


Assessment of performance of Cucumber (Cucumis sativus L.) on palm bunch ash based organic manure combinations in Southern Nigeria 

 


ABSTRACT
Field experiment was conducted at Teaching and Research Farm in Akwa Ibom State University, Obio Akpa Campus in 2023 to assess the performance of Ccucumber (Cucumis sativus L.) on Palm Bunch Ash based organic manure combinations in Southern Nigeria. The treatments were: Oil Palm Bunch Burnt Ash (PBA) + Poultry manure (PM), Palm Bunch Ash + Pig manure (Pig M), Palm Bunch Ash + Rabbit manure (RM), Palm Bunch Ash + Goat manure (GM) and Sole Palm Bunch Ash. The experiment was laid out in a randomized complete block design and replicated three times.  Growth and yield data were collected and subjected to analysis of variance (ANOVA) and significant means compared with least significant difference (LSD) at 5% probability. The result showed combination of Palm Bunch Ash + Poultry manure produced cucumber with significant longer vine; 135.80cm, 179.56cm and shortest vines (66.75cm, 83.01cm) at 6 and 8 weeks after planting (WAP). Number of leaves/plant, vine girth had higher values with Palm Bbunch Aash + Poultry manure respectively. For the yield, treatment with Palm Bbunch Aash +Poultry manure produced significantly higher number of fruits per plant (7.01), fruit length (28.56cm), fruit circumference (20.45cm) and fruit yield (20.45t/ha-1) respectively. Treatment of ash alone produced 14.23 t/ha-1 fruit yield. The least of fruit yield (5.12 t/ha) was recorded in the Sole sole Palm palm Bunch bunch Ash ash. The fruit yield obtained from combinations of palm bunch ash with organic manures (Poultry manure, Goat manure, Rabbit manure and Pig manure) showed no significant differences when compared. The study therefore, indicated combinations of Palm Bunch bunch Ash ash with Poultry manure or Goat manure as the best. 


INTRODUCTION
Cucumber (Cucumis sativus L.), members of the Curcibitaceae family is an important vegetable and one of the most popular (Wang et al., 2018). Cucumbers originated in Asia, specifically in the Indian subcontinent and Southeast Asia (Felix, 2021). They were  It was cultivated over 3,000 years ago in ancient civilizations such as Egypt, Greece, and Rome (Staub et al., 2005). Cucumbers are now grown worldwide, with major producers being China, United States, Russia, Ukraine, and Turkey (WIKI, 2023). They are widely cultivated in Africa, particularly in Nigeria, Egypt, and South Africa (Link, 2017). Global cucumber production reached 94.718 million metric tons in 2022 (Rahul et al., 2020). Asia accounts for over 70% of global cucumber production (Kailiang et al., 2015) with China producing 77.3 million metric tons. Africa produced 484.425 million metric tons with Egypt leading in 2022. 	Comment by Maria da Graça de Souza Lima:  No indentation required? Please check the rules and standardize.
Its production in Nigeria is rapidly gaining popularity due to high medicinal and nutritive values, as well as being a chief ingredient in the preparation of salad and other Nigerian dishes. It is also consumed raw as a snack by many Nigerians, thus the demand for this fruit is high (Ahmed et al., 2022).   
Cucumber, like other crops (Udounang et al., 2022b ) could be grown on prepared beds for ease of rooting system and good plant development. To bridge the gap between the supply and demand of cucumber, many farmers have resorted to the use of fertilizers (both inorganic and organic) to enhance soil fertility and nutrient uptake by plants, thus leading to greater yields (Akpainyang et al., 2022; Udounang et al.,2023a). However, the use of inorganic fertilizer (Effretuei and Udounang 2020), has not been completely beneficial under intensive agriculture because of its high cost. It is also associated with reduced crop yields, soil degradation, nutrient imbalance and acidity (Moone, 2019). 
Organic fertilizers have the potential to increase physical and biological storage mechanisms of soils through high organic matter content (Udounng et al., 2022a) that improves soil structure, aeration, moisture holding capacity and water infiltration (Ekwere et al., 2022; Waters et al, 2023). In addition, increased organic matter content of the soil provides a source of food and energy for a myriad of beneficial soil macro and microorganisms (Sandeep et al., 2012), improve the plant development and increase yield of crops (Udounang et al., 2022b). 
Oil palm refuse bunch ash (OPBA) is an organic fertilizer, environmentally friendly product that is 40 % cheaper than inorganic fertilizer and used commercially for neutralizing acidic soil effectively (Golabadi et al., 2012). It could be supplemented for soil nutrients especially potassium (Ikeh et al., 2016) and furnished liming materials for increased soil fertility, pH and nutrient uptake (Ben et al., 2024). 
are numerous information and research works on the effect of Oil Palm Refuse Bunch Ash (OPBA) on yields of crops and the researchers reported high yields of crops (Udounang et al., 2023b). Yupeng et al., (2017) found that oil palm refuse bunch ash application increases grain yield of cowpea as well as soil organic matter. Grieve, (2022) observed high root yield of cassava, cocoyam with oil palm refuse bunch ash application. This study was carried out to evaluate the combined effect of Palm bunch ash with organic manure types on cucumber varieties in Obio Akpa.

MATERIALS AND METHODS
The research was conducted at the Teaching and Research Farm of the Faculty of Agriculture, Akwa Ibom State University, Obio Akpa Campus in Oruk Anam Local Government Area, Akwa Ibom State in 2023. The experimental site lies between latitude 4030S and 5030N and longitude 70 30W and 80 00E (SLUS-AK, 1989); has a mean annual rainfall ranging from 2000 mm to 2600 mm with bimodal pattern, which peaks in August and October (SLUS-AK Slus, 1989).	Comment by Maria da Graça de Souza Lima: Slus, 1989
Soil samples were collected at random from the marked out area at a depth of 0-15cm using soil auger. The samples were carefully mixed, packed, labeled and put in polythene bags and taken to the laboratory for soil physicalo---chemistrycal analysis. The chemical properties analyzed were soil pH, electrical conductivity, organic matter, total nitrogen, available phosphorus, exchangeable bases, exchangeable acidity, effective cation exchange capacity and base saturation. These were determined using Standard Laboratory Procedures.
The experimental design used was Randomized Complete Block Design with three replications. The experimental area measured 24m by 12m giving a total area of 288m2. Each treatment plot measured 2m by 3m and demarcated from one another by 1.5m path. Each treatment plot had 12 stands of cucumber spaced at 1 x 0.5m distance.
The treatments were five (56): Sole Palm Bunch Ash; Palm Bunch Ash+ Poultry manure; Palm Bunch Ash + pig manure; Palm Bunch Ash + Rabbit manure; Palm Bunch Ash + Goat manure.	Comment by Maria da Graça de Souza Lima:  There was no control?	Comment by Maria da Graça de Souza Lima:  In what quantities?
The organic manures (poultry dropping, pig dropping, rabbit dropping and goat dropping) were sun cured for days before incorporation into the soil for a period of 7 days before actual planting to ensure complete decomposition of the organic manures. This was done by mixing the top soil with the measured quantity of the organic manures in the hole before planting. 
The field was prepared by clearing with the use of machetes. This was followed by marking out of the field with tape, ropes and pegs and then bed making.
Weeds were removed manually using weeding hoe at intervals of 2 weeks, beginning from two weeks after planting.
Staking was done immediately the vines attends 10cm long and the tendrils numbering about 3-4 at 3-4 weeks after planting. The essence of the Sstaking was to avoid soil borne diseases and rain splashes on the plant.
The cucumber fruit were harvested from 8 weeks after planting (WAP). Harvesting was done on a weekly basis by hand.
Data were collected and observations made on the growth [(Number of Lleaves per plant, Vine girth (cm), Vine length (cm), Number of vines per plant)] and yield [(Number of fruits/Pplant, Length of fruits (Ccm), Circumference of fruits (cm), Weight of Cucumber cucumber per plant, Fruit yield of Cucumbers cucumbers (t/ha))] parameters. 
Data collected from the study were subjected to Analysis of Variance (ANOVA), and the treatment means separated using Least Significant Difference (LSD) at 5% level of probability.

RESULTS
The state of the soil chemical properties of the experimental site before treatment is shown in Ttable 1. The textural classification of the soil was sandy loam with a high proportion of sand (70.95%,) silt (7.78%) and clay (18.39%). This soil property could have adverse effect on the growth of crops due to low water and nutrient holding capacity. The pH of the soil was 5.1 which is strongly acidic because soils with pH lower than 5.5 are considered acidic (USDA, 2004). This is brought about by leaching due to high rainfall. The pH may lead to less healthy soil, loss of microorganism, it could also affect the solubility as well as potency of certain toxic chemicals. The organic matter of the soil was low (2.26%). This is lower than 10% given by (Esu, 2000) as ideal for soils in Akwa Ibom State. This means that the soil lacked the capacity to provide the essential nutrients like organic matter and Electrical Conductivity to crops. Nitrogen was 1.20% showing that nitrogen content of the soil was low. The low level of N does not support plants rapid growth and healthy development, hence, the application of organic manure. Available phosphorus was 22.025 mg/kg at 0-15cm in initial soil analysis. The was above the critical value of 0.05 cmol/kg (FAO, 1970). Exchangeable potassium was very low (0.08cmol/kg). The level of potassium may lead to low reduction in plants Ca and Magnesium uptake. Exchangeable calcium was 8.30 cmol/kg which is high above the critical value of <20mol/kg (Chude et al., 2011). Exchangeable Mg content of the soil was high (4.12 cmol/kg) in the initial soil properties. This value was higher above the critical value of 0.05 cmol/kg (FAO, 2011). Exchangeable Sodium was 0.19 cmol/kg in the initial soil properties; the value was higher than critical value of 0.1 cmol/kg as reported by (Chude et al., 2011). Exchangeable Acidity was 1.98 cmol/kg. Electrical conductivity was very low (0.10 ds/m) as reported by FAO (1990). Effective Cation Exchangeable Capacity was 11.09 cmol which the value was above critical value (<20cmol/kg) regarded to be suitable for crop production (Chude et al., 2011). Base saturation was 85.5%. This higher base saturation level could be attributed to high level of calcium, magnesium and some basic cation which are important indices of fertile soil.	Comment by Maria da Graça de Souza Lima:  This author is not cited in the references.
Table 2 shows the effect of Palm Bunch Ash with farmyard manure on the number of leaves of Cucumber cucumber plants at 4, 6, 8 weeks after planting (WAP). Treatment of Palm palm Bunch bunch Ash ash + Poultry poultry manure had significantly? higher number of leaves per plant; 12.45, 46.56 and 101.03 at 4, 6 and 8 weeks after planting (WAP), respectively. This was followed by 11.43, 43.45 and 100.45 respectively recorded in the treatment of ashb+ Goat goat manure. The least number of leaves per plant; 6.13,   27.13 and 48.12, respectively was recorded in the control treatment at 2, 4, 6, 8 weeks after planting.	Comment by Maria da Graça de Souza Lima: Where are the statistical data?
Table 3 Sshows the effect of Palm Bunch Ash and farmyard manure on the vine length of Cucumber. Vine length of Cucumber varied significantly different (p<0.05) under combined manure treatments at 4, 6, 8 weeks after planting.  Treatment of Palm Bunch Ash + Poultry manure produced significant longer vine of 75.23, 135.80 and 179.56 cm at 4, 6 and 8 WAP, respectively. The treatment of Palm Bunch Ash + Goat manure had vine length of 75.01, 134.09 and 175.06 cm. Application of ash alone had vine length of 59.12, 124.91 and 157.33 cm, respectively. The shortest vine; 41.03, 66.75 and 83.01 cm at 4, 6 and 8 WAP, respectively was recorded in the control treatment.	Comment by Maria da Graça de Souza Lima:  Use lowercase letters, and standardize.
Table 4 shows the effect of Palm Bunch Ash and farmyard manure types on the vine girth of Ccucumber. Vine girth as influenced by combined application of Palm Bunch Ash and organic manure showed significant differences at 6 and 8 WAP. The result further showed no significance differences (P<0.05) when all the organic manure treatments were compared. The significant difference only occurred when the control treatment was compared to the treatments of organic manure.
The number of fruits per plant as influenced by farmyard manures types is shown in Table table 5. The treatment of Palm Bunch Ash + Poultry manure produced significant higher number of fruits; (7.01.) Treatment of Palm Bunch Ash + Goat manure produced 6.98 fruits per plant. Palm Bunch Ash + Rabbit manures produced 6.33 fruits per plant. The least number of fruits per plant; 0.77 was recorded in the control treatment. 
Fruit length as influence by application of Palm Bunch Ash and farmyard manure types is shown in Table table 5. The result showed significant variations in fruit length under different treatments. No significant difference was recorded in the treatment that received manure application. The significant difference occurred when the fruit length from control were compared to the fruit length from manure application. Among the organic manure treatments, the fruit length ranges from 26.22 cm to 28.56 cm. Fruit length recorded in the control treatment was 16.11 cm.
Cucumber fruit circumference as influenced by Palm Bunch Ash and organic manure types showed significant difference (P<0.05) (Table 5). The treatment of Palm Bunch Ash +Poultry manure has the largest fruit circumference; 20.45 cm while least fruit circumference; 15.01 cm was recorded in the control treatment.
Fruit yield as influenced by organic fertilizer application differed significant difference (p<0.05). The treatment of Palm Bunch Ash +Poultry manure produced significant fruit yield of 20.45 t/ha-1, followed by 20.33 t/ha-1 recorded in Palm Bunch Ash + Goat manure. Treatments of Palm Bunch Ash + Rabbit manure and ash + Pig Manure produced fruit yields of 19.24 and 18.80 t/ha-1, respectively. The least fruit yield; 5.12 t/ha-1 was recorded in the control treatment.

DISCUSSION
The low fertility of the soil recorded in the experimental site before planting was as a result of exhaustive use of the land for a pro-longed period of time with little or no proper soil management and conservation practices. Therefore, the result of soil analysis before planting justified that the soil would require an amendment before it could support productivity of cucumber.
The result showed that cucumber grown in the soil amended plots grew vigorously and produced significant fruit yields compared to the control treatment. This could be attributed to improvement in soil fertility due to application of manures. This observation agrees with the findings of Ndaeyo et al., (2013) and Ikeh et al., (2017) that organic matter has beneficial effects on physical properties of soil such as water infiltration, and soil biological properties which contributes to increase crop yields. According to Miao et al., (2010), application of manure resulted in higher, similar or lower yield compared with chemical fertilizer applications, depending on the previous soil organic components soil management, soil type, rate and frequency of chemical and organic fertilizer application, rainfall and irrigation amounts, and other factors.
Comparing the fruit yields recorded in the study, the result showed no significant difference (P<0.05) when the yields from all the combine application of PBA and animal manures were compared.  This result revealed that organic soil amendment if properly used, can provide adequate soil fertility for maximum crop yield. The lesser fruit yield recorded in ash (PBA) alone could be due low nitrogen content in ash compared to nitrogen level in PM, GM, RM and Pig M. From this result, it could be concluded that application of organic soil amendments could promote high leaf production and longer vines (Ikeh et al., 2016), thereby promoting photosynthetic efficiency which translate to increase fruit yields. Ikeh et al., (2012a) reported an increase in the vegetative traits of cucumber with application of poultry and goat manure. The positive observation of effect of organic mature on improvement of fertility in the rainforest ecology of Nigeria has been reported by Udoh (2023) in okra. Sangam et al., (2023) reported that 2-3 tonnes of vermicomposting manure achieved a maximum yield of cucumber yield within the Terai regions of Nepal. 
Despite the low nitrogen content of wood ash, the treatment equally produced appreciable fruit yield when compared to fruit yield recorded in no soil amendment treatment. The improvement in yield under wood ash treatment could be that the ash was able to neutralize the acidity level of the soil, which promotes efficient absorption of soil nutrient.
This agrees with the findings of some scholars on effect of wood ash in crop production. Some studies have indicated that wood ash can promote better plant growth and yield when compared to commercial lime. The findings confirm that wood ash enhances plant growth responses more effectively than limestone, primarily due to the additional nutrients present in wood ash.  Previous research of Doe et al, (2024) and Smith and Johnson (2024) has indicated that wood ash functions similarly to liming materials, which contribute to the reduction of soil acidity (Ikeh et al., 2012b; Smith and Johnson, 2024). This suggests that wood ash not only provides essential nutrients but also plays a critical role in improving soil pH, thus fostering better crop yield. Ikeh et al., (2023) reported that the application of oil palm bunch ash significantly enhances egusi-melon yield in a sustainable manner. This increase in yield may be attributed to the acidic nature of the experimental soil, which likely hindered the availability of nutrient elements to the crops; this issue was addressed by the liming potential of organic manures and Palm Bunch Ash.	Comment by Maria da Graça de Souza Lima: Please, see the references.	Comment by Maria da Graça de Souza Lima: Or et al.?	Comment by Maria da Graça de Souza Lima:  Smith or Smithwang? 	Comment by Maria da Graça de Souza Lima: Or et al.? See references.	Comment by Maria da Graça de Souza Lima:  This section is confusing, because if there was an increase in productivity, how did it affect nutrient availability?

CONCLUSION 
The followings were concluded based on the study outcome:
Application of PBA+PM produced significant growth, yield and yield component parameters. The fruit yield obtained from PBA + PM treatment showed no significant difference when compared to the yields obtained from PBA + RM and PBA + PigM treatments. The control treatment (no soil amendment) produced the least fruit yield.	Comment by Maria da Graça de Souza Lima:  This finding is part of the results.

RECOMMENDATION
Based on the result findings, application of PBA with PM was recommended for cucumber farmers in Obio Akpa. In case of scarcity or unavailability of PM, farmer may use GM, RM or PigM as an alternative. The difference between Palm Bunch Ash with organic manure was not significant, that is, there was no difference between those treatments.	Comment by Maria da Graça de Souza Lima:  Since it is a recommendation and there was no difference between the manures, I suggest that you then recommend the reader to use any type of manure, for example.

Table 1: Physico- chemical properties of soil of soil of experimental site
	Soil properties                                 
	Values

	Sand (%)    
	71.95

	Silt (%).   
	8.66

	Clay (%)
	19.39

	Textural class
	Sandy Loam 

	pH   
	5.1

	Organic matter (%)       
	2.26

	Nitrogen (%)        
	1.20

	Available P (mg/kg)     
	22.025

	Exchangeable bases (cmol/kg)
	

	K       
	0.08

	Ca     
	8.30

	Mg     
	4.12

	Na
	0.19

	Exchangeable acidity (cmol/kg)
	1.98

	Electrical conductivity (ds/m)    
	0.17

	Effective cation exchangeable capacity (cmol/kg)
	11.09

	Base saturation (%)    
	  85.5






Table 2:   Effect of Ppalm Bunch bunch Ash ash and Farmyard farmyard Manures manures on the number of 
                  Lleaves of Cucumber  

	Treatment
	
	

	
	Weeks After Planting (WAP)
	

	
	2
	4
	6
	8
	Mean 

	PBA
	4.23
	10.33
	37.31
	75.91
	31.96

	PBA+PD
	4.87
	12.45
	46.56
	101.03
	41.23

	PBA+ Pig M
	4.55
	11.18
	40.70
	86.66
	35.77

	PAB+RM
	4.63
	11.20
	41.56
	90.33
	36.93

	PAB+GD
	4.56
	11.43
	43.45
	100.45
	39.97

	Control	Comment by Maria da Graça de Souza Lima:  This treatment is not described in the materials and methods. The author utilized only soil in this?
	4.40
	6.13
	27.13
	48.12
	21.45

	Mean
Grand  Mean 
	4.54
	10.45
	39.45
	83.75
	
34.55

	LSD (P<0.05)
	NS
	2.31
	3.12
	4.30
	3.01

	
	
	
	
	
	



*NS = Non Significant  

Key: 
PBA = Palm Bunch Ash                                    PD = Poultry Droppings	Comment by Maria da Graça de Souza Lima:  Put all the information in sequence, along with NS.
PM = Pig manure                                              RM = Rabbit Manure
GM = Goat Manure





Table 3:  Effect of Palm palm Bunch bunch Ash ash and Farmyard farmyard Manure manure on Vine vine Length length (cm)
               of Cucumber 

	Soil Treatments 
	
	

	
	Weeks after planting
	

	
	2
	4
	6
	8
	Mean 

	PBA
	15.11
	59.12
	124.91
	157.33
	89.12

	PBA+PD
	15.20
	75.23
	135.80
	179.56
	101.45

	PBA+ Pig M
	14.20
	48.45
	109.44
	160.33
	83.11

	PAB+RM
	13.31
	69.50
	131.12
	163.81
	94.44

	PAB+GD
	14.01
	75.01
	134.09
	175.06
	99.54

	Control
	13.41
	41.03
	66.75
	83.01
	51.05

	Mean 
	14.21
	61.39
	117.02
	153.18
	

	Grand mean 
	
	
	
	
	86.45

	LSD (P<0.05)
	NS
	3.44
	6.17
	7.81
	



*NS = Non Significant 

Key: 
PBA = Palm Bunch Ash                                    PD = Poultry Droppings
PM = Pig manure                                              RM = Rabbit Manure
GM = Goat Manure


Table 4:  Effect of Palm Bunch Ash and Farmyard Manure on Vine Girth (cm)
                of cucumber
	 Treatment 
	Vine Girth (cm)
	

	
	Weeks after planting
	

	
	2
	4
	6
	8
	Mean 

	PBA
	0.54
	0.71
	1.56
	1.57
	1.10

	PBA+PD
	0.53
	0.86
	1.63
	1.65
	1.17

	PBA+ Pig M
	0.64
	0.81
	1.57
	1.59
	1.15

	PAB+RM
	0.55
	0.80
	1.49
	1.50
	1.09

	PAB+GD
	0.60
	0.79
	1.61
	1.64
	1.16

	Control
	0.50
	0.54
	0.59
	0.60
	0.56

	Mean 
	0.56
	0.75
	1.41
	1.43
	

	Grand mean 
	
	
	
	
	1.04

	LSD(<0.05)
	NS
	NS
	0.31
	0.33
	



*NS = Non Significant 

Key: 
PBA = Palm Bunch Ash                                    PD = Poultry Droppings
PM = Pig manure                                              RM = Rabbit Manure
GM = Goat Manure



Table 5:  Effect of Palm Bunch Ash and Farmyard Manure on yield and yield         
                components of Cucumber 

	
Treatment
	
	
	
	

	Treatment
	Number of fruit/plants
	Fruit Length (cm)
	Fruit Circumference (cm)
	Fruit yield
(t/ha-1)

	PBA
	5.40
	26.22
	19.22
	14.23

	PBA+PD
	7.01
	28.56
	20.45
	20.45

	PBA+ Pig M
	5.67
	27.88
	20.03
	18.80

	PBA+RM
	6.33
	28.46
	20.12
	19.24

	PAB+GD
	6.98
	28.33
	20.24
	20.33

	Control
	0.77
	16.11
	15.01
	5.12

	Mean 
	5.36
	25.93
	19.18
	16.36

	LSD (P<0.05)
	2.52
	2.81
	2.19
	2.04



Key: 
PBA = Palm Bunch Ash                                   PD = Poultry Droppings
PM = Pig manure                                              RM = Rabbit Manure
GM = Goat Manure
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