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The effectiveness of finely ground Sokoto Rock Phosphate and Morocco Rock Phosphate to enhance productivity of maize- (Zea
mays L.) Sorghum (Sorghum bicolor) and soybean- (Glycine max L.) Sorghum crop rotation schemes was evaluated using Single
Super Phosphate as reference fertilizer. The experiments were carried out in the screen house of the Department of Agronomy,
University of Ibadan, in February and June 2013. The experiments involved 2 × 2 × 4 × 3 factorial in a Completely Randomized
Design. In the first and second croppings, the slightly acidic loamy sand still produced higher biomass than the strongly acidic
sandy clay loam. On average, MRP was more efficient than SSP for maize dry biomass but, for soybean dry biomass, MRP was
less efficient than SSP in the two soils. Sokoto Rock Phosphate was less efficient in the two location soils compared to SSP for the
test crops. There was no difference in performance of P-sources in the second cropping. Soybean-Sorghum crop rotation scheme
produced greater Sorghum biomass than maize-Sorghum crop rotation scheme. It is evident that pH and clay contents of soils as
well as the rotation crop concerned influence the efficiency of finely ground soluble phosphates in crop rotation schemes.

1. Introduction

Soil acidity is a major constraint to crop production through-
out the world. It leads to low yields of arable crops [1]. Maize
and Sorghum cannot do well with soil pH < 5.5.When the soil
pH is around 6.7 it is slightly acidic but when it is less than 5.5
it is strongly acidic [2]. Crop performance could be adversely
affected by Calcium (Ca), Potassium (K), Phosphorus (P),
Magnesium (Mg), Sulphur (S), Zinc (Zn), and Molybdenum
(Mo) deficiencies aswell asAl,Mn, andFe toxicities [3].How-
ever, lime and fertilizer application is usually recommended
to reduce these adverse effects. Phosphorus is a major plant
nutrient (second only to nitrogen). Soils in Nigeria require
moderate P-application for optimum crop growth [4]. The
direct use of sparingly soluble, ground RP as substitute to the
costly, more soluble P fertilizers is gaining widespread accep-
tance [5]. They provide slow-release P and residual effect for
several years [6]. Residual effect is the carryover effect from
preceding crops to the succeeding ones. The amount and

longevity of the residual effect depends on rate, duration, and
frequency of application, solubility, soil properties, crop type,
yield level, and extent of P removal [7].

Nitrogen (N) is another important nutrient element
needed for crop production. However, in order to ensure sus-
tainability, organic sources of N are preferred. Intercropping
or rotation of legumes with cereals is one of the ways of
replenishing the soil with organic N, among others. Accord-
ing to Pedersen and Lauer [8], planting of soybean in rotation
with cereals consistently gave higher yields than monocul-
ture. Soybean (Glycine max L.) belongs to the legume family
and is an important source of organic N fertilizer [9] because
it fixes atmospheric nitrogen in the soil [10]. Atmospheric
N fixation is a cheap, clean, renewable, and environmentally
friendly source of nitrogen (N) for the non-N-fixing crop
component of the cropping system [11].

The unavailability and high costs of lime and inorganic P
fertilizers have led to research into low costmaterials like rock
phosphates, using SSP as reference.This study was to evaluate

Hindawi Publishing Corporation
International Journal of Agronomy
Volume 2016, Article ID 6945024, 9 pages
http://dx.doi.org/10.1155/2016/6945024



2 International Journal of Agronomy

the effects of different P-sources, Single Supper Phosphate
(SSP), Sokoto Rock Phosphate (SRP), and Morocco Rock
Phosphate (MRP), on the performance of maize and soybean
in two soil types, with the residual effects of the P-sources and
the preceding crop on the performance of Sorghum in two
crop rotation schemes.

2. Materials and Methods

2.1. Experimental Site. There were two experiments con-
ducted between February and June 2013 in the screen house,
Department ofAgronomy,FacultyofAgriculture andForestry,
University of Ibadan, Nigeria. The greenhouse conditions
were suitable for plants growth, where the wall and the door
of the greenhouse were made up of metals with wire nets and
roofed with transparent glasses. The floor was well cemented
and there were metals tables inside on which the pots were
kept. The planting date for Experiment 1 was February 23,
2013, and that of Experiment 2 was May 25, 2013. The
university is located at latitude 7∘24N and longitude 3∘54E.

2.2. Experimental Design and Treatments. The experiments
involved 2 (maize and soybean) × 2 (two soil types) × 4 (four
levels of Phosphorus) × 3 replications (total of 48 treatments)
in a Completely Randomized Design (CRD).

Experiment 1 (effect of different phosphorus fertilizer sources
on the performance ofmaize and soybean grown on two con-
trastingNigerianAlfisols). In the first experiment, treatments
were as follows.

(i) Phosphorus Fertilizer. Absolute Control (0%P
2
O
5
), Sokoto

Rock Phosphate (34.2% P
2
O
5
by weight), Morocco Rock

Phosphate (33.3% P
2
O
5
by weight), and Single Super Phos-

phate (18% P
2
O
5
), the three Phosphorus fertilizers, were col-

lected fromDepartment of Agronomy, Faculty of Agriculture
and Forestry, University of Ibadan, Nigeria.

(ii) Soil Locations. The two soils were collected from different
locations. The sandy clay loam soil was strong acidic Alfisol
collected from Leventis Foundation School of Agriculture,
Imoo, Ilesa, Osun State. This area lies within the rainforest
vegetation zone of Nigeria. According to Oyedele et al. [12],
the parent rocks consist essentially of quartz with small
amounts of white micaceous minerals. Also in this area,
densely wooded quartz ridges rise abruptly from the sur-
rounding country and are elongated north south following
the strike of the rock. Akintoye et al. [13] stated that the soils
round Ilesa are classified as Alfisols (mainly Paleustalf). The
soil in this area belongs to the Okemesi series [12, 14], while
the loamy sand soil was very slightly acidic Alfisol collected
fromParryRoad,Department ofAgronomyFarm,University
of Ibadan, Ibadan, Oyo State. According to USDA [15], the
soils around Ibadan are classified as Alfisols (Typic Plinthus-
talf). The soil in this area belongs to the Gambari series.

(iii) Test Crops. Maize (Zea mays var. Swan-1) was collected
from Department of Agronomy, College of Agriculture and
Forestry, University of Ibadan, Nigeria, and soybean (Glycine

max var. TGX 1448-2E) was gotten from International Insti-
tute of Tropical Agriculture (IITA), Ibadan,Oyo State, for first
cropping.

2.3. Methodology. The two soils were crushed with mortar
and pestle and passed through a 2mm sieve separately. The
chemical and physical properties of the two soils were deter-
mined in the laboratory according to Udo andOgunwale [16]
methods. For each of the soil locations, 4 kg was weighed
using weighing balance into 24 bows and made a total of 48
bows of the two soils. 100mg P

2
O
5
/kg soil of finely ground

Sokoto Rock Phosphate, SRP (34.2% P
2
O
5
), Morocco Rock

Phosphate, MRP (33.3% P
2
O
5
), Single Super Phosphate, SSP

(18% P
2
O
5
), and Control (0% P

2
O
5
) was thoroughly mixed

with the soil in each bow.The soil in each bow was later filled
into forty-eight 4 kg of pots.

2.4. Water Field Capacity. Water field capacities of the two
soils were determined in the laboratory. 50 g of each soil was
weighed using sensitive scale. Two funnels were placed on
two cylindrical flacks. Small tissue papers were put inside
the funnels based to prevent soils pour-off. The 50 g of the
two soils was separately put into each funnel placed on the
cylindrical flasks. 50mL each of water was poured on the
two soils in the funnels. They were allowed to drain into the
cylindrical flasks until they stopped dropping.The volumes of
drained water in each cylindrical flask were subtracted from
the actual volume of water poured. The water field capacity
of the strongly acidic sandy clay loam was 2500mL while
the field capacity of slightly acidic loamy sand was 1500mL.
The two soils inside the 4 kg pots containing each phosphate
fertilizer andControl were watered to 60% field capacity (FC)
and allowed to equilibrate for 3 days.

2.5. Planting of Test Crops. Maize (Zea mays var. Swan-1) and
soybean (Glycine max var. TGX1448-2E) were planted as the
first crops. Three seeds of maize (Zea mays) and soybean
(Glycine max) were planted per pot and two seedlings of the
test crops were allowed to grow in each pot for 6 weeks.

2.6. Data Collected on Maize (Zea mays L.) and Soybean
(Glycine max). Data on the following were taken weekly
starting from first week after planting:

(i) Heights (cm): plant heights were measured from the
soil level to terminal bud using a measuring tape for
six weeks.

(ii) Dry biomass yield (g/kg): after harvest, the fresh
biomass yields were thoroughly washed with water
and air-dried. They were later oven-dried at 75∘C for
24 hours to constant weight and the dry biomass
yields were weighed using a sensitive scale.

Experiment 2 (residual effect of phosphorus- (P-) sources on
dry biomass yield of Sorghum productions on two contrasting
Nigerian Alfisols). In order to determine the response of Sor-
ghum (Sorghum bicolor L. var. Sokoto local) to residual effects
of the P-sources (SRP, MRP, SSP, and Control) in the two
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Table 1: Precropping chemical and particle size analysis of the soils used in the study.

Properties Soil A (strongly acidic Alfisol) Soil B (slightly acidic Alfisol)
pH (1 : 1 soil/water ratio) 5.3 6.7
Bray-1-P (mg/kg) 5 9
Total N (g/kg) 2.0 2.0
Organic matter (g/kg) 27.1 26.5
Exchangeable base (cmol/kg)

K 0.2 0.3
Ca 1.6 1.8
Mg 0.7 0.7
Na 0.1 0.1

Exchangeable acidity (cmol/kg) 0.4 0.6
Exchangeable micronutrients (cmol/kg)

Fe 0.3 0.2
Mn 0.3 1.3
Cu 0.04 0.01
Zn 0.01 0.01

Particle size distribution (gkg−1)
Sand 628.0 871.0
Silt 150.0 40.0
Clay 222.0 89.0

Texture Sandy clay loam Loamy sand

soils, the biomass yield of Sorghum (Sorghum bicolor L var.
Sokoto local) was also evaluated after air-drying and sieving
of the first experimental soils and 50 seeds of Sorghum were
sown inside each pot, that is, maize-Sorghum and soybean-
Sorghum crop rotation schemes.The Sorghum plants were cut
at 2 WAP and allowed to regenerate before they were cut in
another 2 weeks.

2.7. Data Collected on White Sorghum (Sorghum bicolor L.)
Fresh biomass yields of Sorghum plants were cut 2 cm above
the soils surfaces every two weeks of growth. After harvest,
the fresh biomass yields were thoroughly washed with water
and air-dried.They were later oven-dried at 75∘C for 24 hours
to constant weight and the dry biomass yields were weighed
using a sensitive scale.

2.8. Statistical Analysis. The data collected were subjected
to Analysis of Variance (ANOVA) to determine the level of
significance of the treatments using SAS (Statistical Analysis
System) 2002 computer software (version 9.0). Treatment
effects and magnitude of interactions were determined. LSD
was used to detect differences between treatmentmeans at 5%
significant level.

2.9. Relative Agronomic Efficiency (RAE). The vertical com-
parison approach was used in this study to measure the
relative agronomic efficiency (RAE) index of the Sokoto Rock
Phosphate (SRP) and Morocco Rock Phosphate (MRP). This
approach defines the RAE index as the ratio of the yield
response above Control with the test fertilizer at the same rate
[17].

Mathematically,

RAE

=

Yield of Rock Phosphate − Yield of Control
Yield of Single Super Phosphate − Yield of Control

× 100.

(1)

3. Results

3.1. Experiment 1

3.1.1. Precropping Soil Characteristics. The particle size anal-
ysis and the chemical properties of the two soils used in
this study are given in Table 1. The Ilesa location soil (Soil
A) was strongly acidic sandy clay loams (pH 5.3) while the
Ibadan location soil (Soil B) was slightly acidic loamy sand
(pH 6.7). Available P in the strongly acidic sandy clay loam
was lower (5mg/kg) in slightly acidic loamy sand (9mg/kg).
The two soils had adequate amount of total nitrogen (2 g/kg).
Organic matter content of the strongly acidic sandy clay loam
(27.1 g/kg) was slightly higher than the slightly acidic loamy
sand (26.5 g/kg). Exchangeable K was higher in strongly
acidic sandy clay loam (0.04 cmol/kg) compared to that of
slightly acidic loamy sand (0.03 cmol/kg).

There was no significant difference (𝑝 < 0.05) between
the heights of maize plants grown on strongly acidic sandy
clay loam and those grown on slightly acidic loamy sand
until 4 weeks after planting (WAP). However, soybean plants
grown on the two soils exhibited no significant difference
(𝑝 < 0.05) throughout the growing period. Nevertheless, the
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Table 2: Influence of soils on heights (cm) of maize and soybean
plants (at successive growth periods) in the first cropping.

Treatment
Plants height

Weeks after planting
1 2 3 4 5 6

Soil acidity level Maize plant
Strongly acidic 12.07 25.33 25.89 35.82 48.33 57.23
Slightly acidic 12.51 23.09 26.36 41.86 58.79 71.73
LSD (5%) 1.52 1.89 2.51 4.78 5.22 9.58

Soybean plant
Strongly acidic 9.52 16.99 19.74 23.95 30.78 35.39
Slightly acidic 10.04 18.31 21.49 27.01 35.05 40.05
LSD (5%) 1.20 1.81 1.72 2.96 3.42 4.27

LSD = least significant difference (5%).

Table 3: Influence of P-sources on heights (cm) of maize and soy-
bean plants (at successive growth periods) in the first cropping.

Treatment
Plants height

Weeks after planting
1 2 3 4 5 6

Phosphate fertilizers Maize plant
Control 11.78 24.17 24.50 34.47 46.35 59.88
Morocco Rock 12.50 26.00 26.33 41.33 59.05 67.83
Sokoto Rock 12.32 22.22 25.42 37.03 48.10 61.20
Single super 12.55 24.47 28.25 42.52 60.75 69.00
LSD (5%) 2.15 2.67 3.55 6.76 7.38 13.55

Soybean plant
Control 9.67 17.67 19.73 24.72 33.55 34.08
Morocco Rock 9.68 17.22 20.50 25.08 30.38 40.25
Sokoto Rock 9.63 16.83 20.23 23.68 30.78 34.23
Single super 10.13 18.88 22.00 28.43 36.93 42.32
LSD (5%) 1.70 2.57 2.43 4.18 4.84 6.04

LSD = least significant difference (5%).

slightly acidic loamy sand tends to produce taller plants
compared to the strongly acidic sandy clay loam (Table 2).

The heights of plants treated with different Phosphorus
treatments (sources) were significant (𝑝 < 0.05) different
only at 5 WAP for maize, whereas for soybean significant
differences were evident at both 5 and 6 WAP. The order of
the magnitude of the performance of the P-sources was SSP
>MRP > SRP > Control (Table 3).

There was no significant (𝑝 < 0.05) difference between
the dry biomass yields of maize plants treated with SSP and
MRP as well as SRP and Control. However, the dry biomass
yield of maize plants treated with SSP or MRP was signif-
icantly different from those treated with SRP or Control
(Table 4). The same trend was observed on dry biomass yield
in plant tissue of soybean plants as those of the biomass yield
of maize plants.The order of the effectiveness of P-sources on
dry biomass yield of maize plants was MRP > SSP > SRP >
Control while that of soybean was SSP > MRP > SRP >
Control.

Table 4: Influence of P-sources on biomass yield (g/pot) and relative
agronomic efficiency (RAE) (%) of maize/soybean plants in the first
cropping.

Treatment Dry biomass (g/pot) RAE (%)
Phosphate fertilizers Maize plant
Control 11.67
Morocco Rock 18.43 114.38
Sokoto Rock 12.65 16.58
Single super 17.58 100
LSD (5%) 2.39

Soybean plant
Control 8.24
Morocco Rock 11.42 85.03
Sokoto Rock 4.56 ND
Single super 11.98 100
LSD (5%) 2.49

RAE = relative agronomic efficiency of the Phosphorus- (P-) sources =
[((yield ofGRP− yield of Control)/(yield of SSP− yield of Control))× 100]%.
NS = nonsignificantly different at 𝑝 < 0.05.
LSD = least significant difference (5%) and ND = not determined.

Table 5: Influence of soils and P-sources on dry biomass yield
(g/pot) and relative agronomic efficiency (RAE) (%) of maize/soy-
bean plants in the first cropping.

Treatment Dry biomass (g/pot) RAE (%)
Maize plant

Strongly acidic

Control 4.20
Morocco RP 12.40 88.17
Sokoto RP 8.57 46.99
Single SP 13.50 100

Slightly acidic

Control 19.13
Morocco RP 24.47 210.24
Sokoto RP 16.73 ND
Single SP 21.67 100

LSD (5%) 3.38
Soybean plant

Strongly acidic

Control 4.65
Morocco RP 9.57 139.77
Sokoto RP 4.02 ND
Single SP 8.17 100

Slightly acidic

Control 11.83
Morocco RP 13.26 36.2
Sokoto RP 5.11 ND
Single SP 15.78 100

LSD (5%) 3.53
RAE = relative agronomic efficiency of the Phosphorus- (P-) sources =
[((yield ofGRP− yield of Control)/(yield of SSP− yield of Control))× 100]%.
NS = nonsignificantly different at 𝑝 < 0.05.
ND = not determined.

There was significant (𝑝 < 0.05) difference between dry
biomass yields of maize plants cut on slightly acidic soils
treated with either SSP or MRP and those treated with SRP
or strongly acidic soils treated with P-sources (Table 5). The
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Table 6: Influence of the soils, P-source, or crop effects on biomass yield (g/pot) of Sorghum plants in the second cropping.

Treatment Dry biomass (g/pot) RY/RAE Dry biomass (g/pot) RY/RAE
First cutting Second cutting

Crop effects
Maize-Sorghum 1.68 5.17 0.05 0.15
Soybean-Sorghum 2.36 100 0.18 100
LSD (5%) 0.33 0.1

Soil acidity level
Strongly acidic 1.7 4.93 0.09 0.26
Slightly acidic 2.34 100 0.13 100
LSD (5%) 0.33 NS

Phosphate fertilizers
Control 2.1 0.12
Morocco Rock 2 ND 0.11 50
Sokoto Rock 1.92 ND 0.13 ND
Single super 2.07 100 0.1 100
LSD (5%) NS NS

RAE = relative agronomic efficiency of the Phosphorus- (P-) sources = [((yield of GRP − yield of Control)/(yield of SSP − yield of Control)) × 100]%.
RY = relative yield of test crop (maize or soybean) = [(yield of the crop on a particular soil type/maximum yield) × 100]%.
NS = nonsignificantly different at 𝑝 < 0.05.
LSD = least significant difference (5%) and ND = not determined.

order of the effectiveness of the soils and P-sources on dry
biomass yield of maize plants cut on strongly acidic soil was
SSP > MRP > SSP > Control, while on slightly acidic soil it
was MRP > SSP > Control > SRP. However, there was no sig-
nificant (𝑝 < 0.05) difference between dry biomass yields of
soybean plants cut on slightly acidic soil treated with SSP
and those treated with MRP, whereas there were significant
differences from those treated with SRP as well as those cut
on strongly acidic soil. The order of the effectiveness of the
soils and P-sources on dry biomass yield of soybean plants
was SSP >MRP > Control > SRP on slightly acidic soil, while
on strongly acidic soil it was MRP > SSP > SRP > Control
(Table 5).

Sokoto Rock Phosphate was less than 50% efficient in
the two location soils compared to SSP for the test crops.
The MRP (relative agronomic efficiency, RAE, of 210.24%)
was more efficient than SSP (100% RAE) in slightly acidic
loamy sand but less efficient in strongly acidic sandy clay
loam (88.17% RAE) compared to SSP (100% RAE) for maize
(Table 5). However, for soybean (Glycine max L.), MRP
(36.2% RAE) was less efficient than SSP (100% RAE) in
slightly acidic loamy sand butmore efficient (139.77%RAE) in
strongly acidic sandy clay loam compared to SSP (100%RAE)
(Table 5).

3.2. Experiment 2. It was also observed that slightly acidic
loamy sand produced crops with higher dry biomass yield
than strongly acidic sandy clay loam (Table 6). The soybean-
Sorghum crop rotational scheme constantly produced dry
biomass yield of Sorghum plants compared to that of maize-
Sorghum crop rotational scheme (Table 6). Based on the
residual effects of the various P fertilizer treatments, the dry
biomass yields of Sorghum plants at first and second cuttings
were not different (Table 6).

For the residual influence of the soils and P-sources, there
were no significant differences (𝑝 < 0.05) among the Sorghum
dry biomass yield produced on the two soils treated with
the various P-sources and untreated ones at the first and
second cuttings. However, similar trend was observed on the
influence of the crop effects and soils on Sorghum dry biomass
yield as those produced on soils and P-sources (Table 7).

The relative agronomy efficiency (RAE) of MRP in
strongly acidic soil was 137.04% while SRP was 85.19% as
efficient as SSP (100%)with regard to dry biomass production
at first cutting of Sorghum plants while in the second cutting,
RAE of P-sources were undefined (Table 7). However, in
slightly acidic loamy sand only MRP was 85.71% as efficient
as SSP at first cutting of Sorghum plants.

The relative yields of dry biomass yield of Sorghum in
soybean-Sorghum crop effect are greater than those of maize-
Sorghum crop effect at both first and second cuttings.

The various residual effects of crop effects and P-sources
on dry biomass yield of Sorghum plants were significant
(𝑝 < 0.05) at first cutting. The highest dry biomass yield of
Sorghum plants was gotten from the influence of soybean-
Sorghum treated with SSP while the least result was gotten
from the influence of maize-Sorghum treated with SSP at
the first cutting. At the second cutting, the influence of crop
effects and P-sources had no significant difference on dry
biomass yield of Sorghum plants. However, inmaize-Sorghum
only MRP was 78.13% as efficient as SSP at first cutting of
Sorghum plants (Table 8).

The results of the influence of the various interactions
among the experimental factors (soils, crops, and P-sources)
show that there were no significant differences. The implica-
tion is that plant vigour and biomass yields did not differ at
the various levels of each of the experimental factors.
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Table 7: Influence of the experimental soils and P-source or crop effects and soils on dry biomass yield (g/pot) of Sorghum plants in the
second cropping.

Treatment
Dry biomass (g/pot) Dry biomass (g/pot)

Mean Standard deviation RAE (%) Mean Standard deviation RAE (%)
First cutting Second cutting

Soils acidity level Phosphate fertilizer

Strongly acidic

Control 1.92 ±0.52 0.11 ±0.16
Morocco Rock Phosphate 1.55 ±0.69 137.04 0.07 ±0.08 ND
Sokoto Rock Phosphate 1.69 ±0.25 85.19 0.06 ±0.09 ND
Single Super Phosphate 1.65 ±0.55 100 0.12 ±0.20 100

Slightly acidic

Control 2.28 ±0.37 0.12 ±0.18
Morocco Rock Phosphate 2.46 ±0.81 85.71 0.14 ±0.14 ND
Sokoto Rock Phosphate 2.15 ±0.60 ND 0.2 ±0.28 ND
Single Super Phosphate 2.49 ±1.14 100 0.07 ±0.09 100

LSD (5%) NS NS
Crop effects Soils acidity level

Maize-Sorghum Strongly acidic 1.39 ±0.30 4.06 0.02 ±0.03 0.06
Slightly acidic 1.97 ±0.29 100 0.07 ±0.10 100

Soybean-Sorghum Strongly acidic 2.01 ±0.49 5.78 0.16 ±0.17 0.46
Slightly acidic 2.71 ±0.88 100 0.2 ±0.22 100

LSD (5%) NS NS
RAE = relative agronomic efficiency of the Phosphorus- (P-) sources = [((yield of GRP − yield of Control)/(yield of SSP − yield of Control)) × 100]%.
NS = nonsignificantly different at 𝑝 < 0.05 and ND = not determined.

Table 8: Influence of crop effects and P-sources on biomass yield (g/pot) of Sorghum in the second cropping.

Treatment Dry biomass (g/pot) RAE (%) Dry biomass (g/pot) RAE (%)
First cutting Second cutting

Crop effects Phosphate fertilizer

Maize-Sorghum

Control 1.81 0.03
Morocco Rock 1.56 78.13 0.06 ND
Sokoto Rock 1.86 ND 0.06 ND
Single Super 1.49 100 0.03 100

Soybean-Sorghum

Control 2.39 0.2
Morocco Rock 2.44 ND 0.15 ND
Sokoto Rock 1.98 ND 0.2 ND
Single Super 2.64 100 0.16 100

LSD (5%) 0.66 NS
RAE = relative agronomic efficiency of the Phosphorus- (P-) sources = [((yield of GRP − yield of Control)/(yield of SSP − yield of Control)) × 100]%.
NS = nonsignificantly different at 𝑝 < 0.05.
LSD = least significant difference (5%) and ND = not determined.

4. Discussion

4.1. First Cropping

4.1.1. Visual GrowthObservation. Crops (maize and soybean)
grown in strongly acidic sandy clay loam were not as
abundant in growth and yield as those grown in slightly acidic
loamy sand where crops in untreated pots had the least plant
height and biomass yield of 59 cm/11.67 g/pot for maize plant
and 35.39 cm/8.24 g/pot for soybean plant, respectively. The
maize plants grown in untreated pots also developed purple
colouration which is a symptom of Phosphorus deficiency
[18]. It was observed that SSP treatment supported most

growth (plant height 74.83 cm) and biomass 21.67 g/pot in
slightly acidic soil, whereas MRP treatment supported most
growth (plant height 63.17 cm) and biomass yield 13.50 g/pot
in strongly acidic soil for maize plants. However, for soybean
plants, SSP treatment supported the most growth and yield
with 43.63 cm/15.78 g/pot in slightly acidic soil as well as
41 cm/8.17 g/pot in strongly acidic soil, respectively.

4.1.2. Experimental Data. From the results above, it was
observed that values of P in Table 1 imply that both soils
were deficient in P contents since the critical levels range
between 10 and 15mg/kg P [19, 20]. The two soil types were
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adequately furnished with the same contents of total nitrogen
0.2% where the critical level of nitrogen is 0.15% [19]. The
organic matter in strongly acidic sandy clay loam (27.1 g/kg)
was slightly higher compared to that of slightly acidic loamy
sand (26.5 g/kg). The exchangeable K was higher in strongly
acidic sandy clay loam (0.04 cmol/kg) when compared to that
of slightly acidic loamy sand (0.03 cmol/kg); both fall within
the critical range 0.01–0.15 cmol/kg K [19]. The strongly
acidic sandy clay loam had lower proportion of sand (62.8%)
compared to slightly acidic loamy sandwhich had 87.1% sand,
while Soil A had higher proportions of silt (15%) and clay
(22.2%) when compared to Soil B with 4% silt and 8.9% clay.

Slightly acidic loamy sand constantly produced crops
with higher plant height (Table 2) compared to crops grown
on strongly acidic sandy clay loam. For example, crops grown
on slightly acidic loamy sand were 58.89 cm, per plant height
on the average, compared to crops grown on strongly acidic
sandy clay loam with 46.31 cm after 6 weeks of growth.
Slightly acidic loamy sand was able to support the growth of
the crops as much as strongly acidic sandy clay loam because
slightly acidic loamy sand was more fertile than strongly
acidic sandy clay loam. The soil pH and clay content values
for slightly acidic loamy sand were more suitable for crops
growth compared to strongly acidic sandy clay loam. This
is in agreement with the statement made by Akinrinde and
Adigun [2] that crops performed better in slightly acidic
soil when compared to medium acid Alfisol. Also, there is
possibility of higher P-fixation of applied phosphate ions in
strongly acidic sandy clay loam than slightly acidic loamy
sand. This is similar to the experiment carried out by Akin-
rinde and Adigun, [2] quoting Borggard [21] that close linear
relationship exists between clay content and phosphate fixa-
tion.

Furthermore, theControl and SRPhad lesser values for all
the growth component parameters (Tables 3 and 4).The con-
ventional soluble P fertilizer (SSP) and one of the rock phos-
phates, that is, MRP, almost gave the same result compared to
SRP. For instance, in Table 4, applied MRP significantly gave
higher values of dry biomass 18.43 (g/pot) for maize plants
than applied SSP with 17.58 (g/pot). SRP performed less in
this experiment; this could be due to soils type because not all
soils and cropping situations are suitable for direct use of the
RPs from different sources [22]. For instance, this experiment
showed that strongly acidic sandy clay loam treated with SRP
gave higher soybean plants than slightly acidic loamy sand
treated with the same SRP, though they were not significantly
different at 6 WAP (Table 5). SRP’s poor performance in this
experiment could also be attributed to the higher amount of
CaCO

3
it contains (79%) compared to SSP (35% CaCO

3
) and

MRP (14% CaCO
3
) [23, 24]. This could increase the soil pH

of the slightly acidic loamy sand from 6.7 to alkaline soil pH
which could affect proper functioning of the roots of crops
and lead to poor growth and yield.This is similar to the result
gotten by Ojo [25] which stated that RPs have more Ca than
SP; thus, when applied they tend to make the soil alkaline.
While in strongly acidic sandy clay loam, the CaCO

3
in SRP

helps to increase the soil pH from 5.3 to slightly acidic soil
which is favourable to growth of plants. However, slightly
acidic loamy sand treated with any of the P fertilizers gave

better results in terms of growth and biomass yield of maize
plants than strongly acidic sandy clay loam treated with the
same fertilizer. This shows that maize plants could survive
in wide range of soil pH compared to soybean plants. It also
supports the fact that differences among P-sources enhancing
growth and yield components or not are attributed to envi-
ronmental, plant, and soil characteristic factors [2, 25, 26].
The order of the effectiveness of P-sources for the growth and
yield of the crops (maize and soybean) is MRP ≥ SSP > SRP
in the first cropping. This shows the P-sources superiority of
P released and availability for plants metabolism.

For efficient utilization of RP, marked differences have
been found in the ability of plant species to extract P fromPRs
[25, 27, 28]. Similar results were observed in this study where,
on average, MRP (114.38% RAE) was more efficient than SSP
(100% RAE) for dry biomass yield of maize (Zea mays L.)
but, for soybean (Glycine max L.) dry biomass, MRP (85.03%
RAE) was less efficient than SSP (100% RAE) in the two soils.
Sokoto Rock Phosphate was less than 50% efficient in the two
location soils compared to SSP for the test crops. The MRP
(relative agronomic efficiency, RAE of 210.24%) was more
efficient than SSP (100% RAE) in slightly acidic loamy sand
but less efficient in strongly acidic sandy clay loam (88.17%
RAE) compared to SSP (100% RAE) for maize. However,
for soybean (Glycine max L.), MRP (36.2% RAE) was less
efficient than SSP (100% RAE) in slightly acidic loamy sand
butmore efficient (139.77%RAE) in strongly acidic sandy clay
loam compared to SSP (100% RAE).

4.2. Second Cropping. It was also observed that slightly acidic
loamy sand produced crops with higher dry biomass yield
than strongly acidic sandy clay loam. It could be due to similar
reasons given in the first cropping of this experiment.

The soybean-Sorghum crop rotational scheme constantly
produced biomass yield of Sorghum plants compared to
maize-Sorghum crop rotational scheme. This might be as a
result of nitrogen fixed by the leguminous plants which was
used by the following Sorghum plants while cereal-cereal
crop rotational scheme is nitrogen demanding. Legumes
are used commonly in agricultural systems as a source of
atmospheric N through symbiotic N

2
fixation for subsequent

crops, maintaining soil nitrogen levels, and through subsoil
retrieved [29]. Rotation of cereals and legumes is usually
preferred to sole cropping of either crop because of higher
yield [30].Therefore, it is beneficial to alternate soybean with
cereals and other plants that require nitrogen.

Based on the residual effects of P fertilizer treatment,
the residual effects of the various P fertilizer treatments on
the dry biomass yield of Sorghum plants at first and second
cuttings did not differ. According to the experiment carried
out by Akinrinde and Adigun, [2] stated that the P-sources
produced significant differences in the height and fresh bio-
mass yield but not in the dry matter production.

The relative agronomy efficiency (RAE) of MRP in
strongly acidic soil was 137.04% while SRP was 85.19% as
efficient as SSP (100%)with regard to dry biomass production
at first cutting of Sorghum plants while in the second cutting,
RAE of P-sources were undefined (Table 7). However, in
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slightly acidic loamy sand only MRP was 85.71% as efficient
as SSP at first cutting of Sorghum plants. Rock phosphate of
P dissociation improved with time which in turn improves P
availability as well as increased yield [25].

The results of the influence of the various interactions
among the experimental factors (soils, crops, and P-sources)
showed that there were no significant differences. The impli-
cation is that plant vigour and biomass yields were not differ-
ent at the various levels of each of the experimental factors.

5. Conclusions

The strongly acidic sandy clay loam produced crops with
lower plant height than crops grown in slightly acidic loamy
sand.

The relative agronomic efficiency (RAE) of MRP was
more efficient than that of SSP in slightly acidic loamy sand
but less efficient in strongly acidic sandy clay loam compared
to SSP as reference fertilizer for maize plants. However, for
soybean plants, MRP was less efficient than SSP in slightly
acidic loamy sand but more efficient in strongly acidic sandy
clay loam than SSP.

The residual effects of the various P fertilizer treatments
on the dry biomass yield of Sorghum plants at first and second
cuttings were not different.

The soybean-Sorghum crop rotational scheme constantly
produced biomass yield of Sorghum plants compared to
maize-Sorghum crop rotational scheme.

However, based on points made above, it is evident that
pH and clay contents of soils as well as the crop concerned
determine the efficiency of finely ground soluble phosphates
in crop production as well as positive effects of the crop rota-
tion schemes. It can serve as means of production of forage
or hay for ruminant animal.
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