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Abstract
[bookmark: _Hlk213760762]Cassava production in the humid tropics is often constrained by declining soil fertility and inappropriate tillage practices. This study evaluated the effects of organic and inorganic fertilizers, and two tillage systems—conventional tillage (CT) and reduced tillage (RT)—on the growth, yield, and nutrient uptake of cassava (Manihot esculenta Crantz) in a coastal plain sand soil in Etinan, Akwa Ibom State, Nigeria, during the 2022 and 2023 cropping seasons. The experiment was laid out as a split-plot arrangement in a randomized complete block design with three replications. Eight fertilizer treatments (NPK 400 kg ha⁻¹; poultry manure [PM] 5 t ha⁻¹; CHC microbial fertilizer 240 L ha⁻¹; and various NPK + PM/CHC combinations) were assigned to subplots, while CT and RT served as main plots. Results showed that fertilizer amendments significantly (p < 0.05) improved number of tubers, fresh tuber weight, dry tuber weight, dry matter content, and tuber yield compared to the control. Across both seasons, the NPK 400 kg ha⁻¹ + PM 2.5 t ha⁻¹ treatment consistently produced the highest fresh and dry tuber weights (up to 3.29 kg and 1.82 kg), and the highest cassava yield (up to 50.3 t ha⁻¹), while NPK alone produced the lowest yield (16.8–23.6 t ha⁻¹). In 2023, CHC240 also performed strongly, producing the highest yield (55.8 t ha⁻¹). Tillage effects were generally non-significant for yield, although CT resulted in higher dry matter in 2022 and RT performed better in 2023. Nutrient uptake (N, P, K) was highest under integrated NPK + PM and NPK + CHC treatments, with NPK + PM 2.5 t ha⁻¹ recording the greatest N uptake (274.5–291 kg ha⁻¹). Overall, integrated nutrient management particularly NPK combined with poultry manure proved most effective for improving cassava performance. The findings highlight the importance of combining organic and inorganic fertilizers for sustainable cassava production in the nutrient-deficient coastal plain sands of southern Nigeria.













Introduction
Cassava (Manihot esculenta Crantz) is a major root crop cultivated across the tropics, serving as a staple food for millions of people and a critical source of income for smallholder farmers. Nigeria is currently the world's largest producer of cassava, contributing over 20% of global output (FAOSTAT, 2023). Despite this prominence, cassava productivity in many parts of Nigeria, including the humid tropics of Akwa Ibom State, remains below its genetic potential due to poor soil fertility and sub-optimal land management practices (Nwoko et al., 2020). Coastal Plain Sand soils, which dominate the southeastern agroecological zone of Nigeria, are characterized by coarse texture, low organic matter content, high acidity, and poor nutrient-holding capacity (Enwezor et al., 1989; Akpan-Idiok et al., 2012). These inherent limitations make the soils highly susceptible to degradation and yield decline, especially under continuous cultivation without appropriate soil amendments. Thus, improving the productivity of cassava on these fragile soils requires the adoption of efficient soil fertility and tillage management strategies that enhance soil structure, nutrient availability, and biological activity. Organic fertilizers, such as poultry manure and compost, have been widely reported to improve soil physical properties, increase microbial biomass, and supply a broad spectrum of macro- and micronutrients over time (Adekiya et al., 2019; Mbah & Onweremadu, 2009). However, organic inputs alone may not always meet the crop’s nutrient demand, particularly in the early growth stages. In contrast, inorganic fertilizers like NPK provide readily available nutrients but often lead to soil acidification and nutrient imbalances with continuous use (Obi & Ebo, 1995). Therefore, integrating organic and inorganic fertilizers has been recommended as a sustainable nutrient management approach to synergistically enhance nutrient use efficiency, soil quality, and crop productivity (Palm et al., 2001; Agbede et al., 2022). Tillage practices also play a critical role in modifying the soil environment and influencing crop performance. Conventional tillage often leads to rapid organic matter decomposition and soil structure breakdown, while reduced or conservation tillage preserves soil integrity, moisture, and microbial activity (Lal, 2004; Gicheru et al., 2013). The interaction between fertilizer application and tillage method is especially important in fragile ecosystems, as the right combination can significantly improve crop growth and yield outcomes.
Given the nutrient-poor nature of Coastal Plain Sand soils and the increasing demand for cassava, there is a need for research that evaluates the combined effects of organic and inorganic fertilizer sources under different tillage regimes on cassava performance. This study was therefore undertaken to assess how varying fertilizer treatments and tillage practices influence the growth and yield of cassava in the sandy soils of Etinan, Akwa Ibom State, Nigeria. The findings are expected to guide the development of site-specific soil fertility and land management recommendations for cassava-based systems in similar agro-ecological zones
Materials and methods
Study Location
The study was conducted in 2022 and 2023 in  Family Empowerment and Youth Re-orientation Programme (FEYRep) farm in  Etinan Local Government Area, Akwa Ibom State.The research field is located between latitudes 4°44'23'' and 4°45'10''N and longitudes 7°50'35'' and 7°59'55''E Southern Iman Etinan. Etinan is about 48m about sea level and is located in the Niger Delta region of Nigeria, having a total rainfall of above 1500mm to 2600mm distributed between April and October with a mono-modal rainfall pattern. The mean annual temperature ranges between 19.10 C and 35.30 C while the average relative humidity ranges from 69 % to 79 % (Peters et al., 1989). The soil belongs to soil order Ultisol (Eshiet, 1993). The vegetation of the area is rain forest characterized by multiple plant species ranging from herbs to shrubs and trees. Oil palm trees (Elaeis guineensis) is predominant over other tree species in the study area. Agriculture is practiced in a small holder farming in the area constituting the main socio-economic activities. Land preparation in the area is usually by slash-and-burn, followed by mound making and flat forms of tillage. Bush fallow is the main method of regenerating soil fertility in the area but fallow duration has been tremendously reduced such that some farmers practiced continuous cultivation. The major arable crops grown in the study area are yam (Dioscorea spp), maize (Zea mays), cassava (Manihot spp). 
Sources of planting materials 
Cassava stems or cuttings of (TME S419) variety were sourced from National Root Crop Research Institute (NRCRI), Umudike. TME 419 is a newly improved cassava variety that gives high tonnage yield and high starch content. The yield can be as high as 20-40 t/ha depending on management and the variety has a sparse branching pattern (Akpan and Ikeh, 2018).  
Field Preparation. 
 The field was slashed, harrowed and ridged in July, 2022 and October, 2023 respectively for 2020/2021 and 2022/2023 cropping seasons. In both years, the experimental site was clearly demarcated into main plot (4x5m) and sub plot (2x2m) using measuring tape and wooden pegs with tags
 
Planting and Maintenance                                                           
The cassava stem TMS 419 variety was cut into stakes with uniform node, sown manually, twenty cutting per plot at an inter –row spacing of 1m and planting was done at slanting position on the ridge and straight on no tillage at an angle of 45C with spacing of 1m x1m to give a plant population of 960 plants /ha. Pre and Post emergence herbicides were sprayed on the field before stakes were planted. Hoe weeding was done at three and six months after planting (MAP) before canopy cover was fully established. Herbicide was sprayed with Forceup containing 350g of glyphosate. The inorganic fertilizer was applied by side placement, poultry manure by mixing with soil and CHC Agric Tec was sprayed in one cropping cycle and at their recommended rates in approximate plots and harvesting was done at 12MAP (17 June, 2022 and 13 October, 2023 for the two cropping seasons). 
Treatments and Treatment Combination
Treatment comprises of eight (8) rates of T1 NPK 400kg/ha-1, T2 Poultry manure (PM) at 5t/ha, T3 CHC 240l/ha, T4 NPK 400kg/ha + PM 5t/ha, T5 NPK 400g/ha + PM 2.5t/ha, T6 NPK 400kg/ha + CHC 240l/ha, T7 NPK 400kg/ha + CHC 120l/ha and T8 Control. The eight treatment combinations were randomly allocated to each plot at first season of planting while second season was residual (no application of fertilizer). Nitrogen, phosphorous and potassium fertilizers (NPK 15:15:15) was applied at 8 weeks after sowing in first season while the second season was residual effects of the various treatments applied. Each sub plot measured 4m x 5m and alley of 1m between plots were maintained given a total of 48 plots. The dimension of the entire experimental site was 24m x 63m (0.1512/ha).
Experimental Design: P13T14
P13T14
P13T14
P13T14
P13T14

A Split Plot arranged in a Randomized Complete Block Design was used in the field.
Plot size was 4m by 5m…….20m2	
Planting distance was 1m by 1m 
Spacing between plot size was 1m
Spacing between each block was 1m
Total area of the land was 0.1512 ha
Total number of plants per plot was 20 stands
Total plant population was 960
(RT) = Reduce Tillage (CT) Conventional Tillage
(V1) = Reduce Tillage
(V2) = Conventional Tillage	
(T) = Treatment
(P)= Plot
Treatments 
T1 ------ NPK
T2 ------- Poultry manure (PM)
T3 -------Microbial fertilizer (CHC Agric Tech).
[bookmark: _Hlk194623947]Field Work 
The experimental layout was split plot arranged in Randomized Complete Block Design with three replications in both cropping seasons. The treatments were two tillage practices, as main plots (conventional and reduced tillage), and sub-plots (fertilizer combination), were eight treatment combinations (T1: NPK 400 kg/ha; T2: poultry manure (PM) 5 t/ha; T3: microbial fertilizer (CHC) 240 l/ha; T4: NPK 400 kg/ha + PM 5 t/ha; T5: NPK 400 kg/ha + PM 2.5 t/ha; T6: NPK 400 kg/ha + CHC 240 l/ha; T7: NPK 400 kg/ha + CHC 120 l/ha; T8: 0). The conventional tillage (CT) was mechanically ridged at 1 m apart after ploughing and harrowing and manually weeded at 8 weeks after sowing. For reduced tillage (RT) treatment, cassava cutting was sown directly without ridging at 1 m interval between the ridges after demarcation of the field into plots. Each plot measured 4 m by 5 m (four ridges; 5 m long) and a total of 48 plots were used for the study. Improved cassava variety (TMS 419) was used as the test crop which matured within 8-12 months, high starch content tall without branching and high yielding of about 35 t ha-1.  Figure 1 and Table 1.
The planting of twenty plants per plot is expected to give a plant population of 960 plants. Weeds were controlled by the application of Tackle containing 350g glyphosate at two weeks before land preparation. Subsequently, manual weeding, which involved the use of hoe, was employed twice in all the 48 plots (at 8 WAS and 16 WAS) before harvesting.
 NPK 15:15:15 at the rate of 400 kg ha-1, poultry manure (PM) at 2.5 t ha-1 and 5 t ha-1 and microbial fertilizer (CHC) at 120 l/ha-1 and 240 l/ha-1. And all combinations were applied to all sub plot at first season of planting, second season was residual (no application of fertilizer). Nitrogen, phosphorus and potassium fertilizers (NPK; 15:15:15) was applied at 8 weeks after sowing in first season.
Cassava plants within the net plot were cut at ground level, at crop physiological maturity (8 months), partitioned into root tubers and shoot biomass. The cassava tubers harvested were weighed fresh and dry and expressed in per hectare basis. The shoot biomass was recorded after sun-drying for seven days and expressed on per hectare basis. Number of fresh tubers were recorded, weighed and expressed per stand per plot in both seasons. 

Determination of Cassava Performance Parameters
1.	Stem yield (t/ha): This was determined by multiplying mean stem weight per plot (kg) by plant population (960 plants/ha) divided by 1000 to give t/ha.
2.	Number of Tubers per plot: This was determined by counting the number of tubers from the plant stands along the centre row divided by the number of plants and expressed per plant.
3.	Tuber weight (kg/plant): This was determined by weighing the fresh roots with a weighing balance of all the plants in the center row divided by the number of plants and the weight expressed per plant.
4.	Tuber yield (t/ha): This was obtained by weighing in kg all the roots from the net of the plant, multiplied by a hectare (10000 m2) and divided by 1000 to express the result in t/ha.
5.	Diameter of Tuber (cm): This was determined with the use of a measuring tape per plant.
6.	Length of Tuber (cm): This was determined with the aid of a measuring tape per plot.
7.	Mass of the Tuber (g): This was determined by weighing the root using a sensitive scale per plant.
8.	Tuber Analysis: The tuber mass density was measured at maximum vegetative stage in three different soil depths (0-15, 15-30 and 30-45 cm) with auger-like root sampler 15 cm in diameter and 22.5 cm in length according to Ramos et al. (2011) as calculated as:
	Tuber mass density =   mg cm-3    -------         equation 3
9.	Harvest index (HI)
HI= Ry/By										
Where:
HI= Harvest index
Ry= Tuber yield (kgha-1)
By= Total biomass yield (kgha-1) at harvest.
By= Ry + Sy										
Nutrient use efficiency of cassava under different tillage and fertilizer 
management
Soil fertility ratings, established by Esu (1991), Landon (1984s) and NSPFS (2005), were used in computing the soil productivity index (PI). In doing this, each of the soil property was rated to range from 0.0 (very low) to 1.0 (very high) and rated according to their levels of soil properties to sufficiency. Sufficiency was assigned to soil properties, and was obtained plot by plot, and multiplied to estimate the PI. The sufficiencies for pH, base saturation, organic carbon, available phosphorus, calcium, magnesium, potassium, sodium, and effective cation exchange capacity were used for the computation of the soil PI model (Nwite and Obi, 2008).
n
Productivity index (PI) model	 = 	Ʃ     (Ai, Bi, Ci, Di, Ei, Fi, Gi, Hi, Ii, Ji)
					n = i
Where;
Ai =Soil pH, Bi =Base saturtion, Ci = Organic carbon, Di= Available phosphorus, Ei= calcium, Fi=Magnesium, Gi=Potassium, Hi= Sodium, Ii=Effective cation exchange capacity.
The Nitrogen efficiency parameters were computed using the equation as given by Delogu et al. (1998) and Lopez-Bellido (2001):
Nitrogen uptake efficiency (NUpE, g/kg-1) = Nt / N supply 				
Where:
Nt = total plant N uptake. 
Nt was determined by multiplying dry weight of plant parts by their N concentration and summing total plant uptake. N supply is defined as the sum of N applied as fertilizer and total N uptake in control (0 N applied).
Nitrogen utilization efficiency (NUtE, g/kg-1) = Gy / N supply			
Where 
Gy = grain yield in kg ha-1
Nitrogen use efficiency (NUE, kg-1) = Gy / N supply 					
The recovery percentages fraction of applied N by cassava plant at harvest was calculated using the following relationship:
Nutrient recovery fraction (NRF %) =      (Nx- N0)          x 100			
   Applied N rate 
Where: 
Nx= Nutrient uptake at plots with fertilizer 
N0= Nutrient uptake at plots without fertilizer (control)

RESULTS AND DISCUSSIONS
Effect of organic and inorganic amendments on growth and yield performance of  cassava
Number of tubers
[bookmark: _Hlk165971047][bookmark: _Hlk168045523][bookmark: _Hlk166163772][bookmark: _Hlk165972188][bookmark: _Hlk168045775][bookmark: _Hlk168045900]The results showing the effects of amendments on number of cassava tubers in both 2022 and 2023 cropping year are presented in Table 1. In the 2022 cropping year, the result showed significant (p<0.05) difference in number of cassava tubers between soils treated with different amendments. From the result, it was observed that the control soil had the highest number of tubers (3.45), which was compared with all the amended soils except those receiving NPK400 kgha-1, which had the least number of tubers (2.66). However, in the 2023 cropping year, the result showed no significant (p>0.05) difference in number of cassava tubers between soils treated with different amendments. Nevertheless, it was observed that soil amended with NPK400 kgha-1+PM 2.5t ha-1 had the highest number of cassava tuber (3.87), which was closely followed by soil amended with CHC240 gha-1 (3.79) while soil amended with NPK400kg ah-1+CHC120 gha-1 had the least number of cassava tuber (2.96). However, comparing the results from the two cropping years, it was noted that the 2023 cropping year produced cassava with highest number of tubers (3.87 and 3.79) which were traceable to application of NPK400 kgha-1+PM 2.5t ha-1 and CHC240 gha-1 compared to 3.45 produced in 2022 cropping year under the control soil.













Table 1: The effects of organic and inorganic amendments on growth and yield performance of cassava
	Treatments
	Fresh tuber weigh
(kgha-1)
	Dry tuber weight
(kgha-1)
	Number of tubers 
	Dry matter
(kgha-1)

	
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023

	Control
	2.20cd
	2.40c
	1.002cde
	1.16bcd
	2.540a
	3.24ab
	466bc
	269de

	CHC240 gha-1
	2.56abc
	2.89b
	1.368abc
	1.46ab
	3.407a
	3.79 ab
	463bc
	644a

	NPK400 kgha-1
	1.75e
	2.28c
	0.638e
	0.80d
	2.668b
	3.34 ab
	360c
	231e

	NPK400 kgha-1+CHC120 gha-1
	2.61ab
	2.92b
	1.412ab
	0.93cd
	3.282a
	2.96 ab
	655ab
	573ab

	NPK400 kgha-1+CHC 240 gha-1
	2.56abc
	2.82b
	1.368abc
	1.38abc
	3.438a
	3.61 ab
	478bc
	383cd

	NPK400 kgha-1+PM 2.5t ha-1
	2.83a
	3.29a
	1.630a
	1.82a
	3.435a
	3.87 ab
	823a
	491bc

	NPK400 kgha-1+ PM 5t ha-1
	2.41bcd
	3.03ab
	1.208bcd
	0.87cd
	3.272a
	3.37abS
	636ab
	593ab

	PM 5t ha-1
	2.09de
	2.94b
	0.867de
	0.99bcd
	3.037ab
	3.38 ab
	305c
	423c

	Mean
	2.37
	2.82
	1.18
	1.17
	3.25
	3.45
	523.25
	450.87

	CV (%)
	5.0
	5.4
	5.0
	11
	2.7
	7.2
	7.6
	5.5

	Sig. level
	<.001
	   <.001
	<.001
	0.001
	0.003
	NS
	<.001
	<.001


Note: Means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage, NS-not significant









Fresh tuber weight
[bookmark: _Hlk168045561]The results showing the effects of applying soil amendments on fresh tuber weight of cassava in both 2022 and 2023 cropping year are presented in Table 2. In the 2022 cropping year, the result showed significant (p<0.05) difference in fresh tuber weight of cassavas between soils treated with different amendments. From the result, it was observed that the soil amended with NPK400 kgha-1+PM 2.5t ha-1 had the highest fresh tuber weight (2.83 kg), which was compared  with soils amended with CHC240 gha-1 (2.56 kg), NPK400 kgha-1+CHC120 gha-1 (2.61 kg), NPK400 kgha-1+CHC 240 gha-1 (2.56 kg), but significantly (p<0.05) higher than the control soil (2.20 kg) and those receiving NPK400 kgha-1 (1.75 kg), NPK400 kgha-1+ PM 5t ha-1 (2.41), and PM 5t ha-1 (2.09 kg) as treatment. However, soil amended with NPK400 kgha-1 had the least dry tuber weight (1.75 kg). 
[bookmark: _Hlk168045946][bookmark: _Hlk168045969]Similarly, in the 2023 cropping year, the result showed significant (p<0.05) difference in fresh tuber weight of cassavas between soils treated with different amendments. Soil amended with NPK400 kgha-1+PM 2.5t ha-1 was superior over other treated soils. However, this soil was compared with those amended with NPK400 kgha-1+ PM 5t ha-1 but significantly (p<0.05) higher than the control soil (2.40 kg) and those of other treatments. The results further indicated that for the two cropping years, 2023 cropping year produced cassava with the heaviest fresh roots (3.29 kg) which was associated with soil amended with NPK400 kgha-1+PM 2.5t ha-1 compared to 2.83 kg produced in 2022 cropping year under soil amended with NPK400 kgha-1+PM 2.5t ha-
Dry tuber weight 
[bookmark: _Hlk168045587][bookmark: _Hlk165971016][bookmark: _Hlk165970887][bookmark: _Hlk168045635]The effects of soil amendments on dry root weight of cassava in both 2022 and 2023 cropping year are presented in Table 2 In the 2022 cropping year, the result showed significant (p<0.05) difference in dry tuber weight of cassavas between soils treated with different amendments. From the result, it was observed that the soil amended with NKP400 kgha-1+PM 2.5t ha-1 had the highest dry tuber weight (1.63 kg), which was compared with soils amended with CHC240 gha-1, NPK400 kgha-1+CHC120 gha-1, NPK400 kgha-1+CHC 240 gha-1, but significantly (p<0.05) higher than the control soil (1.002 kg) and those receiving NPK400 kgha-1 (0.638 kg), NPK400 kgha-1+ PM 5t ha-1 (1.21), and PM 5t ha-1 (0.86 kg) as treatment. More so, soil amended with NPK400 kgha-1 had the least dry root weight (0.638 kg). Similarly, in the 2023 cropping year, the result showed significant (p>0.05) difference in dry tuber weight of cassavas between soils treated with different amendments, with soil amended with NPK400 kgha-1+PM 2.5t ha-1 being superior over other treated soils. However, this soil was compared with those amended with CHC240 gha-1 and NPK400 kgha-1+CHC 240 gha-1 but significantly (p<0.05) higher than the control soil (1.16 kg) and those receiving NPK400 kgha-1 (0.8 kg), NPK400 kgha-1+CHC120 gha-1 (0.93 kg), NPK400 kgha-1+ PM 5t ha-1 (0.87 kg) and PM 5t ha-1 0.99 kg) as treatment. The results further indicated that for the two cropping years, 2023 cropping year produced cassava with the heaviest dry tuber (1.82 kg) which was associated with soil amended with NPK400 kgha-1+PM 2.5t ha-1 compared to 1.63 kg produced in 2022 cropping year under soil amended with NPK400 kgha-1+PM 2.5t ha-1.
Dry matter content
The effects of soil amendments on dry matter content of cassava in both 2022 and 2023 cropping year are presented in Table 2 In the 2022 cropping year, the result indicated significant (p<0.05) difference in dry matter between soils treated with different amendments. From the result, it was observed that the soil amended with NPK400 kgha-1+PM 2.5t ha-1 gave the highest dry matter (823 g), which was compared with soils amended with NPK400 kgha-1+CHC120 gha-1 (655 g) and NPK400 kgha-1+ PM 5t ha-1 (636 g), but significantly (p<0.05) higher than the control soil (466 g) and those receiving other treatments. In addition, the soil amended with PM 5t ha-1 had the least dry matter contents (305 g). Similarly, in the 2023 cropping year, the result indicated significant (p<0.05) difference in dry matter between soils treated with different amendments. From the result, it was observed that the soil amended with CHC240 gha-1 gave the highest dry matter (644 g), which was compare with soils amended with NPK400 kgha-1+CHC120 gha-1 (573 g) and NPK400 kgha-1+ PM 5t ha-1 (593g), but significantly (p<0.05) higher than the control soil (269 g) and those receiving other treatments. From this experiment, the soil amended with NPK400 kgha-1 gave the least dry matter contents (231 g). However, between the two cropping years, 2022 cropping year produced cassava with more dry matter content (823 g) which was associated with soil amended with NPK400 kgha-1+PM 2.5t ha-1compared to 644 g produced in 2023 cropping year under soil amended with CHC240 gha-1.
Yield of tuber per hectares
The effects of soil amendments on cassava yield per hectare in both 2022 and 2023 cropping year are presented in Table 3 The result indicated that in the 2022 cropping year, significant (p<0.05) difference in yield between soils treated with different amendments were observed. From the result, it was shown that the soil amended with NPK400 kgha-1+PM 2.5t ha-1 gave the highest yield (50.3 tons/ha), which was compared with soils amended with CHC240 gha-1 (46.1 tons/ha), NPK400 kgha-1+CHC120 gha-1 (46.2 tons/ha), NPK400 kgha-1+CHC 240 gha-1 (49.5 tons/ha) and NPK400 kgha-1+ PM 5t ha-1 (39.9 tons/ha), but significantly (p<0.05) higher than the control soil (32 tons/ha) and those receiving NPK400 kgha-1 (16.8 tons/ha), and PM 5t ha-1 (26.4 tons/ha). From the trial, the soil amended with NPK400 kgha-1 had the lowest yield of cassava (16.8 tons/ha). 
Similarly, in the 2023 cropping year, the result indicated significant (p<0.05) difference in cassava yield between soils treated with different amendments. From the result, it was observed that the highest yield was associated with soil amended with CHC240 gha-1 (55.8 tons/ha), which compared with soils receiving NPK400 kgha-1+CHC 240 gha-1 (49.3 tons/ha) and NPK400 kgha-1+PM 2.5t ha-1 (49.9 tons/ha), but was significantly (p<0.05) higher than the yield obtained from the control soil (35.2 tons/ha) and those receiving other treatments. Again, the soil amended with NPK400 kgha-1 gave the least cassava yield (23.6 tons/ha). However, between the two cropping years, 2023 cropping year produced cassava with more yield (55.8 tons/ha) which was associated with soil amended with CHC240 gha-1compared to 50.3 tons /ha produced in 2022 cropping year under soil amended with NPK400 kgha-1+PM 2.5t ha-1.


Table 2: The effects of organic and inorganic amendments on yield of cassava
	Treatments
	Yield per ha
(Kgha-1t)

	
	2022
	2023

	Control
	32.0bc
	35.2bc

	CHC240 gha-1
	46.1a
	55.8a

	NPK400 kgha-1
	16.8d
	23.6c

	NPK400 kgha-1+CHC120 gha-1
	46.2a
	29.5c

	NPK400 kgha-1+CHC 240 gha-1
	49.5a
	49.3ab

	NPK400 kgha-1+PM 2.5t ha-1
	50.3a
	49.9ab

	NPK400 kgha-1+ PM 5t ha-1
	39.9ab
	29.5c

	PM 5t ha-1
	26.4cd
	33.8bc

	Mean
	38.40
	38.33

	CV (%)
	10.2
	17.6

	Sig. level
	0.023
	0.004


Note: Means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage















The effects of tillage two practices on growth and yield performance of cassava
Number of tubers
The data in Table 3 showed that tillage methods did not significantly (p> 0.05) influenced number of tubers in cassava.  In 2022 cropping year, soil under conventional tillage (CT) had more yield, which was not significantly (p>0.05) more than those observed under reduce tillage (RT).  Similarly, in 2023 cropping season, soil under conventional tillage (CT) had more tuber that was not significantly (p>0.05) more than what was obtained under reduced tillage (RT). Further results revealed that, number of tubers in both soil under reduce tillage (RT) and conventional tillage (CT) were more in 2023 cropping season.
Fresh tuber weight
The result showing effect of tillage practice on cassava fresh root weight is also presented in Table 3. The result indicated that tillage methods did not significantly (p> 0.05) influence fresh tuber weight of cassava in both 2022 and 2023 cropping seasons.  In 2022 cropping year, soil under reduced tillage (RT) had fresher tuber weight, which was not significantly (p>0.05) more than those observed under conventional tillage (CT).  However, in 2023 cropping season, soil under conventional tillage (CT) had fresher tuber weight that was not significantly (p>0.05) more than what was obtain under reduced tillage (RT). From these results, it is clear that fresh tuber weight in both soil under reduced tillage (RT) and conventional tillage (CT) were more in 2023 cropping season than in 2022 cropping year.
Dry tuber weight 
The result showing effect of tillage methods on cassava dry root weight is also presented in Table 3. The result indicated that tillage methods showed significant (p≤ 0.05) influence on dry tuber weight of cassava in 2023 cropping seasons. Soil under conventional tillage (CT) had fresher tuber weight that was significantly (p<0.05) more than what was obtained under reduced tillage (RT).  Conversely, in 2022 cropping year, soil under conventional tillage (CT) had drier tuber weight, which was not significantly (p>0.05) more than those observed under reduced tillage (CT).  
Dry matter content 
The data in Table 3 showed that tillage methods significantly (p≤ 0.05) influenced dry matter content of cassava.  In 2022 cropping year, cassava under conventional tillage (CT) had more dry matter content which was significantly (p<0.05) higher than those observed under reduce tillage (RT).  Conversely, in 2023 cropping season, soil under reduced tillage had more dry matter that was significantly (p<0.05) more than what was obtained under conventional tillage (CT). Further results revealed that, dry matter contents in both soil under reduced tillage (RT) and conventional tillage (CT) were more in 2022 cropping season.














Table 3: The effects of two tillage practices on growth and yield performance of cassava
	Treatments
	Fresh tuber weight
(Kgha-1t)
	Dry tuber weight
(Kgha-1t)
	Number of tubers
	Dry matter
(Kgha-1t)
	Yield per plot
(kgha-1 )
	Yield per ha
(kgha-1)

	
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023

	Tillage practices
	
	
	
	
	
	
	
	
	
	
	
	

	Conventional tillage
	2.47
	2.85 
	1.260 
	1.06b
	3.263 
	3.56 
	639a
	416b
	38.2a
	45.48a
	40.7
	38.6 

	Reduced tillage
	2.29 
	2.79 
	1.113 
	1.29a
	3.235 
	3.33 
	407b
	486a
	29.1b
	34.67b
	36.0 
	38.1

	Mean
	2.38
	2.82
	1.186
	1.175
	3.249
	3.445
	523
	451
	33.65
	40.07
	38.35
	38.35

	CV (%)
	5.0
	5.4
	5.0
	11
	2.7
	7.2
	7.6
	5.5
	16.8
	6.7
	10.2
	17.6

	Sig. level
	NS
	   NS
	NS
	0.010
	NS
	NS
	<.001
	0.049
	<.001
	<.001
	NS
	NS


Note: means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage, NS- not significant






The interaction effects of organic and inorganic amendments and two tillage practices on growth and performance of cassava
The interaction effect of soil amendment and tillage on number of tubers, fresh tuber weight, dry tuber weight and yield are also presented in Table 4 
Number of tubers of cassava
From the result it was revealed that the interaction effect of soil amendment x tillage did not have any significant (p>0.05) difference on number of tubers in cassava plant in both 2022 and 2023 cropping years.  However, in 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest number of tubers, while in 2023 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest number of tubers. 
Fresh tuber weight of cassava
Further results (Table 4) showed that the interaction effect of soil amendment x tillage did not show any significant (p>0.05) difference in fresh root weight of cassava plant in both 2022 and 2023 cropping years.  However, in 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x RT gave the highest number of roots, while in 2023 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest number of roots. 
Dry tuber weight of cassava
Also, the results showing the interaction effect of soil amendment x tillage did not show any significant (p>0.05) difference in dry root weight of cassava plant in both 2022 and 2023 cropping years.  In 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x RT gave the highest number of tubers, while in 2023 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x RT gave the highest number of tubers. 
Dry matter content of cassava
[bookmark: _Hlk166166379]The interaction effect of soil amendment and tillage on dry matter and yield are also presented in Table 4 From the result it was revealed that the interaction effect of soil amendment x tillage did not show any significant (p>0.05) difference in dry matter contents of cassava plant in both 2022 and 2023 cropping years.  However, in 2023 cropping year, soil amended with NPK400 kgha-1+ PM 5t ha-1 x RT gave the highest dry matter, while in 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest dry matter. 


Table 4.: The interaction effects of organic and inorganic soil amendments and two tillage practices on growth and yield performance of cassava

	Treatments
	Fresh tuber weight
(kgha-1)
	Dry tuber weight
(kgha-1)
	Number of tubers
	Dry matter
(kgha-1)

	
	2022
	2023
	2022
	2023
	2022
	2023
	2022
	2023

	Control x CT
	2.52
	2.71 
	1.320 
	0.85 
	3.583 
	3.19 
	685 
	316 

	CHC240 gha-1 x CT
	2.47 
	2.80 
	1.277 
	1.45 
	3.377 
	4.10 
	502 
	639 

	NPK400 kgha-1 x CT
	1.93 
	2.24 
	0.723 
	0.76 
	2.440 
	3.24 
	445 
	243 

	NPK400 kgha-1+CHC120 gha-1 x CT
	2.63 
	2.94 
	1.427 
	0.83 
	3.497 
	2.99 
	749 
	559 

	NPK400 kgha-1+CHC 240 gha-1 x CT
	2.74 
	2.90 
	1.543 
	1.16 
	3.513 
	4.07 
	588 
	370 

	Npk400 kgha-1+PM 2.5t ha-1 x CT
	2.67 
	3.26 
	1.497 
	1.69 
	3.530 
	4.44 
	1055 
	279 

	NPK400 kgha-1+ PM 5t ha-1 x CT
	2.57 
	3.12 
	1.373 
	0.79 
	3.390 
	3.12 
	731 
	458 

	PM 5t ha-1 x CT
	2.18 
	2.86
	0.920 
	0.94 
	2.770 
	3.31 
	361 
	465 

	Control x RT
	1.88 
	2.09 
	0.683 
	1.48 
	3.320 
	3.28 
	246 
	222 

	CHC240 gha-1 x RT
	2.66 
	2.99 
	1.460 
	1.48 
	3.437 
	3.47 
	424 
	648 

	NPK400 kgha-1 x RT
	1.59 
	2.32 
	0.553 
	0.84 
	2.897 
	3.44 
	275
	219 

	NPK400 kgha-1+CHC120 gha-1 x RT
	2.59 
	2.89 
	1.397 
	1.03 
	3.067 
	2.94 
	561 
	587 

	NPK400 kgha-1+CHC 240 gha-1 x RT
	2.39 
	2.75 
	1.193 
	1.60 
	3.363 
	3.14 
	367 
	397 

	NPK400 kgha-1+PM 2.5t ha-1 x RT
	2.96 
	3.32 
	1.763 
	1.94 
	3.340 
	3.30 
	590 
	702 

	NPK400 kgha-1+ PM 5t ha-1 x RT
	2.24 
	2.95 
	1.043 
	0.94 
	3.153 
	3.62 
	541 
	728 

	PM 5t ha-1
	2.01 
	3.02 
	0.813 
	1.05 
	3.303 
	3.45 
	248 
	382 

	Mean
	2.37
	2.82
	1.18
	1.17
	3.25
	3.44
	523
	450.87

	CV (%)
	18.2
	19.7
	25.2
	34.1
	10.1
	17
	34.9
	26.0

	Sig. level
	NS
	   NS
	NS
	NS
	   NS
	NS
	NS
	NS


Note: NS = not significant, Means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage, NS- not significant

[bookmark: _Hlk168046117]Yield of cassava per plot
Further results (Table 5) showed that the interaction effect of soil amendment x tillage did not show any significant (p>0.05) difference in yield of cassava plant in both 2022 and 2023 cropping years.  However, in 2022 cropping year, soil amended with NPK400 kgha-1+CHC 240 gha-1 x CT gave the highest yield, while in 2023 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest yield
Table 5: The interaction effects of organic and inorganic soil amendments and two tillage practice on yield performance of cassava 
	Treatments
	Yield per ha
(kgha-1)

	
	2022
	2023

	Control x CT
	47.2
	30.3

	CHC240 gha-1 x CT
	42.4
	59.9

	NPK400 kgha-1 x CT
	17.7
	24.9

	NPK400 kgha-1+CHC120 gha-1 x CT
	49.6
	25.2

	NPK400 kgha-1+CHC 240 gha-1 x CT
	54.4
	48.6

	NKP400 kgha-1+PM 2.5t ha-1 x CT
	41.7
	63.2

	NPK400 kgha-1+ PM 5t ha-1 x CT
	47.0
	25.0

	PM 5t ha-1 x CT
	25.8
	31.3

	Control x RT
	16.8
	40.1

	CHC240 gha-1 x RT
	49.7
	51.7

	NPK400 kgha-1 x RT
	15.8
	22.3

	NPK400 kgha-1+CHC120 gha-1 x RT
	42.8
	33.8

	NPK400 kgha-1+CHC 240 gha-1 x RT
	44.6
	50.0

	NKP400 kgha-1+PM 2.5t ha-1 x RT
	58.8
	36.6

	NPK400 kgha-1+ PM 5t ha-1 x RT
	32.8
	34.1

	PM 5t ha-1
	27.0
	36.3

	Mean
	38.38
	38.33

	CV (%)
	27.4
	37.8

	Sig. level
	NS
	NS


Note: Means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage, NS-not significant
Effect of organic and inorganic amendments on nutrient accumulation of cassava
Nitrogen 
[bookmark: _Hlk168044473][bookmark: _Hlk165970922][bookmark: _Hlk165971066]The results showing nitrogen (N) accumulation in cassava tuber in both 2022 and 2023 cropping year when the soils were amended are shown in Table 6. In the 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 produced significantly (p≤ 0.05) higher N (274.5 kgha-1) content in cassava tuber and was compared with soil amended with NPK400 kgha-1+CHC 240 gha-1 but was significantly (p≤ 0.05) higher relative to those amended with CHC240 gha-1, NPK400 kgha-1, NPK400 kgha-1+CHC120 gha-1, NPK400 kgha-1+ PM 5t ha-1, PM 5t ha-1, and the control soil.  The result further reveled that soil amended with NPK400 kgha-1+ PM 5t ha-1 had the lowest N content (130.8 kgha-1) in cassava tuber. 
[bookmark: _Hlk168044517][bookmark: _Hlk165972243]However, in the 2023 cropping year, the result showed no significant (p>0.05) difference in cassava tuber N uptake between soils treated with different amendments. Nevertheless, it was observed that soil amended with NPK400 kgha-1+PM 2.5t ha-1had the highest cassava tuber N uptake (291 kgha-1), while soil amended with NPK400 kgha-1had the least cassava tuber N uptake (130 kgha-1). Furthermore, comparing the results from the two cropping years, it was observed that the 2023 cropping year produced cassava tuber with the highest N uptake (291 kgha-1) which was traceable to application of NPK400 kgha-1+PM 2.5t ha-1 compared to 274.5 kgha-1 produced in 2022 cropping year with the application of NPK400 kgha-1+PM 2.5t ha-1. 

Table 6: The effects of organic and inorganic amendments on nutrient accumulation of 
         cassava
	Treatments
	 N uptake 
(kgha-1)     
	P uptake (kgha-1)     
	
	K uptake (kgha-1)     
	

	
	2022 
	2023 
	2022 
	2023 
	2022 
	2023 

	Control
	182.5cd
	224
	14.6 
	30.56d
	260.6ab
	170 

	CHC240 gha-1
	224.5b
	159 
	15.74 
	38.01bc
	249.1b
	148S

	NPK400 kgha-1
	161.4d
	130 
	10.10 
	16.57e
	184.7c
	125 

	NPK400 kgha-1+CHC120 gha-1
	205.0bc
	231 
	16.96 
	34.04cd
	276ab
	484 

	NPK400 kgha-1+CHC 240 gha-1
	256.7a
	243 
	14.25 
	37.72bc
	269.8ab
	212 

	NPK400 kgha-1+PM 2.5t ha-1
	274.5a
	291 
	18.12 
	41.55b
	284.5a
	217 

	NPK400 kgha-1+ PM 5t ha-1
	130.8e
	270 
	14.30 
	82.84a
	153.1d
	141 

	PM 5t ha-1
	199.5bc
	161 
	14.14 
	35.45bcd
	173.1cd
	146 

	Mean
	204.36
	213.62
	14.77
	39.59
	231.36
	205.37

	CV (%)
	5.0
	9.4
	2.3
	2.8
	3.2
	26.1

	Sig. level
	<.001
	NS
	NS
	<.001
	<.001
	NS


Note: Means within a column not sharing a letter in common differ from other means significantly following Duncan’s Multiple Range Test (DMRT) at 5 %, NPK = NPK fertilizer, PM = poultry manure, CHC = microbial fertilizer, CT = conventional tillage, RT = reduced tillage.
Effect of soil amendments and tillage on cassava tuber nutrient accumulation
In the 2022 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 produced significantly (p≤ 0.05) higher K (284.5 kgha-1) content in cassava tuber compared to other amended soils whereas in 2023 soil amended with NPK400 kgha-1+CHC120 gha-1 had the highest cassava tuber K uptake (484 kgha-1). In the 2022 cropping year, soil amended with NKP400 kgha-1+PM 2.5t ha-1 produced significantly (p≤ 0.05) higher N (274.5 kgha-1) content in cassava tuber, while in 2023 the highest N tuber content was associated with NPK400 kgha-1+PM 2.5t ha-1. However, for P contents, soil amended with NPK400 kgha-1+PM 2.5t ha-1 had the highest cassava tuber P uptake (18.12 kgha-1) in 2022 cropping year whereas in 2023 cropping year it was associated with soil amended with NPK400 kgha-1+ PM 5t ha-1. Reduced tillage was also responsible for higher tuber nutrient accumulation, especially for P and N. 
The strategic use of soil amendments and appropriate tillage methods can greatly influence the nutrient dynamics in cassava cultivation. By optimizing these practices, farmers can enhance the accumulation of critical nutrients like potassium, thereby improving cassava productivity and sustainability. In the present investigation, soil amended with different nutrient sources and under two tillage regimes has demonstrated its efficacy in enhancing cassava N, P, and K uptake. Recent studies (Chagbe et al., 2020; Liu et al., 2021) have shown that the application of soil amendments and the adoption of specific tillage practice can significantly influence the accumulation of essential nutrients, including potassium (K), in cassava plants. The integration of organic amendments, such as compost and manure, has been found to enhance the availability of nitrogen (N), phosphorus (P), and potassium in the soil, thereby promoting greater nutrient uptake by cassava plants (Wang et al., 2023).
Moreover, the use of poultry manure and lime as a soil amendment can raise soil pH levels, improving the availability of potassium and other essential nutrients (Zhang et al., 2023), hence, enhancing P, N and K uptake in cassava. Gypsum application has also been reported to ameliorate sodic soils, thereby enhancing potassium uptake in cassava (Figueiredo et al., 2017). Studies have shown that the application of organic amendments, such as compost and manure, can enhance soil K levels by adding both organic matter and nutrients, thereby improving K uptake by cassava plants (Adekiya et al., 2009). Similarly, inorganic fertilizers specifically designed to supplement K can directly increase its availability in the soil, which is crucial for cassava, a crop known for its high K requirements (Liu et al, 2021).
Soil amendments, mostly from organic sources, enhance soil fertility by increasing the availability of essential nutrients. For instance, Wang et al. (2023) found that the application of poultry manure significantly improved N, P, and K uptake in corn plants. The increased organic matter from these amendments improves soil structure and microbial activity, leading to better nutrient cycling and availability (Chagbe et al., 2020). Inorganic amendments like lime and gypsum also play a role in nutrient accumulation. Lime application, for example, can correct soil acidity, which enhances the availability of potassium and other nutrients. This is supported by the findings of Ahmad et al. (2022), who reported increased K uptake in cassava with lime treatment in acidic soils. 
The effect of soil amendments and tillage methods on cassava nitrogen (N) and phosphorus (P) nutrient accumulation has been the focus of various studies, emphasizing the critical role of these practices in optimizing cassava growth and yield. Research indicates that the application of organic and inorganic soil amendments significantly influences the availability of N and P in the soil, thereby enhancing its uptake by cassava plants. For instance, organic amendments such as compost and poultry manure improve soil structure and microbial activity, which in turn facilitate the release and absorption of N and P (Shirani et al., 2002). Inorganic amendments, including phosphate fertilizers, directly increase the phosphorus content in the soil, making it more readily available for plant uptake (Uko et al., 2020).
Tillage methods also play a crucial role in nutrient dynamics and plant nutrient uptake. Conventional tillage, which involves the intensive turning of the soil, can lead to enhanced K mineralization and immediate availability but often at the cost of increased erosion and nutrient loss over time (Chagbe et al., 2020). In the present study, K under conventional tillage was found to be higher than that observed under reduced tillage.  Research has linked reduced tillage practices to be associated with better soil health, which supports higher nutrient accumulation in cassava (Imakumbili et al., 2021). These methods help maintain soil structure, reduce erosion, and enhance microbial activity, all of which contribute to improved nutrient cycling and uptake.  Recent investigation by Figueiredo et al (2017) reported reduced tillage practice as responsible in maintaining higher organic matter levels and improving soil structure, which can lead to better K retention and gradual release, benefiting cassava K accumulation over longer periods (Giller et al., 2009). Specifically, reduced tillage practices, combined with organic amendments, have demonstrated a synergistic effect, significantly increasing the levels of nitrogen, phosphorus, and potassium in cassava (Esmaeil, 2018). This combination not only improves soil fertility but also enhances the overall nutrient use efficiency of cassava plants, leading to better growth and yield. Combining organic amendments with reduced tillage practices has been shown to synergistically improve soil health and nutrient availability. For instance, a study by Asfaw (2016) demonstrated that cassava grown under no-till conditions with organic amendments exhibited significantly higher K accumulation compared to those grown under conventional tillage without amendments. This combination enhances soil microbial activity, which facilitates the slow release of K, thus ensuring a more consistent supply of this essential nutrient to the cassava plants.
The synergistic effect of combining soil amendments with tillage practices can be particularly beneficial, and has been reported in other similar studies. For example, Cadavid et al. (1998) reported that cassava grown with a combination of compost application and no-till practice showed significantly higher N, P, and K accumulation compared to other treatments. This combination minimizes soil disturbance while enhancing microbial activity and nutrient cycling, leading to improved nutrient availability for the cassava plants.
Effect of amendments and tillage methods on growth and yield of cassava
The study investigated the impact of soil amendments and tillage methods on cassava growth and yield, revealing significant effects on various growth parameters including number of roots, root weight, dry matter and yield. Incorporating soil amendments under this study led to improved cassava growth compared to control soil. Similar result also documented by Figueiredo et al. (2018). Additionally, tillage practices were found to enhance cassava growth. Imakumbili et al. (2021) reported that reduced tillage is responsible for promoting soil moisture retention and reducing soil compaction. Conversely, conventional tillage methods were associated with decreased cassava growth due to soil structure disruption and increased soil erosion risk, as observed in Asfaw (2016). The combined application of soil amendments with reduced tillage demonstrated positive effects on cassava growth, enhancing nutrient availability and soil structure without compromising soil health. This is in line with several report including Alam, et al. (2014). These findings underscore the importance of implementing appropriate soil management practices to optimize cassava growth and yield to ensure sustainable agricultural production.
Specifically, the highest number of roots were observed in all amended soil except those that received NPK400 kgha-1 in 2022 cropping year, while soil amended with NPK400 kgha-1+PM 2.5t ha-1 had the highest number of roots in 2023 cropping year. Soil under conventional tillage had fresher root weight and number of roots, while soil under reduced tillage had drier root weight. Incorporating soil amendments along with tillage practices, resulted in higher root numbers and increased root weight. These findings underscore the importance of integrating appropriate soil management techniques to optimize cassava productivity and promote sustainable agricultural practices. The effect of soil amendments and tillage practice on cassava yield has been a subject of considerable research, highlighting significant influences on yield quantity and quality. Various studies have shown that incorporating organic and inorganic soil amendments can markedly enhance cassava productivity. For instance, the application of organic matter such as compost or manure improves soil structure, enhances nutrient availability, and stimulates microbial activity, all of which contribute to increased cassava yields (Liu et al., 2021). Additionally, the use of lime in acidic soils has been reported to improve cassava growth by neutralizing soil acidity and making essential nutrients more available (Chagbe, et al., 2020). Soil amended with NPK400 kgha-1+PM 2.5t ha-1 gave the highest dry matter (823 g) in 2022 cropping year, while 2023, soil amended with CHC240 gha-1 gave the highest dry matter (644g). Tillage practice also play a crucial role in determining cassava yield. Conventional tillage, which involves turning over the soil, to improve seedbed conditions was found to have greater dry matter in 2022 cropping year than reduced tillage. However, in 2023 cropping year, higher dry matter was observed under reduced tillage. Similarly, improved yield was recorded for soil under conventional tillage. Studies have shown that combining tillage practices with organic amendments results in synergistic effects, significantly boosting cassava productivity compared to conventional agricultural practices. Optimizing cassava yield requires a careful balance of soil amendments and appropriate tillage practice. The integration of soil amendments with conventional tillage practices appears to offer the most sustainable and productive approach, enhancing soil health and maximizing yield potential. Specifically, soil amended with NPK400 kgha-1+CHC 240 gha-1 x CT gave the highest yield in 2022 cropping year, while in 2023 cropping year, soil amended with NPK400 kgha-1+PM 2.5t ha-1 x CT gave the highest yield.
Conclusion
[bookmark: _Hlk213760690]This study demonstrated that the combined application of organic and inorganic fertilizers markedly improves cassava growth, yield, and nutrient uptake in coastal plain sand soils of Etinan, Nigeria. Among the fertilizer regimes tested, the integrated NPK 400 kg ha⁻¹ + poultry manure 2.5 t ha⁻¹ consistently produced the highest fresh and dry tuber weights, dry matter content, and overall tuber yield across both cropping seasons. Microbial fertilizer (CHC240) also showed strong yield-enhancing potential, especially in 2023. In contrast, the application of NPK alone resulted in the poorest performance, underscoring the limitations of sole inorganic fertilization on inherently low-fertility sandy soils. Tillage practices exerted limited influence on cassava productivity, with no significant interactions between tillage and fertilizer treatments for most parameters. Although CT improved dry matter in 2022 and RT enhanced dry matter in 2023, fertilizer effects were far more dominant than tillage effects. Nutrient accumulation (N, P, and K) in cassava tubers was substantially improved under integrated fertilizer treatments, particularly NPK + PM and NPK + CHC combinations, demonstrating their role in enhancing nutrient availability and uptake. These findings affirm that integrated nutrient management is the most effective strategy for optimizing cassava production in the fragile sandy soils of the Niger Delta region.
For sustainable cassava cultivation in coastal plain sands, this study recommends adopting integrated nutrient management systems especially combining NPK with moderate rates of poultry manure and applying tillage based on labour availability and field conditions rather than expected yield differences.
[bookmark: _GoBack]
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