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ABSTRACT
Background: Effective phosphorus (p) in a particular soil depends on appropriate laboratory analytical method, of which soil
extractant are pivotal. Comparative effects of P application to soil for maize production, based on prediction by three soil available
P extractants were investigated in 2023 and 2024. 
Methods: Phosphorus application to maize based on calculations from three extraction methods (Bray 1, Mehlich III and pressurized
hot water at both maintenance level and suff iciency level) while evaluation of the residual effects was measured and the
experiment was laid out in a randomized complete block design at a spacing of 75 cm by 25 cm and NPK 15:15:15 was applied at
3 and 6 weeks after sowing. Yield parameters were collected as well as soil samples. Data were subjected to analysis of variance
using SAS software (version 9.0) and regression analysis while means were separated using Least Significant Difference at 5%
level of significant. 
Result: Phosphorus application based on Pressurized Hot Water Extraction (PHW) at maintenance level resulted in the most
significantly (P0.05) better yield of dehusked maize (6.64 t/ha). Application of P based on Bray 1 at 5 mg/kg above the maintenance
level, resulted into best significant fresh cob weight. There was a strong relationship (r=0.7 P0.05) between applied P based on
PHW at the maintenance and dehusked weight of maize at the first planting. However, at residual planting (based on earlier applied P),
PHW resulted into the optimum dehusked weight of maize (r=0.7 P0.05). Generally, increase in P application led to reducing
extractible Zn in the experimental soils. Increase in P application also led to increase in soil pH, while it was the opposite in soil
exchangeable acidity. 

Key words: Alfisol, Extractant, Fertilizer, Maize production, Phosphorus extraction.

INTRODUCTION
Fertilizer use in Nigeria is mostly by blanket application
and such method does not consider the amount of nutrients
fixed in the soil (Agbede, 2009). Often times, the situation
leads to under or over application because, previous
fertilizers input are not usually considered (Ritchie, 2021).
Brady and Weil (2002) reported that plants use about 10-
30% of applied phosphorus (P) while substantial amount
are fixed in the soil. Such fixed nutrients may not be
available to crops that are short duration unless the soil
equilibrium is maintained to satisfy the fixation complex
(Du et al., 2021). Blanket fertilizer application does not
consider these residual nutrients. Moreover, appropriate
soil nutrient extractants are needed to address the real
nutrient needs by a particular crop.

Soil testing is a major tool needed for effective fertilizer
application and it is usually conducted in the laboratories.
This involve the use of chemicals which are often difficult to
dispose of in an environmentally safety manner. Increasing
awareness of safe environment is currently putting pressure
on so many laboratories to explore the use of chemicals or
methods that are environment friendly in disposing their
waste. Large number of soil P tests are found in many
laboratory manuals which includes Olsen, (Olsen et al.,
1954), Bray I (Bray and Kurtz, 1945), Mehlich III (Mehlich,
1984) and pressurized hot water (Ogundeji, 2013).  Each
method has unique characteristics and may have different
interpretation index. At a given soil test level, the

interpretation may be optimum for one test but may be
interpreted as low or high for another test (Sawyer and
Mallarino, 1999). Three categories are used:  low, medium
and high. A low soil test value offers a high probability of
response to added fertilizer. A medium value offers a
medium probability while a high value exhibits a low
probability of getting a response (Pierre et al., 2017).
Interpretations and recommendations vary and attributed
to differences in soil properties (Mallarino, 2009). It differs
across states even with similar soil-test calibration data
because the philosophy and assumptions of those making
the recommendations are not similar. However, there is a
difference in interpretation among Mehlich III, Bray I and
Pressurized hot water (PHWE) soil test values for some
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soils in maize-growing region in Nigeria and unfortunately,
there is little explanation for such inconsistency (Ebeling
et al., 2006). Mehlich III which is a double acid extractant
overestimate soil available P while Olsen underestimate it
(Perrot et al., 1995). The PHWE uses an espresso machine
to extract soil nutrients and has been evaluated with several
soil extraction procedures across a broad range of soils,
has been shown to be a practical alternative soil nutrient
extraction procedure in Guatemala (Crane et al., 2004). It
is economically more feasible for overhead cost reduction
in laboratories and safe disposal. The procedure has been
successfully taught in some countries (Crane et al., 2004).
It was reported that PHWE was more effective in predicting
boron (B) status of B fertilized soils and to be related to B
content, uptake and yield of alfalfa (Schiffer et al., 2005).
There is little or no studies relating PHW extraction of P to
maize production in Nigeria. Thus, a comparison of PHW
extraction to other potential methods on Nigeria soils is
needed.

Phosphorus is an important element in plant nutrition,
it improves growth and yields of crops. Rasheed and Igbal
(1995 and Ojobor et al., 2021), observed that maize yield
could be improved through balanced and timely use of
phosphorus fertilizers. One of the most important life-
supporting elements on Earth is phosphorus (Syers et al.,
2008). It is one of the three crucial nutrients (N, P and K) for
plant growth and fundamental for modern farming (Ulrich
et al., 2009). Therefore, there is need to compare maize
yield using three P extractants (Bray 1, Mehlich III and PHW)
and the effects of applied P on some soil properties. Maize
(Zea mays L.) is an important cereal crop which ranks third
after wheat and rice and also the third in Nigeria after
sorghum and millet (Akanni and Adeniyi, 2020 and Ajeigbe
et al., 2024). The annual maize production in the country is
about 7 million tons (Wossen et al., 2023) though, US is
the largest producer of maize (Ajeigbe et al., 2024). The
crop requires adequate supply of plant nutrients mostly
nitrogen, phosphorus and potassium for good growth and
high yield. Farmers are often face with the challenges of
knowing the exact quantity of P fertilizers to be used for
optimum maize production and over application could lead
to soil pollution. On this premise the study draws its
objectives to calibrate site specific optimum P for maize
production and compare maize yields on P
recommendation by three extraction methods.

MATERIALS AND METHODS
Experimental site
The study plot was situated at Teaching and Research
Farm, Parry Road, University of Ibadan with latitude 745’ N
and longitude 389’ E, at elevation of 197 m higher than
sea level. Temperature is generally high with mean monthly
values that ranges 24-28C, mean annual rainfall was
2100 mm. Rain start from April to November with bimodal
distribution pattern then first peak in June and later at
September though break in August follows immediately

dry season by November and terminating by February with
associated harmattan (NIMET, 2023).

Land preparation and experimental design
P application was calculated using three phosphorus
extractants (Bray 1, Mehlich III and pressurized hot water
(PHW)). Maize was used the test crop. The land was cleared
and ploughed before sowing. The experiment was laid out
in a randomized complete block design (RCBD). Oba super
2 variety was used and was bought at premier seeds store
in Ibadan. First planting was done in June, 2022 and three
seeds were sown per hole with a spacing of 75 cm by 25 cm.
Although, it was thinned to one per stand at two weeks
after sowing. A split of NPK 15:15:15 at the rate of 30 kg P/ha
in two periods (two and six weeks after sowing
respectively). The soils were built up to maintenance P
level of 20 mg/kg, based on both extraction with Bray 1 and
Pressurized hot water, while all the soils were also built up
to a sufficiency P level of 25 mg/kg, according to the different
extractants. The residual evaluation was conducted in June,
2023 in same plots.
The extractant-based P treatments used are as follow:
a) Mehlich  III for maintenance level (0 kg P/ha)
b) Mehlich III for sufficiency level (10 kg P/ha)
c) Bray 1 for maintenance level (8 kg P/ha)
d) Bray 1 for sufficiency level (18 kg P/ha)
e) PHW for maintenance level (38.4 kg P/ha)
f)  PHW for sufficiency level (48.4 kg P/ha)

Data collection and analysis
Parameters measured were; fresh weight of maize cobs,
dehusked cobs (t/ha), dry weight of the dehusked cobs (t/ha),
grain weight of maize (t/ha), empty cob weight of maize (t/ha),
net 100 weight (t/ha), fresh stover weight of maize (t/ha),
dry stover weight of maize (t/ha) and number of grains per
cob. Data obtained from were subjected to analysis of
variance (ANOVA) using SAS software (version 9.0) and
regression analysis, the treatment means were separated
using Least Significant Difference at 5% significant level of
probability.

Residual effects of applied phosphorus levels
Same agronomic procedures with no fertilizer application
except those applied during first experiment.

Soil sample preparation and analysis
Soil samples were air-dried, crushed with pestle and
mortar, sieved using 2 mm sieve and were subjected to
routine analyses at the University of Ibadan according to
IITA (1997).

Pre-planting soil analysis
The soil was an Alfisol, loamy sand texture, slightly acidic
but organic carbon was very high above critical level (15 g/kg).
Total nitrogen was below the critical value of 1.5 g/kg
whereas, available phosphorus (Mehlich III - 20 mg/kg,
Bray 1 - 17 mg/kg and Pressurized Hot Water extraction 1 mg/kg)
were above the critical value (10 mg/kg) based on Mehlich
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III and Bray 1 extractants but very low based on Pressurized
hot water extraction. Exchangeable Ca (9.4 cmol/kg), K (0.1
cmol/kg) and Na were high whereas, Mg (1.8 cmol/kg) and
ECEC (14 cmol/kg) were moderate (Table 1). The micronutrients
were high most especially Mn and Fe.

Pressurized hot water procedure -NO3-N, P and, K
(Hanks, 1997 and )
The machine was warmed up by running one to two runs
of distilled water only. Tests were performed with an
espresso machine that generates a pressure of 2.5 bars
and a temperature of 93 C. Measured values were
correlated with those obtained using standard nutrient
extraction techniques.

RESULTS AND DISCUSSION
Influence of applied P and residual soil P on maize yield
The Bray 1 for maintenance level resulted into the highest
maize grain weight (3.14 t/ha) while Pressurized hot water
for maintenance level led to the least (2.46 t/ha) at main
planting (Table 2). Meanwhile, at residual planting, Bray 1
for sufficiency level had the highest grain weight (4.17 t/ha)
while Pressurized hot water at the maintenance level had
the least (1.54 t/ha). A similar significant trend was observed
in both fresh and dry biomass weight. The Pressurized hot

water for maintenance level resulted into the highest (14.52 t/ha)
fresh biomass weight of maize while Mehlich III for sufficiency
level had the least (8.99 t/ha). However, at residual planting
Mehlich III for both maintenance and sufficiency level had
the similar value (14.29 t/ha) followed by Pressurized hot
water for maintenance level (13.60 t/ha). At the main planting,
Bray 1 for sufficiency level had the highest value (4.59 t/ha)
and Mehlich III for maintenance level resulted into the least
(3.24 t/ha). However, Bray 1 for sufficiency and maintenance
level had the highest (8.76 t/ha) and lowest (2.8 t/ha) mean
value respectively. However, Mehlich III extractant for
sufficiency had the highest value (15.58 g) and Pressurized
hot water extractant for maintenance level had the least
(12.22 g). The Bray 1 for sufficiency level resulted into the
highest value (556) while Pressurized hot water for
sufficiency level led to the least value (483) of number of
grain per cob at the main planting. However, this was
contrary at the residual planting where Pressurized hot
water for sufficiency level resulted into the highest value (333)
and Bray 1 for maintenance level had the least value (270).

Applied phosphorus and residual soil phosphorus on
dehusked cob weight
Fig 1 presents effects of applied P on dehusked weight of
maize. It was revealed that P application rate had a
significant influence on dehusked weight of maize, as more
P was applied, the weight increases. This corresponds to
Pressurized hot water extractant for maintenance level
before the weight starts decreased. It was also revealed
that there was a strong relationship between P application
and dehusked weight at the first planting (r=0.7 P0.05).

Fig 2 shows a calibration curve between the effects of
residual soil phosphorus on dehusked cob weight of maize.
The data reflect that P application has influence on
dehusked weight. There was an initial increase in weight
of dehusked maize up to the critical level before a gradual
decrease at extraction with Bray 1 for maintenance level.
The optimum level was at extraction with Pressurized hot
water for maintenance level. There was a strong
relationship between fertilizer P application and dehusked
weight of maize at residual planting (r=0.7 p0.05).

Applied phosphorus and residual soil phosphorus on dry
cob weight
Fig 3 presents the effects of applied phosphorus on dry cob
weight, as more P is applied, dry cob weight decline above
the critical level thereafter gradually increased. The optimum
level corresponds to Pressurized hot water for maintenance
level. Dry cob weight had a low relationship with fertilizer P
application (r=0.1 P0.05) at the main planting.

Fig 4 shows the residual effects of soil phosphorus
on dry cob weight, it revealed that dry cob weight was
significantly affected by residual soil P. Dry cob weight
decreases after the critical level though, it has a strong
correlation with residual soil P (r=0.7 P0.05). However,
Pressurized hot water for maintenance level had optimum
yield of dry cob weight of maize during residual planting.

Table 1: Pre planting soil analysis.

Parameters Value

pH (Water 1:1) 6.23
pH  (KCl 1:1) 5.23
Organic C (g/kg) 31.0
Total N (g/kg) 1.17
Available P (mg/kg)
Mehlich  III 20
Bray 1 17
PHWE 1
Exchangeable cation (cmol/kg)
Ca 9.4
Mg 1.8
K 0.1
Na 1.9
Exchangeable acidity 0.8
ECEC 14.0
Extractable micro nutrient (mg/kg)
Mn 60
Cu 9
Fe 34
Zn 3
Particle size distribution (g/kg)
Clay 100
Sand 880
Silt 20
Textural class Loamy sand

Note: PHWE = Pressurized hot water extraction.
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Phosphorus application (kg/ha) residual phosphorus
Table 3 shows the influence of P application residual
phosphorus content. Bray I extraction, Mehlich III and

Pressurized hot water extracted soil available P between
45-51 mg/kg, 50-58 mg/kg and 7-23 mg/kg respectively for
post planting soil.

Mehlich III extractant of the initial soil revealed the P
value to be 20 mg/kg upper limit for crop requirement
(Chude et al., 2012). Again, Bray 1 extractant revealed level
to little below the upper critical range of P requirement
while Pressurized hot water extraction of P revealed deficient
of available P below the critical value ( Teo et al., 2010).
However, Bray 1 and Mehlich III extracting methods showed
that the soil P was high. The disparity in the P values was
in agreement with the report of Perrot et al. (1995) who
reported that Mehlich III extractant could over estimate soil
available P. This may also be due to the fact that both
Mehlich III and Bray 1 are acidic extractants that could partly
remove water-insoluble Ca-P and Mg-P compounds by
the desorption process involved which PHWE method
cannot remove. Bray 1 extractant for sufficiency level
performed better in terms of fresh cob weight compared to
that of Mehlich III extractant for maintenance level. Haque
et al. (2024) have observed fresh cob weight increased
after the application of phosphate fertilizer and the increase
was in line with Liang et al. (2024) the reported maize dry cob
increment as P application increases.

Significant increases observed on dehusked weight of
maize with the levels of application may be due to increase in
N and P released during the decomposition and probably
increases in the vegetative growth due to cell division
increased (Ariraman et al., 2020). Contrary to Du et al. (2021)

Table 2: Influence of applied phosphorus and residual soil phosphorus
             on maize yield.

Treatments
GW FSW DSW NGC

                   t/ha

Applied P
Mehlich III  ML 2.72 13.83 3.24 519
Mehlich 111 SL 2.51 8.99 3.34 506
Bray 1 ML 3.14 13.60 4.35 553
Bray1 SL 3.02 11.07 4.59 556
PHW ML 2.46 14.52 4.43 490
PHW SL 2.64 9.73 4.51 483
LSD (0.05) NS 2.86 0.90 NS
Residual P
Mehlich III ML 3.22 14.29 3.56 300
Mehlich III SL 2.25 14.29 4.04 328
Bray 1 ML 2.87 10.61 2.80 270
Bray1 SL 4.17 11.53 8.76 296
PHW  ML 1.54 13.60 3.23 273
PHW SL 2.11 13.37 3.81 333
LSD(0.05) 0.57 2.52 0.94 NS

Legend: GW: Grain weight; NGC: Number of grain per cob; FSW:
Fresh stover weight; DSW: Dry stover weight.

Fig 1: Effects of applied phosphorus on dehusked cob weight of maize.

Fig 2: Effects of residual soil phosphorus on dehusked cob weight of maize.
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that observed maize stover increased significantly with the
increasing level of P level up to 125 kg/ha. Dry cob weight had
a low relationship with fertilizer P application (r = 0.1 P0.05)
at the first season. However, this was contrary in residual
planting where it had a strong correlation with residual soil P
(r=0.7 P0.05).

CONCLUSION
The result confirmed that PHW extractant successfully
reflected the amount of P in the soil and it was best
correlated with maize yield. Pressurized hot water extractant
which is cheap, non-pollutant is as effective as Bray I and
Mehlich III extraction methods for predicting maize yield.

Table 3: Phosphorus application (kg/ha) on residual phosphorus.

P level Available phosphorus (mg/kg)

( kg/ha) Bray 1 Mehlich III PHWE

Mehlich III ML 51.00 52.00 9.00
Mehlich III SL 47.00 51.00 23.00
Bray 1 ML 45.00 58.00 13.00
Bray1 SL 49.00 50.00 7.00
PHW  ML 46.00 57.00 16.00
PHW SL 47.00 51.00 18.00
LSD (0.05) Ns Ns 15.07
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