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Abstract

Little attention has been devoted to calibrating the soil tests for P in the field for crops grown under rainfed conditions
in different soil types. Field experiments were conducted during the 1990 rainy season (June-September) at the
ICRISAT Center, Patancheru (near Hyderabad), India on nearby Vertisol and Alfisol sites having a range in
extractable P, for establishing relationships between extractable P and sorghum yield.

In the Vertisol, 90% relative grain yield of sorghum was obtained at 2.8 mg kg~! Olsen extractable P while in
the Alfisol, 90% relative grain yield was achieved at 5.0 mg P kg™ soil. These results suggest that a single critical
limit of available P does not hold true for grain sorghum in the two soil types under similar agroclimatic conditions
and that the critical limit is lower for the clayey Vertisol than the sandy Alfisol.

Introduction

Sorghum (Sorghum bicolor (L..) Moench) is an impor-
tant crop of the semi-arid tropics (SAT). Over 55 % of
the global sorghum productionis in the SAT and of the
total SAT production, Asia and Africa contribute about
65 % of which 34 % is harvested in India (ICRISAT,

1982). Nutrient inputs are one of the important compo-

nents of improved farming systems within the assured
rainfall area (> 800 mm annual rainfall) of the Indian
SAT. Deficiencies of N and P are common for crops
such as sorghum (Katyal and Das, 1993).

Under rainfed cropping in India, it is general-
ly understood that in a soil if the 0.5 M NaHCO;
extractable P (Olsen P) is less than 5 mg kg™! soil,
a response to applied P is likely (El-Swaify et al.,
1985). However, recent research at the ICRISAT Cen-
ter showed that this critical limit is unlikely to hold for
grain sorghum grown in Vertisols. The sorghum crop
responded little to applied P unless the extractable P
by Olsen was less than 2.5 mg kg~! soil. In contrast,
substantj . it et .in

nearby Alfisols when the Olsen P was greater than 2.5
but less than 5 mg kg~! soil (Sahrawat, 1988).

Little attention has been devoted to calibrating the
soil tests for P in the field for crops such as sorghum
under rainfed conditions (Katyal and Das, 1993 Tan-
don, 1987).

The objective of this paper is to report the results
of field experiments conducted on nearby Vertisol and
Alfisol field sites, having a range in extractable P, for
establishing relationships between extractable P and
yield of grain sorghum grown in the two soil types in
the same season.

Materials and methods
Experimental sites

The Vertisol and Alfisol field sites at the ICRISAT
Center, Patancheru (near Hyderabad), India (17.5 ° N,
78.5 ° E; 545 m altitude) previously used for conduct-
ing experiments for evaluating P response of sorghum,



24

were utilized for establishing extractable P-sorghum
yield relationships. The plots had a range in extracable
P levels.

The Vertisol field site had 256 plots, consisting of
64 fertilizer P treatments with four replications. The
different treatment plots at this site had received fer-
tilizer P as diammonium phosphate ranging from 0 to
120 kg P ha~! during the last three years.

The Alfisol field site had 64 plots, consisting of 16
fertilizer P treatments with four replications. The plots
at this site had received fertilizer P a single superphos-
phate (SSP) and partially acidulated phosphate rock
PAPR ranging from O to 60 kg P ha~! during the last
two years.

Sotls

The Vertisol at the experimental site belongs to the
Kasireddipalle series and is a Typic Pellusterts, devel-
oped on basaltic alluvium. The Alfisol is a mixed isohy-
perthermic Rhodustaif and belongs to the Patancheru
series.

Surface (0~15 cm) soil samples were taken before
seeding the sorghum crop, air-dried, ground and sieved
through a 2-mm screen before analysis. For organic
C, total N and total P analyses the soil samples were
ground to pass a 0.25-mm sieve. Some characteristics
of the soils at the two experimental sites are given in
Table 1. For the analysis reported in Table 1, pH was
measured by a glass electrode using a soil to water
ratio of 1:2. Organic C was determined as described by
Walkley & Black (1934) and total N as described by
Dalal et al. (1984). The total P content in the soil sam-
ples was determined by digestion with perchlioric acid
(Olsen & Sommers, 1982) and extractable P was deter-
mined by extracting the samples with 0.5 M NaHCO3
(Olsen & Sommers, 1982). Carbonate (expressed as
CaCO3) content was determined as described by Alli-
son & Moodie (1965) and particle size was done by
the hydrometer method (Gee & Bauder, 1986). Cation
exchange capacity (Chapman, 1965), exchangeable K
(Jackson, 1967) and extractable Zn (Lindsay & Norvell
1978) were also determined in the soil samples.

The extractable P levels in plots at the Vertisol site
ranged froim 0.5 to 4.6 mg P kg~! soil and in plots at
the Alfisol site it ranged from2.8to 7.1 mg Pkg~!.

Field experiments

A sorghum crop (cv CSH6) was grown at the two sites

during the rainy season of, 1990. The sorghum crop in

Table 1. Characteristics of the soils at the
experimental sites

Soil Characteristics  Vertisol  Alfisol
pH (1:2 water) 8.3 49
Organic C (%) 033 0.16
Total N (mg kg—1!) 401 198
Total P (mg kg~ ') 150 186
CaCO; (%) 5.6 0.0
CEC (cmol kg~ ) 49.3 2.6
Clay (%) 53 11
Sand (%) 21 87
Silt (%) 26 2

the Vertisol was seeded on 8 June 1990 at a spacing
of 50 x 16 cm giving a plant population of 125 000
plants ha=!. The area of each plot was 4 x 4 m? and
there were 256 plots arranged in four blocks. All plots
received uniform application of N (120 kg N ha~! as
urea, in two splits ), K (90 kg K ha~! as KCI) and
Zn (10 kg Zn ha~! as ZnSOy). The sorghum crop at
the Alfisol site was seeded on 25 June 1990 in plots
each measuring 4.5 x 4 m?. All other cultural and
fertilization practices undertaken during the growing
season were similar at two sites. The sorghum crop
was hand-weeded twice during the growing season.
The crop was also protected from shootfly (Atherigone
soccata) by spraying 0.2% metasystox.

The crop was harvested at maturity (harvested area
3 x 2 m?). Grain and stalk yields were recorded after
drying them in the driers at 60 °C.

During the growing season from seeding to harvest
of the crop, 583 mm of rainfall was received at the
Vertisol site and 545 mm of rainfall was received at
the Alfisol site.

The Cate & Nelson (1971) method of graphic pre-
sentation of relationships between extractable P and
relative sorghum grain yield was used to arrive at a crit-
ical limit of extractable P in each soil. Relative grain
yield was calculated relative to maximum yield.

Results and discussion

Sorghum grain yields at the Alfisol site ranged from

0.9t03.7 tha~! and they ranged from 0.4 to 3.4 tha™!

in the Vertisol.
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Fig. 1. Relationship between extracted P and relative sorghum grain yield in the Vertisol.
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Fig. 2. Relationship between extracted P and relative sorghum grain yield in the Alfisol.

The relationships between relative sorghum grain
yield and available P at the Vertisol and the Alfisol sites
are shown in Figures 1 and 2. The data indicate that
in the Vertisol, 90% relative grain yield was obtained

when the Olsen P was around 2.8 mg Pkg~! soil and in
the Alfisol, 90% relative grain yield was obtained at 5
mg kg~ ! available P. The results from Vertisol support
earlier results which showed that sorghum crop did not
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respond to fertilizer P unless the extracted P by Olsen
was less than 2.5 mg kg ™! soil (Sahrawat, 1988). The
results; from Alfisol showed that the amounts of P
extracted by Olsen were lower when PAPR than SSP
was used as the source of P (Fig. 2).

These results also indicate that one single critical
limit of 5 mg kg~ soil of extracted P does not hold true
for the two soil types occurring in proximity for the
sorghum crop under similar agroclimatic conditions.
The critical limit of available P for the sorghum crop
(cv CHS6) in the Vertisol was around 2.8 mg kg™ soil
and for the Alfisol around 5 mg kg~! soil. These results
support the view that the critical limit of extractable P
in a clayey soil is lower than in a light-textured soil
(Cox, 1991, Kamprath, 1991).

The ideal soil test should not only extract less P
from a high buffering soil but just the right amount of
less P. This is an unobtainable ideal because the effect
of buffering on P requirement differs between plant.
The P buffer capacity for the Vertisol was more than
twice that of the Alfisol (Sahrawat & Warren, 1989).
The Olsen method does not seem to give sufficient
discount for buffering for sorghum under these condi-
tions.

Conclusion

Our results suggest that a single critical limit (5 mg
kg~!) of available P does not hold true for grain
sorghum in the two soil types and that the critical limit
is lower for the clay Vertisol than the sandy Alfisol (2.8
vs 5.0 mg kg~! soil).
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