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ABSTRACT
This research was carried out in a greenhouse located at the Council for Scientific and Industrial Research (CSIR) - Savanna Agricultural Research Institute (SARI), Nyankpala, Northern Region of Ghana from June, 2022 to September, 2022. The study compared the growth of cucumber grown on soil with that grown on cocopeat and soil-biochar and the cost-benefit ratio of the treatments in a greenhouse. The treatments consisted of three irrigation regimes (100 % ETc, 75 % ETc, 50 % ETc) and growth media including Soil (So), Soil plus Charred rice husk biochar (So + CRH), and Cocopeat (CP). The study was a 3 x 3 factorial experiment in a Randomized Complete Block Design (RCBD) with three replications. Data was collected on media physico-chemical properties and growth parameters. Determination of the cost-benefit (CB) of the media was done by using the CBR formula. The result of the Analysis of Variance (ANOVA) showed that CP and So + CRH supported optimum growth of cucumber under greenhouse conditions. Cucumber growth parameters, including plant height and flower count, were maximized on CP. The highest leaf area index was obtained from plants grown on So + CRH; chlorophyll content was highest for cucumber plants grown on So, while the highest flower abortion occurred on plants grown on So + CRH. Use of So proved to be more profitable compared to CP and So + CRH. This could be due to the high cost of production of CP and high flower abortion associated with So + CRH-grown plants, which reduced the yield. More work could be done on the combination of CP and CRH for greenhouse cucumber production.
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INTRODUCTION
Global agricultural productivity faces significant challenges due to shifting weather patterns driven by climate change, which result in reduced rainfall and temperature variability (Garba et al., 2020). Greenhouse cultivation offers a promising adaptation strategy by regulating the macro- and microenvironment of plants, enhancing yield, improving produce quality, and optimizing growth and development (Gruda, 2014). 
Cucumber (Cucumis sativus L.), a widely cultivated member of the Cucurbitaceae family, is a high-demand vegetable crop valued for its economic importance (Eifediyi & Remison, 2010). Greenhouse cultivation of cucumbers enhances productivity, improves fruit quality, and supports year-round production, leading to favorable market prices (El-Wanis et al., 2012; Ibeawuchi et al., 2008; Kumar et al., 2015). 
While soil remains the most common medium for plant cultivation, providing essential water, nutrients, air, and structural support, its use in greenhouses is associated with challenges. Soil-borne diseases, such as root rots and root-knot nematodes, pose significant risks to cucumber production under greenhouse conditions (Cohen et al., 2015; Elings et al., 2015; Gamliel & Van-Bruggen, 2016). Additionally, access to fertile arable land is often limited. Soilless cultivation systems offer a viable alternative, eliminating the need for frequent soil fumigation, which can leave harmful residues affecting crops and human health (Barrett et al., 2016). Soilless media, such as cocopeat and biochar-amended substrates, are lightweight, uniform, and widely recognized for supporting efficient plant production (Barrett et al., 2016).
This study aims to:
1. Evaluate the growth performance of cucumber cultivated in soil, cocopeat, and soil amended with rice husk biochar under greenhouse conditions.
2. Assess the cost-benefit ratio of these cultivation treatments to determine their economic viability.

2. MATERIALS AND METHODS
2.1 Site Description and Treatments
A greenhouse experiment was conducted at the Council for Scientific and Industrial Research (CSIR), Savanna Agricultural Research Institute (SARI), Northern Ghana (latitude 9.4066° N, longitude 0.9882° W, and elevation of 169m) during the 2022 planting season (Kareem et al., 2023). Two sets of experimental treatments were applied: the amount of water application and the growth media. The depth of irrigation application included: 100 % crop water requirement (ETc), 75 % ETc, and 50 % ETc. The growth media included: soil, soil plus charred rice husk, and coco peat, respectively.
2.2 Bulk density
Dry bulk density was determined using the core method (Blake and Hartage, 1986). Soil samples were collected with core samplers at a depth of 30cm a week before planting. Collected soil samples were taken to the laboratory, and then oven-dried at 105 0C for 48 hours to constant weight.  The dry bulk density (ρg) was calculated using the formula below.
……………………………………………. Equation 1
Where:
m1= mass of oven-dried soil + core ring (g)	
m2 = mass of empty core ring (g)                          	
h = length of core sampler (cm)
r = internal radius of core sampler (cm)
2.3 Moisture content
The different media were collected into weighed moisture cans, which were immediately covered with polythene bags to prevent moisture loss. The cans were immediately transferred to the laboratory, weighed, and transferred into an oven set at 105 °C for 48 hours. Gravimetric moisture content (ω) was calculated thus:	
	………………………………………………………. Equation 2
Where: m1 = mass of moist sample + moisture can (g) 
m2= mass of oven-dried sample + moisture can (g)
m3 = mass of empty moisture can (g)
2.4 Moisture constants
Soil moisture constants, including field capacity (FC), permanent wilting point (PWP), and available water capacity (AWC), were calculated for each of the media. To determine the FC, the pressure plate apparatus method was used. Collected soil samples in core rings were saturated overnight for 24 hours by covering one end of the rings with pieces of cloth and holding the cloth in place using rubber bands. These rings were then transferred into an empty water trough with the covered side placed at the base of the water trough, water was poured into the trough so that the rings were not submerged. After 24 hours, the saturated samples were removed from the trough, the cloth and rubber tied over one end were replaced with filter paper, after which the samples were placed in the pressure plate extractor for 24 hours, set to 0.33 bar to release water until field capacity was attained. It was then removed from the pressure plate, weighed and recorded as  and oven-dried at 105°C for 24 hours to constant weight, and recorded as m2. FC was then calculated thus:	
 ………………………………..…………………… Equation 3
Where, m1 = mass of saturated soil before oven-drying (g)                                                                 m2 = mass of oven-dried soil (g)
The PWP of the different media was calculated using the membrane apparatus. The samples were saturated for 24 hours, then placed in the pressure membrane apparatus where a pressure of 15 bar was applied for 7 days. After extraction, samples were removed and weighed, the weight was recorded as M1. Samples were then oven–dried at 105oC, the weight was then recorded as M2. 
PWP = M1 – M2……………………………….……………….………Equation 4
Where:
PWP = Permanent wilting point (%)
M1 = Mass of soil before oven drying (g)
M2 = Mass of soil after oven drying at 105oC (g).
The AWC was calculated as the difference between water contents at FC and PWP.
AWC = FC – PWP……………………………………….…………… Equation 5
2.5 pH and Electrical conductivity (EC)
The pH of the media was determined following the procedure reported by Miaomiao et al. (2009). Collected soil samples were air-dried for 24 hours, after which the soil samples were passed through a 2 mm sieve before the test. The pH of the media was then determined using the electrometric method, where 10 grams of the different media were suspended in 50 ml of distilled water. The mixture was shaken for 30 minutes and left standing for another 30 minutes. After this, the pH meter was dipped into it for pH determination.  The EC of the different media was determined using the Jenway conductivity meter inserted into the saturated paste used in the pH determination.
2.6 Growth Parameters
Chlorophyll content was measured using a chlorophyll meter at 2 and 4 weeks after transplanting (WAT), and leaf area index was measured at 2, 4, and 6 WAT following the formula (equations 6 and 7) reported by Xiaolei and Zhifeng (2004). Flower count was done by hand counting of the flowers present on the plant at 3 and 4 WAT. Flower Abortion was done using a clipper to cut off the flower at 4 and 5 WAT.
LAI ………………………………. Equation 6
Where LA = Maximum length ×Maximum width ×0.89 ………………. Equation 7
2.7 Cost-Benefit Analysis
To determine which treatment gave the largest profit, the economics of each of the treatments were calculated based on the input and output. The difference between the revenue and cost thus gives the profit 
Benefit-cost ratio  …………………………….... Equation 8
2.8 Statistical Analysis
The experiment was a 3 x 3 factorial study in a Randomized Complete Block Design (RCBD) with three replications. All data collected were subjected to analysis of variance (ANOVA) using the PROC GLM procedure in GenStat software. When global F-values were found to be significant, means were separated using least significant difference (LSD) at a 5% probability level.


3. RESULTS
3.1 Characteristics of The Growth Media 
The physical properties of the different growth media indicate that So had the highest bulk density of 1.41 g/cm3, followed by So + CRH (1.03 g/cm3), and CP had the lowest value of 0.1 g/cm3 (Table 1). Gravimetric moisture content revealed CP was highest with a value of 39%, followed by So + CRH (12.6%), with So having the lowest value of 6.5%. The moisture content at FC varied from 12.9% for So, followed by So + CRH at 23.87%, with CP having the highest value of 33.5%. The moisture content at permanent wilting point also varied from 4.0% for So, followed by So + CRH with a value of 8.7%, with CP recording the highest value of 10.8%. Thus, the available water content of the different media varied from 8.9% to 15.17% and 22.5% for So, So + CRH, and CP, respectively.
The chemical properties of the growth media showed CP had the highest pH (6.48), followed by So + CRH (6.10), whereas So had the lowest pH (5.99) (Table 2). The highest EC was observed in CP (1878 μS/cm), followed by So + CRH (95.05 μS/cm), whereas EC was lowest in So (76.9 μS/cm). 
	[bookmark: _Toc114782007][bookmark: _Toc115174546]Table 1. Properties of the growth media and irrigation water

	Growth media
	Bulk density(g/cm3)
	Moisture content (%)
	Field capacity (%)
	Permanent wilting point (%)
	Available water capacity (%)
	pH (1:5)
	EC (μS/cm)

	So
	1.43
	6.50
	12.90
	4.00
	8.90
	5.99
	76.90

	So + CRH
	1.03
	12.60
	23.87
	8.70
	15.17
	6.10
	95.05

	CP
	0.10
	39.00
	33.50
	10.80
	22.50
	6.48
	18.78

	So: Soil; So + CRH: Soil + Biochar (75:25); CP: Cocopeat
Means with similar letters down the column are not significantly different 


[bookmark: _Toc114782008][bookmark: _Toc115174547]
3.2 Cucumber plant growth parameters
From the analysis of variance results, significant variations were observed in the main effects of growth media on chlorophyll content at 2 and 4 WAT at p ≤ 0.001 and p ≤ 0.05, respectively (Table 2). Cucumber LAI was significantly affected by the main effects of growth media at 2, 4, and 6 WAT at p≤ 0.01and p ≤ 0.05 (Table 2). Significant differences (p ≤ 0.01) were noted for the main effect of growth media on flower count at 3 and 4 WAT (Table 3). At 4 WAT, flower abortion was significantly altered by the main effects of the growth media (Table 3). At 5 WAT, Flower abortion was significantly affected by the interactive effects of irrigation regimes by growth media (p ≤ 0.05) and the main effects of growth media (p≤ 0.001) (Table 3). 
	Table 2. Main effect of growth media on chlorophyll and leaf area index (LAI)

	Treatments
	Chlorophyll (spad) 
	
	Leaf area index (LAI)

	
	2 WAT
	4 WAT
	
	2 WAT
	4WAT
	6WAT

	So
	60.00a
	62.10a
	
	0.0511ab
	0.0544ab
	0.058b

	So+CRH
	49.30ab
	53.90ab
	
	0.0544a
	0.0606a
	0.0626a

	CP
	29.70c
	40.60b
	 
	0.0444b
	0.0517b
	0.0533c

	So: Soil; So + CRH: Soil + Biochar (75:25); CP: Cocopeat
Means with similar letters down the column are not significantly different

	Table 3. The main effect of growth media on flower count and flower abortion 

	Treatments
	Flower count
	
	Flower Abortion

	
	3 WAT
	4 WAT
	
	4 WAT
	5 WAT

	So
	2.74b
	3.08b
	
	1.12ab
	2.82b

	So+CRH
	2.89ab
	3.12ab
	
	1.42a
	3.20a

	CP
	2.95a
	3.48b
	 
	0.95b
	3.04ab

	So: Soil; So + CRH: Soil + Biochar (75:25); CP: Cocopeat
Means with similar letters down the column are not significantly different 
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3.3 Cost-Benefit-Analysis
[bookmark: _Hlk114673023]The total cost incurred in obtaining the different media and the benefits accrued are shown in Table 4.  CP (GH₵ 584) had the highest cost incurred, followed by So + CRH (GH₵464) and So (GH₵434). The benefit accrued was in the order CP> So> So + CRH at GH₵702, GH₵551.9, and GH₵503.8, respectively. The benefit cost ratio thus ranges from 1.10 for So + CRH to 1.20 for CP and 1.27 for So (Table 4).









	Table 4. Cost-Benefit Analysis (CBA) of the growth media

	Items
	Growth Media Quantity
	
	Growth Media Cost (GH₵)

	
	So
	So + CRH
	CP
	 
	So
	So + CRH
	CP

	Purchase
	260 kg
	260 kg
	120 kg
	
	0.0
	0.0
	150.0

	Transport
	Field to GH
	Field to GH
	Accra to GH
	50.0
	50.0
	100.0

	Charring
	0 kg 
	30 kg
	0 kg
	
	0.0
	20.0
	0.0

	Seed
	65 pieces
	65 pieces
	65 pieces
	
	35.0
	35.0
	35.0

	Pots
	54 pieces
	54 pieces
	54 pieces
	
	54.0
	54.0
	54.0

	Water
	305 L
	305 L
	305 L
	
	250.0
	250.0
	200.0

	Fertilizer
	1 kg
	1 kg
	1 kg
	
	30.0
	30.0
	30.0

	Fungicide
	50 g
	50 g
	50 g
	
	15.0
	15.0
	15.0

	Total Cost
	
	
	
	
	435.0
	454.0
	584.0

	Benefit Accrued
	
	
	
	
	551.9
	503.8
	702.0

	Benefit Cost Ratio (BCR)
	 
	 
	 
	1.3
	1.1
	1.2

	So: Soil; So + CRH: Soil + Biochar (75:25); CP: Cocopeat; GH: Greenhouse; GH₵: Ghana cedis



4. DISCUSSION
4.1 Properties of Growth Media and Irrigation Water
The reduction in bulk density value of So + CRH as compared to So could be attributed to the amending effects of the CRH, which improves aeration through an increase in organic matter content of the soil (Lehmann and Rondon, 2006). Kareem et al. (2025), also reported that addition of biochar increases the soil organic matter, which will improve soil aeration. Hence, the value agrees with the findings of Blanco-Canqui (2017), who stated biochar reduces soil bulk density by 3 to 31%. Another Study by Liman (2024a), stated that biochar has the ability to reduce bulk density. Although the bulk densities of So + CRH and So, fall within appropriate values desired for adequate flow of air and moisture circulation for optimum growth of the plant, as pointed out by Waller and Yitayew (2016). The low bulk density of CP (0.10 g/cm3) in this study falls within acceptable options for crops grown hydroponically, ranging from 0.1 – 0.3 g/cm3 as demonstrated by Kämpf et al. (1997).
The available water capacity of the media was not outside expectations, as Awang et al. (2009), and Bunt (1988), explained differences in size and number of pore spaces of media to play a key role in their water holding capacities (WHC). The mixture of So + CRH has a higher available water content (15.17%) as compared to the soil (8.9%), attributable to the fact that CRH reduces the bulk density of soil, by loosening up the soil and increasing the total porosity which means more available pores for water storage and having a direct impact on the available water content of the soil (Nyle and Ray, 1999). This agrees with the work of  Kareem et al, (2023), Liman et al (2024b) and Sosu (2014), who confirmed that adding organic materials such as CRH, CP, amongst others to soil leads to a significant increase in the soil WHC. The CP, however had the highest available water capacity value in this study. This goes in line with the work of Carlie et al. (2019) where it is stated that the favorable physical characteristics of CP is associated to its high available water, slow biodegradation, low shrinkage ability and low bulk density.
The media pH, as confirmed in the classification of soil reaction done by Motsara (2015), are classified as being moderately acidic (5.6 – 6.5). The increased pH of So + CRH (6.1) in this work as compared to soil (5.99) agrees with the findings of Wang et al. (2018), who made a point on rice husk biochar having the ability to increase the pH of soils during his work on tea garden soil where the pH increased from 3.33 to 3.63 due to rice husk biochar addition.
According to  Harmann et al. (2011), and Sonneveld and Voogt (2009), the ideal pH for optimum growth of crops in a soilless substrate should range from 5.4  to 6.0. This point was reiterated by Adams (2002), who mentioned that the best pH for hydroponically grown crops to ensure optimum production is between 5.5 to 6.5, the pH of CP (6.48) used in this research falls within this range. Generally, a high number of nutrients are available to crops within the range of 5.5 – 6.5 (Motsara, 2015). The values of all the media were in this range, the pH can therefore be said to be acceptable and not have an impact on the results obtained. CP had the highest EC, whereas So had the lowest. Motsara (2015), classified EC values > 4 dS/m as being saline and values < 4 dS/m as being non – saline. This indicates that the EC of the three media (So, So + CRH, and CP) are non–saline and are suitable for cucumber production (He et al., 2003).

4.2 Cucumber Plant Growth Parameters
At both 2 and 4 WAT, plants grown on So had the highest chlorophyll content, while those in CP had the lowest chlorophyll content. This is similar to the result of Ameho (2017), who obtained a higher chlorophyll content with cucumber plants grown on soil as compared to those grown on CP and CP plus palm fiber mixture. The higher chlorophyll content of So + CRH as compared to the CP in this experiment could be linked to the leaf area index. Plants grown on So + CRH had the highest leaf length and longer leaf lengths suggest more provision for plant chlorophyll to trap light for photosynthetic processes (Varela et al., 2013).
The lowest LAI in terms of growth media was observed with cucumber plants grown on CP. This agrees with the work of Sosu (2014), who found an increase with soil mixed with charred rice husk as compared to soil and soilless media as regards leaf area, plant stem girth, plant height, root dry weight and total dry weight. The result does not however agree with that of Nikrazm et al. (2011), who stated  that, cocopeat was better than inorganic substrates as regards lily flower leaf area. Mends–Cole et al. (2019), mentioned that flower abortion is seriously affected by genotype and environmental conditions. During the period of the research, the temperature and relative humidity remained within the normal range required for cucumber productivity, ranging from 29.3 – 35.9oC and 54% - 73.4% respectively. The high rate of abortion in plants grown on So + CRH could however be linked to disease infestation.
4.3 Cost-Benefit-Analysis
The highest profitability associated with So was due to the low production cost. CP had the highest benefit as it produced the highest number of fruit, although the BCR was lower than So. The low BCR as compared to that of soil is due to high initial cost as compared to the other media. Although, the cost incurred in availing So + CRH for the research is a bit higher than that of So due to the labour involved and cost of fuel for the process of charring, it however accounted for the lowest profit which lead to low BCR, this might be due to the high rate of flower abortion associated with it in this research. The flower abortion had an effect on the total number of fruits harvested as part of the fruits that could have been harvested were lost through flower dropping. The low cost incurred in getting the rice husk conforms to the findings of Acuna et al. (2004), that the production cost of soilless media can be reduced if local materials are utilized. This result agrees with Ameho (2017), who obtained the lowest profit from CP and CRH grown cucumber. All media, however, had a BCR greater than one, which means making use of any of the media is profitable, and this agrees with the findings of Due (1973).
5.0 [bookmark: _Toc115174565][bookmark: _Toc114782027]CONCLUSIONS AND RECOMMENDATIONS
CP highly facilitated plant growth as it accounted for the highest plant height and number of flowers. However, So + CRH had the best performance in terms of leaf area index. Plants grown on So had the highest chlorophyll content. Although So + CRH did relatively well for some of the growth indices, it gave the highest flower abortion. Plants grown on So accounted for the highest benefit–cost ratio. CP and So + CRH grown cucumber performed best in terms of most of the growth indices, Soil is better used in greenhouses when it is mixed with charred rice husk (75:25), most importantly in areas like Northern Ghana, where rice husk is readily available. Due to the cost implication of availing CP and the ease of assessing CRH in Ghana, more work could be done on combining CP or other soilless media with CRH as a media for cucumber cultivation, as CRH can increase the nutrient status of the plant when mixed with other media in contrast to when used alone. Hence, comparative research may be conducted in the field and greenhouse to confirm their effects in cucumber production in Ghana.
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