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 Background: Fluted pumpkin is a major leafy vegetable widely cultivated and 
consumed in Nigeria and other rainforest ecological zones of West and Central 
Africa. The cultivation of this crop faces challenges due to the low soil fertility of 
the ultisols found in southeastern Nigeria, making it difficult for farmers in the 
region to achieve bumper harvests of both foliage and pods.  
Aims: The experiment aimed to evaluate the response of fluted pumpkin (Telfaria 
occidentalis Hook. F) to varying rates of wood ash application in an ultisol soils. 
This study seeks to determine the optimal wood ash level that improves soil fertility 
and enhances the growth and yield of fluted pumpkin, thereby providing sustainable 
agricultural practices for farmers in southeastern Nigeria. 
Methods: The field experiment was conducted to evaluate the effect of wood ash 
application on growth and yield of fluted pumpkin (Telfaria occidentalis Hook. F). 
The experimental treatments were four wood (dried oil palm rachis) ash rates; 0, 2, 
4 and 6 t/ha. The treatment was laid in a randomized complete block design, 
replicated four times. 
Results: The results showed that the application of wood ash enhanced growth and 
yield of fluted pumpkin. The treatment of 6t/ha wood ash produced 19.71 t/ha foliar 
yield. The treatment of 4t/ha produced 18.63 t/ha foliar yield. The least foliar yield, 
8.81 t/ha was recorded in the control treatment. Comparing the number of pods per 
plant, the treatment of 6t/ha wood ash produced significant number of pods per 
plant; 3.60, followed by 3.43 fluted pumpkin pods per plant recorded in the 
treatment of 4t/ha wood ash. The least number of pods per plant; 1.12 was recorded 
in the control treatment. The treatment that received 6t/ha oil palm rachis ash 
(OPRA) produced 26.81 t/ha pod, followed by 25.01 t/ha recorded in 4t/ha wood 
ash rate. The least pod yield; 7.44 t/ha was recorded in the control treatment. The 
study revealed that application of wood ash to fluted pumpkin could assist farmers 
in achieving bumper harvest in the study area. Farmer in the study area should 
adopt the application of 4t/ha of wood ash to fluted pumpkin. 
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1. Introduction  
One of the significant frontiers that can greatly contribute to global food security is the expansive 

humid tropical region, where soils have the potential for arable crop production (Buol et al., 2011; Ikeh 
et al., 2016). Unfortunately, many of these soils are acidic, specifically Oxisols and Ultisols, which are 
characterized by low base status and often result in poor crop growth and yields. This issue arises from 
the high concentration of hydrogen ions (H+) in the soil solution, which adversely affects the 
availability and uptake of several essential metallic ions. Consequently, deficiencies in calcium (Ca), 
magnesium (Mg), potassium (K), phosphorus (P), and molybdenum (Mo) occur, while elements such 
as aluminium (Al), iron (Fe), and manganese (Mn) are present in excessive amounts (Ibia & Udo, 
2019). 

Furthermore, clay, aluminum (Al), and iron (Fe) ions and their oxides convert both native and 
applied phosphorus (P) into insoluble forms through various fixation processes (Brady & Weil, 2002). 
In Nigeria, Ultisols are predominantly found in the southern regions, where the parent materials of 
Coastal Plain Sands and the excessive rainfall contribute to the formation of highly weathered and 
leached soils. These soils typically exhibit low organic matter content and cation exchange capacity, 
which reflect a mineralogy characterized by kaolinitic and low-activity clay minerals composed of Fe 
and Al oxides (Juo & Wilding, 1996). A significant challenge is addressing acid soil infertility, as 
evidenced by low nutrient levels (deficiencies) and nutrient imbalances. Developing practical 
management systems that farmers can adopt is essential for achieving reasonable and sustained high 
crop yields (Ayodele & Shittu, 2014; Ikeh et al., 2017). 

Ultisols dominate southeastern Nigeria (over 70% of the land) and are highly weathered, acidic, 
nutrient-poor, with low cation exchange capacity, and formed on parent materials such as Coastal Plain 
Sands. These soils are crucial to the region's humid tropical agriculture, but their inherent poor-quality 
leads to challenges such as erosion and nutrient depletion, necessitating careful management 
(Onweremadu, 2007; Ibia, 2005). The ultisols of southeastern Nigeria are highly weathered and 
leached soils formed on Coastal Plain Sands under an excessive rainfall regime (Ayodele & Shittu, 
2014). 

In the soils of southeastern Nigeria, the application of mineral fertilizers has decreased soil pH, 
leading to unstable, unproductive soil conditions. Despite the environmentally detrimental and 
ecologically unsound characteristics of inorganic fertilizers in Ultisols, there is still a significant 
shortage of these fertilizers in the region. As a result, it has become essential to explore locally 
available alternatives (Sampson et al, 2025). Research by Akpan et al. (2024) suggests that using wood 
ash as an organic fertilizer, in combination with lime, can improve crop yields and enhance soil health 
compared with traditional inorganic fertilizers. 

Fluted pumpkin (Telfaria Occidentalis Hook. F.) is an indigenous vegetable consumed in Nigeria. It 
is a leafy vegetable that belongs to the family Cucurbitaceae. Fluted pumpkin is one of the important 
leafy Vegetables in Nigeria, grown and consumed in rural and urban areas. In Nigeria, the young 
shoots and leaves of the plant are primarily used in soups as a source of vegetables and herbal 
medicine. The fruit could be boiled and eaten or fermented and used to prepare local seasoning known 
as ogiri among the Igbo tribes of southeastern Nigeria. The seeds are rich in protein and fat and 
therefore can contribute to a well-balanced diet.  It is a crop of nutritional and commercial importance 
in southern Nigeria. Nutritionally, it is grown mainly for its leaves and edible seed because they 
contribute to good health by providing inexpensive sources of minerals and vitamins needed to 
supplement people's diets, which are mainly carbohydrates. Commercially, the production serves as a 
major source of income to the farmers and their households because it can give high yield per unit area 
of land and hence generate high income (Idem et al, 2012). 
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One of the major problems limiting crop production, including fluted pumpkin, is soil fertility 
(Akata et al., 2025). This has so far been checked by applying plant nutrients to the soil, either in 
organic or inorganic form. Soil fertility is a critical factor in plant growth and yield. Traditional 
agricultural practices often use organic fertilizers to enhance soil nutrient levels and improve crop 
performance. Among the various organic amendments available, wood ash has attracted attention for 
its high mineral content and potential to improve soil properties. 

Wood ash contains calcium, which strengthens cell walls and improves the overall structural 
integrity of plants. This is particularly beneficial for fluted pumpkin, as it helps the plant develop 
strong vines and fruits that are less susceptible to diseases and pests. The high phosphorus content in 
wood ash also promotes root development, leading to stronger, more resilient plants. Phosphorus is 
essential for energy transfer and root establishment, and this can be particularly important in the early 
stages of pumpkin growth (Ikeh et al., 2023). 

According to Akata et al. (2016) & Ikeh et al. (2023), the application of wood ash enhances crop 
growth and yields in acidic soils due to the addition of nutrients and its capacity to neutralize acidity, 
which may result from fertilizer usage, by reducing aluminum solubility (Ikeh et al., 2016). A study by 
Ikeh et al. (2025a) demonstrated that incorporating organic manure into the soil in a groundnut trail 
shifts the pH from acidic to nearly neutral within four months. Furthermore, the use of wood ash as a 
liming agent boasts a high acid-neutralizing capacity in soils, attributed to the formation of hydroxides 
and carbonates during combustion and conditioning processes (Holmberg & Claesson, 2001). Wood 
ash has been shown to enhance microbial activity and alter community composition, with significant 
implications for microbial processes and nutrient cycling (Olubode et al., 2017).  Olubode et al. (2017) 
reported that wood ash can effectively be used for the amelioration of acidic soils instead of liming and 
further stated that the utilization of wood ash in soybean, which is available in huge amounts, may 
partially replace expensive soil conditioners and fertilizers. 

The research gap in the current literature on the use of wood ash as a soil amendment centers on its 
specific effects on the growth and yield of fluted pumpkin (Telfairia occidentalis) across various soil 
types and environmental conditions. While existing studies have highlighted the general benefits of 
wood ash for improving soil health and reducing reliance on synthetic fertilizers, there is limited 
empirical evidence on the optimal application rates and frequencies for fluted pumpkin cultivation. 

Furthermore, much of the research focuses on the biochemical composition of wood ash and its 
effects on a broad range of crops, omitting detailed studies specifically targeting fluted pumpkin. As 
fluted pumpkin is a vital vegetable crop for many smallholder farmers in Nigeria and West Africa, 
understanding the nuances of how wood ash influences its growth, yield, and overall productivity 
under varying agronomic practices is essential. The novelty of this research is the determination of the 
optimal oil palm rachis wood ash application rate for enhancing fluted pumpkin productivity and 
ameliorating Ultisol fertility constraints in southeastern Nigeria. 

Additionally, there is a need to explore the long-term effects of wood ash application on soil health 
in sustainable farming systems. Investigating these parameters can provide valuable insights into 
optimizing the use of wood ash, helping farmers make informed decisions that enhance crop 
production while ensuring environmental sustainability. By addressing this research gap, future studies 
can offer tailored recommendations for farmers, potentially leading to improved agricultural practices 
and economic outcomes for those cultivating fluted pumpkin. 

 
2. Methods  
2.1 Study Site 

This experiment was conducted at the Teaching and Research Farm of the University of Agriculture 
and Environmental Sciences, Umuagwo, Imo State. The study was carried out in Umuagwo, Ohaji-
Egbema, South-east Nigeria (latitude 5° 15′ N and longitude 6° 58′ E). The soils were derived from 
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coastal plain sands (Benin formation). Ohaji-Egbema is situated in the humid tropics with a total mean 
annual rainfall of about 2500 mm and an annual temperature range of 26-30°C (NIMET, 2014). 
Physiographically, the area's landscape is a low-lying plain, with almost no part of the town exceeding 
65 m above sea level. In both locations, the prevailing slope was gentle, averaging about 1%. The 
original vegetation was rainforest, which has been depleted by human activities, primarily agriculture 
and deforestation. The major socio-economic activity of the area is farming. Soil fertility regeneration 
is through bush-following, while slash-and-burn is the major land-clearing technique.  The 
experimental site was previously used for groundnut and maize intercrop.  
 
2.2 Experimental Design 

The experimental treatments were wood ash (oil palm rachis ash) rates (0, 2, 4, and 6 t/ha). The 
experiment design used was a randomized complete block design (RCBD). The treatments were 
replicated four times. The experimental site occupied an area of 24 m × 22 m (528 m²). Each plot was 
4m x 3m (12 m2). Each replication has 4 plots, for a total of 16. Each plot was separated with other by 
1.5m spacing, while each block was separated by a 2 m pathway. 

 
2.3 Soil Sampling 

Composite soil samples were collected with the aid of a soil auger, before planting and at harvest, at 
two soil depths: 0-15 cm. The soil samples were collected in polythene bags, labeled, air-dried, 
crushed, and sieved through a 2.0 mm mesh for physico-chemical analysis. 
 
2.4 Soil Analysis 

The following soil physico-chemical properties were determined (i) Soil pH: Soil pH was 
determined in water 1:2 (soil: water ratio) using a pH meter with glass electrode (Bates, 1954). (ii) 
Total Nitrogen: Total nitrogen in the soil was determined by micro-Kjeldahl digestion and the 
distillation method (Ibia & Udo, 2009). (iii) Organic Matter:  Organic matter content of the soil was 
determined by the dichromate wet oxidation method of Walkley and Black (1934). (iv) Available 
Phosphorus:  Available P in the soil was determined by Bray-1 method (Bray and Kurtz, 1945). (v) 
Exchangeable Cations:  Exchangeable cations were extracted with neutral NH4 OAC. Calcium and 
magnesium were determined in the extract by EDTA titration (Jackson, 1962), while potassium and 
sodium were determined using flame photometer. 
 
2.5 Agronomic Practices 
i) Land preparation: The experimental site was manually prepared by slashing, raking, and marking out 

with measuring tapes, rope, and pegs. Ridges of 5m x 5m were made with spades and native cultivating 
hoes that are predominantly used with the farming systems of southeastern Nigeria. 

ii) Planting:  The planting was done in the first week of April, 2024. The fluted pumpkin seeds, sourced 
from Eke Umuagwo Community Market were planted on the crests of the seedbeds of 4m x 3m. A total 
of three (3) seeds were planted at a spacing of 1m x 1m and later thinned down to two seeds at two 
weeks after planting (WAP). 

iii) Wash Application: Wood ash as organic soil amendments were incorporated into the soil during land 
preparation on a treatment basis. 

iv) Weeding: Manual weeding was carried out using a native weeding hoe at 3 and 9WAP. 
v) Harvesting: Foliage harvesting was done at fortnightly while pod harvesting was at seven (7) months 

after planting (MAP), when the plant attained 100% senescence. 

The following growth and yield parameters were assessed: 
vi) Data Collection and Analysis 

a) Vine length: Vine length was measured at 2, 4, 6, and 8 weeks after planting (WAP) with aid of 
measuring tape. The measurement was from the base to the terminal bud in centimeter. 
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b) Number of leaves per Plant: Number of leaves per plant was determined by counting all the functional 
leaves from the five (5) tagged fluted pumpkin in a plot. 

c) Number of Pods per Plant: The number of pods per plant was determined by counting the total number 
of pods attached to each stand.  

d)  Pod Yield (t/ha) was determined with a top load weighing balance. The weight in kilograms was 
converted to tonnes per hectare. 

2.6 Statistical Analysis 
Data collected on the growth and yield were subjected to analysis of variance (ANOVA), and 

treatment means separated using the least significant difference (LSD) (P= 0.05) as described in Steel 
et al. (1997). 
 
3. Results 
3.1 Chemical Composition of Oil Palm Rachis Ash 

The chemical composition of oil palm rachis ash is presented in Table 1. The ash pH was 11.36, and 
total N was 0.06%. The Ca, Na, K and Mg values were 41.33, 5.01, 10.63 and 5.71 cmol/kg, 
respectively. The P-available concentration was 14.82 mg/kg. 
 
Table 1. Chemical composition of oil palm rachis ash  
Nutrients Unit Values 
Soil pH  11.36 
Total N % 0.06 
Ca cmol/kg 41.33 
Na cmol/kg 5.01 
K cmol/kg 10.63 
Mg cmol/kg 5.71 
Available P mg/kg 14.82 
 
3.2 Soil Physico-chemical Properties of the Experimental Field Before and After Planting 

The physico-chemical properties of the soil at the experimental site, before and after planting, are 
summarized in table 2 and table 3. The results indicate that the initial soil pH was 5.50, which 
increased to 6.20 with the application of 2 t/ha of wood ash and further to 8.43 with 6 t/ha of wood ash 
at harvest. The organic matter content and exchangeable bases exhibited a similar trend. The initial 
calcium content was recorded at 2.11 cmol/kg, increasing to 3.23 cmol/kg after the application of 6t/ha 
of wood ash. Across all soil nutrients assessed, the lowest value at harvest was recorded in the control 
treatment. 

The particle size analysis revealed a consistent pattern, with sand being the dominant particle size, 
followed by clay, before silt. The result showed that the treatment of 6t/ha wood ash had a lower sandy 
percentage with a higher percentage of silt content at harvest. 

 
Table 2. Soil chemical properties of the experimental field before and after planting 

Wood Ash Rate 
(t/ha) Soil pH 

Organic 
Matter 

(%) 

Total N 
 (%) 

Ca 
(cmol/kg) 

Na 
(cmol/kg) 

K 
(cmol/kg) 

Mg 
(cmol/kg) 

Available P 
(mg/kg) 

 5.5ᵈ 1.93ᶜ 0.07ᵇ 2.11ᶜ 0.15ᶜ 0.86ᶜ 1.33ᶜ 32.26ᶜ 
0 5.5ᵈ 1.55ᵈ 0.06ᵇ 1.97ᵈ 0.13ᵈ 0.71ᵈ 0.92ᵈ 29.33ᵈ 
2 6.2ᶜ 2.01ᵇ 0.07ᵇ 2.33ᵇ 0.14ᶜ 0.99ᵇ 1.45ᵇ 34.23ᵇ 
4 7.6ᵇ 2.28ᵃ 0.07ᵇ 3.16ᵃ 0.17ᵇ 1.01ᵃ 1.62ᵃ 35.12ᵃ 
6 8.43ᵃ 2.39ᵃ 0.08ᵃ 3.23ᵃ 0.19ᵃ 1.01ᵃ 1.70ᵃ 35.33ᵃ 
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LSD 0.53 0.27 0.008 0.27 0.019 0.094 0.19 1.33 
 
Table 3. Soil particle size of the experimental field before and after planting 

Wood Ash Rate (t/ha) Sand (%) Silt (%) Clay (%) 
 83.3ᵃ 7.78ᵈ 8.92ᵇ 
0 83.26ᵃ 7.55ᶜ 9.19ᵃ 
2 83.5ᵃ 7.39ᶜ 9.11ᵃ 
4 83.4ᵃ 7.47ᶜ 9.13ᵃ 
6 82.5ᵇ 8.8ᵃ 8.7ᶜ 

LSD 0.27 0.19 0.20 
 
3.2 Vine Length of Fluted Pumpkin as Influenced by Wood Ash Rates 

The impact of wood ash on the length of fluted pumpkin vines is summarized in Table 4. The 
results indicated a significant difference (p<0.05) at 4, 6, and 8 weeks after planting (WAP). 
Specifically, an increase in wood ash levels led to a rise in vine length. The treatment involving 6 tons 
of wood ash per hectare demonstrated notable vine lengths of 20.33 cm, 44.38 cm, 70.23 cm, and 
78.13 cm at 4, 6, and 8 WAP, respectively. The control treatment (no soil amendment) recorded the 
shortest vine lengths of 9.22 cm, 15.99 cm, 22.99 cm, and 25.44 cm during the same periods. 
 
Table 4. Vine length of fluted pumpkin as influenced by wood ash rates 

Treatments 
Weeks after planting 

2 4 6 8 
cm 

0 9.22d 15.99d 22.91d 25.44d 
2 11.45c 26.77c 45.73c 59.28c 
4 16.40b 33.48b 64.13b 65.77b 
6 20.33a 44.38a 70.23a 78.13a 

LSD(p<0.05) 3.17 3.83 4.34 4.67 
 
3.3 Number of Leaves per Plant as Influenced by Wood Ash Rates 

The number of leaves per plant, influenced by the application of wood ash, demonstrated significant 
differences at 4, 6, and 8 weeks after planting (WAP) as shown in Table 5 The treatment with 6 tons 
per hectare (t/ha) of wood ash resulted in a notably higher leaf count, with averages of 25.91, 30.44, 
and 40.49 leaves per plant at 4, 6, and 8 WAP, respectively. Additionally, the treatment using 4 t/ha of 
wood ash yielded 43.65 leaves per plant at 8 WAP. The least leaf counts were recorded in the control 
treatment, with mean values of 8.76, 11.88, and 16.67 leaves per plant. 
 
Table 5. Number of leaves per plant as Influenced by Wood Ash Rates 

Treatments Weeks after planting 
2 4 6 8 

0 3.37a 8.76c 11.88c 16.67d 
2 5.63a 18.66b 24.81b 30.12c 
4 5.76a 23.32a 28.71a 36.12b 
6 5.79a 25.91a 30.44a 40.43a 

LSD(p<0.05) NS 3.11 3.67 4.49 
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3.4 Yield and Yield Components of Fluted Pumpkin 
The results concerning foliar yield, number of pods per plant, and pod yield are detailed in Table 6. 

The application of wood ash to fluted pumpkin significantly enhanced foliar yield. Specifically, the 
treatment with 6t/ha of wood ash yielded 19.71 t/ha, while the 4t/ha treatment resulted in 18.63 t/ha. 
The lowest foliar yield at 8.81 t/ha was recorded in the control treatment. 

The number of pods per plant was also significantly influenced by the rates of wood ash (p<0.05) 
(Table 6). The treatment with 6t/ha of wood ash achieved the highest number of pods per plant, 
averaging 3.60, followed closely by the 4t/ha treatment with an average of 3.43 pods. The control 
treatment, however, had the lowest pod count, with only 1.12 pods per plant. 

In terms of pod yield, the application of wood ash resulted in significant differences (p<0.05) as 
shown in Table 6. The treatment receiving 6t/ha of wood ash produced a pod yield of 26.81 t/ha, while 
the 4t/ha treatment yielded 25.01 t/ha. The control treatment recorded the least pod yield at 7.44 t/ha. 
 
Table 6. Yield and yield components of fluted pumpkin 

Treatments Foliar Yield Number of Pods per Plant Pod Yield (t/ha) 
0 8.81c 1.12b 7.44c 
2 13.80b 2.33a 17.39b 
4 18.63a 3.43a 25.01a 
6 19.71a 3.60a 26.81a 

LSD(p<0.05) 3.61 1.41 3.36 
 
4. Discussion 

Soil chemical properties, such as organic matter, total nitrogen, and exchangeable cations, were 
found to be low, except for high levels of available phosphorus before planting. The observed 
deficiency in soil nutrients at the experimental site before planting can be attributed to continuous 
cultivation without the optimal incorporation of organic materials to enhance soil organic matter.  

Post-planting soil analysis revealed an increase in nutrient levels following the application of wood 
ash. Before planting, the soil at the experimental site exhibited a medium acidity level, with a pH of 
5.50. According to Brady and Weil (1999), soils within a pH range of 5.2 to 5.6 are classified as 
having medium acidity. After applying wood ash, higher pH values—ranging from 6.2 with 2 tons per 
hectare to 8.63 with 6 tons per hectare—were recorded at harvest. This increase is likely due to the 
liming effects of the wood ash biomass added. Ikeh et al. (2023) reported that using wood ash as a soil 
amendment effectively reduced soil acidity to levels conducive for the production of egusi melon 
(Colocynthis citrullus) in an ultisol of southeastern Nigeria. As a calcium-containing mineral, wood 
ash raises the soil pH. In a similar context, Akata et al. (2016) noted that the use of oil palm empty 
fruit bunch ash as an amendment resulted in increased soil pH values compared to non-ash-treated 
soils in cassava farms within the rainforest ecology of southeastern Nigeria.  

The performance observed in the control treatment indicated that the soil possessed a low fertility 
status. Ikeh et al. (2025b) have reported that wood ash serves as an effective soil amendment for 
enhancing plant growth and yield, particularly for crops like egusi-melon and cucumber, which both 
belong to the same plant family as fluted pumpkin. The positive effects of wood ash on pumpkin 
growth are attributed to its capacity to improve soil pH, supply essential macronutrients, and enhance 
soil structure. However, its effectiveness is influenced by various factors, including application rate, 
soil type, and the existing fertility of the soil. 

According to Pitman (2006), wood ash also affects the decomposition of soil organic matter and 
microbial activity. The introduction of ash encourages microbial processes such as nitrification and 
mineralization, which enhance the availability of nitrogen and other nutrients vital for plant growth. 
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This study has demonstrated that the application of wood ash leads to increased growth, yield, and 
biomass accumulation in pumpkin. 

Furthermore, growth and yield parameters such as the number of leaves per plant, vine length, 
number of pods per plant, and pod yield were enhanced in plots treated with wood ash. This 
improvement can be attributed to the wood ash supplying essential soil nutrients, thus promoting the 
growth, development, and yield of the crop compared to the control treatment. 

 
5. Conclusion  
The findings of this study indicate that the use of wood ash significantly enhanced the growth and 
yield attributes of fluted pumpkin. To optimize the effects of wood ash application on the growth and 
yield of fluted pumpkin in the acidic soils of the rainforest zone in southeastern Nigeria, it is 
recommended that wood ash be applied at a rate of 4 t/ha. This recommendation is based on the 
observation that the yield from the 6 t/ha treatment did not show a significant difference when 
compared to the yield from the 4 t/ha treatment. Furthermore, soil analysis conducted at harvest 
revealed that the application of wood ash can contribute to sustainable soil management in the ultisol 
of southeastern Nigeria. 
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