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Equations for Estimating Phosphor us Fertilizer Requirements from
Soil Analysisfor Maize (Zea mays L.) Grown on Alfisols of
Northwestern Ethiopia

Yihenew G. Selassiel, Amnat Suwanarit2, Chairerk Suwannarat? and Ed Sarobol3

ABSTRACT

Field and laboratory experimentswere conducted to devel op equationsfor estimating phosphorus
fertilizer requirements of maize on Alfisols of Northwestern Ethiopia. The field experiment on 20 sites
was arranged in randomized complete block design with five fertilizer rates and four replications. At
maturity, three central rows were harvested and yield and yield components data were collected.
Laboratory analysis of soil samples was conducted following chemical soil analysis methods: Bray-1,
Bray-2, Olsen, Mehlich-1, anion exchange resin and extraction with 0.01N CaCl,. Parameters of the
Quantity/Intensity relationships were also determined. Reliable methods were identified by fitting
relative grain, relative dry biomass and P yieldsin adouble log curvilinear regression model and those
availability indices giving superior correlation were selected. Consequently, grain yield data and
phosphorus availability indices were fitted into the Mitscherlich-Bray model to develop fertilizer
recommendation equations.

Results of the experiment reveal ed that among the methods giving quantity of available P, Bray-
2 and Olsen methods gave the most reliable indices. Moreover, the intensity parametersin combination
with the quantity parameters gave dlightly superior correlation coefficient with yield parameters
compared with their individual effects. The equations devel oped for estimating Pfertilizer requirements
of maize from soil analysiswere: (a) log (100 - y) =2 - 0.1468b - 0.007546x and (b) log (100-y) =2 -
0.1167b- 0.007546x for Olsen and Bray-2 methods, respectively, wherey wasdesired relativegrainyield
(%); b was soil P availability index (mg kg1); and x was P fertilizer requirement (kg hal). The two
equations were statistically proven to provide equally reliable estimates of P fertilizer requirement of
maize on Alfisols of Northwestern Ethiopia.
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INTRODUCTION subsistence crops must be stimulated and

production augmented. Unfortunately, most

In many areas of the tropics, population  tropical soilshavelow levelsof soil fertility often
growth is rapid and there is a rapidly growing  caused by inherently low levels of available
demand for food. Therefore, cultivation of  phosphate (Eijk, 1997). In P-deficient soils, crops
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usually recover lessthan 10 percent of the applied
amount of phosphorusin the first season, even if
they respond well and thetotal recovery after four
yearswasoftenonly 20-30 percent (Russel, 1972).
Moreover, many tropical soilsareabletofix large
amount of fertilizer phosphate, a main factor
lowering the recovery of fertilizer phosphate by
plants. This is due to high amounts of iron and
aluminum oxides in these soils. Therefore,
following nitrogen, phosphorusisthemost limiting
nutrient in the tropics (Sanchez, 1976).
Consequently, yields are low.

Inmany farming systemsof Ethiopia, input
of manures and fertilizers is till low and not
sufficient to sustain the productivity of the soils.
Bringing moreland into cultivationisnot possible
in the densely populated areas. Preference,
therefore, should begiventoraisingtheproduction
of subsistencecropsby increasingtheproductivity
of the soils on which crops are grown. Improving
soil fertility isone of the major factorsto improve
soil productivity. Organicandinorganicfertilizers
should, therefore, beappliedtorestoreandimprove
the soil fertility and to compensate for the
withdrawal and losses of nutrients during
cultivation. Nevertheless, organic fertilizers are
scarce resources in most farming households of
Ethiopiawherefarmyard manureand cropresidues
areused asenergy sourceto cook food. Therefore,
efficientuseof artificial fertilizersshould begiven
due attention.

Theroleof chemical fertilizersinincreasing
yield is evident. Fertilizers accounted for more
than 50% of theincreaseinyield (FAO, 1984) and
phosphorusis of primary concernin the appraisal
of the soil resources of Ethiopia (Miressa and
Robarge, 1996). Fertilizers must be applied based
on scientific understanding of the indigenous soil
nutrient status. Since no universally accepted
method existsforindexingavailability of P, reliable
methodsmust be sel ected so asto meet the specific
conditions under which the crops are intended to
grow.

I ndi cesobtained fromchemical soil analysis
should be fitted into a mathematical model that
integrates soil test results with crop nutrient
requirement. The Mitscherlich-Bray model has
been successfully used by many workersfor such
purposes (Matar et al., 1987; Payton et al., 1989;
Santhi et al., 1998). The objective of this study
was, therefore, todevel op equationsfor estimating
phosphorus fertilizer requirements from soil
analysisfor maize(ZeamaysL .) grownonAlfisols
of Northwestern Ethiopia.

MATERIALSAND METHODS

Site selection

Toselect theexperimental sites, composite
soil samples were collected from 52 farmlands
that had different cropping history, slope and
management practices. The collected soil samples
were analyzed for available phosphorus content
by Bray-2 method, texture and pH. Out of the
sampled sites, 20 experimental sites covering the
widest possiblerangesof theindicated parameters
were selected (Table 1).

Experimental design, field layout and cultural
practice

Ateachsite, afield experimentwasarranged
in randomized complete block design with five
treatments and four replications. The treatments
werefive levels of P fertilizer rates (0, 30, 60, 90
and 150kg P,Os hal) astriple superphosphate (0-
46-0). Gross plot sizefor thetrial was 16.8m?2 and
net plot size(harvestableplot) was7.56m?. Spacing
between rowswas 70cm and between plantswithin
arow was 30cm. Thegross plot had 3 harvestable
and 2 boarder rows, and 2 plantsat each end of the
harvestable row were used asboarder plants. Seed
beds for maize planting in each location were
prepared following farmers practice. Planting
was conducted from May 28 to June 7, 2002
depending on the onset of rainfall in different
areas. Planting was made by keeping two seedsin
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Table1l Locationsand some chemical and physical characteristics of soils of the experimental sites.

Altitude Particle size (%)
(meters -
Site above Geographic position Slope Bray-2P pHin Sand Silt Clay  Soil texture
No. sea (%) (mgkgl) HL0
level) (2:2.5)

1 22400 11°17.2’N37°289'E 3.8 342 491 7 25 68 Clay

2 22431 11°17.3 N 37°28.8E 26 2.55 521 5 25 70 Clay

3 23488 11°14.3 N 37°30.7E 0.3 3.82 500 7 21 72 Clay

4 23479 11°14.2’N 37°30.9E 2.3 281 535 13 17 70 Clay

5 1897.3 11°44.0'N 37°30.8E 5.4 1080 540 15 29 56 Clay

6  1918.0 11°44.7’N37°31.9E 5.1 3.13 473 5 17 78 Clay

7 19558 119457'N 37°324'E 3.1 8.02 499 7 27 66 Clay

8 1969.8 11°46.8'N 37933.2°E 2.3 1073 483 9 27 64 Clay

9 1916.8 11°44.4'N 37°31.7E 8.1 1141 526 55 21 24 Sandyclayloam
10 2048.7 11°24.8'N 37°24.8E 1.1 9.43 5256 9 25 66 Clay

11 2067.6 11°925.0'N 37°07.9E 3.5 7.59 525 15 49 36 Siltyclay loam
12 2039.8 11°24.8'N 37°07.4E 0.2 6.66 506 9 25 66 Clay

13 20389 11°24.6'N 37°07.17E 0.3 6.48 513 11 23 66 Clay

14 20027 11°21.6'N 36°58.1'E 1.6 1096 501 13 23 64 Clay

15 1900.0 10°80.0'N 36°85.0E 5.0 7.96 575 11 21 68 Clay

16 2150.7 10°42.7'N 37°05.6'E 1.8 16.04 578 15 25 60 Clay

17 2106.3 10°42.2'N 37°06.3E 5.2 9.48 543 9 21 70 Clay

18 18979 10°40.8'N 37°16.4E 2.3 9.48 563 11 23 66 Clay

19 18884 10°40.5'N 37°16.4E 29 4.14 542 11 23 66 Clay

20 1882.0 10°40.9'N 37°19.0E 0.6 2.54 528 11 23 66 Clay

one hill at adistance of 30 cm within arow. Two
weeks after emergence one seedling per hill was
left and the remaining were pulled out. All of the
phosphorusfertilizer for eachtrestmentwasapplied
at planting by banding along one side of therow at
adistanceof about 10 cm below and 5cmasidethe
seeds. To each treatment, nitrogen (150 or 75 kg
halfor siteswith organic matter content <5% and
=5%, respectively) asurea(46-0-0) and potassium
(60 kg K50 ha'l) as potassium chloride (0-0-60)
were added asbasal fertilizers. Two timesridging
and, as necessary, weeding operations were
performed to al sites.

Soil samplecollection and analysisfor indexing
availability of P

At planting, from each replication of the
selected 20 locations, one composite soil sample
wascollected fromthetop 0- 20cm soil layer. The
collected samples were air-dried under the shade
and crushedtopassthrough0.5mmsieve. Indexing
availability of phosphoruswasconductedfollowing
six soil P analysis methods. Bray-1 (Olsen and
Sommers, 1982), Bray-2 (Sahlemedihinand Taye,
2000), Olsen(Olsenand Sommers, 1982), Mehlich-
1 (Tan, 1996), anion exchange resin (AER)
extraction (Tan, 1996), 0.01N CaCl, extraction



Kasetsart J. (Nat. Sci.) 37 (3) 287

(Olsen and Sommers, 1982), equilibrium P
concentration (EPC), phosphorus buffering
capacity (PBC) and labile P determined from
Quantity/Intensity (Q/I) curves(K pomblekou and
Tabatabai, 1997). These methods were selected
because indices from them were widely reported
to bereliable in estimating availability of P.

Yield data collection, plant sampling and
analysis

Grain and biomass yield data (grain plus
stubble) werecollected fromthethreecentral rows
excluding thetwo boarder plantsat each end of the
row. Maize grain and stubble samples were
collected to determine plant P uptake. For plant
sample analysis, procedures outlined by
Sahlemdihin and Taye (2000) were used.

Derivation of equations for calculating P
fertilizer ratesfor desired maizeyields

Calculation of relativeyields

Relativegrainand dry biomassyieldswere
determined by calculating maximum values of
each parameter using asecond degree polynomial
regression model: Y = a+ byx + box2, whereY =
thedependent variable(yield); x =theindependent
variable (Pfertilizer rate); a=theintercept on the
y-axis; and by and by, = regression coefficients.
The maximum values for grain and dry biomass
yieldsweredetermined fromthemodel after fitting
obtained data. These values were regarded as
100% relative yield values. Other yield values
were converted into relative yields as percent of
their corresponding maxima (Suwanarit et al.,
1999).

Examining relationships between the
availability indices and the relative grain,
relative dry biomass and P yields from crop
data

Pavailability indicesmeasured by different
soil test methods and relative grain, relative dry

biomass and P uptake of the control plots were
fittedintodoublelog curvilinear regressionmodel:
logy =a+ blog x, where x = the obtained index
value; y = therelative grain, relative dry biomass
or Puptake of the control plotsfrom crop data; a=
theintercept at they axis, and b=dopeof theline.
Availability indices giving superior and highly
significant correlation with the above yield
parameters were used to develop equations for
calculatingfertilizer ratesfor desired maizeyields.
Moreover, the single and multiple effects of the
quantity/intensity parameters on relative yields
and P uptake were compared using simple and
multiple correlation coefficients.

Equations for calculating P fertilizer
ratesfor desired maize grain yield

Relationships among relative grain yields,
obtained P availability indices from reliable soil
test methodsand amount of fertilizer applied were
expressed by the Mitscherlich-Bray model. The
model for each selected chemical method was
derivedby calculating ¢, (coefficient of availability
indices) and c (coefficient of fertilizer rates). First
¢y was calculated by substituting b (availability
indices) from each replication of the experimental
sitesinthefollowing equation: log (A -y) =log A
- ¢1b, where A = relative maximum grain yield;
and y = the relative grain yield from unfertilized
plots. Mean of al the ¢ valuesof al thelocations
was used for the model. Then the ¢ value was
calculated for each fertilized treatment by
substituting cal culated cq valueof eachreplication
inthefollowing equation: log (A -y) =logA - c1b
- cX, where x = the P fertilizer ratesused and y =
relative grain yield of fertilized plots. Mean of all
the cvaluesof all thefertilized plots was used for
the model.

Verifying reliability of obtained equations
Reliability of the derived equations was

verified by comparingtheactual maizegrainyields

withgrainyieldspredicted by theobtained equation.
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A linear regression technique was used to see the
rel ationship betweenthem. Significant correlation
coefficient revealed reliability of the equation.

RESULTSAND DISCUSSION

Relationshipsamong soil P availability indices
and relative grain, relative dry biomassand P
yields

All indices, except the parameters of the
qguantity/intensity relationships, highly
significantly (P < 0.01) correlated with relative
grain and dry biomass yields (Figure 1). The
relative yield curves have shown more typical
Mitscherlich type yield trend for Olsen, Bray-2,
Mehlich-1, Bray-1 and AER methods. With other
availability indices, the relative yield curves had
either linear trend or had no significant rel ationship.
This was especially true for those methods that
extracted low amount of P from the soil. It was
observed, however, that Puptakerelatively poorly
correlatedwithavailability indiceswhen compared
with other yield parameters, and Mitscherlichtype
yieldtrendwasnot obtained. Amongtheparameters
of the quantity/intensity curves, EPC (the x-
intercept in the Q/I graph) had no significant
relationship with relative grain yield but had
significant relationship with relative dry biomass
yield (p < 0.05) and P uptake (p < 0.01). Labile P

(y-intercept in the Q/I graph) provided significant
correlation coefficients at rather lower level of
significance (p < 0.05) with relative grain yield
and relativedry biomassyield. PBC (AQ/Al inthe
Q/I graph) exhibited negatively significant (p <
0.05) relationship with relative grain yield (r = -
0.26*); andnon-significantly negativerel ationship
with relative dry biomassyield (r =-0.18"S) and P
uptake (r =-0.17"). Generally, only indicesfrom
Olsen and Bray-2 methods exhibited relatively
higher correlation coefficient values exceeding
0.5 with relative grain and dry biomass yields.

The correlation coefficient matrix among
availability indices(Table2) indicated that Olsen,
Bray-2, Mehlich-1and Bray-1 methodscorrelated
highly significantly (p < 0.01) and with relatively
higher r values among each other. Those methods
that had non-significant correlation with yield
parameterswerealsofoundto correlatewithrather
lower correlation coefficient values with indices
of Olsen, Bray-2, Mehlich-1 and Bray-1 methods.
PBC, however, significantly but negatively
correlated with most of the indices.

The reliability of Bray-2 method was
supported by Sahlemedihin and Taye (2000) and
Enwezer (1977) who stated that Bray-2 method
was effective for determination of available Pin
acidic soils. The Olsen (bicarbonate-P) extractant,
which was initially developed for use in neutral

Table2 Correlation coefficient matrix of soil P availability indices obtained with different methods.

Indices Olsen Bray-2 Mehlich-1 Bray-1 AER CaCl, EPC PBC
Bray-2 0.78**
Mehlich-1 0.75**  0.80**
Bray-1 0.73**  0.83**  0.84**
AER 0.62**  0.59**  0.80**  0.76**
CaCl, 0.41**  0.52**  0.36**  044**  0.15"
EPC 0.56**  047**  048*  056** 046**  0.22*
PBC -0.29* -0.22* -0.38**  -0.41**  -045**  0.08"  -0.15"
LabileP 0.42**  0.36**  0.35**  0.20™ 0.13"s 0.22* 0.74**  0.15"

* ** gignificant at 5% and 1% probability levels, respectively; ™ non-significant at 5% probability level; n = 80.
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Figure1l Relationships between P availability indices and relative grain, relative dry biomass and P
yields(*, ** significant at 5% and 1% probability levels, respectively; "Snon-significant at 5%
probability level; n = 80).
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and calcareous soils (Olsen et al., 1954), has been
also used in acidic soil conditions because the
secondary precipitation reactionsin acid soilsare
reduced to a minimum since the concentration of
Al and Feremain at alow level in this extractant
(Olsen and Sommers, 1982). In agreement with
the results of the present study, Taye and Hofner
(1990) and Tekalign and Haque (1991) reported
that Olsen method was the most reliable method
for Ethiopian soils.

Thenegative correlation observed for PBC
with relativeyield values and actual P uptake can
be justified as follows. If soils have high PBC,
much of thefertilizer nutrient added in acidic soils
poor in phosphoruswill be sorbed and may not be
easily available to plants until the sorption sites
were saturated. It was only enough to note the
change in PBC values measured aong the Q/I
curves of the experiment. PBC was very high
when measured at lower part of the Q/I curvesince
most added P was sorbed by the solid phase; PBC
was medium at the central part of the Q/I curve;
and PBC diminished at upper part of the curve
when the solid phase tended to saturate with P.
Since most soil samples analyzed had low soil
solution and available P, high PBC values that
were measured at the lower part of the Q/1 curve,
whereplantsoperateinactual circumstances, could
not indicate accurately the capacity of the soil to
replenish P to the soil solution. It rather indicates
the capacity of the soil to adsorb P. Raven and
Hossner (1993) indicated that the P buffering
power of a soil apparently depended on the
availability of P sorption sites and their degree of
depletion, and was not always directly related to
the ability of asoil to release P. Ozane and Shaw
(1968) al so reported that low level sof bicarbonate
soluble P were adequate for maximum yield in
soils of low PBC and higher levels of soluble P
were required for near maximum yield in soils of
higher PBC. Therefore, it is not expected that
capacity indices should perform as independent
measures of P availability (Holford, 1979).

Intensity (activity of Pinthesoil solution),
quantity (amount of labile P or plant-available P),
and phosphorus buffering capacity (PBC) which
istheability of soilstoresist changesin P activity
during Pdepl etion, determinetheflux of Pto plant
rootsandyield of crops. Thiswasexplained by the
Q/I concept of Schofield (1955) who argued that
the availability of soil Pfor plant uptake does not
necessarily depend onthesize of labile P pool, but
also on intensity and capacity factors. To verify
which parameter more affected the relative yield
parameters and P uptake, simple and multiple
regression techniques were employed. The EPC
(x-intercept of the Q/I curve) and soil solution P
concentration obtained by equilibrating 50 ml
0.01N CaCl, with 5 gm of soil for 5 minutes
(hereafter referred as “ approximate EPC”) were
regarded asintensity factors; the absol ute val ue of
the extrapolated y intercept in the Q/I graph (mg
kg1), the Olsen and the Bray-2 extractable P
valuesasquantity factors; andtheslope(AQ/AI) of
thelinear graph developed from the lower part of
the Q/I curve (where plants operate in actual
circumstances) asthe PBC (I kg'l).

Regressing approximate EPC, quantity and
capacity factorstogether improved thecorrelation
with relative grain yield, relative dry biomass
yield and P uptake than each of them regressed
individually whichwasreflected by theincreasein
correlation coefficients(Table3). Regressing EPC,
whichhadnon-significant relationshipwithrelative
grainyield and significant correlation but at rather
lower level of significance (p < 0.05) withrelative
dry biomass yield, with Olsen and Bray-2
extractable P gave higher correlation coefficients
with relative yields and P uptake than individual
indices. Nevertheless, regressing EPC with y-
intercept P gave reduced correlation coefficients
withrelativegrain and relative dry biomassyields
than their individual effects. Including PBC to
EPC and y-intercept P, however, improved the
correlationwithrelativegrain, relativedry biomass
and Pyields.
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Table3 Simpleand multiplecorrelation coefficientsof therel ationship between quantity, intensity and
PBC with relative grain, relative dry biomass and P yields of maize.

Availability indices regressed

Dependent variables Y

(independent variables) RGY RBY PY
EPC from Q/I curves (i) 0.21"s 0.26* 0.51**
Approximate EPC (i) 0.39** 0.47** 0.29**
Y intercept from Q/I Curve  (qy) 0.23* 0.23* 0.32**
Olsen extractable P (a2) 0.59** 0.60** 0.40**
Bray-2 extractable P (a3) 0.62** 0.65** 0.31**
PBC from Q/I curves (© -0.26* -0.18"s -0.17ms
i+qp 0.23ns 0.26"S 0.53**
i+0p 0.62** 0.61** 0.52**
i +03 0.63** 0.66** 0.51**
i+c 0.31* 0.29* 0.52**
i1+ o1 0.41** 0.49** 0.40**
i1+ 02 0.61** 0.65** 0.42**
i1+03 0.62** 0.67** 0.35**
i1+c 0.49** 0.52** 0.35**
gi+c 0.38** 0.32** 0.39**
gp+cC 0.60** 0.60** 0.40**
gz+cC 0.63** 0.65** 0.33**
i+grtc 0.39* 0.32* 0.53**
i+gptc 0.63** 0.61** 0.53**
i+gz+c 0.64** 0.66** 0.52%*
it+qgr+c 0.52** 0.54** 0.45**
ip+gp+cC 0.63** 0.65** 0.43**
it+gz+c 0.64** 0.67** 0.38**

Y RGY =reativegrainyield; RBY = relative dry biomass yield; PY = phosphorus yield;
* ** significant at 5% and 1% probability levels, respectively; 'S non-significant at 5% probability level; n = 80.

Inclusion of PBC, which correlated
negatively andsignificantly (p<0.05) withrelative
grain yield and non-significantly and negatively
with relative dry biomass yield and P uptake, to
intensity and quantity parametersdid not diminish
the regression coefficients but rather improved
them in most of the cases. Generally, the results
showed that the concept of Schofield remains
applicable in Alfisols of Northwestern Ethiopia
but the procedures are more costly and more time
consuming thantheproceduresof Olsenand Bray-

2 methods.

Consideringwiththeeaseand cost of doing
soil analysis in addition to the reliability, Olsen
and Bray-2 methods were sel ected for devel oping
equations to calculate fertilizer requirements of
maize on Alfisols of Northwestern Ethiopia.

Equationsfor calculating P fertilizer ratesfor
desired maize grain yield

Equations for estimating P fertilizer
requirementsof maizefrom soil analysisresultsof
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Table4 Equationsfor estimating phosphorusfertilizer requirements of maizefrom soil anaysisresults

of reliable methods.

Method P availability index Unit of index Equation &
Olsen Olsen P mg kg1 log (100-y) = 2 - 0.1468b - 0.007546x
Bray-2 Bray-2 P mg kg1 log (100-y) = 2 - 0.1167b - 0.007546x

Y y=reativeyield goal (as% of maximumyield); b= Pavailability index obtained from soil analysis (mg kg'1); x = Pfertilizer

requirement (kg P,Os ha'l).

the reliable methods are presented in Table 4.
Coefficientsforindigenoussoil P(cq) andfertilizer
rates (c) were calculated as mean of 80 and 280
data points, respectively. The Olsen method
extracted less P than Bray-2 from most of the soil
samples analyzed and eventually the ¢, valuewas
higher for the former than the latter. From the
model sit was possibleto make predictionsthat for
aunit increase in soil P concentration (mg kg1)
measured by Olsen and Bray-2 methods, the
amount of Pfertilizer tobeapplied shall bereduced
by 19.4and 15.4kg P,Os ha'l, respectively, taking
98% asoptimumrelativeyield goal (cal cul ation of
theoptimum relativeyield goal isnot presentedin

this paper).

Reliability of the equations

Simple linear regression technique
employed to see the relationships between actual
grain yields obtained from the experimental plots
and predicted grain yields by the developed
equations indicated that the relationships were
linear, with highly significant (P < 0.01) and
almost equal correlation coefficientsbothfor Olsen
and Bray-2 methods (Figure 2). Thetwo methods,
therefore, can be interchangeably used asreliable
P availability indices depending on laboratory
reagents available.

Deter mination of thecritical soil Pconcentration

TheCate-Nelsongraphical technique(Cate
and Nelson, 1965) was compared with the
developed equationsin determining the P critical

level. Theformer method involves superimposing
vertical and horizontal lines on a scatter diagram
so as to maximize the number of points in the
positive quadrants. The vertical line divides the
datainto two classes (high probability of response
and low probability of response). The point where
the vertical line intersects the x axis has been
termed as the critical level. Based on this, the
critical P concentration beyond which applied
fertilizer becomes non-responsive was identified
to be about 10.5 and 14.5 mg kg1 for Olsen and
Bray-2methods, respectively. Inthelatter method,
the P critical level (b when x = 0) was determined
by substituting O for x (fertilizer rate) and 98% for
y (relativeyield goal) in the devel oped equations.
Based on this, the equations provided comparable
critical Pconcentrationvaluesof 11.6 and 14.6 mg
kg1 for Olsen and Bray-2 methods, respectively.

Different values have been reported in
literature regarding the critical levels of
phosphorus. SPAC (1992), for exampl e, indicated
that 12 mg kgl Olsen P to be the critical limit
above which plants do not respond to applied P.
Tekalign and Haque (1991), however, has shown
that critical Olsen P values to be 8 mg kg! for
Ethiopian soils. Quiterecently, Tayeet al. (2000)
reported that 10 mg kg to be the critical Olsen P
level for wheat in soilsof Hetosadistrict, Ethiopia.
The variation in critical P concentration values
among different soilsisanindication that the soil-
plant rel ationship isgoverned by various physico-
chemical characteristics of soils besides to the
indigenous P available in the soil and the type of



294 Kasetsart J. (Nat. Sci.) 37 (3)

yield (kg ha)

Predicted grain

0 4000 8000
Actua grainyield (kg ha)

12000

12000

8000

yield (kg ha)

Predicted grain
.lo>
(o]
o

0 T T
0 4000 8000 12000
Actual grainyield (kg hat)

Figure 2 Relationships between actual and model predicted grain yields using indices from Olsen and
Bray-2 methods (** significant at 1% probability level; n = 400)

crop grown. It isapparent, however, that in acidic
soilslike Alfisols of the study area, theinherently
low Pcontent coupledwith high Pfixation capacity
makes application of larger amount of Pfertilizer
of paramount importance.

CONCLUSIONS

From the results of the experiment it is
possible to draw the following conclusions:

1. From the soil P analysis methods
incorporated in the experiment, Bray-2 and Olsen
methods were found to be superior in providing
reliableindices of indigenous P availability in the
soil.

2. The Mitscherlich-Bray equations
developed for the two reliable soil P extraction
methods were statistically proven to provide
reliable estimates of P fertilizer requirements of
maize on Alfisols of Northwestern Ethiopia.

3. Considering intensity, quantity and
capacity parameters improved yield predictions
more than each of them being used separately.
However, since Q/I studies are costly and time
consuming, reliablemethodslike Olsen and Bray-
2 can be successfully used to estimate plant-
availablePforfertilizer recommendation purposes
in the study area.

4. The critical P concentration beyond
which applied fertilizer becomes non-responsive

was identified to be 11.6 and 14.6 mg kg1 for
Olsen and Bray-2 methods, respectively.
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