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Optimizing Phosphorus Fertilization Riates
 
for Soybeans Grown on Oxisols and Associated Entisols'
 

I. D. G. LINS, F. R. Cox, AND J. J. NICHOLAuDES, 1W 
ABSTRACT 

Although soils vary considerably In their P sorption character-
istics, this factor is often not considered ina soil test Interpretation.
One soil property clogly related to P sorption Is lay content. Re
sidual P studies were conducted for 4 yr on three tropical soils of 
similar day mineralogy, two Oxisols of 63 anel 27% day, and a 
Quntzlpaaunment of 12% day. The Mehlich 1 (1:10) extractable P 
level was described as a function of time, iidal soil P level, and P 
fertilization rate. One Cap of soybeans (Glycixe max (L) Merr.] 
was grown each year and the yield related to extractable P, which, 
in turn, was related to the initial P sol! !oval and P fertilization rate
for a period of I yr. Based on a soybean price of $0.23/kg and a 
fertilizer P price of $1.23/kg. rates of P were calulated for each of 
the three soils that would maximize net retirns for varioui Initial 
levels of extractable P. As these rates differed markedly with clay 
content, a soil test Interpretationwas created by multiple regression 
based upon both Mchlich I extractable P concentration and clay 
percentage to predict a recommended rate of fertiliter phosphorus
(R) as follows: R - 80 - 2.57(soil P) + 0.01386(clay)l 
O.O3281(suol PXclayt ). This function hould be applicable to many
soils with similar clay characteristics. 

Addirional Index Words: soil test. interpretation, calibration,
sc.-ption, clay, economic. 
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FHE OBJECTVE of a soil test interpretation is to be 
.T able to itcommend the optimum rate of fertil

izer. One philosophy of achieving this is to maintain 
a nutrient so that its extractable concentration is suf
ficient for maximum yield. This would be applicable
only if there is a measurable residual effect of the ele
ment applied. In order to compute the optimum rate
of a given nutrient, three values are required: (i) the
existing extractable nutrient concentration in the soil,
(ii) the concentration sufficient for maximum yield,
and (iii) a buffer capacity factor indicating the change
in soil nutrient concentration during the period per
unit of nutrient applied. With the inclusion of eco
nomic considerations, the interpretation may be mod
ified to recommend the rate of fertilizer requied to 
maximize net returns. 

The concentration of extractable r suffi:ient for 
max;,num yield varies wish soil propestlies. Cope and
Rouse (1973) stated that fine-textured, high cation ex
chang!- capacity (CEC) soils would produce maximum
yields at .ower soil test P levels than coarser-tLxtured,
lower CT-C ones. Similarly, Kamprath (1978) reported 
that the Mehlich I extractable (1:5) P citical levels 
for clayey and sandy Ultisols were 10 and 20 mg/kg,respectively. Although it is known that P sorption or
repetive Alth it iknon tha tsr orfixation varies with several soil properties, there havebeer few attempts to incorporate this information into 
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Table i. Selected properties of the three "N prio to treatmeut. Table 2. CoeIfideats or parmetef Eq. (I eand (21 for the 
cotent.Clay pHt Al C+ Mg K AL,. P'(%	 three soilsvarying In dy 

5 gim Coefl'.:int or 
col I+Wdm' % 

27 1263 4.9 1.12 0.68 0.10 69 0.. 	 3 
27 4.6 1.26 0.96 0.12 64 1.4 	 A 2769 t64 1925 
12 	 6.2 0.34 1.04 0.09 23 2.2 B 6508 4752 2751 

C 0.4690 0.2267 0.1346 
X" 	 2.0 6.5 9.0 

a soil test interpretation. Such data are needed to de- 0.5 6.2 11.0 
termine the optimum rate of fertilizer for specific soil 6, 0.021 0.24 0.2H 

conditions. A mathematical approach to this was b, 	 0.0003 0.0006 0.0011 
by Cox and Lins (1984) for corn (Zea

worked out 
mays L) grown on two Ultisols varying in clay con
tent. Their technique should be applicable for other ratic equation for the new initial P cmcentration, X, It may 
crops grown on other acid soils as well. The objectives be calculated as follows: 
of the current study were to (i) refine the mathematical 
approach, and (ii) determine the fertilizer P rate re- E - -bi + sqr(bi2 - 4 2 (X, - Xi)) [2] 
quired for optimum yield of soybeans grown Oxisols where sqr denotes the square-root function. 
and associated Entisols as influenced by extractable P With these changes to facilitate use of the descriptive model
concentration and clay content. with a time function included, the expression to predict ex

tractable P becomes: 
PROCEDURE X - X, + [X, + (II + E)F 

Field and Lab Methods + b2F' - XJ exp(-kT) [3] 
Phosphorus studies were conc,:'stcd at three sites in the where X.q is an equilibrium soil test level based on experi-

Cerrado area of Mato Grosso do Sul, Brazil. The soils were ence and exp denotes the value of "c" to the power given
(i) a Typic Haplustox; clayey, kaolinitic, isohyperthermic, in the parentheses following. The data were fit to this model 
(i) a Typic Haplustox; fine-loamy, siliceous, isohyper- using the NLIN procedure for nonlinear models in SAS (SAS
thermic, and (iii) a Typic Quartzipsamment; isohyperth- Inst., Inc., 1982).
ermic, coated. Clay contents of the surface horizons were A nonlinear model was also used to relate treatment mean
 
63, 27, and 12%, respectively. Dolomitic limestone was ap- grain yields (1) to extractable soil P concentration (X) at
 
piied 90 d before establishing treatments to eliminate Al each site. The form selected was as follows:

toxicity. Soil P levels were created by incorporaing broad
cast triple superphosphate to supply P at rates of 0, 66, 132. Y - A - B exp (-CX) [4]

and 264 kg/ha in four replications of a randomized complete where A,B, and C are constants. The value of X was then

block design. One crop of soybeans (Glycine max L Merr.)] expressed by Eq. [3] to give:
 
was grown each year for 4 yr and grain yields determined.
 
General fertilization for the first two crops in kg/ha included Y = A - B cxp I CIXq + [XI + (b + E) F
 
60 K, 2 Zn, I B, and 0.2 Mo. Only the K rate was continued
 
thereafter (Table I). + b2F 2 - X,] exp(-k7)11. [5] 

At harvest, grain yields were determined an, 0 soil sam- Economic considerations arc then inserttd and net in
pled from each plot for analysis. Soil Al was extracted with come (N) calculated as follows: 
I M KCI (I soil/10 solution) and titrated to a bromthymol
blue end' oint. Calcium and Mg were also determined on a N - QY - SF (6] 
portion of this extract by atomic absorption spectropho- where Q is the price of soybeans and S is the cost of fertilizer 
tometry (Lin and Coleman, 1960). Soil P and K were ex- P. The yield, Y,in Eq. [6] is replaced by Eq. [5] to give:
tracted with Mehlicl I, 0.05 M HCI + 0.0125 M H2SO,, (I
soil/10 solution) for 5 min and determined by spec;ropho- N = Q(A - B exp I-CIXq + [Xi + (b, + E) F
 
tometry ane flame photometry, respectively. Soil pH was
 
determined in a 1:1 soil/water stirred suspension. 	 + b2F - XJ exp (-k7)1 - SF. [71 

Considering a time period of I yr (T- 1), the derivative 
Mathematical Approach of net income was taken with respect to fertilizer cate, F, 

Extractable soil P concentration (-' was expressed as a and s4t equal to zero, as follows: 
function of the initial soil test level (Xo), rate of fertilizer 0 = QB expi-CIX, + [X, + (b, + E) F 
P(F). and time (7) at each site. The descriptive model de
veloped by Cox ct ai. (1981) was used with one modification. + b2P - X,] exp(-k)11(-C) exp(-k) [(b, 
In their model, the immediate effect of fertilizer rate, F, on + n, + 2b2F] - S.
extractable soil P concentration is given for only one initial [8]
sot test level. ', by the following quadratic expression: 

Solution of this equation will give the fertilizer rate for 
X = X,, + b, F + b21 [] maximum net income for a given initial soil test level. This 

where b,and b2 are coefficients describing the buffer capacity was done with the data from each site for eight initial levels 
of the soil. This expression must be modified if one it to between Xo and greater values up to where the effect of fer
consider other initial soil P concentrations. Two terms must tilizer rate became negligible. The 24 observations were then 
be changed. The first is the intercept, XK.which is replaced evaluated by multiple regression so that the fertilizer rate 
by the selected initial P concentration, X,. The second is the for maximum net income (R) was a function of initial soil 
slope at the intercept, h,, which must be changed by a factor, test level (soil P) and clay content (clay). The concept de-
K. This factor is the numerator of the solution of the quad- velopcd by Cox and Lins (1984) in which the clay term is 
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264 kg P/ha. 
leve an caycntnLCsquared was used. This cpression includes the interactionand May be w,Titten as fuflow,-: 


R - a + b (soil P) + c(clay)2 + d(soil PXclay)2 .[(9]

Th iniia 

With this expressior., the fertilizer P rate for maximum
net income becomes a continuous function of initial soil test 

ect of a given rate of P on the soil testRESULTS AND DISCUSSION 
and mhcaybeornten ctliows:ctoP concentration was greatest on the lowest clay con-
tent soil andI least). ondatda from each site fit . content (Fig. the one with the highest claydescrip-
ive model (Eq. rerd0lher[31) quite wceil with the coefficients 

with time is described by the coefficient ke Withgiven in Table 2. The rate of continued decline in soil
dThe toa efoectiofa fuinraeq P[4f woete dol et-these soils, the parameter does not appear i-elated to 

thetthIll value, as hypothesized by Cox et al. (198 1),tThe orSoybe.n yields markedly increased with the initial 
increase inc content. 

the three locations (Fig. 2). Coefficients for fitting thePd an epin niagivenviously raeton Therle4stse yr-

ation in the observed yields at the higher levels of soilP. Much o this is associated with che fact tadata from 4 yr are shown and are not adjusted forthe ayear effect. Maximum yields were somewhat greaer
for thela ythe first. Thseffect could be removed by adjusting soybean yields 

tion derived, so it was not done. 

The fertiliznP rates to maximize 


to an averagf, but this would not really affect the func-
net returns atvarious initial soil P levels for the three soils are shownby the calculated points in Fig. 3 for a soybean price 

Of $0.23/kg and a fertilizer P cost of$Si.23/kg. For theclay soil, very high rates of P would be recommendedat very low soil P levels. The recommended rate de-
creases rapidly with increasing soil P, however, and 
none would be recommended if the extractable P con-
cntration exceeded 9 kg/ha. For the more sandy soils,
a lower ratbe 
 mod b recommended at he very
t0' soil P levels, but some would continue to be rcc-

on ndcdint n
I the extractable P concentration ex-cTcded about 2 kg/ha

The modificatior in the quadratic function, Eq. [I],
b consider other initial P concntratioys has affected 

th relationship between fcrtilizer P rate and soil Pcoyncntration shown in Fig. 3. As viewed from theOrigin, the response is slightly convex. Without thisa omow r catde o a imodificationd the response is definitely concave P woeld erbe re(Coxand Lins 1984). Convex functions have been pro-
10ce rand in9aruse in North Carolina (Hat , 
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hol ufieIF1. 3.Asogtest Interpretation for Pshowingthe clclted (points)
soilsl predicted (lines)optiam Pm".,-for three soils varyng inP ad daf ontent for asoybean pror 0. 3/I and 

Pcost ofr5.23/iP. 

field and Hic&Ve,, 1983). The current response, how
w f-d ne ssaryt ofarthlate ithever, has such'a small change in slope that a simple 
lna uco ertlizer rates for all three soils showncalculated hudsfiein Fig. 3 were then used to predict a recommended 

It 

wt aseud onesa totsuarate then clay oterint tmultiple regression analysis, as had been noted preby Cox and Lins (1984). The equation to pre
dlict the optimum rate (R) was as follows:
R 80 -s 2.57(soil P) + 0.01386(clay)t 

- 0.003281(sonoPXclay)su [10] 

The predicted rates from Eq. [ t0reshown by the 

diction fits the u ointlines in Fig. 3 for the fire -oils.well.In general,For the clathe preand
loamy sand soil, the predicted rate was slightly grcaterthan that cawiulate at the highest soil P levels applicable to each. The opposite trend was observed with 

the sandy clay loam, but these dis,"repancies were minor.
Insertion of more stringent economic condiions,

through higher fertilizer cost and/or lower soybean
price, would have the effect of moving the resultsshown in Fig. 3 to the left. Less P would be rccommended for a particular soil at a given initial soil Plevel. Also, the soil P concentration at which nc fer
tilizer P wold be reomrmended, one definition of thecritical level, would be reduced. By his deiition, thecritical levels predicted by the lines shown in Fig. 3 
are 9 18, and 27 kg P/ha for the 63, 27, and 12% clay
soils, respectively.

Ulrich and Hills (1973) rcommended establishingcritical levels at 90%of maximum yield. If this is donem nd d or a ari ulr oi a a gi en intil oiAwithhe data in Fig. 2 the comparative critical levelswould be 6.5, 13 and 20 kg P/ha for the three soils. 
ocr approaches heayalso be applied to show the 
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Fig. 4. A P soil test interpretation for soybeans showing the calcu-lated (;oints) and predicted (lines) optimum P rates for threc soilswith r critical Itela *€6,IS, ad 23 

relationship between critical level and clay content.Application of the Cat,-Nelson (Cate and Nelson,1971) method to the percentage yield per crop bytreatment means and the soil Pconcentration showed
that the range in critical levels for the three soils was 
even wider, being 5.4, 20, and 26 kg P/ha. Critical 
levels were also determined with a segmented analysis, a linear plateau, at the junction of the sloping andnonsloping portions of the curve. The results were11, a n 2 4 k P h a f r het rII and esis rs p c i l y 6,24 kg P/ha for the three soils, respectively,

The three techniquesjust mentioned do not containeconoinic onsiderations and give similar results. The 
mean critical levels are 6, 15, and 23 for the 63, 27,and 12% clay soils, respectively. The rate of fertilizer 
P required to achieve those levels and maintain themfor 1 yr can be calculated from Eq. (3). The results ofthis approach are shown by the poir,ts in Fig. 4. Forthe clay and sandy clay loam soils the predicted fer-
tilizer rates to be suggested are more conservative than
those from the economic approach (Fig. 3), as wouldbe expected with lower critical levels. Li:tle difference 
was shown with the loamy sand, however, between
the two methods. As shown by the lines in Fig. 4, these
data also fit the multiple regression model well.If the lines in Fig. 4 are extended to the soil P con-
centration at which no fertilizer P would be recom-mended, the values on the x-axis are 7, 16, and 23 kgP/ha. These values, dltz-ived from a mean of three
techniques dividig yie.tis into responsive and non-responsive segments, are quite similar to the 9, 18,
and 27 kg P/ha found by the economic analysis. This 
tends to substantiate many of the earlier works done:n soil test interpretation for P tha. were not based
ipon economic considerations. 

The lowest point for each soil shown inFig. 4 isat

he assumed critical level, and the P late for that con-


centration is the amount of fertilizer required to main
tain the critical level for I yr. These ' tes range from 
II to 16 kg P/ha. For following years, therefore, thiswould b- the quantity of P needed. This quantiyshould increase with increasing clay content (buf'eiing
capacity). Such a relationship was not clear with thecurrent set of data. Predicting fertilizer requirementsfor a period of years would be of great advantage to 
both the farmer and the soil testing laboratory.In the Cerrado region, the currnt critical level of P
extracted with the Melilich I is 18 kg/ha (9ppm) forOxisols. Texture is krown to alter the rate required tochange the soil P level (EMBRAPA/CPAC, 1979, 1981)hhe.but thfkt fact is not incorpenited in the soil test interpretation. There is interest, however, in P.recommen
dation scheme bastd on extractable P,texture, andkind of fiacniing system (Goedert, 1983). If soybeansare grown in the rotation, the work reported here willprovide aconvenient method in which economic considerations may be imposed to optimize P fertilization 
rates based on extractable P and texture. 
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