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Abstract

A field experiment was conducted at Areka AgrictdtuResearch Center in Bolosso Sore Woreda,
Wolaita Zone of Southern Nations Nationalities &abple’s Regional State (SNNPRS) to evaluate
the response of haricot bedhéseolus vulgaris L.) to P fertilizer. Seven levels of P (0, 10, 20, 30,

50 and 60 kg h in RCBD with four replications were used in thiedy. Recommended rate of N (60
kg ha') was applied to all treatments. The full doseB @hd N were applied at sowing. Data on crop
phenology, growth parameters, grain yield and ymdthponents, and total biomass were recorded
during specific physiological stages of the crophArvest, the plants were partitioned into graid a
straw to determine total P uptake, apparent regaawed nutrient use efficiency by crops. The effsfct

P was significant in hastening physiological mayuoif crop, whereas its effect was not significant
flowering and growth parameters such as plant heigd number of branches planilthough the
effect of P application was not significant on nembf pods plart, number of seeds pddthousand
seed weight and straw P content, its applicatiahdignificantly increased grain yield. The graielgi
ranged between 15.58 dt"hat 0 kg P ha (control) and 25.47dt Haat application of 40 kg P Ha
Besides, total biomass was also significantly ieficed by P, and ranged between 30.27dt dta
control to 45.97 dt Hhat rate of 40 kg P Ha The levels of P application did not affect avaléaP,
total N, OC contents and EA of soil. The higheslt® uptake (32.59 kg Hawas obtained at 30 kg P
ha' and increased with increasing rates of P apptinatvhereas apparent P recovery was found to be
highest at 20 kg P HaBoth agronomic and physiological P use efficiesadf the crop were highest
at the rate of 10 kg P HaTherefore, application of 10 kg P*hs recommended for better haricot
bean production at Areka.
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Introduction

Next to nitrogen, phosphorus is the most impor&ement for adequate grain production (Brady and
Weil, 2002). An adequate supply of P early in ifee ¢f a plant is important in the developmenttsf i
reproductive parts. Large quantities of P are foumgeed and fruit, and it is considered essefuial
seed formation. A good supply of P is associatatl imcreased root growth. P is also associated with
early maturity of crops, particularly grain crogdhe quality of certain fruit, forage, vegetabledan
grain crops is improved and disease resistanceased when these crops have satisfactory P natritio
(Havlin, et al., 1999). Plants suffering from P deficiency areurded in growth and the shoot/root dry
matter ratio is usually low. The formation and dpyabf fruits and seeds are depressed in plants
suffering from P deficiency (Mengel and Kirkby, 7®8Poor nodulation and poor plant vigour are
observed in beans grown in P deficient soils (Amgad Giller, 1998).

Although P is important to crop production and haslespread influence on both natural and
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agricultural ecosystem than any other essentiaheh (Brady and Weil, 2002), P sufficiency for crop
growth does not always exist in most soils becafisesses due to erosion and high fixation (Miked
Donahue, 1995; Brady and Weil, 2002). This probiemmost severe in highly weathered acid soils that
dominate the highlands of the tropics (Lingwstl., 1997). Zake (1993) reported that most African
soils are of ancient origin and come from acidickeothat are low in nutrient contents. Stoorvogel a
Smaling (1990) reported that the depletion of majatrients is very high in Ethiopia. Their estinmate
showed that losses of the major nutrient elemenEthiopia were in the order of > 40 kg N, over kg6

P, and more than 33.2 kg K hgear", which are much greater than the net averageddssesoils in
sub-Saharan Africa. The significance and extestuch losses are judged to be of sufficient impadan
to demand that action be taken through recapitaizaf soil fertility.

In highlands of Ethiopia, available P is potengidahe limiting element in crop production (Desta82;
Tekalign and Haque, 1987) and 70 to 75% of thecalyural soils of the highland regions of the caynt
are P deficient (Desta, 1982; Tekaligsh al., 1988). Available P content of most soils in SNRNBf
Ethiopia is less than 5 mg kgwhich is in the range of low P content (Ke&al., 1996), whereas the
available P content of soils at Areka AgricultuRdsearch Center is very low ranging between 1.2 and
4.3 mg kg in the surface soil layers indicating that impnmest of available P content through
amendments is needed to sustain productivity afelseils (Abayneh, 2003).

Haricot bean FPhaseolus vulgaris L.) is an annual pulse crop with considerable viamain habit,
vegetative characters, flower color and the siaape and colour of the pods and seeds (Onwueme and
Sinha, 1991). It is well adapted to the range ofkitude between 1200 and 2000 m above sea level
(Wortmann, 1998), and in areas with annual averaggall 500-1500 mm. It is not drought resistant;
ideally needs moist soil throughout the growingiqukr However, rainfall towards the end of growing
periods is undesirable. It can be grown succegstullmost soil types, from light sands to heavysla

but friable, deep and well-drained soils are bestgored (Onwueme and Sinha, 1991).

Legumes including haricot bean have high P requergndue to the production of protein containing
compounds, in which N and P are important consiigjeand P concentration in legumes is generally
much higher than that found in grasses. High seedugtion of legumes primarily depends on the
amount of P absorbed (Khaa al., 2003). The yield of haricot bean increases vitlapplication
(Gemechu, 1990) and its nodulation and fixatiohN afan be improved with the application of P (Amare,
1987). Therefore, application of P is very impott@nmaximize the yield of bean. The average nation
productivity of haricot bean is 7.26 dth&CACC, 2003 Part 1) and its regional productiviiy8.14 dt
ha' (CACC, 2003 Part II. A). This is low compared t@ tfield that is attained under research center.
Getachew (1990) reported that lack of optimum Ilfeeti rate is one of the several factors contrifmitio

the low grain yield of the bean in the region. Idatibean is also one of the most commonly cultivate
pulse crops in the study area, Bolosso Sore Wok&d&ita Zone of SNNPRS. Its average productivity
in the area is 6.5 dt HgPersonal Communication), which is lower tharrégional and national yield.
According to CACC (2003, Part Il. B), its total piection in the Woreda is 41897.87 dt ygawhich
accounts for about 30% of the production of Wolatme. This low productivity might be partly
attributed to the inadequate supply of available P.

Haricot bean is an important pulse crop distribudad grown in different parts of Ethiopia depending
on climatic and socio-economic factors. In souttparis of the country, it is also widely distribditend
grown by farmers for various uses (Tenaw, 1990Yiddabean is mainly used as sources of food and
cash. It is exported to earn foreign exchange aralso one of the cash crops locally used by faamer
(Mitiku, 1990; Tenaw, 1990). As source of foodjstextensively consumed in traditional dishes, and
being part of the diet of the farming householdsserves as a source of protein to supplement the
protein deficient main dishes like maize and emsdhe southern parts of our country especially in
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Wolaita and Sidamo areas (Tenaw and Yeshi, 1990).

Besides, the farmers also grow the bean to usstthe as forage for livestock, source of fuel, rhirg,
bedding, and covering material for houses of paanérs. Despite all these advantages, little effat
made to improve its productivity and the yield @rparatively low because of depletion of nutrieags

a result of erosion and crop mining, lack of optimfertilizer rate, etc. One of the solutions tewaihte

the problem could be applying P fertilizers fromegral sources based on recommended rate for the
crop. In order to make site-specific recommendatbrP for haricot bean production, nutrient rate
experiment is needed. Therefore, this study wadmied with the objective to evaluate the resparfse
haricot bean to increasing levels of P applicatind effect of P application on soil chemical praipst

Materials and methods
Description of the Study Area

The study was conducted at Areka Agricultural Rede&enter, which is located in Southern Nations
Nationalities and People’s Regional State (SNNPR®)aita zone. It is found at 410 km south of Addis
Ababa and 3 km from Areka town, &04.196N and 3741.330' E and altitude of 1790 meters above
sea level (masl). The soil of the center is fornfiemin pyroclastic rocks, and is clayey in texture
(Abayneh, 2003). The mean annual rainfall is 14@b & bimodal pattern, which extends from March
to September. The peak rainy months are April,, Julgust and September. The mean minimum and
maximum temperatures are 6 and 26°C, respectively. November and December were theesbl
months, whereas February was the hottest.

Treatmentsand the Experimental Design

Seven levels of phosphorus were used to evaluateeponse of haricot beaPhéseolus vulgaris L.)
variety Red Wolaita to increasing P supply. Theelswsed were 0, 10, 20, 30, 40, 50, and 60 kg'P ha
The experiment was laid out in RCBD with four reptions. Eight rows, each having 40 plants, were
used on 3.2 m by 4 m plot. A distance of 1 m aBdiwere left between plots and blocks, respegtivel
Spacing of 40 cm and 10 cm were used between rodplants, respectively. Diammonium phosphate
was used as source of P and all doses were agdistle banding at sowing time. Urea was used to
make a uniform 60 kg N Haapplication on every plot. All cultural practicesch as weeding, hoeing,
etc., were kept uniform for all treatments.

Agronomic Data Collection and Sampling

Flowering and maturity dates (when 50% of the gamtre at respective phenological stage), number of
branches per plant, plant height, number of podgplaat and number of seeds per pod were recorded.
Six central rows were harvested for determinatibrgrain yield and total biomass. Grain yield was
adjusted to 10% moisture content. Finally, harirmdx was calculated as the ratio of grain yieltbtal
biomass, and 1000 seed weight was determined ssimgjtive electronic balance. At harvest, thd tota
biomass from every plot was sampled and partitiongdstraw and grain. These were properly cleaned
and placed in an oven at 85 until constant weight was obtained. The oveneblis@mples were ground
to pass 200 mesh for determination of P conterfarty samples were randomly collected from surface
layer (0 to 30 cm depth) just before sowing and posited. At the time of harvesting, 72 random
samples were also collected from surface layervefyeplot and a composite per treatment was made
using formula indicated for band applied fertilizdry Havlinet al. (1999) as:

S= 8 (row spacing)/30, where: S standsHerratio of off-band to on-band samples.
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Laboratory Analyses

The soil samples were air-dried and ground to geessd 0.5 mm (for total N) sieves. All samples were
analyzed following standard laboratory procedurssoatlined by Sahlemedhin and Taye (2000).
Organic carbon and total N contents of the soilendgtermined following the wet combustion method
of Walkley and Black, and wet digestion procedufdldahl method, respectively. The available P
content of the soil was determined following Braynethod. Soil texture was analyzed by Bouyoucos
hydrometer method. The cations exchange capacEL]®f the soil was determined following the 1N
ammonium acetate (pH 7) method. Ca and Mg contert® measured by using EDTA titration,
whereas the exchangeable K and Na in the extraet measured by flame photometer. The pH (1:2.5
solid: liquid ratio) of the soils was measured iat&r using pH meter with glass-calomel combination
electrode. Exchangeable acidity of the soil wasmeined by leaching exchangeable hydrogen and
aluminum ions from the soil samples by 1N KCI sioint Determination of the P content of the straw
and grain yield was carried out on the digest aliglobtained through digestion. P in the soluti@sw
determined colorimetrically by using molybdate ameétavanadate for color development. Finally,
reading was made at 460 nm.

Satistical Analysis and Phosphorus Uptake and Efficiency

The data obtained from soil and crop, were statiflii analyzed using the PROC ANOVA function of
SAS and means were compared using LSD at a prdigdbwel of 5%. Total P uptake in grain and
straw were calculated by multiplying P content wigspective straw and grain yieldh&otal P uptake
of the biomass was calculated by summing up thetBka by grain and straw. Apparent P recovery,
agronomic and physiological P efficiencies werealalted using procedures described by Craswell and
Godwin (1984) as: [(Un-U0/n)] X 100 for apparentfdrtilizer recovery, (Gn-G0)/n for agronomic
efficiency and (Gn-G0)/Un-U0) for physiological iefency, where:

Un stands for P uptake at ‘n’ rat® dertilizer,

U0 stands for P uptake at contret@z level),

Gn and GO stand for grain vyield ifeed at ‘n’ rates of fertilizer and control,

respectively.

Results and Discussion
Response of Haricot Bean to PhosphorusApplication
Crop phenology and growth parameters

The level of P supply has significantly influenadad/s to physiological maturity. Phosphorus apglcat
at 40, 50 and 60 kg P hhas significantly reduced days to physiological urigt as compared to the
control (Table 1). Although statistically insigrifint, the other treatments (10, 20 and 30 kg have
also slightly reduced the days to physiological urigt as compared to the control. Hastening crop
maturity due to increasing P supply was also regolly Brady and Weil (2002). Havle al. (1999)
also indicated that ample phosphorus nutrition @odduce the time required for grain ripening.
Similarly, Marschner (2002) reported that P couédluce the days to physiological maturity by
controlling some key enzyme reactions that invalvehastening crop maturity. Simple correlation
results indicated that physiological maturity waghly correlated with pH (r= 0.55**). Possible reas
for this might be that as pH of the soil increadedgvailability will be improved which in turn call
reduce the days to physiological maturity.

Although P application has slightly reduced thesday 50% flowering (Table 1), the effect was not
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statistically significant. Similar results were @lseported by Birhan (2006) and Meseret (2006) on
haricot bean and mung bean, respectively. Day®weefing were highly correlated with pH (r= 0.50**)
Similar reason can also be suggested as in phgstalomaturity. Negative correlation (r= -0.44%) sva
obtained between days to flowering and OC conf€his might be due to mineralization of organic
matter during the growing period that releases Nckvicould cause delay in flowering date (Hawin
al., 1999).

Phosphorus application did not significantly affplnt height and number of branches ptart slight
decrease was, however, observed in plant heightingreasing levels of P, while number of branches
plant* showed increasing trend (Table 1). These restétsimilar to that of Birhan (2006) who reported
a non-significant response of plant height to Hiegiion on haricot bean. Meseret (2006) also riabr
that P application did not significantly influenptant height and number of branches on mung bean.
From growth parameters, number of branches Plamts significantly correlated with available P (r=
0.43*), while plant height was highly correlatedtiwinumber of branches plantr= 0.48*). This
indicates that application of P is important foowth and development of growth parameters and
improvement of one growth parameter may supportather. On the other hand, plant height was
negatively correlated with exchangeable acidity -51**), indicating that presence of exchangeable
acidity can negatively affect the growth of cropsotigh fixation of P and thereby decreasing its
availability.

Grain yied and yield components

Application of P has significantly affected the igrgield of the bean. Phosphorus application atats
except at 60 kg P Haresulted in significantly higher grain yield thdre control (Table 2). The highest
yield (25.47 dt hd) was obtained from the application of 40 kg P,hahereas the lowest yield (15.58 dt
ha') was obtained from the control. This result isgreement with that of Birhan (2006) who reported a
significant yield response of haricot bean to agglon of P at Melkassa because of P deficiendién
area. To the contrary, Meseret (2006) reportedrasignificant yield response of mung bean at Awassa
Agricultural Research Center as result of high enohbf available P. The result of regression anglys
indicated that there was a significant quadratati@ship between P application and grain yietd] the
yield increased with increasing levels of P uphe tate of 35 kg aand then declined afterwards. This
tendency of yield decrease might be attributedrtbalance of P with other nutrients, especially with
(Havlin et al., 1999; Mengel and Kirkby, 1987). Simple corralatresults revealed that grain yield was
highly correlated with available P (r= 0.52*%), nber of pods plafit (r=0.55**), total biomass (r=
0.90***) and HI (r= 0.63***). These results suggedkit P is a very important nutrient element fapcr
production, and as result of this, its availabilitysoil is very important to improve grain yielahich is
directly related with amount of total biomass ammnber of pods plaift Havlin et al. (1999) indicated
that large quantities of P are found in seed ansl ddnsidered to be essential for seed formatidre T
result of the present work has also shown a siifi correlation between grain yield and seed P (r=
0.39%). To the contrary, there was a negative ¢tatimm (r= -0.44*) between grain yield and
exchangeable acidity, which implies that the exgleable acidity can reduce the content of avail&ble
through fixation.

Unlike its effect on grain yield, the effect of R the number OfdeS plahtvas not significant. However,
all rates of applied P produced higher number dalspplant than that of the control, though the
increment was statistically non-significant (TaB)e The highest (15.30) and the lowest (9.58) nurobe
pods plarit were obtained at the rates of 40 and 0 kg'® hespectively, and these were also the rates at
which the highest and the lowest grain yield webtaimed. The number of pods plantas highly
correlated with available P (r= 0.51**) and see(t#0.40*). These results are in agreement witt th
of van Schoonhoven and Voysest (1991) and Hageal. (1994) who reported that the increase in
production through fertilization in P deficient zmnis due to the increase in number of pods Pplamtd
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hence pods platitwas positively correlated with available P.

Similarly, application of P did not significantlgfluence yield components such as number of seadfs p
and thousand seed weight. Except 20 and 50 kg'Phoavever, all rates of applied P resulted in highe
number of seeds pdd(Table 2). In line with this, Meseret (2006) andrHgin (2006)reported
non-significant results on mung bean and haricanbesspectively. On the other hand, correlaticulte
indicated that thousand seed weight was negato@helated with straw P (r= -0.56**). Possible r@as
for this might be that the main storage area &f $&d as suggested in grain yield.

Total biomass and har vest index

Application of P significantly affected total biosw of haricot bean. All treatments resulted in
significantly higher total biomass over the con{ffble 2). The highest total biomass (45.97 ) keas
recorded from the treatment with application ofk4OP h& followed by 44.45, 43.88, 41.85, 41.54 and
39.14 dt hd, which were recorded from treatments with appiicaof 30, 20, 50, 60 and 10 kg P'ha
respectively. The increment in total biomass fokowsimilar trend with that of grain yield. Geneyalt
declined after application of 35 kg P havhich might also be attributed to imbalance ofiifh other
nutrients, especially with N (Havliet al., 1999; Mengel and Kirkby, 1987). Total biomasaswhighly
correlated with available P (r= 0.49**), seed P (48**), number of pods plaht(r= 0.67***) and
number of branches plah{r= 0.38%). These correlation results indicatet flesel of biomass production
directly affects growth parameters, yield and yietamponents, which in turn are highly dependent on
available P content of the soil. In line with thign Schoonhoven and Voysest (1991) reported that
biomass production of crops would be increaseddeniand by crops increased. Biomass was negatively
correlated (r= -0.52**) with exchangeable aciditfhich may be due to the reduction of available thwi
rise in exchangeable acidity. On the other handptication did not significantly affect harvestigx
(HI). Meseret (2006) has also reported a non-diganit response of harvest index to P application on
mung bean, while Birhan (2006) reported a signifia@sponse of harvest index to the applicatioP of
on haricot bean. Although P application increasedhgyield and similar effect was expected on Hg t
latter did not increase due to simultaneous iner@astraw yield.

Effect of PhosphorusApplication on Soil Chemical Properties
Available phosphorus

The available P content of the experimental soi 882 mg kg (Table 3) before sowing the crop,
which is low according to the classification by Rparajah (1997). Application of P fertilizer incsed
the available P content of the experimental soirothe control although the increment was not
significant and consistent. The highest incremar&g mg kg) was resulted from the application of P at
the rate 40 kg P Ha whereas the lowest increment (1.42 md)kgas resulted from 10 kg P ha
application. The highest available P was also obthfrom the application of P at the rate of 40PKug’,
whereas the lowest was from the control (TabldBjs result is in agreement with that of Sheleng9{)
and Birhan (2006) who reported that addition o&Rilfzer would increase the available P contenthef
soil. Similarly, Havlin et al. (1999) also reported that addition of P fertilizaould increase
anion-exchangeable,HO,. Besides, root exudation to rhizosphere can als@ase nutrient availability
by desorbing phosphate from surfaces of sesquisxie anion exchange and increasing phosphate
mobilization by chelating with Fe or Al phosphateboth (Mengel and Kirkby, 1987).

Although the available P content of the experimiestd was supposed to be increased by P fertiinat
(Mengel and Kirkby, 1987; Havliet al., 1999)and repeated wetting (Mishea al., 2006), its content
decreased during the growing period in all treatiméfable 3). The highest reduction of availabfeobn

the original value (8.82 mg Kiywas 5.27 mg K§in the control, whereas the lowest reduction 89Ing
kg' was obtained from the application of 40 kg P".hRossible reasons for reduction might be crop
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utilization, fixation and leaching of P. In linethithis, Sheleme (1997) reported a reduction irnlavie P
after crop harvest due to crop utilization at Arédgricultural Research Center. Brady and Weil (2002
indicated that P availability is maximum at pH raagf 6 to 7, while below and above these, fixation
occurs. Similarly, Havliret al. (1999) also indicated that P availability is amaximum near pH 6.5,
whereas below and above pH 6.5, fixation occunnid@st soils. On the other hand, Mengel and Kirkby
(1987) reported that P could be removed by leacfimmg the upper soil layers and become unavailable
although the rate of removal is low. Williams (19%8so indicated that large extractable and total P
concentrations in summer coincided with drying oifmus and root death and release.

Total nitrogen

The total nitrogen content of the soil was 0.2%b{@a3) at pre-plant, which could be classified as
medium according to Pushparajah (1997). Applicatb® did not significantly influence total nitrage
content of the soil. It ranged from 0.18% at thte &f 20 kg P hato 0.21% at control (Table 3). A slight
reduction was observed in all treatments exceptatd 60 kg P Kaas compared to the original value
(0.2%), which might be attributed to the relativhlgher uptake by plants. As compared to the treatm
with 0 and 60 kg P Ra all the others resulted in higher total biomaghich in turn resulted in lower
concentration of N in soil after crop harvest, tlueptake.

Organic carbon

The organic carbon content of the experimental wais 3.5% (Table 3) at pre-plant, which could be
classified as high according to Herrera (2005). Gitganic carbon content was not significantly afec

by increasing rates of P application. As indicatedable 3, the organic carbon content of the smibed
from 2.86% at the rate of 30 kg P'hto 3.09% at 50 kg P Haln all treatments, including the control,
the organic carbon contents were reduced fromiilgnal value of 3.5% during the growing period.eTh
highest reduction was 18.29%, whereas the lowdsiction was 11.71%. The decrease in organic carbon
content during the growing period of the crop migatdue to organic matter decomposition. Hastlial.
(1999) indicated that tillage of the soil produgesater aeration, thus stimulating more microbiivéy,

and increases the rate of disappearance of sahargarbon.

Soil pH and exchangeable acidity

The pH and exchangeable acidity (EA) values ofetkgerimental soil were 5.60 and 0.34, respectively
(Table 3), before sowing the crop. Herrera (200&3sified soil pH as strongly acidic (3-5.6), maety
acidic (5.6-6.2), slightly acidic (6.2-6.7), neut(é.7-7.3), slightly alkaline (7.3-7.9), moderatelkaline
(7.9-8.5) and strongly alkaline (> 8.5). Based his tlassification, the pH of the experimental swils
moderately acidic, which is satisfactory for growthmost crops (Havliret al., 1999). Increasing levels
of P supply did not significantly influence the piHd exchangeable acidity of the sail.

Compared to the original value, slight reductiomssoil pH were detected in all treatments except, i
control and 10 kg P Azplots (Table 3). The slight decrease found fromptesent experiment could be
attributed to release of Hn the process of nutrient uptake. Correlatiomitesndicated that soil pH was
significantly correlated with total nitrogen (r=39%).

The exchangeable acidity of the soil ranged betvieéd cmol (+) kg in the control and 0.56 cmol (+)
kgt in the treatment with application of 10 and 50 kch& (Table 3). Although statistically not
significant, all rates of applied P resulted infeagexchangeable acidity as compared to the cofiable
3). The highest exchangeable acidity was obtaineah the rates of 10 and 50 kg P*havhereas the
lowest was obtained from the control. The exchabigeacidity was increased from the original valoe i
all treatments including the control. This incremeould be attributed to exchangeable hydrogel), (H
which might have been released from roots, decoitipof organic matter, and microbial and root
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respiration as was also suggested by Haaflial. (1999). The authors indicated that decompositibn
organic matter and root respiration increase d@he soil air, which combines with water to puod H.

Phosphorus Uptake and Efficiency

Application of P fertilizer highly significantly ftuenced the concentration of P in seed. All raiés
applied P resulted in higher seed P concentrafian that of control although significant differeaceere
observed only at rates of 20, 30 and 60 kg B fihe concentration of grain P showed increasiegcdr
with levels of applied P till 30 kg P fiaand declined afterwards (Table 4). The highesbriRent of the
grain (0.83%) was obtained from the treatment \ajpiplication of 30 kg P Ha whereas the lowest P
content (0.50%) was obtained from the control. Seeas negatively correlated with total N (r= -0)36
which might be due to the negative effect of higheMels. Similarly, it was negatively correlatedthwi
exchangeable acidity (r= -0.38**), showing with ieament in exchangeable acidity values available P
level would decline due to fixation and resultingow P concentration in seed.

Unlike its effect on seed P, P application did sighificantly influence straw P concentration. Bxcat

50 kg P hd, the concentration of straw P was higher at aé#g@f P application than that of control.
Similar to its concentration in seed, the conceiumaof P in straw was also increased from 0.46% in
control plants to 0.65% in those supplied with 40Fkhd although its lowest concentration (0.44%) was
obtained at 50 kg P Ha Simple correlation result indicated that theresveanegative correlation (r=
-0.36**) between straw P and exchangeable aci@ityilar in seed P, with increment in exchangeable
acidity values of available P level would declingedto fixation and thereby resulting in low P
concentration in straw. The concentrations of Bdth seed and straw in all treatments except tbbse
control and 50 kg P Ha(Table 4) were greater than the plant P concéotraange (0.1-0.5%) rated as
optimum by Havlinet al. (1999).

The minimum (7.79 kg K8 and the maximum (19.88 kg Hagrain uptake of P were recorded at the
rates of 0 and 30 kg P harespectively, whereas the minimum (6.74 kg)hend the maximum (13.33 kg
ha') straw uptake were recorded at the rates of 04@rkly had, respectively(Table 4). The uptake of P
by both the grain and straw decreased after thénmem uptake was attained at 30 and 40 kg P ha
applications, respectively. Likewise, the totalaiggt of P by the biomass (the sum of uptake by grain
yield and straw) increased from 14.53 to 32.59 &4t the rates of 0 and 30 kg P*haespectively and
declined beyond this rate. The grain P uptake attedufor 61% of the maximum total P uptake, whereas
straw P accounted for 39%. This result is in agexgmvith that of Birhan (2006) who reported that P
uptake increased with application of P in hariceam The highest apparent P recovery obtained was
78.05% at application of 20 kg P Hallowed by 60.20% at the rate of 30 kg P-havhereas the lowest
was 15.46% at application of 50 kg P*hZhe highest agronomic (69.80) and physiologi¢23(32) P
efficiencies were obtained at application of 10Fkpa’. The lowest agronomic P efficiency (9.28) was
obtained at 60 kg P Ha whereas the lowest physiological P efficiency.88$ was obtained at
application of 30 kg P fa Both P efficiencies were decreased with applicetof P. The value of
agronomic efficiency indicated that for a unit eftilizer P applied the highest yield was produaedO

kg P h&, whereas the lowest was produced at 60 kg'P®a the other hand, the value of physiological
efficiency indicated that from a given unit of Fkéa up by the total biomass, relatively the highest
portion was used in grain formation at the ratd@fkg P ha, whereas the lowest was used at 30 kg P
ha'. Thus, application of 10 kg P thas optimum to obtain the highest agronomic andsjuiggical
efficiencies.

Conclusion and Recommendation

Application of 10 kg P Hahad significantly improved grain yield and biomaa#hough statistically
insignificant, enhanced physiological maturity gneld components such as number of padst'and
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number of seed pddvere obtained from this rate. Further increaseirels of P up to 35 kg P halid

not increase yield significantly compared to thiaflé kg P h& application. Phosphorus supply beyond
35 kg P ha generally resulted in decline of grain and biomgissds, number of pods plahtand
number of seed p&d Thus, application of 10 kg P has recommended for better production of haricot
bean at Areka.
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Table 1. Crop phenology and growth parameters €dizbean as affected by phosphorus
application at Areka, 2006.

Rates of P Days to Daysto Plant height No. of branches
(kg ha') flowering maturity (cm) plant*
0 46.2¢ 85.50: 80.2( 3.5¢
1C 46.2¢ 84.75al 79.75 3.8¢
2C 46.0( 84.50ab 78.8( 3.8¢
3C 46.0( 84.50ab 78.6¢ 3.7C
4C 45.7¢ 83.25¢ 79.3¢ 4.0t
5C 45.7¢ 83.50hb 79.9( 3.9t
6C 45.7¢ 83.25¢ 78.7¢ 4.0C
CV (%) 0.9C 1.0¢ 9.6( 8.3¢
LSD (5% NS 1.37 NS NS

Values followed by the same letter (s) within aucoh are not significantly different at<P0.05

NS- not significant

Table 2. Yield, yield components and harvest indielxaricot bean as affected by phosphorus appbicatt
Areka, 2006.

Rates of P No. of No. of Grain yield Total biomass 1000 seed wt HI
(kg heh) pods plar™ seeds pc* (dt he?) (dt heh (9)

0 9.58 5.9t 15.58t 30.24t 254.4¢ 0.52
10 12.95 6.01 22.56¢ 39.14: 254, 4¢ 0.5¢
20 14.43 5.94 23.86a 43.88a 254.42 0.54
30 13.33 6.0C 23.95; 44.45; 254.1: 0.5¢
40 15.30 6.14 25.47: 45.97¢ 252.6¢ 0.5%
50 13.63 5.9¢ 22.68: 41.85¢ 255.0: 0.5¢
60 13.70 6.1< 21.15al 41.54¢ 252.3¢ 0.51
CV (%) 21.23 4.86 17.14 13.43 5.21 9.97
LSD (5%, NS NS 5.6t 8.18 NS NS

Values followed by the same letter (s) within auooh are not significantly different at<f0.05

NS- not significant
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Table 3. Soil available P (Bray 1), total N, OCA Bnd pH as affected by increasing P
application on soils at Areka, 2006.

Rates of P Av. P TN oC EA pH
(kg ha) (mg kg (%) (%) cmol (+) Ky

0 3.55 0.21 2.97 0.46 5.88
10 4.97 0.19 2.92 0.56 5.60
20 5.06 0.18 3.00 0.53 5.55
30 5.72 0.19 2.86 0.48 5.58
40 7.53 0.19 3.08 0.52 5.45
50 6.05 0.19 3.09 0.56 5.48
60 6.58 0.20 3.05 0.52 5.50
Before sowing  8.82 0.20 3.50 0.34 5.60

the crop
CV (%) 28.87 9.92 6.47 45.11 3.56
LSD (%) NS NS NS NS NS

Table 4. P content of grain and straw, uptakéefiutrient, apparent recovery and P use efficiency
at vest at Areka, 2006

Rates  Yield (kg h¢* P content (% P uptake (k¢ Apparent P efficienc)
of P(kg ha') P
ha') recovery
(%)
Grain Straw Grain  Straw Grain Straw Total Agronomic Physio
ogica

0 155¢ 146€ 0.50c 0.4€ 7.79 6.74 1453 - - e
10 2256 165¢ 0.52c 051 11.73 8.46 20.19 56.60 69.80 123.3:
20 2386 200z 0.76ab 0.60 18.13 12.01 30.14 78.05 41.40 53.0¢
30 2395 205C 0.83a 0.62 19.88 12.71 32.59 60.20 27.90 46.3¢
40 2547 205C 0.63bc 0.65 16.05 13.33 29.38 37.13 24.73 66.6(
50 2268 1917 0.61bc 0.44 13.83 8.43 22.26 15.46 14.20 91.8¢
60 2115 203¢ 0.72ab 0.53 15.23 10.81 26.04 19.18 9.28 48.3¢
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