EVALUATION OF PHOSPHORUS REQUIREMENT
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SUMMARY

Phosphorus requirement was evaluated by the sorption isotherm technique by
means of laboratory and greenhouse experiments which were carried out at the
Department of Soils and Environmental Sciences of the University of California,
Riverside (CA), USA, from January to November of 1985. Two soils with different
sorption capacities received increasing amounts of barley straw, cowpea plant tops,
dairy manure and sewage sludge. The addition of the organic materials studied
decreased P sorption capacity of the soils, except when the two lowest doses of
barley straw were applied to the Aquatibia soil (Typic xerofluvent). The decreases
were proportional to the P concentration in the organic materials and to the amount
applied. Dairy manure was more efficient in preventing P sorption by the Hoda soil
(Ultic haploxeralf) than the cowpea plant tops. The sorption isotherm technique
gave better results in soil with high P sorption capacity because it supplied similar
amounts of P to the crop, even with the addition of several organic residues varying
in composition and P content. Phosphorus mineralization from the soil organic pool
should be taken into account when the sorption isotherm technique is applied to
soils with low buffer capacity and that were fertilized with organic materials.

Index terms: soil phosphorus, sorption isotherm, organic fertilizers.

RESUMO: AVALIACAO DAS NECESSIDADES DE FOSFORO PELA TECNICA
DA ISOTERMA DE SORCAO EM SOLOS TRATADOS COM
MATERIAL ORGANICO

A recomendagdo de fésforo pela técnica da isoterma de sorgdo foi avaliada, em
condi¢des de laboratério e de casa de vegetacdo, no Departamento de Ciéncias do Solo e
Ambientais da Universidade da Califérnia, Riverside (CA), EUA, de janeiro a novembro
de 1985. Doses crescentes de palha de cevada, parte aérea de feijio-caupi, esterco de curral
e lodo de esgoto foram incorporadas em dois solos com diferentes capacidades de sor¢do
de fésforo. As adigées de todo o material orgénico diminuiram a capacidade de sor¢éo de
fosforo nos dois solos estudados, exceto quando as duas doses mais baixas de palha de
cevada foram aplicadas no solo aluvial (Typic xerofluvent). As reducées na capacidade de
sor¢do de fésforo foram proporcionais & concentragdo desse elemento no material orgdnico
e a quantidade aplicada. O esterco de curral foi mais eficiente na prevengdo da sor¢do de
fésforo pelo solo podzdlico vermelho-amarelo (Ultic haploxeralf) do que o feijGo-caupi. A
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técnica da isoterma de sor¢do deu melhores resultados no solo com alta capacidade de
sor¢do de fosforo por este ter fornecido uma quantidade similar do nutriente as plantas,
mesmo apds a adi¢do de material orgdnico de composi¢do quimica variada e com diferentes
concentragées de fésforo. Em contrapartida, a mineraliza¢do do fésforo orgdnico deve ser
levada em consideracdo quando essa técnica for utilizada em solos com baixa capacidade
de sor¢do desse elemento e que tenham recebido a incorpora¢do de material orgdnico.

Termos de indexagdo: isotermas de sor¢do, adubagdo orgdnica, adubagao fosfatada.

INTRODUCTION

Phosphorus (P) uptake from soils by plants de-
pends on the capacity of the soil to maintain a suffi-
cient P supply to the root, which, in turn, according to
Larsen (1967), depends on the level of P in soil solu-
tion (intensity factor); the rate at which the solution
is replenished from the solid phase (kinetic factor);
the quantity of P capable of replenishing the solution
(capacity factor), and the rate at which the absorption
zone is replenished by nearby solution (diffusion fac-
tor). However, Gunary & Sutton (1967) were able to
account for 80 to 85% of the variation in P uptake from
a range of soils with different sorption capacities
considering only the intensity and capacity factors.
This was possible because both kinetic and diffusion
factors have been shown to be closely correlated with
the concentration of P in solution, and hence, were
taken into account by the intensity factor (Larsen, 1967).

A procedure which considers both intensity and
capacity factors and has been used to estimate the P
requirements by plants is the sorption isotherm tech-
nique (Beckwith, 1965; Fox & Kamprath, 1970). This
procedure consists in measuring sorbed phosphate at
standard supernatant concentrations of P as an esti-
mate of fertilizer P requirements for maximum plant
growth. These concentrations seem to vary among
species and with soil characteristics (Sanchez & Ue-
hara, 1980). Hence, Fox et al. (1974) found that Chi-
nese cabbage (Brassica pekinensis), which grows
rapidly, needed a lower external P requirement than
head lettuce (Lactuca sativa). They also observed that
this requirement can change with the advancing state
of development, since corn (Zea mays) made near
maximum growth at about 0.2 mg of P dm™ in the
equilibrium solution, while grain production was 95%
at about 0.06 mg dm3. Soils with low P sorption
capacity should require a higher P concentration in
soil solution than those with high sorption capacity
because of the limited buffering capacity factor of
sandy soils, Histosols, and other soils with low P
sorption (Woodruff & Kamprath, 1965; Fox & Kam-
prath, 1970). However, Fox et al. (1974), working with
soils of wide range in weathering and mineralogy,
noted that the external P requirement for 95% yield
of corn was in the range of 0.05 to 0.07 mg dm™.

The decomposition of added organic matter
seems to modify the sorption-desorption charac-
teristics of the soil solid phase. Organic matter can
decrease P sorption by producing organic acids which
can complex P in soil solution, preventing its adsorp-
tion or precipitation; it can also form stable surface
complexes with iron (Fe) and aluminum (Al) which
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blocks the P retention (Nagarajah et al., 1970). Hence,
since the addition of organic materials affects the
sorption characteristics of the soils, the amount of P
fertilizer required should also change. After evaluat-
ing the effect of organic residues varying in P concen-
trations on sorption and desorption of P by a high P
fixing soil, Singh & Jones (1976) observed that the
increase or decrease in sorption of P was a function of
P content of the organic materials that are turned into
the soil; they concluded that the use of the sorption
technique for predicting P requirements should take
into consideration the type and the amount of organic
matter added to the soil, its total P content and the
elapsed time after addition. So far no attempt has
been made to evaluate, by means of greenhouse ana
field experiments, the sorption technique under these
conditions.

The objective of this study was to evaluate the
suitability of the sorption isotherm technique in esti-
mating the amount of inorganic P required for opti-
mum plant growth, when soils with different sorption
capacities were amended with increasing amounts of
organic residues varying in total P content.

MATERIAL AND METHODS

Soil samples from the 0-20 cm layer of an Aqua-
tibia soil (Typic xerofluvent, Aluvial soil) and a Hoda
soil (Ultic haploxeralf, Eutrophic Red-Yellow Latosol)
were air dried and passed through a 5 mm sieve. Some
chemical and physical properties of these soils are
shown in Table 1.

Four organic materials were used in this experi-
ment. Cowpea [Vigna unguiculata (L.) Walp cv. Cali-
fornia Blackeye No. 5] seeds were incculated with
rhizobial strain 176-A32 (Nitragin) using a peat car-
rier and grown in sand culture receiving 1/5 strength
Hoagland’s solution (Hoagland & Arnon, 1950). After
47 days plant tops were harvested at bloom stage,
dried at 65°C in an oven with forced ventilation to
constant weight, and then ground to pass a 0.5 mm
sieve. Sewage sludge from Riverside municipal plant,
dairy manure and barley (Hordeum vulgare L.) straw
were also dried at 65°C, grounded to pass a 0.5 mm
sieve and added to the soils. The composition of these
organic materials is shown in Table 2.

Soil pH was determined in a 1:2.5 s0il/0.01mol L'!
CaCl,solution ratio. Iron oxide was determined by the
Holmgren (1967) method. Soil particle-size distribu-
tion was determined by the hydrometer method (Day,
1965). Total C in soils and organic materials was
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determined by the dry combustion method in a modi-
fied Coleman N Analyser. Exchangeable Ca, Mg and
K were extracted by the Thomas (1982) method and
measured by atomic absorption spectrophotometry.
Resin extractable P was determined according to Sib-
besen (1978). Organic materials were digested in
HNO,/HCI10, and the extract was analyzed for total
P by the Murphy & Riley (1962) method. Mineral
composition of the clay fraction of the Aquatibia soil
was performed according to Jackson (1956).

Total N was measured by the macro-Kjeldahl
method as described by Bremner & Mulvaney (1982).
Water soluble P was determined by shaking 0.1 g of
the organic materials with 100 mL of deionized water
for one hour and passing the extract through a What-
man No 42 filter paper. Phosphorus in the extract was
analyzed by the same method used for total P.

Incubation and greenhouse studies were con-
ducted at the Department of Soil and Environmental
Sciences of the University of California, Riverside.
Organic residues were applied at rates of 0, 4; §; 12
and 16 g kg™! of soil, and the mixture placed in tripli-
cate in 300 mL plastic containers. Every time the
water content dropped to 50%, moisture was adjusted
to the maximum water retention capacity. This was
evaluated by weighing the plastic containers. Maxi-
mum water retention was determined previously by
weighing the amount of water held by the soil two
hours after saturation. The samples were incubated
for 90 days at room temperature (24 + 1°C) and mixed
twice during this period to enhance contact of the
organic materials with the soil. At the end of the
incubation period samples were air-dried.

Sorption studies were conducted at room tem-
perature. One and one-half g of soil sample from each
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replicate was equilibrated for six days in 40 mL cen-
trifuge tubes with 15 mL of a solution containing
0.01 mol L'! of CaCl, and amounts of P varying from
0 to 200 mg dm™ for the Aquatibia and from 100 to
700 mg dm for the Hoda soil. Two drops of toluene
were added to each tube to minimize microbial activ-
ity; all tubes were shaken for 1/2 an hour three times
a day. After the equilibration period, the tubes were
centrifuged at 2 000 rpm and the supernatant was
passed through a Whatman No 42 filter paper. Phos-
phorus in the solution was determined in a Technicon
Auto Analyzer II, using the Murphy & Riley (1962)
method with the color measured at 660 nm. Sorbed P
was estimated by the difference between P added and
P remaining in the equilibrium solution. These data
were used to plot sorption isotherm curves.

Greenhouse studies were conducted in 3.8 dm3
black plastic pots, lined with double polyethylene
bags. Three kilograms samples of the Aquatibia soil
were amended with 12, 24, 36 and 48 g of the organic
residues, while 2.3 kg samples of the Hoda soil re-
ceived 9.2, 18.4, 27.6 and 36.8 g of the organic mate-
rials, making additions equivalent to approximately
9, 18, 27 and 36 Mg ha'l. Moisture was adjusted to
maximum water retention as described above. The
treatments were incubated, in four replicates, for 90
days at room temperature (24 *1°C) and mixed twice
during this period. After incubation, all pots received
inorganic P as KH,PO, in order to establish an
initial concentration of 0.2 mg dm™ in the equilib-
rium solution (Table 3). These added amounts of inor-
ganic P were calculated from regression equations
obtained from the amounts of P added to the soils and
the amounts in equilibrium solution (Table 4).

Pots treated with cowpea plant tops and dairy
manure at 12 g kgl and sewage sludge at 4 g kgl were

Table 1. Chemical and physical properties of the soil samples used in the experiment

. Organic .

Soil pHY mﬁ ttor Fe;03 Sand Silt Clay Ca Mg K p?
g kg'1 mmol, dm?3—— mg dm?

Aquatibia 5.8 2.1 10 590 330 80 40 4 4 9
Hoda 5.1 25.5 58 270 530 200 90 21 9 4
O Determined in a soil : 0.01 mol L'! CaCla solution, ratio 1:2.5. 2 Resin extractable.
Table 2. Composition of the organic amendments used in the experiment

Organic .
Amendment Total C Total N Total P Water soluble P C/N ratio

gkg'

Straw 395 6.4 1.1 0.7 62
Cowpea 401 26.1 7.4 55 15
Dairy manure 288 22.7 6.0 1.9 13
Sewage sludge 254 274 32.4 1.6 9
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Table 3. Amounts of inorganic P fertilizer required to
establish an initial concentration of 0.2 mg dm™
in the equilibrium solution of the two soils
amended with organic materials.

Organic material? Dose  Aquatibia soil Hoda soil
gkg' mg kg
CHECK 0 33 444
ST 4 33 432
8 32 431
12 30 418
16 25 401
CPp 4 22 428
8 8 420
12 0 374
16 0 349
DA 4 20 403
8 8 388
12 0 352
16 0 331
SS 4 0 370
8 0 299
12 0 244
16 0 192

M ST: straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage
sludge.
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retained for crop growth, while other higher dosages
were discarded since the P concentration in the equi-
librium solution of these samples surpassed 0.2 mg
dm™. To produce a response curve, P was added in
rates of 0, 20, 30, 40, 60 and 80 mg kg! to the un-
treated Aquatibia soil and of 0, 200, 400, 600, 800 and
1000 mg kg! to the untreated Hoda soil. The mini-
mum amount of added P producing the maximum
yield of shoot dry matter was considered to be 90% of
the maximum yield. All pots received 3 mL of a
micronutrient solution which added 2.2 mg of B;
2.5 mg of Mn; 6.0 mg of Zn; 0.75 mg of Cu e 0.6 mg of
Mo to the soils.

Ten corn (Zea mays L. cv. Golden Cross Bantam
T-51) seeds were planted and thinned to four seed-
lings five days after germination. Water was supplied
by adjusting the pots to container capacity when
necessary. Nitrogen was supplied by adding 2.0 g of
this nutrient as NH,NO; and 1 g as (NH),SO, per
pot. Five weeks after germination plant tops were
harvested, placed in paper bags and dried at 65°C in
a ventilated oven for three days. Dry material was
weighed and ground to pass a 0.25 mm sieve. Total P
was determined in a HNO,HCIO, extract by the
Technicon Auto Analyzer II.

For statistical and regression analysis, only
straw, cowpea and dairy manure at the rates of 0, 4
and 8 g kg! were considered for the Aquatibia soil,
while all organic materials at all rates were consid-

Table 4. Regression equations and coefficients of determination for amounts of added P (Y) and P concen-
tration (x) in the equilibrium solution of two soils previously amended and incubated with organic

materials
Organic Dose of Aquatibia soil Hoda soil
e organic
material material equation r’ equation r?
gkg'
CHECK 0 Y =658 +47.31logx 0.988 Y =688.8 +349.3 log x 0.990
ST 4 Y=67.0+4841log x 0.988 Y =690.9 + 369.9 log x 0.994
8 Y =655 +148.3 log x 0.986 Y =686.8 + 365.4 log x 0.994
12 Y=632+47.4logx 0.980 Y =670.0 + 360.0 log x 0.990
16 Y =58.5 +47.0 log x 0.970 Y =667.2 + 380.5 log x 0.998
CP 4 Y=64.0+59.2logx 0.992 Y=6784+357.2logx 0.986
8 Y =48.9 +58.2log x 0.998 Y =663.5 + 347.2 logx 0.988
12 Y =664.0 +413.7 log x 0.996
16 Y=641.0 +416.2 logx 0.996
DA 4 Y =575 +52.7 log x 0.986 Y =667.6+377.7logx 0.994
8 Y =46.8 + 54.8 log x 0.986 Y=641.4 + 361.4 log x 0.990
12 Y =597.2 + 350.3 log x 0.994
16 Y =592.2 + 372.2 log x 0.992
SS 4 Y =637.1 +381.0 log x 0.988
8 Y =567.6 + 383.8 log x 0.994
12 Y =517.8 + 395.0 log x 0.994
16 Y =478.0 + 410.6 log x 0.996

O QT straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage sludge.
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ered for the Hoda soil. Analysis of variance was used
to determine significant differences due to treat-
ments, whereas means from the organic sources
within each dose were compared using the Duncan's
test at the 0.05 probability level. Linear and cur-
velinear regressions were conducted according to
Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Laboratory studies

Sorption data on samples incubated with the
organic residues for the two soils under investigation
are shown in Figures 1 and 2. The Aquatibia soil
showed a lower buffer capacity than the Hoda soil as
observed by the lower curve slope (amount of inor-
ganic P applied to the soil in order to obtain a unit
change in the concentration of P in the equilibrium
solution), and by the distance between the isotherms
for the different treatments. The lower buffer capacity
presented by the Aquatibia soil is probably a result of
the low percentage of clay, predominantly kaolinite
and iron oxides in this soil (Table 1).
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Figure 1. Phosphorus sorption by the Aquatibia soil
incubated w1th 1ncreasmg rates of orgamc re51-
dues. a: 4gkg ;b Sgkg ;e 12gkg yd: 16gkg

The addition of the organic residues modified the
P sortion capacity of both soils. Since cowpea, dairy
manure and sewage sludge had P concentrations
above the critical value of 3 g kg'! suggested by Singh
& Jones (1976), these were expected to decrease the
amount of P sorbed by the soils as observed. However,
the addition of straw also decreased the amount of
sorbed P in the two higher doses, which suggests that
the period of incubation was enough for the microor-
ganisms to narrow the C:P ratio and thus favor min-
eralization of the organic P.
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Figure 2. Phosphorus sorptlon by the Hoda soil incu-
bated w1th 1ncreasmg rates of orgamc res1dues
a: 4gkg ; b ngg c: 12gkg ;d: 16gkg

The decrease in P sorbed by the soils seemed to
be proportional to the P content in the organic resi-
dues. Hence, straw treatment behaved like the check
treatment where no organic materials were applied,
cowpea plant tops and dairy manure had approxi-
mately the same effect on soil P sorption, and the
sewage sludge produced the greatest decrease in the
amounts of P sorbed by the soils, completely saturat-
ing the soil sorption capacity when the two higher
dosages were applied to the Aquatibia soil. Since
cowpea had 1.4 g kg'! more P than the dairy manure,
a greater decrease in the amount of P sorbed by the
solid phase should be expected for the cowpea treat-
ment. However, this relationship was inverse for the
soil with high P sorption capacity and was consistent
with all the dosages, which suggests that dairy ma-
nure treatments were more efficient in preventing P
adsorption by this soil than the green manure treat-
ments.

Greenhouse studies

Increases in the yield of dry weight from the plant
tops in response to inorganic P applications to the
Aquatibia soil not treated with organic materials
followed the equation Y= 11.61 + 3.16x - 0.0267x2 (r?
= 0.9857) where Y is the relative yield (%) and x is the
amount of inorganic P added (mg kg ). This equation
shows that 90% of maximum yield of dry matter was
observed with the application of 35 mg of P kg'!. Since
the amount predicted by the sorption isotherm tech-
nique for this soil was 33 mg of P kg'}, it is apparent
that this technique has successfully estimated the P
requirements for the Aquatibia soil.

Within the range of rates considered in the sta-
tistical analysis (0; 4 and 8 g kg'!), the dry weight of
corn plant tops were not statistically different when
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Aquatibia soil was treated with barley straw, cowpea
plant tops and dairy manure (Table 5). However, re-
gression analysis showed a quadratic and linear cor-
relation for straw and dairy manure treatments,
respectively (Table 6). Treatments not receiving the
addition of inorganic P fertilizer showed that in fact
there was no need for supplementation, since the yield
measured for these pots was the same as the yield
observed for other treatments. Phosphorus uptake by
the corn was linearly correlated with the amount of P
applied in the Aquatibia soil and could be calculated
by the equation Y = 14.868 + 1.431x (r? = 0.9977)
where Y is the amount of P absorbed (mg per pot) and
x is the amount of P added (mg kg1); the minimum
amount of P necessary to obtain maximum yield was
about 65 mg per pot.

Table 5. Dry weight of corn plant tops grown in
Aquatibia soil treated with organic materials and
with sufficient inorganic P to bring the P concen-
tration in the equilibrium solution to 0.2 mg dm?*®

. rganic material®
Dose of organic Organi t

materials

ST cP DA SS
-1 -1
gkg g pot
48a 48a 48a 48
55a 56a 56a 60
48a 53a 58a
12 33 54 553

D In each line, numbers followed by the same letter are not
si)gniﬁcantly different at the 0.05 level according to Duncan’s test.
@rar straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage
sludge. ®) Treatments not fertilized with inorganic P.

CV % =9.91.
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Phosphorus uptake for the dairy manure treat-
ment was greater than that for the straw treatment
in all rates considered and that for the cowpea treat-
ment at the rate of 8 g kg! (Table 7). Regression
analysis showed a linear correlation for all treat-
ments, suggesting that there was more P available as
the amount of organic materials increased (Table 6).
This effect could be a result of an alteration in the soil
buffer capacity as shown by the sorption isotherms,
or by further mineralization of P from the soil organic
pool due to increased microbial activity caused by the
presence of plants (Sattel & Morris ,1992; Thompson
& Black, 1970; Somani & Saxena, 1971). The higher
amount of P absorbed by plants receiving 8 g kg'! of
dairy manure corroborates the first hypothesis since
this residue is a composted material and hence more
resistant to mineralization (Gunary, 1968; Bromfield,
1961). The presence of easily mineralizable organic P
compounds in the cowpea plant tops associated with
a high amount of water-soluble P (Table 2), probably
caused a prompt release of most of its P into solution
during the incubation period, permitting the avail-
able P to move into more insoluble forms, before the
plant growing period start. The fast decomposition of
the green manure would also decrease the amount of
active sites present in the organic matter, which are
able to adsorb P in a more available form, as proposed
by Harter (1969).

The yield of dry matter from the tops in response
to application of inorganic P to the Hoda soil not
treated with organic materials showed that 90% of the
maximum yield was obtained by the P addition of 324
mg kg! soil, according to the equation Y =
106.09x/(57.61 + x), where Y is the relative yield (%)
and x the amount of inorganic P added (mg kg! soil).
The relationship presented a determination coeffi-
cient of 0.9960. Since the amount of P given by the
sorption isotherm technique was 444 mg kgl it is
apparent that this technique overestimated the
amount required by this soil. As observed by Olsen &

Table 6. Regression equations and coefficients of determination for dry matter yield (YM) or P uptake (YP)
and dose of organic material (x) added to different soils

Organic . Aquatibia soil Hoda soil
material Equation r? Equation r?
Dry matter yield
ST YM = 46.7 + 3.79 x - 0.45 x° 0.99"
CP YM = 48.6 + 0.76 x 0.45
DA YM =472 +1.89x 0.98"
P uptake
ST YP=576+171x 0.81" YP =162.1-1.17 x + 0.04 x* 0.29
CP YP=59.4+195x 0.60" YP = 154.3 + 5.87 x - 0.34 x* 0.67"
DA YP =579 +4.01x 0.95" YP = 159.8 + 0.81 x - 0.08 x2 0.16
SS YP = 154.8 + 7.65 x - 0.44 x° 0.73"

) ST straw; CP: cowpea plant tops; DA: dairy manure; 3S: sewage sludge.

*, %* gignificant at 0.05 and 0.01 probability level, respectively.
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Watanabe (1963) P uptake at a given P concentration
in solution is not the same for all soils, but increases
with the buffering capacity of the soil, which is due in
part to an increase in the diffusion factor.

The addition of organic residues to the Hoda soil
did not affect the amount of dry matter produced by
the corn in any of the doses studied (Table 8). Regres-
sion analysis also showed no significant effect of the
added organic materials on the yield of dry matter
(equations not shown). The amount of P taken up by
the corn was also linearly correlated to the amount of
P fertilizer added, following the equation Y = 3.5066
+ 0.3974x (r? = 0.998), where Y is the amount of P
absorbed (mg per pot) and x is the amount of P added
(mg kg). Plants reached maximum growth by ab-
sorbing 131 mg per pot of P. Phosphorus accumulation
in the plant was reasonably constant for all organic
materials added to the Hoda soil (Table 9). Significant
differences on P absorption were observed only at the
rates of 8 and 12 g kg'!, where more P seemed to be

Table 7. Amounts of P in corn plant tops grown in
Aquatibia soil treated with organic materials and
with sufficient inorganic P to bring the P concen-
tration in the equilibrium solution to 0.2 mg dm™

s . (2)
Dose of organic Organic materials

materials ST CP DA Ss
g kg‘1 mg pot'1
0 58a 58a 58a 58
4 68b 74ab 78a 124%
8 69b 71b 88a
12 65 87® 92

@ In each line, numbers followed by the same letter are not
si}gniﬁcantly different at the 0.05 level according to Duncan’s test.
&g straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage
sludge. @ treatments not fertilized with inorganic P.

CV % ="17861.

Table 8. Dry weight of corn plant tops grown in Hoda
soil treated with organic materials and with suf-
ficient inorganic P to bring the P concentration
in the equilibrium solution to 0.2 mg dm”

. . (€]
Dose of organic Organic materials

materials ST CP DA SS
gkg! g pot’

0 69 69 69 69

4 67 67 71 67

8 62 69 62 68

12 62 69 62 68

16 66 71 66 63

@ g7 straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage
sludge. In each line of the table, numbers are not significantly
different at the 0.05 level according to Duncan’s test.
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Table 9. Amounts of P in corn plant tops grown in
Hoda soil treated with organic materials and with
sufficient inorganic P to bring the P concentra-
tion in the equilibrium solution to 0.2 mg dm?®

. G
Dose of organic Organic material

materials ST CP DA Ss
gke'! mg pot™!

0 159a 159a 159a 159a

164a 161a 160a 166a

8 156b 186a 171ab 198a

12 146b 178a 147b 181a

16 157a 159a 157a 164a

M In each line, numbers followed by the same letter are not
siFniﬁcantly different at the 0.05 level according to Duncan’s test.
2VST: straw; CP: cowpea plant tops; DA: dairy manure; SS: sewage
sludge.

CV % =11.10

available from the cowpea and sewage sludge treat-
ments. The quadratic behavior presented by the re-
gression equations suggests a synergistic effect
between the added inorganic P and these organic
materials. As observed by Martin & Cartwright
(1971), availability of P in the form of organic com-
pounds such as myoinositol hexaphosphate was dras-
tically decreased when this material was added to a
high P retention soil. Anderson et al. (1974) concluded
that this low availability of organic P could be due to
the adsorption of these compounds by soil colloids
and, possibly, by formation of insoluble Fe and Al
complexes.

CONCLUSIONS

1. Additions of the organic materials studied de-
creased the P sorption capacity of the soils, except
when the two lowest doses of barley straw where
applied to the Aquatibia soil. The decreases were
proportional to the P concentration in the organic
materials and to the amount applied.

2. Dairy manure was more efficient in preventing
P adsorption by the Hoda soil than the green manure
treatment.

3. The sorption isotherm technique gave better
results in soil with high P sorption capacity because
it supplied reasonably similar amounts of P to the
crop, even with the addition of several organic resi-
dues varying in composition and P content.

4. Phosphorus mineralization from the soil or-
ganic pool should be taken into account when the
sorption isotherm technique is applied to soils with
low buffer capacity and that are fertilized with or-
ganic materials.
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