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Abstract
The study examined the effects of incorporating rice husk biochar into the soil as a natural fertilizer for paddy production. It was applied in four different treatment levels (T1, T2, T3, T4). The analysis focused on production costs, yield, gross income, and benefit-cost ratio (BCR) during dry and wet conditions. During dry season, the results indicated that T3 achieved the highest yield (9.20 ± 0.557 tons/ha), gross returns (6,440,000 ± 389,743 Tsh/ha), and benefit-cost ratio (BCR) (2.13 ± 0.129) and significantly outperformed T4, which had the lowest production cost (2,985,170 Tsh/ha). Both T1 and T2 produced intermediate results without any significant differences. In the wet season, T3 similarly performed better than the other treatments with a yield of 9.07 ± 0.351 tons/ha, gross returns of 6,346,667 ± 245,832 Tsh/ha and BCR of 2.10 ± 0.081, while T4 continued to show the lowest production cost. Combined seasonal results confirmed T3 as the most productive and profitable with the highest yield (9.13 tons/ha), gross returns (6393333.33 Tsh/ha), and BCR (2.11). Although T4 had the lowest production cost, it also resulted in less favorable economic returns. Overall, the findings show that T3 is the optimal approach for maximizing productivity in paddy production and economic efficiency. 
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4.1	Introduction 
Rice (Oryza sativa L.) is the basis of world agriculture, which provides food to a considerable part of the world’s population (Alam et al., 2024). For thousands of years, over half of the world's human population has made rice a staple diet, significantly improving global food security and reducing hunger (Rezvi et al., 2023). The two primary species, Oryza glaberrima and Oryza sativa, are significant. The former is extensively dispersed, while the latter is mostly grown in the western part of Africa. These varieties of rice can adapt to different climatic and geographic conditions, which makes them very important crops all over the world (Mohidem et al., 2022; Rezvi et al., 2023). Rice can flourish in both flooded and non-flooded conditions, which gives it a unique ability to supply food for over half of the world's population (Heredia et al., 2022). The Food and Agriculture Organization (FAO) has introduced rice as a very important crop for maintaining global food security due to its ability to fight against world hunger (Kobayashi et al., 2023; Li & Siddique, 2020). 

In Tanzania, rice is the second-most important food crop after maize. Only 18% of agricultural households cultivate it, but it is quite important for job creation and a source of funding, mainly in rural areas (Dioko, 2022; Suvi et al., 2021). Tanzania is one of the top rice producers in Africa, ranking 22nd in the world of rice in the national agriculture industry (Busungu, 2023). Intending to become a significant rice producer and exporter in Africa, the Tanzanian government has made several investments in the rice industry to increase production efficiency. Tanzanian smallholder farmers produce the majority of the country's rice under rainfed conditions, while others expand the existing lowland areas for irrigation (Boniphace et al., 2015; Rugumamu, 2014; Therkildsen, 2011). In Tanzania, the production process begins with the preparation of land and later the application of other agricultural techniques required to be employed, such as irrigation, for the maximization of yields (Materu et al., 2018; Wilson & Lewis, 2015). Despite efforts made to increase production through modernized farming technology and better seed varieties, there are still several indicated enduring issues, including poor infrastructure, expensive agricultural inputs, and a lack of enough capital for farmers (Msangya et al., 2023). The cost of producing rice in Tanzania varies based on different factors such as agricultural inputs, location of farming activities, adoption of new technology, and farm size. Of these, irrigation expenses are especially important (Mgale & Yunxian, 2021; Mkubya et al., 2023). Gross returns from rice production are subject to the influence of market demand, rice quality, yields, and prices, with fluctuations influenced by both domestic and international factors (Kulyakwave et al., 2019; Wilson & Lewis, 2015). However, issues like restricted capital availability, expensive agricultural inputs and poor infrastructure still exist and continue to prevent the agricultural industry from reaching its full potential.

Tanzanian rice production is expensive due to the various inputs, including the adoption of new technologies, labor costs and availability, land acquisition, agricultural tools and materials and other external factors like the current condition of the market as well as government regulations that have a big impact on the livelihood of farmers (Shimonishi et al., 2022). Recognizing these rice farming challenges is crucial to advancing sustainable rice farming, ensuring food security, and raising economic growth. Therefore, by understanding the benefits and challenges faced by rice production in Tanzania, financial institutions, other stakeholders, and government bodies need to support the sustainability of the agricultural sector in Tanzania (Lamanna et al., 2021).  
The application of rice husk biochar (RHB) in irrigated paddy cultivation has received wide
spread attention as a sustainable agricultural strategy. RHB, a product formed from rice husk pyrolysis, has been proven to have several crop cultivation benefits, including nutrient availability, water-holding capacity, and increased soil fertility (Lehmann & Joseph, 2015; Pandian et al., 2024). Calculating the Benefit-Cost Ratio (BCR) is crucial for determining the economic sustainability of implementing RHB into paddy production.

The BCR is a financial indicator that evaluates the benefits and costs of any intervention or investment (Boardman et al., 2018). A BCR of more than 1 suggests that the benefits of employing RHB outweigh the expenses, making it a financially feasible alternative for farmers. Several investigations have been undertaken to evaluate the BCR of employing RHB in irrigated paddy production, yielding encouraging outcomes. Sigh et al. (2020) found that the BCR of RHB treatment in paddy fields was much greater than conventional techniques, implying a good return on investment. Furthermore, Dickinson et al. (2014), Pratt and Moran (2010) and Shackley et al. (2011) found a favorable BCR for employing RHB in rice fields, highlighting the potential economic and environmental benefits of this sustainable technique. These findings aim to find out the most profitable rate of using RHB into paddy farming for boosting profitability and create a more sustainable agricultural system. This research assessed the production costs associated with each treatment and analysed the seasonal interaction among the production cost, gross returns, and the BCR. 




4.2	Materials and Methods
4.2.1 	Description of the study area
The study was conducted at the Mkindo farmer-managed irrigation scheme, located in Mkindo village within the Hembeti Ward of the Mvomero District in the Morogoro Region, Tanzania, as illustrated in Figure 1. This irrigation scheme is positioned between latitudes 6°16' and 6°18' south and longitudes 37°32' and 37°36' east, with an elevation ranging from 345 to 365 meters above mean sea level. It lies approximately 85 kilometers north of the Morogoro Municipality. The irrigation infrastructure, established between 1980 and 1983, utilizes water from the perennial Mkindo River. The system features a well-organized layout that includes a lined main canal, unlined secondary canals, tertiary canals, and drainage systems (Gowele et al., 2021; Reuben et al., 2016). Originally, in 1985, the area under cultivation was only 17 hectares; however, it has since expanded to approximately 740 hectares, with 300 hectares currently devoted to rice cultivation.
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       Figure 1: Location of the study area

4.2.2	Climate of the study area
The study area experiences a bimodal rainfall regime throughout the year, characterized by two distinct rainy seasons. The short rains, referred to locally as "vuli," occur from October to December (OND), while the long rains, known as "masika," take place from March to May (MAM). In the Mkindo area, the long rains yield a significant amount of precipitation, ranging from 123.9 to 246.7 mm per month, contributing to a total of 580.8 mm for the season. In contrast, the short rains result in lower rainfall, ranging from 52.8 to 115.5 mm per month, which totals to 267.8 mm for the season. Overall, the average annual rainfall in this region ranges from 716.5 to 2 158.96 mm.

In terms of temperature, the experimental area experiences variations throughout the year. Between February and June, the average monthly maximum temperature ranges from 33.9 °C to 27.7 °C, while the minimum temperature fluctuates between 20.0 °C and 16.5 °C. Between September and January, the average maximum temperature ranges from 30.3°C to 32.8°C, with minimum temperatures varying from 16.9°C to 20.2°C, as illustrated in                Figure 2.


Figure 2:  Average Monthly Rainfall, Maximum and Minimum Temperature from 1999 – 2023 (Source: Mtibwa Sugar Estate Meteorological Station)

4.2.3 	Experimental design and layout
The experiment was designed as a complete randomized design, incorporating four treatments that corresponded to varying levels of biochar: 0 ton/ha (T1), 5 ton/ha (T2), 10 ton/ha (T3) and 15 ton/ha (T4), with each treatment replicated three times, as illustrated in Figure.3. Each plot measured 2 m by 5 m (10 m²) and was separated by a 1 m buffer zone. Treatments were randomly assigned to plots within each block. Transplanting was done at the age of ten days at a spacing of 25 cm by 25 cm with one seedling per hill, following the method outlined by Gowele et al., (2020, 2021). The experiment took place during the short rainy season, running from October 2023 to February 2024, and the long rainy season, running from March 2024 to July 2024.

4.3	Biochar preparation and agronomic practices 
The agronomic tasks performed included nursery and field preparation, transplanting, fertilizer application and weeding. During land preparation, the field was effectively puddled using a power tiller to soften the soil. To ensure uniform moisture distribution, land leveling was conducted and drainage outlets were created at the ends of each plot to facilitate water outflow during the rainy season.

The biochar utilized in this study was sourced from rice husks. It was produced using a locally made pyrolysis device fashioned from a repurposed 200-liter metallic oil drum, which served as the biochar reactor. Fresh rice husks were collected from nearby milling machines, meticulously cleaned and subjected to pyrolysis under limited oxygen conditions. The burning was initiated at the bottom of the reactor, maintaining an internal temperature between approximately 250°C and 350°C, which is optimal for producing rice husk biochar without ash residue (Hidayat et al., 2023). After five hours, the husks were converted into biochar. The resulting biochar was subsequently cooled with fresh water to prevent ash formation and allowed to dry for three days. The designated rates of rice husk biochar             (0 ton/ha, 5 ton/ha, 10 ton/ha and 15 ton/ha) were uniformly applied to the experimental plots (T1, T2, T3 and T4, respectively) and thoroughly mixed into the soil.

The SARO (TXD 306) rice variety, which is well-suited for the conditions of the Mkindo irrigation scheme, was utilized in this study (Kahimba et al., 2014). The nursery was established using viable seeds, selected by immersing them in a saline solution until they achieved a buoyancy similar to that of an egg. Seeds that floated were discarded as they were deemed inferior. To promote rapid seedling emergence and growth, the selected seeds were soaked in freshwater before being broadcast onto the prepared nursery in the field. After ten days, the seedlings were transplanted into the experimental plots.

For the fertilizers applied, T1 received the full dose of 125 kg/ha each of urea and diammonium phosphate (DAP). T2 was treated with 62.5 kg of urea and 62.5 kg of DAP, while T3 received 31.25 kg of urea and 31.25 kg of DAP. T4 received no chemical fertilizers. In the plots where chemical fertilizers were applied, the entire amount of DAP was applied at once on the fifth day after transplanting (DAT), while Urea was applied in two splits, at 30 and 60 DAT. Additionally, biochar was applied once before transplanting at the specified rates.

Two PVC pipes, each measuring 30 cm in length and 76.2 mm in diameter, were installed in each plot such that the lower 20 cm of the pipe that was perforated was buried beneath the soil surface while the 10 cm that was unperforated extended above the soil. These pipes were positioned near the plot bunds for easy access, serving as piezometers for effective water management (Mboyerwa et al., 2021). Throughout both the dry and wet seasons, weeding was carried out four times, and pesticide spraying was conducted three times to address whitefly infestations and other pests. All the list of materials and instruments are listed below as seen in Table 1.  

Table 1: Table Materials and instruments used in the study.
	s/no
	Materials and Tools
	Specifications/size

	1. 
	Tape Measure
	The steel tape measure of 5 meters

	2. 
	PVC pipes (24 Piezometers)
	30 cm length,76.2mm diameter

	3. 
	V- notch weir
	Notch Angle of 90°, Cd of 0.60

	4. 
	Pegs
	2-meter length, 60 Pieces

	5. 
	Spray paint
	White spray

	6. 
	Metallic drum (biochar reactor)
	200 liters

	7. 
	Lysimeter
	Open and close one end

	8. 
	Leveling wooden float
	Simple hand wooden bar

	9. 
	Paddy marker
	Steel paddy maker with 25cm spacing

	10. 
	Rice husk biochar (RHB)
	180 Kg of Rice husk Biochar

	11. 
	Rice Seeds
	Saro 5 TXD 306

	12. 
	Push weeder
	Simple hand metallic push weeder

	13. 
	Organic Fertilizer
	DAP, UREA

	14. 
	Pesticides sprayer
	16 liters

	15. 
	Pesticides and herbicides
	Weeds, insects, and fungi control

	16. 
	Weigh spring balance
	Electronic

	17. 
	Moisture meter
	Electronic
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Figure 3: Set up of the experiment

4.4	Data collection
Assessment of the economic feasibility of using RHB on paddy production.  The total cost of materials and agronomic activities for each treatment was recorded, and gross returns were calculated based on selling produce at harvest. Net returns are derived by deducting total costs from gross returns and BCR is obtained by dividing gross returns by total production costs for each treatment as shown in equation 1. If BCR is greater than 1.0, the project is considered worthwhile. If it's less than 1.0, the project is not advisable, and if it's equal to 1.0, net returns match production costs.
…………………………………………………………………….eqn 1

4.5	Data analysis
The data obtained were analyzed using R software, and means were compared using the least significant difference (LSD) test at a 5% probability level (Cox et al., 1985; Gomez & Gomez, 1984).

4.6	Results 
[bookmark: _Hlk187077414]4.6.1 	Assessing the production cost incurred for each treatment for paddy production
The costs incurred for each treatment were identified and documented from the start to the end of the experiment as fixed and variable costs. Rice cultivation expenses for the treatments T1, T2, T3 and T4 were computed through the addition of all incurred costs of production parameters and recorded. Both Table 3 and Table 2 indicates the production parameters, which are comprised of land plowing (power tiller), nursery bed preparation, puddling (power tiller), rice husk biochar application, paddy field leveling, transplanting, weeding, spraying pesticides and herbicides, harvesting (combine harvester), irrigation water fees, preparation of paddy seeds, preparation of pesticides and herbicides, and fertilizer cost. Labor and land preparation costs were determined based on the current state of the Mkindo irrigation scheme, and other parameters such as seed, herbicides and fertilizer expenses were estimated using the current market prices for different times of the year based on cultivation season.

Table .2: Overall information cost obtained from the scheme.
	Serial No.
	Activity
	Cost per unit per acre (Tshs)
	Cost per unit per hectare (Tshs)

	Agricultural inputs

	1. 
	Fertilizer (DAP) – 1500 per Kg
	T1 (125 kg/ha - full dose)
	75 000
	187 500

	2. 
	
	T2 (62.5kg/ha - Half dose)
	37 500
	93 750

	3. 
	
	T3 (31.25kg/ha - Quatre dose)
	18 750
	46 875

	4. 
	
	T4 (0 kg/ha)
	0
	0

	5. 
	Fertilizer (UREA) – 1500 per Kg
	T1 (125 kg/ha - full dose)
	75 000(150000 for twice)
	187 500(375000 for twice)

	6. 
	
	T2 (62.5kg/ha - Half dose)
	37 500(75000 for twice)
	93 750(187500 for twice)

	7. 
	
	T3 (31.25kg/ha - Quatre dose)	Comment by Reviewer: French
	18 750(37500 for twice)
	46 875(93750 for twice)

	8. 
	
	T4 (0 kg/ha)
	0
	0

	9. 
	Paddy seeds
	25 000
	61 775

	10. 
	Pesticides
	10 000
	24 710

	11. 
	Irrigation water fee
	30 000
	74 130

	12. 
	Herbicides
	10 000
	24 710

	Machine/Labor Charges for agronomic practices

	13. 
	Biochar production/preparation
	0 t/ha (T1)
	0
	0

	14. 
	
	5 t/ha (T2)
	40 500
	100 000

	15. 
	
	10 t/ha (T3)
	81 000
	200 000

	16. 
	
	15 t/ha (T4)
	121 500
	300 000

	17. 
	Ploughing (power tiller)
	100 000
	247 100

	18. 
	Nursery bed preparation
	5 000
	12 355

	19. 
	puddling (power tiller)
	100 000
	247 100

	20. 
	Rice husk biochar Application
	20 000
	49 420

	21. 
	Paddy field Levelling 
	25 000
	62 500

	22. 
	Transplanting
	100 000
	247 100

	23. 
	Weeding
	100 000(200000 for twice)
	247 100(494200 for twice)

	24. 
	Spraying pesticides/ Herbicides
	10 000
	24 710

	25. 
	Harvesting (combine harvester)
	160 000
	395 360




17

(Source: Mkindo Irrigation Scheme)
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Table 3: The overall cost of fieldwork (Per Hectare) for paddy production Dry season and Wet Season (Tsh)
	S/n
	Activity
	Dry season
	Wet season

	
	
	T1
	T2
	T3
	T4
	T1
	T2
	T3
	T4

	Agricultural inputs

	1
	DAP 
	187500
	93 750
	46875
	0
	187500
	93750
	46875
	0

	2
	Urea
	375000
	187500
	93 750
	0
	375000
	187500
	93 750
	0

	3
	Paddy seeds
	61775
	61 775
	61775
	61775
	61775
	61775
	61775
	61775

	4
	Pesticides
	24710
	24 710
	24710
	24710
	24710
	24710
	24710
	24710

	5
	Irrigation water fee
	74130
	74 130
	74130
	74130
	74130
	74130
	74130
	74130

	6
	Herbicides
	24710
	24 710
	24710
	24710
	24710
	24710
	24710
	24710

	Farm hiring/Machine/Labor Charges for agronomic practices

	7
	Biochar production/preparation
	0
	100 000
	200000
	300000
	0
	100000
	200000
	300000

	8
	Ploughing (power tiller)
	247100
	247 100
	247100
	247100
	247100
	247100
	247100
	247100

	9
	Nursery bed preparation
	12355
	12 355
	12355
	12355
	12355
	12355
	12355
	12355

	10
	puddling (power tiller)
	247100
	247 100
	247100
	247100
	247100
	247100
	247100
	247 100

	11
	Rice husk biochar Application
	49420
	49 420
	49420
	49420
	49420
	49420
	49420
	49420

	12
	Paddy field Levelling 
	62 500
	62 500
	62 500
	62 500
	62 500
	62 500
	62 500
	62 500

	13
	Transplanting
	247100
	247 100
	247100
	247100
	247100
	247100
	247100
	247 100

	14
	Weeding
	494200
	494200
	494200
	494200
	494200
	494200
	494200
	494200

	15
	Spraying pesticides/ Herbicides
	24710
	24710
	24710
	24710
	24710
	24710
	24710
	24710

	16
	Harvesting (combine harvester)
	395360
	395360
	395360
	395360
	395360
	395360
	395360
	395360

	17
	Farm hiring
	720000
	720000
	720000
	720000
	720000
	720000
	720000
	720000

	
	Total
	3247670
	3066420
	3025795
	2985170
	3247670
	3066420
	3025795
	2985170
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[bookmark: _Hlk187081437]The analysis showed the lowest production cost (Tsh/ha) was in Treatment T4(2985170 ± 0.0), which had a significant difference with T3 (3025795 ± 0.0), whereas T1(3247670 ± 0.0) and T2 (3066420 ± 0.0) were not significantly different from either of T3 and T4. Regarding gross returns (Tsh/ha), the highest value was achieved in Treatment T3 (6393333.33 ± 295882.860), significantly differing from T1 (5856666.67 ± 557661.785), T2 (5728333.33 ± 156002.137) and T4 (5226666.67 ± 433020.400), with no significant differences among T1, T2, and T4 (Figure 4 and 5).
[image: ]
Figure .4: Treatments mean production cost for dry and wet season
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[bookmark: _Hlk187078592]Figure .5: Treatments Mean Gross return for the dry and wet season

4.6.2	Influence of RHB on the paddy production cost and returns
[bookmark: _Hlk187081453]The ANOVA results (Table 4) during the dry season indicated significant Treatment
[bookmark: _GoBack]effects on yield, benefit-cost ratio, production cost, and gross returns. T3 outperformed T4 with higher yield (9.20 ± 0.557 ton/ha), gross returns (6 440 000 ± 389 743 Tsh/ha) and BCR (2.13 ± 0.129). T1 had the highest production expenses of all treatments and T4 had the lowest production cost (2 985 170 Tsh/ha), though at the expense of lower economic and production results. T1 and T2 produced intermediate results, with no significant differences. Overall, T3 outperforms in both economic and productivity indicators (Figure .6).



[bookmark: _Hlk187149009]Table 4: Post-Hoc Analysis of Treatment Effects on Production Cost, Yield, Gross Returns, and Benefit-Cost Ratio (Dry Season)
	Variable
	Treatment

	
	T1
	T2
	T3
	T4

	Production Cost (Tsh/ha)
	3247670±0.0ab
	3066420±0.0ab
	3025795±0.0a
	2985170±0.0b

	Yield in ton/ha
	8.53±0.757ab
	8.23±0.115ab
	9.20±0.557a
	7.63±0.551a

	Yield (Kg/ha)
	8533.33±757.188ab
	8233.33±115.470ab
	9200.00±556.776a
	7633.33±550.757a

	Gross Returns (Tsh/ha)
	5973333.33±530031.446ab
	5763333.33±80829.038ab
	6440000.00±389743.505a
	5343333.33±385529.938a

	BCR
	1.84±0.163ab
	1.88±0.026ab
	2.13±0.129a
	1.79±0.129a
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Figure .6:  Treatments Comparison of Gross returns and Production cost for dry season

[bookmark: _Hlk187081472]Conversely, the wet season exhibited significant effects on yield, gross returns, and BCR. Treatment T3 outperformed treatment T4 in terms of yield (9.07 ± 0.351 tons/ha), gross returns (6,346,667 ± 245,832 Tsh/ha) and BCR (2.10 ± 0.081). Treatment T4 had the lowest production costs of all the treatments applied while treatments T1 and T2 had intermediate results. Treatment T3 seems to be most effective in both productivity and economic efficiency (Table 5 and Figure .7).


Table 5: Post-Hoc Analysis of Treatment Effects on Production Cost, Yield, Gross Returns, and Benefit-cost Ratio (Wet Season)
	Variable
	Treatment

	
	T1
	T2
	T3
	T4

	Production Cost (Tsh/ha)
	3247670±0.0ab
	3066420±0.0ab
	3025795±0.0a
	2985170±0.0b

	Yield in ton/ha
	8.20±0.964ab
	8.13±0.321ab
	9.07±0.351a
	7.30±0.755b

	Yield (Kg/ha)
	8200.00±964.365ab
	8133.33±321.455ab
	9066.67±351.188a
	7300.00±754.983b

	Gross Returns (Tsh/ha)
	5740000.00±675055.553ab
	5693333.33±225018.518ab
	6346666.67±245831.921a
	5110000.00±528488.410b

	BCR
	1.77±0.208ab
	1.86±0.073ab
	2.10±0.081a
	1.71±0.177b
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Figure 7:  Treatments Comparison of Gross returns and Production cost for the wet season

4.6.3	Seasonal interaction of Production cost, Gross returns and BCR
[bookmark: _Hlk187081492]Combined seasonal ANOVA results (Table 6) showed significant differences across treatments for all the variables analyzed, which were yield, BCR, production cost and gross returns. The yield had highly significant treatment effects, F=9.032, p=0.000553 and the highest yields were observed in Treatment T3, which was 9.13 tons/ha, 9133.33 kg/ha and was significantly higher than Treatments T1, T2 and T4, which did not differ among themselves. Similarly, gross returns were highest for T3 at Tsh 6393333.33/ha, F=9.032, p=0.000553, followed by lower but statistically indistinct returns among T1, T2, and T4. Production costs differed significantly among treatments F=6.513×10²⁹, p<0.001, with the lowest cost for T4 of Tsh 2985170/ha, which was lower than T3, though not T1 or T2. Economic efficiency (BCR), was highest for T3 (2.11), significantly greater than T1 (1.80), T2 (1.87), and T4 (1.75), which showed no significant differences.  These results confirm that T3 is the most productive and profitable treatment by both productivity and economic parameters as shown in Figure .8.

Table .6: Post-Hoc Analysis of Agricultural Performance Variables Across Treatments for Combined Seasons
	Variable
	Treatment

	
	T1
	T2
	T3
	T4

	Production Cost (Tsh/ha)
	3247670±0.0a
	3066420±0.0a
	3025795±0.0b
	2985170±0.0a

	Yield in ton/ha
	8.37±0.797ab
	8.18±0.223a
	9.13±0.423b
	7.47±0.619a

	Yield (Kg/ha)
	8366.67±796.660a
	8183.33±222.860a
	9133.33±422.690b
	7466.67±618.601a

	Gross Returns (Tsh/ha)
	5856666.67±557661.785a
	5728333.33±156002.137a
	6393333.33±295882.860b
	5226666.67±433020.400a

	BCR
	1.80±0.172a
	1.87±0.051a
	2.11±0.098b
	1.75±0.145a
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Figure .8: BCR comparison between dry and wet season 


[bookmark: _Hlk193135946]4.7	Discussion
The results bring into the limelight the importance of treatment interventions, especially on different variables such as biochar application rates, paddy production costs, yields, gross returns, and economic efficiency. The T3 treatment with a 10 t/ha biochar application rate consistently proved superior in all the productivity and economic indicators used in both dry and wet seasons. With the highest yield (9.20 tons/ha dry season, 9.07 tons/ha wet season) and gross returns (6 440 000 Tsh/ha dry season, 6 346 667 Tsh/ha wet season), T3 outperformed other remaining treatments (T1, T2, and T4). Furthermore, T3 had the highest BCR, indicating its economic viability and sustainability. On the other side, treatment T4 with RHB only, had the lowest production cost at 2985170 Tsh/ha but the lowest gross returns. Treatments T1 and T4 with moderate application of RHB respectively had moderate gross returns.

According to the findings of this study, the optimal application rate of RHB for maximizing the BCR is 10 tons per hectare. This highlights RHB's potential as a method for increasing financial gains while also promoting an eco-friendly environment by minimizing agricultural waste as stated by Asadi et al.(2021) and Karam et al.(2022). A study conducted by Asai et al.,(2009) in northern Thailand found that applying RHB to paddy fields resulted in a BCR of 1.8, implying that the benefits of enhanced rice yields and improved soil qualities surpassed the costs of producing and applying RHB. Similarly, Yao et al. (2011) found a BCR of 2.1 for the usage of RHB in paddy fields, adding to the economic viability of this technique.  Additionally, biochar can stimulate the growth of beneficial soil microorganisms, which can outcompete weeds for resources. However, the effectiveness of biochar for weed suppression may vary depending on factors such as the type of biochar used, application rate, and environmental conditions (Pandian et al., 2024; Zhao et al., 2022).
4.8	Conclusion and Recommendation
4.8.1 Conclusion
The application of RHB in paddy production significantly influences the performance of paddy production. Among the treatments, Treatment T3 performed the best, being economical and optimal in paddy farming in achieving the highest yield for the maximization of profitability in irrigated paddy agriculture. The minimized production cost in Treatment T4 having application rate of 15 tons/ha (RHB) makes it less attractive due to its lower yield and economic returns for large-scale commercial production.

These findings indicate that RHB application on soil not only improves soil health but also increases productivity and economic returns, provided as one of the useful agronomic practices in the sustainability of paddy farming. On the other hand, the intermediate performance of Treatment T1 and Treatment T2 shows the importance of evaluating cost-effective rates for maximizing economic returns without unnecessary costs.
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		a)Weather data(Rainfall data) of Mkindo Irrigation Scheme collected at Mtibwa Sugar Meteorological Station year 1999-2023																										2023

				JAN		FEB		MARCH		APRIL		MAY		JUNE		JULY		AUG		SEPT		OCT		NOV		DEC		TOTAL

		1999		82.3		45.3		304.9		325.5		77.7		45.5		38.1		52.7		40.5		12.7		54.6		120.3		1 200.10

		2000		51.3		40.9		177.5		297.2		66.8		43.4		12.2		27.2		11.6		4.4		152.6		184.8		1 069.70

		2001		193.5		143.1		196.6		293.6		148.9		27.2		12.4		1.7		4.5		9.2		5.8		21.3		1 157.70

		2002		112.1		82.6		277.4		372		51.4		0.9		14.6		40.4		53.4		110.6		59.3		107.4		1 281.90

		2003		159.9		88.5		94.1		137.9		105.3		18.1		13		10.7		33.5		27.1		7.4		59.9		755.2

		2004		186.6		87.5		167.8		250		9.6		24.7		1.5		4.6		3		76.2		98.2		220.7		1 130.30

		2005		65.3		79.9		226.7		216.2		128.4		26.1		2.3		29.2		10.7		3.8		49.6		6.4		844.4

		2006		81.4		59.5		207		326.1		106.5		62.6		25.4		25.7		65.3		58.4		176.6		234		1 428.40

		2007		124		95		229.8		230.6		176.2		57.3		6.4		45.4		6.3		35.8		112.8		34		1 153.40

		2008		18		198.4		191.5		315		64.2		22.5		15.4		6.6		22.2		29.9		141.1		45.7		1 070.40

		2009		25.7		153.5		190		176		101		31		6.6		4		0.2		64.1		122.1		87.1		961.3

		2010		162.9		82.9		115.7		157.6		128.7		2.1		0.4		4.3		10.4		3		28.8		72.3		769

		2011		127.5		59.1		210.7		219.5		100.9		13.4		1		1.9		23.6		57.6		66		296.2		1 177.40

		2012		101.2		97.5		146.3		87.3		124.3		7		0.2		21		4.7		1.3		75.2		73.3		739.4

		2013		21.5		14.4		167.7		228.2		61.2		5.8		2.4		13.4		11.2		78		64.6		48		716.5

		2014		120		162		342.5		216.8		103.5		22.5		6.6		10.1		46.8		19.5		115.1		153.7		1 319.10

		2015		117.1		9		178.7		294.3		139.7		-		31.8		15.2		-		26.8		121.4		83.8		1 017.80

		2016		119.6		90.7		190.5		466.2		46.5		33.2		5		-		13		3		9.1		53.7		1 030.50

		2017		118.2		84.3		393.3		309.9		227.4		68.5		-		16.7		26.1		98.8		103.8		56.5		1 503.50

		2018		126		48		298		188		118		19		12		4		28		13.3		37		87.7		979

		2019		130.3		24.9		64.9		147.7		278.6		2.2		1.5		42.4		2.4		371.4		203		288.9		1 558.20

		2020		352.05		156.44		476.94		347.18		151.08		49.4360655738		51.0839344262		23.58		13.35		116.52		292.58		128.72

		2021		230.36		229.78		162.26		215.95		358.45		50.54		46.43		27.36		33.76		18.65		37.36		155.33

		2022		331.52		220.87		165.58		140.93		81.82		53.63		97.41		25.35		67.76		6.94		116.84		172.3

		2023		132.55		79.08		78.55		206.88		141.35		103.34		27.47		49.88		35.47		72.23		237.46		95.56

		Average		131.6352		97.3268		210.1972		246.6616		123.9		32.9144193989		17.9664139344		20.97375		23.6558333333		52.7696		99.5336		115.5044





Temperature

		b)  Data for average monthly minimum and maximum temperature of Mkindo Irrigation Scheme collected at Mtibwa Sugar Meteorological Station from year 1999-2019

				January				February				March				April				May				June				July				August				Septembe				October				Novembe				December

																																				r								r

		Year		Max		min		Max		min		Max		min		Max		min		Max		min		Max		Min		Max		min		Max		min		Max		min		Max		min		Max		min		Max		min

		1999		34.1		20.9		35		20.4		32.2		21.2		29.3		19.9		28.6		19.3		26.6		16.8		26.6		16.1		26.9		17.3		29		17.2		31		19.3		32.7		19.5		31.8		19.3

		2000		34.3		20.3		35.1		19.4		32		20.6		30.1		20.1		28.7		19.2		27.9		17.6		27.8		15.9		28.6		17.4		30.4		17.6		32.9		18		33.6		21.9		31.8		22

		2001		30.8		21.9		35.1		22.3		32.3		22.9		30.3		22.7		28.9		22.1		27.6		20.4		27		19.3		28.8		19.3		30.7		21		32.5		22.4		34.6		23.8		34.7		25.2

		2002		32.8		25.1		35.1		24.6		32		25.2		31.8		25		29.9		23.2		28.4		16.3		28.9		16.5		28.2		17.9		29.6		18.3		31.1		19.8		32.3		20.4		34.1		21.2

		2003		33.1		21		35.1		21.1		35.3		21.6		31.8		21.6		29.9		20.3		28.6		18.6		28		17.2		29.2		16.5		30.4		18.5		31.6		19.2		35		21.1		35.4		21.5

		2004		34		21.8		35.1		21.2		31.7		21.7		30.4		20.7		29.7		18.9		28.6		17		29		16.3		29.8		17		31.3		18.5		32.1		20		32.3		20.5		32.4		20.8

		2005		34.1		20.8		35.1		21.2		32.6		21.1		31		21.3		29.5		19.2		28.3		18.5		28.4		17		29.1		17.2		30.8		17.6		32.6		18.3		34		20.3		35.8		21.2

		2006		35.2		21.2		35.1		21.1		32.1		20.6		30.3		20.1		29.3		19.3		28		16.8		27.7		15.8		28.4		16.7		29.8		17.7		30.5		19		30.7		20		31.1		20.4

		2007		32.2		20.6		35.1		19.9		32.1		19.6		31		20.2		29.4		19.5		28.4		16.2		34.6		16.5		29		16.7		31.3		17.1		32.6		18.2		32.9		19.3		34		19.6

		2008		35.5		20.4		35.1		19.7		32.8		20.6		28.7		19.7		28.7		18.7		27.9		16.4		28		15.9		29		17		31.2		16.4		33.1		18.6		34.4		19.7		34		20.6

		2009		35.8		20.4		35.1		20.1		33.2		20.5		30.2		20.5		29.4		19.4		29.6		18.7		28.5		16.1		29.2		17.6		31.3		17.3		32.5		19.3		32.4		19.9		33.8		20.9

		2010		32.6		20.5		35.1		21.2		34.1		21.3		31.3		21.1		29.8		19.5		29.1		17.9		29.6		16.7		29.6		16.3		30.8		16.6		34		18.2		34.6		19.7		34.7		20.1

		2011		34		20		35.1		20.1		33.4		20		31		19.9		29.2		19.1		28.7		17.5		28.8		15.2		29.6		16.4		30.9		16.8		31.4		18.4		32.8		19.6		33.2		19.4

		2012		32.3		19.4		35.1		19.2		32.1		19.2		30.8		19.1		29.5		18.1		29		16.4		29.1		15.3		30		16.1		31.8		17.1		33		18.1		33.1		19.6		34		19.7

		2013		34.4		20.5		35.1		19.9		33.2		20.3		30.6		19.8		29.3		18.2		29.2		16.5		29.5		15.2		29.1		15.8		31.9		16.6		31.7		17.5		33.6		19		34.7		19.2

		2014		36		20.4		35.1		19.1		31.5		19.4		29.7		18.5		28.7		17.8		28.4		16.7		28.7		15.4		29.6		15.9		29.5		16.1		32.7		17.8		32.6		18.2		33		18.5

		2015		33.1		18.9		35.1		19.1		33.2		19		31.6		19.1		28.9		18.1		29.1		14.6		28.7		14.9		29.7		15.4		31.8		15.6		33		17.8		32.4		18.7		34.2		18.8

		2016		33.5		19.2		35.1		19.3		35.1		19.8		30.5		18.5		29.7		16.2		29.1		14.1		29.3		13		30.4		14.5		30.8		14.6		33.1		15.7		34		17.8		35.7		18.5

		2017		36.1		19.1		35.1		17		32.8		18.5		29		17.6		28.3		16.9		27.8		14.8		29.1		14.2		29.5		15		29.3		15.1		32.4		16.4		30.9		16.5		34.4		17.9

		2018		31.5		17.2		35.1		17.7		31.3		17.1		30.2		17.2		29.3		16.6		29.4		15.1		28.9		14.3		30.2		14		31.9		15		31.9		32.4		17		17.7		34.4		17.4

		2019		34		18		35.1		18		35.6		18		33.3		18.6		27.2		12.5		28.7		13.6		27.5		14.1		30.6		15		31.9		15.1		30.2		16.5		31.8		16.8		31.5		17.2

		2020		27.5061290323		20.1303225806		27.6462068966		20.3593103448		26.4358064516		20.2632258065		25.3		19.5246666667		24.0377419355		17.0903225806		22.9091803279		14.8385245902		22.9091803279		14.8385245902		24.3977419355		15.17		26.5653333333		16.4016666667		28.4074193548		17.7493548387		27.6373333333		18.9873333333		27.8106451613		19.4022580645

		2021		27.6993548387		19.3622580645		27.3378571429		19.3542857143		27.1951612903		19.0383870968		25.344		18.4276666667		23.92		16.3761290323		22.9076666667		14.7596666667		22.6848387097		13.9109677419		24.7348387097		15.5522580645		26.416		16.4026666667		29.1487096774		17.7		31.95		18.977		28.6829032258		19.394516129

		2022		28.2780645161		19.6722580645		26.6771428571		19.8217857143		27.9177419355		19.4090322581		26.2533333333		18.6806666667		25.134516129		17.0112903226		23.989		15.2723333333		23.5980645161		14.5090322581		25.4332258065		15.1477419355		27.19		16.1556666667		30.2748387097		16.9219354839		30.696		18.939		29.4151612903		19.4170967742

		2023		27.5593548387		18.9241935484		29.8585714286		19.4085714286		30.7851612903		19.72		26.385		19.1786666667		25.9919354839		17.6983870968		24.8736666667		16.013		25.6503225806		15.6138709677		27.4038709677		16.7296774194		30.009		17.8083333333		30.3461290323		18.7041935484		27.9986666667		19.451		29.4096774194		20.2990322581

				32.817716129		20.2275612903		33.940791133		20.0217581281		32.1173548387		20.2652258065		29.8472933333		19.8804666667		28.4393677419		18.4110451613		27.7231805464		16.4553409836		27.9416962454		15.5908958223		28.6587870968		16.3039870968		30.2632133333		16.9027333333		31.763083871		18.8790193548		31.83928		19.4541733333		32.9607354839		19.916516129

		Averag		33.8		20.4		35.1		20.1		32.9		20.4		30.6		20.1		29.1		18.7		28.5		16.7		28.7		15.8		29.3		16.4		30.8		16.9		32.2		19.1		32.3		19.5		33.7		20

		e





Average Rainfall,temp

		

		a)    Average Weather data at Mkindo Village collected at Mtibwa Sugar Meteorological Station year 1999-2019		a)    Average Weather data at Mkindo Village collected at Mtibwa Sugar Meteorological Station year 1999-2019

		Month		Average rainfall (mm)		Max temp (0C)		Min temp (0C)				Average Rainfall		Max temp		Min temp

		January		106.9		33.8		20.4				131.6352		32.817716129		20.2275612903

		February		83.2		35.1		20.1				97.3268		33.940791133		20.0217581281

		March		208.2		32.9		20.4				210.1972		32.1173548387		20.2652258065

		April		250.3		30.6		20.1				246.6616		29.8472933333		19.8804666667				131.6352		97.3268		210.1972		246.6616		123.9		32.9144193989		17.9664139344		20.97375		23.6558333333		52.7696		99.5336		115.5044

		May		112.6		29.1		18.7				123.9		28.4393677419		18.4110451613

		June		25.4		28.5		16.7				32.9144193989		27.7231805464		16.4553409836

		July		9.9		28.7		15.8				17.9664139344		27.9416962454		15.5908958223

		August		18		29.3		16.4				20.97375		28.6587870968		16.3039870968

		September		19.9		30.8		16.9				23.6558333333		30.2632133333		16.9027333333

		October		52.6		32.2		19.1				52.7696		31.763083871		18.8790193548

		November		85.9		32.3		19.5				99.5336		31.83928		19.4541733333

		December		116		33.7		20				115.5044		32.9607354839		19.916516129





Sheet5

						2020		2021		2022		2023				2020		2021		2022		2023

		jan		31		11.3564516129		7.4309677419		10.6941935484		4.2758064516				352.05		230.36		331.52		132.55												year		Rainfall		min		max

		feb		28		5.3944827586		8.2064285714		7.8882142857		2.8242857143				151.0455172414		229.78		220.87		79.08												jan		11.3564516129		20.1303225806		27.5061290323				7.4309677419		19.3622580645		27.6993548387				10.6941935484		19.6722580645		28.2780645161				4.2758064516		18.9241935484		27.5593548387

		march		31		15.3851612903		5.2341935484		5.3412903226		2.5338709677				476.94		162.26		165.58		78.55												feb		5.3944827586		20.3593103448		27.6462068966				8.2064285714		19.3542857143		27.3378571429				7.8882142857		19.8217857143		26.6771428571				2.8242857143		19.4085714286		29.8585714286

		apr		30		11.5726666667		7.1983333333		4.6976666667		6.896				347.18		215.95		140.93		206.88												march		15.3851612903		20.2632258065		26.4358064516				5.2341935484		19.0383870968		27.1951612903				5.3412903226		19.4090322581		27.9177419355				2.5338709677		19.72		30.7851612903

		may		31		4.8735483871		11.5629032258		2.6393548387		4.5596774194				151.08		358.45		81.82		141.35												apr		11.5726666667		19.5246666667		25.3				7.1983333333		18.4276666667		25.344				4.6976666667		18.6806666667		26.2533333333				6.896		19.1786666667		26.385

		jun		30		1.6478688525		1.6846666667		1.7876666667		3.4446666667				49.4360655738		50.54		53.63		103.34												may		4.8735483871		17.0903225806		24.0377419355				11.5629032258		16.3761290323		23.92				2.6393548387		17.0112903226		25.134516129				4.5596774194		17.6983870968		25.9919354839

		july		31		1.6478688525		1.4977419355		3.1422580645		0.8861290323				51.0839344262		46.43		97.41		27.47												jun		1.6478688525		14.8385245902		22.9091803279				1.6846666667		14.7596666667		22.9076666667				1.7876666667		15.2723333333		23.989				3.4446666667		16.013		24.8736666667

		aug		31		0.7606451613		0.8825806452		0.8177419355		1.6090322581				23.58		27.36		25.35		49.88												july		1.6478688525		14.8385245902		22.9091803279				1.4977419355		13.9109677419		22.6848387097				3.1422580645		14.5090322581		23.5980645161				0.8861290323		15.6138709677		25.6503225806

		sept		30		0.445		1.1253333333		2.2586666667		1.1823333333				13.35		33.76		67.76		35.47												aug		0.7606451613		15.17		24.3977419355				0.8825806452		15.5522580645		24.7348387097				0.8177419355		15.1477419355		25.4332258065				1.6090322581		16.7296774194		27.4038709677

		oct		31		3.7587096774		0.6016129032		0.2238709677		2.33				116.52		18.65		6.94		72.23												sept		0.445		16.4016666667		26.5653333333				1.1253333333		16.4026666667		26.416				2.2586666667		16.1556666667		27.19				1.1823333333		17.8083333333		30.009

		nov		30		9.7526666667		1.2453333333		3.8946666667		7.9153333333				292.58		37.36		116.84		237.46												oct		3.7587096774		17.7493548387		28.4074193548				0.6016129032		17.7		29.1487096774				0.2238709677		16.9219354839		30.2748387097				2.33		18.7041935484		30.3461290323

		de		31		4.1522580645		5.0106451613		5.5580645161		3.0825806452				128.72		155.33		172.3		95.56												nov		9.7526666667		18.9873333333		27.6373333333				1.2453333333		18.977		31.95				3.8946666667		18.939		30.696				7.9153333333		19.451		27.9986666667

																																		de		4.1522580645		19.4022580645		27.8106451613				5.0106451613		19.394516129		28.6829032258				5.5580645161		19.4170967742		29.4151612903				3.0825806452		20.2990322581		29.4096774194

																																		Rainfall

																										jan		feb		marc		apr		may		jun		july		aug		sept		oct		nov		dec

																								2020		352.05		156.44		476.94		347.18		151.08		49.4360655738		51.0839344262		23.58		13.35		116.52		292.58		128.72

																								2021		230.36		229.78		162.26		215.95		358.45		50.54		46.43		27.36		33.76		18.65		37.36		155.33

																								2022		331.52		220.87		165.58		140.93		81.82		53.63		97.41		25.35		67.76		6.94		116.84		172.3

																								2023		132.55		79.08		78.55		206.88		141.35		103.34		27.47		49.88		35.47		72.23		237.46		95.56

																																		minimum temp

																								2020		20.1303225806		20.3593103448		20.2632258065		19.5246666667		17.0903225806		14.8385245902		14.8385245902		15.17		16.4016666667		17.7493548387		18.9873333333		19.4022580645

																								2021		19.3622580645		19.3542857143		19.0383870968		18.4276666667		16.3761290323		14.7596666667		13.9109677419		15.5522580645		16.4026666667		17.7		18.977		19.394516129

																								2022		19.6722580645		19.8217857143		19.4090322581		18.6806666667		17.0112903226		15.2723333333		14.5090322581		15.1477419355		16.1556666667		16.9219354839		18.939		19.4170967742

																								2023		18.9241935484		19.4085714286		19.72		19.1786666667		17.6983870968		16.013		15.6138709677		16.7296774194		17.8083333333		18.7041935484		19.451		20.2990322581

																																		maximum temp

																								2020		27.5061290323		27.6462068966		26.4358064516		25.3		24.0377419355		22.9091803279		22.9091803279		24.3977419355		26.5653333333		28.4074193548		27.6373333333		27.8106451613

																								2021		27.6993548387		27.3378571429		27.1951612903		25.344		23.92		22.9076666667		22.6848387097		24.7348387097		26.416		29.1487096774		31.95		28.6829032258

																								2022		28.2780645161		26.6771428571		27.9177419355		26.2533333333		25.134516129		23.989		23.5980645161		25.4332258065		27.19		30.2748387097		30.696		29.4151612903

																								2023		27.5593548387		29.8585714286		30.7851612903		26.385		25.9919354839		24.8736666667		25.6503225806		27.4038709677		30.009		30.3461290323		27.9986666667		29.4096774194






