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Summary
Leaching and associated low soil fertility are among the most important agricultural 

problems of coarse-textured soils of the humid tropics. This study assessed the effects of 
synthetic lime and manure-fertilizer combination on soil physicochemical fertility of sandy-
loam Ultisols in southeastern Nigeria after growing high-density coverage sweet potato 
in successive rainy and dry seasons. Treatments were application of CaO-88% at 10 t·ha-1 
(limed) and 0 t·ha-1 (no-lime) in the rainy season, each with poultry droppings at 20 t·ha-1 
(PD20), NPK 15-15-15 at 0.40 t·ha-1 (NPK0.40), complementary manure-NPK at half doses 
(PD10+NPK0.20) and no-fertilizer in the two seasons. Soil bulk density was unaffected. Soil pH 
was highest in limed/fertilizer-amended plots (7.1-7.2) and lowest in the control plots (5.6). 
Liming enhanced soil organic matter (SOM) in the dry season. In both cropping seasons, 
soil available P was higher in PD20 and PD10+NPK0.20 (36-56 mg·kg-1) than NPK0.40 and no-
fertilizer (7-11 56 mg·kg-1), while Ca2+ was highest in limed/PD20 (3.59-5.09 cmol·kg-1) and 
lowest in no-lime/PD10+NPK0.20 (0.89 cmol·kg-1) both of which were among treatments that 
affected Mg2+ similarly. Apparent cation exchange capacity (CEC) was highest in the control. 
Overall, liming enhanced soil pH and SOM, manuring enhanced available P, while their 
combination enhanced Ca2+ and/or Mg2+. The data support adoption of synthetic liming and 
poultry-droppings manuring for improving SOM and P-availability, respectively, or both 
practices for raising soil pH toward enhanced cations exchangeability under cover crops in 
humid tropical environments. This treatment-induced influence of soil pH mostly on Ca2+ 
but also CEC could be undermined by excessive environmental humidity.
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droppings, mineral fertilizer, cover cropping 

1 Department of Soil Science & Land Resources Management, College of Crop & Soil Sciences, Michael 
Okpara University of Agriculture, Umudike, PMB 7267 Umuahia, Abia State, Nigeria

2 Department of Soil Science, Faculty of Agriculture, University of Nigeria, Nsukka 410001, Enugu State, 
Nigeria

3 Department of Agronomic & Applied Molecular Sciences, Faculty of Agriculture & Veterinary 
Medicine, University of Buea, South West Region, Cameroun

4 Department of Crop Science, Faculty of Agriculture, University of Nigeria, Nsukka 410001, Enugu 
State, Nigeria

5 International Institute of Tropical Agriculture, Ibadan, PMB 5320 Ibadan, Oyo State, Nigeria 
6 Department of Crop Science, Faculty of Agriculture, University of Benin, PMB 1154, Benin City, Edo 

State, Nigeria
7 Department of Soil & Environmental Management, Faculty of Agriculture, Prince Abubakar Audu 

University, Anyigba, PMB 1008 Anyigba, Kogi State, Nigeria

✉ Corresponding author: sunday.obalum@unn.edu.ng
Received: September 15, 2024 | Accepted: November 27, 2024 | Online first version published: December 27, 2024



Agric. conspec. sci. Vol. 89 (2024) No. 4
aCS

362 | Prisca O. OGUMBA, Anulika I. ORAH, Solange T. NDZESHALA, Nancy E. EBIDO, Adaobi L. NNADI, Kolawole E. LAW-OGBOMO, Sunday E. OBALUM, Charles A. IGWE

Introduction
Persistent decline in soil fertility has been identified as a 

major constraint to agricultural production especially in sub-
Saharan Africa (SSA). Like many other tropical countries, Nigeria 
is dominated by soil resources that are characterized by fragile 
thin-layered, coarse-textured topsoils with multiple nutrients 
deficiency problems (Ahn, 1993; Igwe and Obalum, 2023). 
There are also cases of unsustainable production practices such 
as continuous nutrient mining without replacement by way of 
adequate application of fertilizers (Sanchez et al., 2002). This is 
aggravated by the prevalence of high acidity of the soils (Okalebo 
et al., 2006), making the limited nutrients unavailable for plant 
uptake. Consequently, self-sufficiency in food production for its 
ever-rising population remains yet to be realized. To enhance 
the overall productivity of the soils, their fertility management 
must involve the use of amendments. In so doing, there is need 
to explore alternative soil amendments and production strategies 
which might have implications for both food and nutrition 
security. The use of suitable organic amendments can help 
overcome soil fertility-related constraints to crop growth and/or 
yield of vegetables (Nwite et al., 2012a; Nwite et al., 2013; Ebido 
et al., 2024).

Mineral fertilizers are scarce in many agronomic production 
systems, and this has limited their use by smallholder farmers 
(Tanimu et al., 2007). Many crops respond well to manures, so 
they could sustain yields in soils under continuous cropping 
unlike their mineral fertilizer equivalents. There is a huge potential 
in minimizing wastage of agro-wastes and converting them into 
organic amendments for soils to actualize the trending concept of 
circular economy in tropical Africa (Baiyeri et al., 2020; Ndzeshala 
et al., 2024). Poultry droppings are perhaps the most effective of 
all manures of animal origin; and they are not only rich in plant 
nutrients, but can also be combined with mineral fertilizers 
(Mitchell and Tyson, 2001). Increasing per capita crop production 
in agro-environments of low soil organic matter (SOM) and 
nutrient status requires viable soil-and-water management 
technologies. One such agricultural technology is the integrated 
soil fertility management (ISFM) that entails complementary 
soil application of nutrient-rich manures and mineral fertilizers 
combined with better crop management. 

Sweet potato (Ipomoea batatas L.) is an important food 
security crop with the potential to improve the livelihood of rural 
dwellers. Many farmers often wrongly associate this root crop with 
poor soils because of its ability to thrive in such soils. However, 
resource-poor African farmers can use poultry droppings with 
conventional tillage to improve soil properties and sweet potato 
production (Agbede and Adekiya, 2011; Sowley et al., 2015). 
Complementary application of poultry droppings as manure and 
mineral fertilizers has proved to be effective in low-fertility soils 
of the Derived Savannah for producing not just cereal and other 
vegetable crops (Nwite et al., 2012b; Unagwu et al., 2013), but also 
sweet potato (Nnadi et al., 2020; Ogumba et al., 2020). 

In acid humid tropical soils, the effects of poultry droppings 
and its complementation may be pronounced in the presence 
of lime due to its role in raising soil pH, supplying Ca and Mg 
and decreasing Fe-Al toxicity. These effects are also expected to 
manifest more clearly under crops that provide surface cover 

against rapid mineralisation and nutrient losses to runoff such 
as sweet potato. Soil fertility trials with sweet potato in humid 
tropical environments have traditionally focused on the crop’s 
response (Akpaninyang et al., 2015; Sowley et al., 2015; Nnadi et 
al., 2020); soil ‘physical’ and physicochemical fertility has been 
sparingly studied (Ossom and Rhykerd, 2008; Obalum et al., 
2020). In this paper, therefore, we report the effects of synthetic 
lime and manure-NPK complementation on these soil properties 
for sandy-loam Ultisols of the humid tropics after sweet potato 
production in successive rainy and dry seasons.

Materials and Methods

Site Description

The research was carried out at the University of Nigeria (UNN) 
Teaching & Research Farm (06° 52'N, 07º 24'E; 447 m asl.) situated 
at Nsukka campus of the University. The climate is humid tropical 
with two distinct seasons (rainy and dry). Mean annual rainfall 
is about 1600 mm, while mean minimum and maximum daily 
temperatures are 21 and 31 ºC, respectively. The area also records 
variable relative humidity (range, 55 - 90%) yearly. At the study 
site, the soil is deeply weathered, brownish red, coarse-textured 
(sandy loam) and hence well drained, with dominant minerals 
being quartz, hematite and kaolinite (Obalum et al., 2013). The 
prevailing vegetation depicts the area as being in the Derived 
Savannah in southeastern Nigeria. The key physicochemical 
properties of the topsoil (0-20 cm) around the study site have been 
presented elsewhere; sand, silt and clay contents of 750, 70 and 
180 g·kg-1, respectively, acidic soil pH in water of 4.8, soil organic 
carbon content of 17.88 g·kg-1, total nitrogen of 0.56 g·kg-1, and 
cation exchange capacity of 12.40 cmol·kg-1 (Obalum et al., 2017).

Experimental Set-up

The field study involved two factors, namely lime status of the 
soil and fertilizer type used as soil amendment. Two lime statuses 
were involved: liming at 10 t·ha-1 and no liming. Four fertilizer 
types were involved including sole use of poultry droppings at the 
rate of 20 t·ha-1, designated PD20; sole use of NPK 15-15-15 at 0.40 
t·ha-1, designated NPK0.40; poultry droppings at 10 t·ha-1 plus NPK 
15-15-15 at 0.20 t·ha-1, designated PD10+NPK0.20; no-fertilizer 
amendments. The sole application rate for poultry droppings 
(20 t·ha-1) was as adopted for the study area for improving soil 
properties (Ogunezi et al., 2019) and sweet potato productivity 
(Nnadi et al., 2020), while that for NPK 15-15-15 was based on the 
recommended fertilizer rate for sweet potato (0.30-0.40 t·ha-1) in 
southeastern Nigeria (Nwinyi et al., 1987).

The study was executed as a 2 × 4 factorial experiment laid 
out as split-plots replicated three times in a randomized complete 
block design (RCBD). The high-density coverage variety of sweet 
potato, UMUSPO-2, was sourced from the National Root Crop 
Research Institute, Umudike, Nigeria. Poultry droppings, sourced 
from the Poultry Unit of Animal Science Section of the UNN 
Teaching & Research Farm, had a pH of 8.2 and N, P, K, Ca, Mg 
and Na contents of 3.10%, 0.67%, 0.75%, 0.96%, 0.49% and 0.38%, 
respectively. The synthetic lime (CaO-88%) and NPK fertilizer 
were sourced from an agro-chemical dealer in Nsukka, Nigeria.
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Field Procedure and Cultural Practices

The study site had been under fallow for more than three years. 
In the study area, the practice of vegetable crop production in 
both the prevailing rainy and dry seasons is not only increasingly 
popular among farmers, but also important for agricultural 
development of the region (Atugwu et al., 2023; Okorie et 
al., 2024). Because of this, and to allow more time for greater 
manifestation of treatment effects, the growing of high-density 
sweet potato with lime-manure/fertilizer treatments was done for 
two successive rainy and dry seasons, before assessing treatment 
effects on soil physicochemical properties. It was manually cleared 
and demarcated into plots for the treatments using bunds. The size 
of each plot was 1.5 m × 1.5 m (2.25 m2). Considering the creeping 
nature of sweet potato and to minimize interference among 
treatment plots, 0.75 m space was left between neighbouring plots 
in a block. The separation between blocks was 1.5 m. Topsoil (0-
20 cm) samples were randomly collected and used to determine 
the soil pH and to calibrate the quantity of lime to be added. Lime 
was applied only once, i.e., in the rainy-season cropping. This was 
done by uniformly spreading it to plots meant to receive it at an 
equivalent rate of 10 t·ha-1. The poultry droppings were cured by 
air-drying, homogenized, crushed and sieved using a 2-mm-mesh 
sieve to remove debris before use. The droppings were applied 
evenly also to the relevant plots on the same day as lime. 

The plots were then tilled by hoeing to about 20 cm depth, 
incorporating the amendments into the soil and making flatbeds. 
Sweet potato vines were cut into 20-25 cm vines and planted to 
a 10-15 cm depth. A plant spacing of 75 cm × 37.5 cm was used, 
giving six plants per plot. The corresponding plant density was 
similar to the recommended 37,000 stands per hectare for sweet 
potato on sandy-loam soils of humid tropical environments 
(Adubasim et al., 2017). The planting was done three weeks after 
applying lime and poultry droppings. The application of NPK 
was by topdressing, whereby 90 and 45 g were applied to plots 
receiving 0.40 t·ha-1 (full) and 0.20 t·ha-1 (half), respectively. This 
N-containing fertilizer was applied by split application, as this 
approach may be better than single dosing of N-rich fertilizers 
in the study environment (Oko and Asiegbu, 2001), a notion also 
supported by Umezinwa et al. (2020). The NPK was applied by 
band placement at 1, 4 and 7 weeks after planting (WAP), applying 
one-third of the adopted rate at each of these three growth stages 
of the crop. Thus, each time of adding NPK, 30 and 15 g were 
added to plots for full and half doses, respectively. Routine cultural 
practices were manually carried in the plots, such as weeding by 
hand picking at two-week intervals and manual irrigation to field 
capacity at two- or three-day intervals during the dry season trial.

Soil Sampling and Laboratory Analyses

The plots were sampled at sweet potato maturity some 17 WAP 
in the two seasons of the study, corresponding to 20 weeks after 
soil application of lime and PD. Soil samples were collected from 
the 0-20 cm depth of three randomly selected spots in each sub-
plot. Both soil cores and loose soil samples were collected. Soil 
cores were collected with 100-cm3 cylindrical samplers. The loose 
samples were bulked together per plot and air-dried till no further 
weight loss. They were then gently crushed and passed through a 
2-mm-mesh sieve before being used for laboratory determinations 
of the soil physicochemical properties of the study. 

Soil Bulk Density Assessment 

Soil bulk density was determined by the core method (Blake 
and Hartge, 1986). In this method, the undisturbed samples were 
oven-dried at 105 °C for 24 h to obtain the dry mass of the soil. 

Determination of Soil Physicochemical Properties 

Soil pH was measured in a 1:2.5 soil-H2O/KCl ratio with 
a combined glass electrode pH metre following the procedure 
described by McLean (1982). Soil organic carbon was determined 
by the modified Walkley-Black wet digestion-combustion method 
(Nelson and Sommers, 1996); this was multiplied by 1.724 to 
derive SOM. Available phosphorus was extracted with Bray-2 
solution and determined using Olsen and Sommers’ (1982) colour 
development method. Soil exchangeable bases/acidity and the 
apparent cation exchange capacity (CEC) were determined by the 
ammonium acetate extraction method (Hendershot et al., 1993), 
while effective CEC was obtained as the sum of the exchangeable 
bases and the exchangeable acidity.

Statistical Analysis 

The GenStat Discovery Edition 4 was used to subject the data 
to two-way analysis of variance, by this software’s procedure most 
appropriate for field experiments with split-plot design in RCBD. 
Where significantly different, treatment means were compared 
using the procedure of Fisher’s least significant difference at the 
5% level of probability (F-LSD0.05). 

Results and Discussion

Interaction Effects of Lime Status and Fertilizer Type on Soil 
Bulk Density of the Sandy-Loam Ultisols under High-Densi-
ty Coverage Sweet Potato 

Soil bulk density did not differ among treatments in both 
the rainy season (1.46-1.60 g·cm3) and the dry season (1.36-1.82 
g·cm3) of the study, neither were the main effects of lime status and 
fertilizer type significant. The species of these soil amendments 
(organic or synthetic) may partly explain these results. In a 
similar environment, Okonkwo et al. (2008) and Mbah et al. 
(2010) reported decreases in soil bulk density of plots amended 
with natural limes of wood ash and burnt rice-husk ash. The 
non-significant effect of fertilizer type is despite the expected and 
increases in SOM and hence improvements in structure-related 
properties including hydraulic properties of the soil following 
organic amendment (Ogunezi et al., 2019; Obalum et al., 2020; 
Onah et al., 2023). In the dry season cropping, however, the main 
effects of treatment showed tendency for the lowest soil bulk 
density in PD20 and PD10+NPK0.20 treatment plots (1.49 g·cm-3) 
and the highest values in plots treated with NPK0.40 (1.74 g·cm-3).

Soil bulk density is an indicator of soil productivity. Low values 
imply greater permeability and encourage downward movement 
of water through old root channels (Uwah et al., 2012), and hence 
root penetration in sweet potato production. The seemingly 
lowest value of 1.36 g·cm-3 in the dry season was recorded in no-
lime/PD plots. This value translates into total porosity of 48.70%, 
assuming a soil particle density of 2.65 g·cm-3. Soil total porosity 
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> 50% is many times considered unsuitable for sweet potato 
production as it may be too friable and may fail to provide the 
necessary anchorage support for the crop growth (Stathers et al., 
2013). Moreover, such high soil total porosity values may lead to 
leaching of plant nutrients and migration of some toxic substances 
resulting in groundwater contamination. 

Interaction Effects of Lime Status and Fertilizer Type on 
Soil Physicochemical Properties of the Sandy-Loam Ultisols 
under High-Density Coverage Sweet Potato 

The interaction effects of lime status and fertilizer type used 
to grow sweet potato in sandy-loam Ultisols were not significant 
for most of the soil physicochemical properties considered in this 
study. The results for some of them showing significant differences 
among treatments in either or both cropping seasons (including 
soil pH, Ca2+, Na+ and CEC) are presented in Table 1.

Note: PD20 - poultry droppings at 20 t·ha-1, NPK0.40 - NPK 15-15-15 at 0.40 t·ha-1; PD10+NPK0.20 - poultry droppings at 10 t·ha-1 + NPK 15-15-15 at 0.20 t·ha-1; Ca2+ - exchangeable 
calcium, Na+ - exchangeable sodium, CEC cation exchange capacity; †apparent CEC (rainy season) and effective CEC (dry season); ND - not determined; §significant at 10% 
level of probability; ns - not significant

Table 1. Interaction effects of lime status and fertilizer type used to grow sweet potato in sandy-loam Ultisols in successive rainy and dry seasons on soil physico-
chemical properties

Lime Status Fertilizer type pH-H2O pH-KCl
Ca2+ Mg2+ Na+ CEC†

(cmol/kg)

Rainy Season

Limed PD20 7.1 6.4 5.09 5.23 ND 14.40

NPK0.40 7.2 6.4 3.83 5.97 ND 11.73

PD10+NPK0.20 7.1 6.7 3.43 4.39 ND 10.53

No-fertilizer 6.8 5.9 2.10 4.64 ND 8.27

No-Lime PD20 6.5 5.9 1.40 3.17 ND 12.80

NPK0.40 6.4 5.8 2.29 2.15 ND 10.00

PD10+NPK0.20 6.1 5.4 0.89 3.55 ND 8.67

No-fertilizer (Control) 5.6 4.3 3.08 2.66 ND 15.47

F-LSD(0.05) ns 0.57 1.65 ns 3.44

Dry Season

Limed PD20 7.1 6.4 3.59 2.15 0.07 7.53

NPK0.40 7.2 6.4 2.99 1.49 0.02 5.93

PD10+NPK0.20 7.2 6.6 2.85 2.24 0.03 6.70

No-fertilizer 6.8 5.9 2.52 1.59 0.03 6.45

No-Lime PD20 7.1 5.6 2.15 2.24 0.04 6.46

NPK0.40 6.3 5.9 1.82 1.63 0.04 6.70

PD10+NPK0.20 6.0 5.4 0.89 1.45 0.04 5.86

No-fertilizer (Control) 5.6 4.3 1.21 1.82 0.05 5.45

F-LSD(0.05) ns 0.71§ ns 0.64§ 0.02 ns

For the rainy season cropping, treatment limed/PD10+NPK0.20 
gave the highest value of soil pH-KCl (6.7), while no-lime/no-
fertilizer (control) gave the lowest value (4.3). A similar trend 
prevailed during the dry season cropping. These differences 
in pH-KCl were used to discriminate the tendency of limed/
PD10+NPK0.20 and the control plots to also show highest and 
lowest values, respectively in both seasons. These results are not 
only typical of lime effect in acid soils (Kanyanjua et al., 2002; 
Nekesa et al., 2005), but also support other studies that found 
combined application of lime with manure and/or P-fertilizers to 
increase soil pH (Svotwa et al., 2007; Ossom et al., 2008; Kisinyo et 
al., 2012). The optimum soil pH range for sweet potato is 5.5-6.5. 
Soils with pH < 5 often show high ionic concentrations of H and 
Al in their solution, and this impedes plant uptake of nutrients. 

In the rainy season cropping, limed/PD20 and no-lime/
PD10+NPK0.20 plots gave the highest and lowest values of soil Ca2+ 
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of 5.09 and 0.89 cmol·kg-1, respectively (Table 1), representing 
ca. 470% increase in the former over the latter! A similar trend 
prevailed in the dry season cropping when the differences were, 
however, not significant. For Mg2+, these limed/PD20 and no-lime/
PD10+NPK0.20 plots were among treatments showing the highest 
and lowest values, respectively. The results were such that limed 
treatments showed nominally higher Mg2+ compared to no-
lime treatments in the rainy season, whereas limed/PD20, limed/
PD10+NPK0.20 and no-lime/PD20 plots gave significantly (P ≤ 0.10) 
higher values compared to limed/NPK0.40, limed/no-fertilizer and 
no-lime/PD10+NPK0.20 plots in the dry season. These results just 
presented (for Ca2+ and Mg2+) generally reflect the synergistic 
effect of synthetic lime and poultry droppings in the soil. Similar 
observations were reported by Samsunnahar et al. (2006) in a 
Bangladesh tropical environment and Gichangi et al. (2009) in 
Transkei region of South Africa. 

Though the higher soil Ca2+ in the control than the no-lime/
PD10+NPK0.20 plots is difficult to explain, it may be inferred from 
the rainy season data that PD-bearing fertilizer amendments 
require lime to enhance soil Ca2+. Organic fertilizers can promote 
release of plant nutrients up to the adequate levels required to 
support crop production (Farhad et al., 2009). The optimum 
agronomic rate of poultry droppings for the soil of the present 
study was reported to be 20 t·ha-1 (Ogunezi et al., 2019). The 
present data suggest that the effects of poultry-droppings manure 
can be pronounced in limed acid tropical soils where this manure 
is applied at the optimum agronomic rate. 

Soil Na+ differed amongst treatments during dry season 
cropping when it was determined (Table 1). Compared to the 
control, all amended plots showed significant increases in soil 
Na+, but with less difference within the treatments. The highest 
and lowest values of 0.07 and 0.02 cmol·kg-1 were found in limed/
PD20- and limed/NPK0.40-amended plots, respectively. 

The interaction effects of lime status and fertilizer type on 
soil CEC were significant in the rainy but not the subsequent dry 
season of the study. The apparent CEC as determined after rainy 
season cropping recorded the highest values of 14.40 and 15.40 
cmol·kg-1 in the limed/PD and the control plots, respectively, 
while limed/no-fertilizer and no-lime/PD10+NPK0.20 plots showed 
the lowest CEC (Table 1). The control plots showing the highest 
apparent CEC values may seem strange; however, this observation 
is attributed to their lowest soil pH. Because the soils are acid and 
kaolinitic and hence known for variable charge, their CEC is pH-
dependent, such that the deprotonation (displacement of protons) 
up to pH-7 in the determination of apparent CEC raised this CEC 
most where the soil pH was lowest (Obalum et al., 2013).

Somewhat contrary to the results in the rainy season, the 
effective CEC determined after the rainy season cropping tended 
to be highest and lowest in the limed/PD and the control plots, 
respectively, with no-lime/PD10+NPK0.20 plots still being among 
the lowest (Table 1). Apparent CEC (rainy season) represents 
the potential rather than the actual cations fertility of soils; 
effective CEC (dry season) represents otherwise. From agronomic 
perspective, therefore, limed/PD should be preferred to the control 
for improving these soils’ CEC. The Ca2+ and CEC data checked 
together point to the no-lime/PD10+NPK0.20 as undermining the 
cation exchange behaviour of the soil. This poor performance of 
the no-lime/PD10+NPK0.20 is noteworthy. 

Overall, the treatment affected Ca2+ and CEC rather differently 
in this study. This was probably due to the relative influence of 
soil pH on these two indices of cation exchange. In this regard, we 
found that soil pH had greater influence on Ca2+ than it did on the 
apparent or effective CEC (Figs. 1 and 2, respectively).

Figure 1. The relationship between soil pH and soil Ca2+ in the amended san-
dy-loam Ultisols after growing sweet potato in the (a) rainy season and (b) the 
successive dry season 

(a)

(b)

Thus, increased soil pH can explain the highest Ca2+ in the 
limed/PD plots. Weak relationships between soil pH and apparent 
CEC are a common situation in especially variable charge tropical 
soils (Obalum et al., 2013). The data presented show generally 
weaker relationships in the rainy than the dry season cropping, 
as well as the tendency for decreases in apparent CEC with 
increasing soil pH in the former. These observations, coupled 
with the lesser influence of soil pH on CEC, support the inference 
that the highest apparent CEC in the control plots in the rainy 
season was due to the lowest soil pH recorded in these plots and 
hence the aforementioned deprotonation in the determination of 
apparent CEC. Kabango et al. (2022) similarly reported an inverse 
relationship between soil pH and CEC following application of 
agricultural lime to Ferralsols at Uganda. Soil pH also influenced 
soil content of Mg2+ in the present study and the relationship was 
rather stronger in the rainy than the dry season (R2 = 0.65 and 
0.20, respectively; plotted data not shown).
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In this study, lime was not re-applied before the second 
cropping in the dry season but it still had positive effect on the soil 
pH (see Table 2). The situation of soil pH-Ca2+ and soil pH-CEC 
relationships being weaker in the rainy than the dry season and 
vice versa for soil pH-Mg2+ suggests that the soil fertility benefits 
of lime-induced increases in soil pH can be greater or lesser 
beyond the season of application, depending on the soil fertility 
index considered. It can be deduced further from the relationships 
between soil pH and each of Ca2+, effective CEC and Mg2+ in the 
dry season that soil pH-induced variations in Ca2+ and Mg2+ 
contribute highly and lowly, respectively to the corresponding soil 
pH-induced variations in effective CEC of the soils.

Main Effects of Lime Status and Fertilizer Type on Soil 
pH, Organic Matter and Available P in the Sandy-Loam Ulti-
sols under High-Density Coverage Sweet Potato 

The main effects of lime status and fertilizer type on soil 
pH, SOM and available P content of the soil during rainy and 
dry seasons cropping are shown in Table 2. Soil pH was higher 
in limed than no-lime plots in both seasons. In each season, soil 
pH-H2O and pH-KCl toed similar trends, thus lending support to 
the discrimination among the treatments in the former based on 
significant differences in the latter when examining the interaction 
effects. Liming could reduce soil acidity by displacing H+, Fe2+, 
Al3+ and Mn4+ (Kanyanjua et al., 2002; Khoi et al., 2010). Also, the 
anions CO3– and OH– in limes can neutralize the H+ released from 
the exchange complex and hydrolyze Al3+ in soil solution (Fageria 
et al., 2008). The effect of synthetic lime on soil pH in the present 
study is similar to that reported by other researchers (Omollo 
et al., 2016; Otieno et al., 2018). For fertilizer type effect, the 
highest and lowest values were recorded from PD-amended and 
no-fertilizer plots, respectively. This agrees with the commonly 
observed effectiveness of poultry manure in raising soil pH (Igwe 
et al., 2013; Ndzeshala et al., 2023). 

The positive effect of liming on SOM was evident only in the 
dry season, while fertilizer types showed similar values in both 
seasons of the study (Table 2). Lime was applied before the rainy 
season cropping and was not re-applied before the dry season 
cropping, yet its positive effect on SOM was realized after the 
latter. This shows that the residual effect of liming could be to 
enhance SOM in the soil. The SOM often contributes to increasing 
soil aggregation in managed tropical agroecosystems (Igwe et al., 
2013; Ogunezi et al., 2019); therefore, the ability of lime to increase 
SOM could be linked to its aggregation effect in the soil.

Of the no effects of fertilizer type on SOM, Ogunezi et al. 
(2019) reported increasing SOM with increasing poultry manure 
rates of 0, 10 and 20 t·ha-1 after growing cucumber in the present 
location. That PD addition at 20 t·ha-1 did not increase SOM 
in the present study was, therefore, surprising, especially with 
the expected impeded decomposition of SOM due to the high-
density coverage by the sweet potato crop. In their study in this 
environment where the protective organic mulch over poultry-
droppings amended plots was burnt to ash two months later, Onah 
et al. (2023) reported no differences in SOM content between plots 
amended at 25 t·ha-1 and unamended ones five months after the 
amendment. Sampling the soil some 20 weeks (five months) after 
liming and manuring in the present study would, therefore, help 
to explain the similarity in SOM content of the PD20-amended and 
no-fertilizer plots. Manure-based addition of organic matter was, 
after six months, similarly found not to improve SOM in sandy-
loam soils under high-density coverage sweet potato elsewhere in 
the humid lowland tropics (Michael, 2020). 

For available P, main effects of treatment were significant 
only for fertilizer type, whereby PD20 and PD10+NPK0.20 showed 
higher values than NPK0.40 and no-fertilizer, with the pattern of 
differences among the fertilizer types being the same in both 
cropping seasons (Table 2). The no effect of lime on available P is 
shown despite the former’s positive effect on soil pH. Application 
of lime to acidic soils to raise their pH results in the release of Fe/
Al-fixed phosphate ions into the soil solution (Kisinyo, 2016), and 
such increases in soil pH favour microbial activity and associated 
mineralization of soil organic P (Ameyu, 2019).

Figure 2. The relationship between soil pH and CEC of the amended san-
dy-loam Ultisols after growing sweet potato in the (a) rainy season when ap-
parent CEC was determined and (b) the successive dry season when effective 
CEC was determined 

(a)

(b)
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Note: PD20 - poultry droppings at 20 t·ha-1, NPK0.40 - NPK 15-15-15 at 0.40 t·ha-1; PD10+NPK0.20 - poultry droppings at 10 t·ha-1 + NPK 15-15-15 at 0.20 t·ha-1; SOM   soil organic 
matter, AvP - available Phosphorus

Table 2. Main effects of lime status and fertilizer type used to grow sweet potato in sandy-loam Ultisols in successive rainy and dry seasons on soil pH, soil organic 
matter and available P content of the soil

Treatments pH-H2O pH-KCl SOM (g/kg) AvP (mg/kg)

Rainy Season

Lime status Limed 7.1 6.3 1.93 25.90

No-lime 6.1 5.4 2.00 23.70

F-LSD(0.05) 0.54 0.63 ns ns

Fertilizer type PD20 6.8 6.2 2.15 45.70

NPK0.40 6.8 6.1 1.92 11.10

PD10+NPK0.20 6.6 6.0 1.82 35.70

No-fertilizer 6.2 5.1 1.97 6.90

F-LSD(0.05) 0.29 0.37 ns 21.70

Dry Season

Lime status Limed 7.1 6.3 1.95 31.20

No-lime 6.2 5.3 1.60 29.00

F-LSD(0.05) 0.09 0.83 0.27 ns

Fertilizer type PD20 7.1 6.0 1.95 55.90

NPK0.40 6.8 6.1 1.61 9.70

PD10+NPK0.20 6.6 6.0 1.80 47.50

No-fertilizer 6.2 5.1 1.74 7.40

F-LSD(0.05) 0.65 0.44 ns 21.00

The differences in available P due to the fertilizer types cannot 
be attributed to the decreases in soil acidity, as soil pH vs available 
P regressions showed R2 values of 0.0597 and 0.0694 (plotted 
data not shown). Since the said P-fixation by Fe-Al oxides and 
hydroxides normally occurs at low soil pH values (Ameyu, 2019), 
it could be that the soil pH values exceeded the critical values 
for this phenomenon. If that was the case, the inherent and the 
fertilizer-supplied P increased soil available P (Kisinyo et al., 2013). 
There have been similar reports of poultry-droppings application 
at 20 t·ha-1 increasing available P under cucumber (Ogunezi et al., 
2019) and sweet potato (Obalum et al., 2020). Similar results were 
obtained in other coarse-textured soils of the study area with 10 
t·ha-1 (Umeugokwe et al., 2021) and 25 t·ha-1 (Onah et al., 2023). 
Relative to the no-fertilizer plots, soil available P increased in the 
PD-amended plots by about 562% and 655% in the rainy and dry 
seasons, respectively. These astronomic increases were because 
poultry droppings’ effect in P release in these soils peak around 16 
weeks after addition (Chukwuma et al., 2024), and the sampling 
was done 20 weeks after liming and manuring. 

The main effects of lime status and fertilizer type on cation 
exchange indices in the soil are shown in Table 3. Of those 
determined among the base-forming cations (exchangeable 
bases), only Ca2+ was improved by liming in both seasons. Total 
exchangeable bases (TEB) measured only in the dry season 
followed suit. The increase in Ca2+ in limed plots is partly 
attributed to its release after lime dissociation and manure 
mineralization. The higher SOM due to liming in the dry season 
(see Table 2) might help to explain the concurrent increases in 
Ca2+ and TEB in limed relative to no-lime plots in the dry season 
(Obalum et al., 2012). For the fertilizer types, PD-amended plots 
generally showed higher values of exchangeable bases and their 
summation (TEB) than the rest in the dry season. Focusing on 
poultry droppings’s effect in this and similar environments, the 
results for the exchangeable bases largely contrast with Ogunezi 
et al. (2019) in their application rate of 20 t·ha-1. Also, they largely 
contrast with Umeugokwe et al. (2021) but not with Nnadi et al. 
(2021), where poultry droppings were applied at 10 t·ha-1. Similar 
to our data, Awodun et al. (2007), Phengsouvana et al. (2009) and 
Odedina et al. (2011) found increases in soil Ca2+ with application 
of lime and manure or their combination.
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Lime status had no effect on cation exchange capacity (CEC) of 
the soil in both cropping seasons. Fertilizer type affected apparent 
CEC determined in the rainy season, but not effective CEC 
determined in the dry season (Table 3). For the apparent CEC, 
values were higher in PD20 than NPK0.40 and PD10+NPK0.20 but not 
the no-fertilizer plots. The enhanced values in PD20 could be due to 
improved soil conditions including favourable soil pH, increased 
Ca2+ release from lime dissolution and manure mineralization, 
and reduction of exchangeable acidity which in turn increased 
the exchange sites of the soil. The similarity between PD20 and 
no-fertilizer plots may have to do with certain peculiarities of the 
study environment (Igwe et al., 2013). Under conditions of having 
protective organic mulch burnt to ash two months after applying 
poultry manure in this environment, CEC was found not to be 
improved with poultry manure at 25 t·ha-1 but at rates ≥ 50 t·ha-1 
five months after the amendment (Onah et al., 2023). Dikinya et al. 
(2010), who added poultry manure to three soils at much higher 
rates, similarly reported increases in their CEC, attributing such 

Note: PD20 - poultry droppings at 20 t·ha-1, NPK0.40 - NPK 15-15-15 at 0.40 t·ha-1; PD10+NPK0.20 - poultry droppings at 10 t·ha-1 + NPK 15-15-15 at 0.20 t·ha-1; K+ - exchangeable 
potassium, Ca2+ - exchangeable calcium; Mg2+ - exchangeable magnesium; Na+ - exchangeable sodium; CEC - cation exchange capacity; TEB - total exchangeable bases; †appar-
ent CEC (rainy season) and effective CEC (dry season); ND - not determined; ns - not significant

Table 3. Main effects of lime status and fertilizer type used to grow sweet potato in sandy-loam Ultisols in successive rainy and dry seasons on cation exchange 
properties of the soil

Treatments
K+ Ca2+ Mg2+ Na+ TEB CEC†

(cmol/kg)

Rainy Season

Lime status Limed ND 3.61 5.06 ND ND 11.23

No-lime ND 1.91 2.88 ND ND 11.73

F-LSD(0.05) 1.55 ns ns

Fertilizer type PD20 ND 3.24 4.20 ND ND 13.60

NPK0.40 ND 3.06 4.06 ND ND 10.87

PD10+NPK0.20 ND 2.16 3.97 ND ND 9.60

No-fertilizer ND 2.59 3.65 ND ND 11.87

F-LSD(0.05) ns ns 2.66

Dry Season

Lime status Limed 0.29 2.99 1.87 0.04 5.19 6.65

No-lime 0.29 1.52 1.79 0.05 3.63 6.12

F-LSD(0.05) ns 0.77 ns ns 1.46 ns

Fertilizer type PD20 0.48 2.87 2.19 0.06 5.60 7.00

NPK0.40 0.11 2.40 1.56 0.04 4.11 6.31

PD10+NPK0.20 0.30 1.87 1.84 0.04 4.05 6.28

No-fertilizer 0.27 1.87 1.70 0.04 3.88 5.95

F-LSD(0.05) ns 0.60 0.42 0.01 0.80 ns

increases to the humus contained in the manure. In the present 
study, the highest apparent CEC due to PD20 (13.60 cmol·kg-1) was 
close to the threshold value of 15 cmol·kg-1, understandably due to 
the corresponding high soil pH (6.8, see Table 2) which implied 
reduced deprotonation to raise the apparent CEC of this kaolinitic 
soil, but this PD20 cannot be said to have adversely affected its 
cation exchange behaviour (Onah et al., 2023).

Conclusion
This study has demonstrated the importance of using 

synthetic lime and/or manure-NPK combination in soil fertility 
management of the dominant coarse-textured acid soils of the 
humid tropics across the prevailing rainy and dry seasons. The 
choice of use of synthetic lime and/or sole or complementary use 
of poultry-droppings and NPK fertilizer would depend on the soil 
physicochemical properties that the farmer targets to improve. 
Liming without adding any fertilizer should be adopted if the target 
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is to improve SOM, whereas poultry-droppings manuring should 
be adopted if the target is to improve P-availability in the soil. 
Either of these two practices can be used to ameliorate soil acidity; 
however, where both of them are applied, there might be not only 
amelioration of soil acidity as the enhanced soil pH could lead 
to improvements in ‘actual’ exchange and hence concentration of 
base-forming cations in these highly leached tropical soils. There 
were seemingly no clear-cut improvements in any of these indices 
of soil quality and fertility supporting the adoption of NPK or its 
complementation with poultry droppings, nor liming alongside 
either of these two fertilizer application options. 

The observed influence of soil pH on cations exchange 
indices of the soil mostly Ca2+ and, to a lesser extent, CEC, was 
less pronounced in the rainy than the dry season, an indication 
that excessive environmental humidity could undermine such 
influence. The findings of this study are important for sustainable 
crop production on soils that share similar characteristics as the 
one investigated. Though these findings apply particularly to crops 
that provide adequate near-soil vegetative cover, they might also 
be applicable outside this category of crops. 
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