Table 1). The highest LAl (3v&s recorded
at 30 kg Fha' but the lowest LAI (1.3) was recorded from theeraf application of 0 kg Ra* (Table 1). In
general, as P rate increased, the LAl increaseadhnimight be due to the fact that the cell elongatmd
division of the crop is highly affected by the ambof ATP synthesized in the plant cell which isaghighly
dependent on the availability and assimilation mdrganic phosphorus (Mulleet al, 2001). The highest
physiological growth indices are achieved undehhitpant nutrition because photosynthesis enhangethé
growth and development of leaf area (Bennett, 19&33greement with this result, Tairo and Ndakid&013)
also reported that phosphorus have significanttyeased the number of leaves, leaf area (LA) aafldeca
index (LAI) on soybean.

3.1.2. Plant height

Analysis of variance showed highly significant (RXD) effect of P fertilizer application rate on piaheight
while lime rate and interaction did not show sigraft effect on plant height (Table 1). The highgant height
(72.34 cm) was observed at the highest rate ofpfficaion (30 kg P hd) while the lowest plant height (37.88
cm) was recorded in control plots (Table 1). Theréase in plant height in response to the incredsed
application rate indicates maximum vegetative ghoaf the plants under higher P availability. Thizsipive
growth response of common bean for application iof &idic soil may be related with better availipof P as
with application of lime. In agreement with thissudt, Kisinyo et al. (2005) indicated that growth of plants
increased in acid soil as application of P incrdasigh and without lime.

3.1.3. Number of primary branches

The phosphorus rate had highly significant (P<0)@dfect on number of primary branches per plamwelver,
lime rate and interactions effects were not sigaift on number of primary branches (Table 1). Nundfe
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primary branches per plant increased with the a&irgy of P application rate where increasing ofillizer rate
from 0 to 30 kg P haenhanced the number of primary branches per gtam 1.58) to 2.5, respectively (Table
1). The increase in number of primary branchesptgett in response to the increased P applicatitnindicates
higher vegetative growth of the plants under higReavailability resulting in higher number of prima
branches. The increment in number of branches lagit pnight be importance of P for cell division iaity,
leading to the increase of plant height and nunatbdaranches and consequently increased the plgnweight
(Khadem SA,et al, 2010). In agreement with this result, ShubhasH&007) reported significantly higher
number of branches per plant common bean with 78,®g ha' over control.

Table 1. Main effects of lime (CaGJoand P rates on growth and nodulation of commambe

Treatments LAl NEN /plant TNN/plant PLH (cm) NPB/plant
CaCQ(t ha')

0 2.3 47.7 492 55.8 2.1

0.9 24 43.4 44%9 58.5 2.2

1.8 2.3 64.0 672 58.4 2.2

2.7 2.4 57.6 60% 56.6 2.3
Significance ns ns * ns ns
LSD (0.05) ns ns 17.24 ns ns

P rate (kg hd)

0 1.3 8.0 8.7 37.9 1.6

10 23 415 43.2 56.6 2.3

20 26  69.9 73.7 62.5 2.3

30 3.3 93.6 97.7 72.4 2.5
Significance * *x i * *x

LSD (0.05) 0.299 16.63 17.24 4.643 0.356
CV (%) 15.3 375 37.2 9.7 19.8

Means within a column followed by the same letier Bot significantly different at 5% level of sifinance. *=
significant at P = 0.05;** = significant at P = @;0ns = non- significant LAl=Leaf area index, PHTP{ant
height; NPB/plant = number of primary branches gant. NNEN/plant = number of non-effective nodupes
plant and TNN/plant = number of total nodules panp

3.1.4. Total number of nodules

Analysis of variance showed that the interactioimm& and Rate had non-significant effect on total number of
nodules but the main effect of lime rate and phosph rate had significant (P<0.05) and highly digant (P
<0.01) effect (Table 1). The highest total numbenadules (67.2) was recorded at the rate of h&'tlime
which was statistically at par with lime rate of 2.ha' while the lowest total number of nodules (44.9swa
recorded at the rate of 0.9 t héime and was statistically at par with no applicatof lime (Table 1). The reason
of high number of nodules with increasing lime #&tion might be due to the existence of higRéizobia
under increased soil pH due to liming. In agreemtit this result, Crozier and Hardy (2003) repdrtieat with
proper liming, nodulation of legumes is enhancelictvimproves nitrogen fixation. The bacteri@h{zobig in
nodules on legume roots synthesize greater amof@imitrogen from the soil atmosphere for use byldgrime

in places where soil pH is not too low Similarlyattiet al (2013) reported that nodulation depends on caiciu
supply and nodules on greenhouse-grown alfalfesrimmreased from 35 to 70 per plant when soil p¢deased
from 5.3 to 5.8 and soil Ca increased. Moreovenjrig an acidic soil to the recommended pH valueroft
increases plant growth and P uptake (Debetati.,2000).

The rate of phosphorus had highly significant (P&).effect on total number of nodules Thus, the
highest number of total nodules (97.7) was obtaineth the highest P rate of 30 kg P hahile the lowest
number of total nodules (8.2) was recorded fronapplication P fertilizer (Table 1). The high nodida with
increased rates of P might be due to the factghasphorus is needed in relatively large amountsréonote
legumes growth and yield, nodule number and nodhdss (Abdulkadiet al.,2014). In particular, phosphorus
deficiency is a major limiting factor for nodulati@md nitrogen fixation (Sa and Israel, 1991). Phosphis
needed in relatively large amounts by legumes fowth and has been reported to promote leaf aiemdss,
yield, nodule number and nodule mass in differeguimes (Kasturikrishna and Ahlawat, 1999).

3.1.5. Number of effective nodules

Phosphorus application had highly significant (P40 .effect on number of effective nodules per pladhtmber

of effective nodules per plant increased with theréasing of P application rate where the highastber of
effective nodules per plant (93.55) was recordecate of 30 kg P hAwhile the lowest number of effective
nodules per plant (8.0) was recorded at rate off ® k& (Table 1) Positive response of number of effective
nodules to P application could be due to the faat P is required for plant growth, nodule formatand
development, each process being vital ferfixation (Mulongoy, 1992). Specific nitrogenaseidtt decreases
with the onset of P-deficiency. The magnitude ofgpecific nitrogenase activity is well correlatedniegume
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tissue phosphorus concentration. Bacteroid massipémodule mass, bacteroid N concentrations, tptef
ATP concentrations and energy charge were signtficdower in nodules of P-deficient plants (Sa aschél,
1991).

In line with this result, Israel (1987) reportedtmodule initiation had a high demand in P nuniti
Similarly, Yoseph and Worku (2014) also reportedt thpplication of P resulted in a significant irase in
nodule number.

3.2 Yield Components Common Bean
3.2.1. Number of total pods per plant
Highly significant (P < 0.01) effect of P fertilizapplication rate was observed on the numbertaf fmds per
plant while lime rate and interaction did not sfgr@ntly influence the number of total pods (Tab)e

The highest number of total pods per plant (1823 recorded at P application rate of 30 kg P ha
whereas the lowest number of total pods (10.85)atained from control (Table 2). The increaseumber of
total pods with the increased P levels might pdgdie due to adequate availability of P which miglatve
facilitated the production of primary branches aofant height which might in turn have contributexdt the
production of higher number of total pods. The éase in number of pods per plant could also betalike
increased leaf area with additional P being assetiwith more reproductive nodes (Saxena, 19849reater
leaf area also results in a corresponding incraasssimilate supply which has been reported terdehe pod
number in field bean (Husaiet al., 1988). In conformity with this result, Singh anch@h (2000) reported
significant increase in number of pods per plantoénch beanRhaseolus vulgarid..) due to increased P
fertilization. Similarly, Veeresh (2003) observednificantly more number of pods per plant of conmiean at
application rate of 75 kg.Psha' as compared to control. Rafat and Sharifi (2015p an green bean
(Phaseolus vulgarik.) reported maximum number of pods per plant (21)qu80 kg P ha
Table 2. The main effect of lime and phosphorussain number of pods per plant (NPP), seeds pefNBH)
and 100 seed weight of common bean

Treatment NPP NSP 100 seed weight (g)
CaCQ (t ha)

0 15.1 5.3 23.b
0.9 15.3 5.6 2470
1.8 16.3 5.3 242
2.7 15.7 5.6 24%
Significance ns ns *
LSD (0.05) ns ns 0.69
P rate (kg hd)

0 10.9 5.1 23.8
10 15.9 5.6 23. 7"
20 17.8 5.4 24.3
30 18.5 5.6 24.8
Significance *x ns *
LSD (0.05) 2.17 ns 0.69
CV (%) 16.7 12.5 35

Means within a column followed by the same letter ot significantly different at 5% level of sifinance. * =
significant at P = 0.05;** = significant at P = @;(hs = non- significant

3.2.2. Number of seeds per pod

Neither the main effects of lime rate and P appiticarates nor their interaction effect were sigm@int on the
number of seeds per pod (Table 2). The numbereaxfssper pod ranged from 5.1 to 5.6. Thus, variatammthe
number of seeds per pod are highly affected by tgefectors than the management. In this line, Fagand
Santos (2008) reported that the number of seedsqukof different common bean genotypes variethénrainge
of 3.1 to 6 and attributed the difference due ® dglknetic variation of cultivars. In conformity withis result,
Gifole et al (2011) reported that application of phosphoroigsrbt show significant influence on number of
seeds per pod on common bean.

3.2.3. Hundred Seeds weight

The main effect of lime rate had highly significgdft < 0.01) effect on hundred seed weight (TableThg
highest hundred seed weight (24.61 g) was recoatlétle highest rate of 2.7 t lime hahereas the lowest
hundred seed weight (22.99 g) was recorded atieeof O kg lime ha The main effect of phosphorus had also
significant (P<0.05) effect on hundred seed weighie highest hundred seed weight (24.3 g) was decbat
the P rates of 20 and 30 kg oh&' and the lowest hundred seed weight (23.5 g) wearded at the rate of 0 kg
Pha' (Table 2). The increase in seed weight with inseearates of P could be due to the fact that legume
including common bean have high P requirement asrthin storage site of P is seed and due to théuption
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of protein containing compounds, in which N and®important constituents, and P concentratioeguines is
generally much higher than that found in grassdgm(tet al.,2003). In agreement with this result, Amateal
(2014) reported that increasing doses of phosphivoms the control to 40 kg s ha' resulted in significant
increment in 1000 seed weight of common bean. Sityjl Abdulkadiret al (2014) reported that phosphorous
fertilized Phaseolus vulgarisshen compared with the control produced more padspfant which were better
filled with heavier seeds.

3.3. Yieldsand Harvest Index

3.3.1 Above ground dry biomass vyield

The result indicated a highly significant (P<0.0@ffect of P application rate on the above groundbiomass
yield of the crop. However, lime application ratedanteraction effects did not show significanteetf on the
above ground biomass yield of common bean (Table 3)

The result generally showed an increase in biompasduction when P application increased from the
lowest to the highest rate. The highest biomads y&135 kg ha) was obtained at the rate of 30 kg P* kile
the lowest (4399 kg A& was produced at 0 kg P h4Table 3). Biomass production was not significantl
influenced when the rate of P increased from 28Qtdkg P ha. However, it was significantly increased when
the rate changed from 0 to 10 kg P*hiadicating the response of common bean to reltilaver rates of P.
"The increase in above ground dry biomass yielthathighest rate of phosphorus might be attribtitethe
enhanced availability of P for vegetative growthta plants. The adequate supply of P could hasreased the
number of branches per plant, and leaf area wimdhrn increased photosynthetic area resultingighdr dry
matter accumulation.

This result was in agreement with the study by ®hshree (2007) who reported that dry matter
accumulation increased with application of phosphamates. Similarly, significant and linear increas total
dry matter production of common bean plant was odesk due to increased phosphorus (Veeresh, 2003).
Likewise, Meseret and Amin (2014) reported on comrbean the maximum dry matter yield (75.5 g ptant
was recorded at application of P at 20 kg tdnereas the minimum (28.9 g planwas recorded on control.
Table 3. Above ground dry biomass yield (AGDB), seed yield (SY), and harvest index (HI) of common
bean asinfluenced by the main effect of lime and phosphorusrates

Treatment AGDBM (kg hd) SY (kg ha?) HI
CaCQ(t ha’)
0 5975 2279 0.38
0.9 6682 2539 0.39
1.8 7252 2668 0.38
2.7 6855 2628 0.39
Significance ns ns ns
LSD (0.05) 993.1 317.4 ns
P rate (kg hd)
0 4399 1715 0.40
10 6493 2478 0.39
20 7738 2744 0.36
30 8138 3176 0.39
Significance * *x ns
LSD (0.05) 903.1 317.4 ns
CV (%) 17.8 15.1 17.9

Means within a column followed by the same letter ot significantly different at 5% level of sifinance. * =
significant at P = 0.05;** = significant at P = @;(hs = non- significant
3.3.2. Seed yield
Highly significant (P <0.01) effect of P fertilizapplication rate on seed yield was observed winie rate and
the interaction effect were non- significant (TaB)e

Phosphorus application rate indicated progressioeeases in seed yields with increase in P ratesevh
the highest rate of P fertilizer (30 kg Phajave the highest seed yield (3176 kg)hahile the lowest seed
yield (1715 kg ha) was from no P application (Table 3). The highestponse obtained from the highest
phosphorous rate could be due to the fact thanhfinaf acidic soils made the fixed phosphorous & ghil by
Aluminium and Iron available to the plant and tlelition of P might have fulfilled the requiremerittbe crop.
On the other hand, the lowest yield of the conggrobably because of fixation of P in the acsld that made
P unavailable hence limited uptake by the commamhbzrop and consequently poor performance. Thdtresu
indicated that applying phosphorus fertilizer rekadty increased growth and yield of common bearsaits
which are naturally low in P. In conformity withistresult, Birhan (2006) reported a significanigimcrease of
haricot bean to application of P Similarly, Amateal. (2014) reported significant yield increase withrgasing
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levels of phosphorus resulting in maximum yieldZ8%g ha) for haricot bean at the rate 20 kgOP ha'as
compared to control and 40 kg@® ha'. Gifole et al (2011) also reported on common bean that thel yiel
increased with increasing levels of P up to 40 kP

3.3.3. Harvest Index

Harvest index was not significantly affected by thain effects of lime and P fertilizer applicatiates as well
as by the interaction effect of lime and P appiwatates (Table 3). The harvest index ranged 0c38 to 0.4.

In line with this result, Meseret (2006) on mun@giend Gifoleet al (2011) on common bean reported non
significant effect of P application on harvest irdEll).

3.4. Economic Analysis

From the partial budget analysis, the highest esvmoreturn (10,637Birr ha') was obtained from the
application of 2.7 t lime hhand 30 kg P hhand the lowest economic return (-2,1Bitr ha') was obtained
from the application of 2.7 t lime Hawith the application of 0 kg P HgTable 4). The application of 2.7 t lime
ha® and 30 kg P haresulted in 49.27% increment of return to the camrbean sown only with 20 kgha® on
farmers’ condition.

Table 4. Summary of economic analysis of the effécates of ime and P on common bean

Lime rate (t h&) P rate Yield TR TC Return (TR-TC)
(kg ha') (kg ha')
0 0 1374 10992 12598 -1,606
0.9 0 2004 16032 13723 2,309
1.8 0 1757 14056 14848 -792
2.7 0 1724 13792 15973 -2,181
0 10 2399 19192 13240 5,952
0.9 10 2336 18688 14365 4,323
1.8 10 2562 20496 15490 5,006
2.7 10 2617 20936 16615 4,321
0 20 2626 21008 13882 7,126
0.9 20 2747 21976 15007 6,969
1.8 20 3001 24008 16132 7,876
2.7 20 2602 20816 17257 3,559
0 30 2719 21752 14524 7,228
0.9 30 3068 24544 15649 8,895
1.8 30 3350 26800 16774 10,026
2.7 30 3567 28536 17899 10,637

TR = Total revenue; TC = Total cost
Price of common bean per 100 kg at time of harze3®0.00 Birr; Cost of 100 kg TSP = 1284.00 BimicE of
Lime=125.00 Birr per Quntal.

4. Conclusion

The results showed that highest rate of P (30 K bave significantly highest plant height, leafaanedex, and
number of total and effective nodules, number ofmpry branches, number of pods, 100 seed weiglht, dr
biomass yield and seed yield. Similarly, the mdfea of lime was significant on total number ofdubes and
100 seed weight with the highest rate of lime (ha") resulted in the highest total number of nodules 00
seed weight. The interaction of rates of lime ahdgphorus were not significant on any of the patarse
measured and recorded. The highest economic retQf87 Birr hd) was recorded from the combination of 2.7
t lime ha' and 30 kg ha of P. In general, common bean showed remarkalsigorsse to the application of
phosphorus than liming which could have long-teffagt. From this study, it can be concluded timasiich an
acidic soils application of 2.7 t lime hand 30 kg P Hahad resulted in higher seed yield and economigmet
However, this study was done for one seasons atoma¢ion, the experiment has to be repeated ozarsyto
determine the long term effect of lime on the soidl on the crop.
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