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ABSTRACT
	[bookmark: _GoBack]A study was conducted in Bukoba, Missenyi and Biharamulo districts in Kagera region during the 2018/19 and 2019/20 cropping seasons to determining the effect of tillage methods, farmyard manure (FYM) and potassium (K) rates on cassava growth and biomass yield. Field trials were laid out in the Randomized Complete Block Design (RCBD) and arranged in the split-plot design with three replications. Tillage methods (flat tillage, open ridging and tie ridging) were the main plots and; the fertilizer rates [farmyard manure (FYM) alone at 4 MT ha-1 or FYM alone at 8 MT ha-1, nitrogen (40 kg N ha-1) + phosphorus (30 kg P ha-1) + potassium at 40, 80 or 120 kg K ha-1 and the combination of FYM at 4 or 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1] and the control were the sub-plots. Farmyard manure was applied at planting and inorganic fertilizers were applied in two splits (at 1 and 3 months after planting). Data on plant vigour (1-5), plant height (cm), number of branches plant-1, stem girth (mm) and biomass yield ha-1 were collected at 12 months after planting. The results indicated that planting of cassava on ridges improved cassava growth and gave higher cassava biomass yield than planting cassava on flat tillage. Combined use of FYM at 4 MT ha-1 or FYM at 8 MT ha-1 and potassium at 40, 80 or 120 kg K ha-1, improved cassava growth and gave significantly (P < .001) higher cassava biomass yield (9.36 - 32.86 MT ha-1) than the use of FYM alone at 4 MT ha-1 (7.56 - 16.79 MT ha-1), FYM alone at 8 MT ha-1 (7.93 - 18.85 MT ha-1) or combined use of inorganic N, P and K fertilizers (7.56 - 24.03 MT ha-1). Interaction between tillage methods against combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1 improved cassava growth and gave significantly (P < .01) higher cassava biomass yield (8.38 - 38.39 MT ha-1) than interaction between tillage methods against FYM alone at 4 8 MT ha-1 (5.24 - 23.39 MT ha-1), FYM alone at 8 MT ha-1 (5.57 - 25.37 MT ha-1) or combined use of inorganic N40P30 + K at 40, 80 or 120 kg ha-1 (6.12 - 26.48 MT ha-1). Thus, planting cassava on ridges together with combined use of FYM at 4 MT ha-1 and potassium at 40, 80 or 12 kg K ha-1 is desirable for improving cassava growth and increasing cassava biomass yield.
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1. INTRODUCTION
Cassava (Manihot esculenta Crantz) is considered as a subsistence crop grown traditionally by poor and marginal farmers, but is becoming increasingly important as a commercial crop in most of the growing areas across the world [1]. Africa produces about 57% of the world cassava production [2]. Tanzania is the eighth producer of cassava in the world and fourth in Africa after Nigeria, Democratic Republic of Congo and Ghana [3]. In East Africa, the largest area under cassava cultivation is in Tanzania [4], although yields are significantly lower than they are in neighbouring Kenya and Uganda. In Tanzania, about 670 000 hectares of land are under cassava cultivation giving estimate of annual cassava fresh root production of 7 million MT [3]. The crop is mostly grown at the coastal strip along the Indian Ocean (lowland warm sub-humid), around Lake Victoria (mid altitude warm sub-humid and highland cool humid), along the shores of Lake Nyasa and around Lake Tanganyika [5]. In the Lake zone, cassava is grown in all regions, which account for 23.7% of the total cassava production in Tanzania. 
Cassava is the most important root crop, the fourth most important source of food calories and an important staple food for more than 800 million people in the tropics [6]. Its roots produce at least 30% of starch, on dry weight basis, which is the major source of dietary energy [7], industrial products (sugar, alcohol, textile products) and animal feeds [8]. The crop can yield up to 40 - 80 MT ha-1 of fresh roots [9] under favourable environmental, improved variety, improved agronomic practices and good soil fertility [9]. However, in the Lake zone of Tanzania, yields are low. For example, in Kagera Region, the average root yield in farmers’ fields is 7.80 MT ha-1 [10,3]. The low yield is due to two major factors: increased susceptibility of the crop to diseases such as cassava mosaic disease (CMD) and cassava brown steak disease (CBSD), and declining soil fertility [11,12] due to continuous cultivation without fertilizer use to return the nutrients taken up by the crop and those lost through soil erosion.
Cassava can respond well to FYM and mineral fertilizers application [13]. A demonstration field study conducted in Kagera region indicated increase in cassava root yields up to 40 - 56 % due to combined use of farmyard manure at 6 MT ha-1 and inorganic phosphorus (P) and potassium (K) fertilizers, both at 50 kg ha-1, as compared to control, use of farmyard manure alone or combined use of inorganic P and K fertilizers. However, the study above did not include different rates of FYM and inorganic K fertilizers, which this study researched on. In addition, many farmers in Kagera region plant cassava on flat tillage and few plants on ridges, but little information is available on the performance of cassava when planted on flat tillage or on ridges. Several studies, for example, [14] in Nigeria on cassava and [15] in Mwanza, Tanzania on upland rice reported improved growth and increased yields of the respective crops with respect to use of tied ridge as compared to use of open ridge or flat tillage. However, none of the above studies looked on the effects of combined use of tillage methods and different rates of FYM and K fertilizers on the performance of the respective crops. That is why the current study aimed to determine the effects of tillage methods and different rates of FYM and potassium fertilizers on cassava growth and biomass yield in Kagera region.
2. MATERIAL AND METHODS 
2.1 Location of the study area
Kagera region is located in the north-western corner of Tanzania on the western shore of Lake Victoria, between latitudes 1°00′ and 3°45′ S and between longitudes 30°25′ and 32°40′ E [16,17]. The region has seven districts, namely Biharamulo, Bukoba, Karagwe, Kyerwa, Missenyi, Muleba and Ngara. This study was conducted in Bukoba, Missenyi and Biharamulo districts. The representative study sites were Tanzania Agricultural Research Institute (TARI), Maruku Centre in Bukoba district, Mabuye Primary School in Missenyi district, and Rukaragata Farmers' Extension Centre in Biharamulo district (Figure 1). Bukoba district is situated between latitudes 1° 00′ and 3° 00′ S and between longitudes 30° 45′ and 31° 00′ E, with altitude between 1200 - 1400 meters above sea level (masl) while, Missenyi district is situated between latitudes 1° 00′ and 1° 30′ S and between longitudes 30° 48′ and 31° 49′ E, with attitude between 1100 - 1400 masl and Biharamulo district is situated between latitudes 2° 15′ and 3° 15′ S and between longitudes 31° 00′ and 32° 00′ E, with altitude ranging from 1100 - 1700 masl [16, 17].
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Figure 1: Location of the field experimental trial sites in Bukoba, Missenyi and Biharamulo districts
Source: [16]

2.2 Climate and soils of the study area
Kagera region experiences the bimodal rainfall distribution with short rains between September and December and long rains between March and June. However, in the study districts, the mean annual rainfall ranges from 900 - 3000 mm in Bukoba district, 700 - 1300 mm in Missenyi district and 600 - 1100 mm in Biharamulo district [16]. Based on rainfall, three agro-ecological zones are found, namely the high rainfall zone which in this study is represented by Bukoba district, the medium rainfall zone is represented by Missenyi district, and the low rainfall zone is represented by Biharamulo district [19,3,17]. The mean annual temperature ranges from 16 - 28 °C, Missenyi having higher annual temperature (28 °C) than Bukoba and Biharamulo (27 °C). Soil fertility statuses of the study area are poor fertility, of which; N, K and Mg are the limiting nutrients in Bukoba experimental site, N and S are the limiting nutrients in Missenyi experimental site and N, P and K are the limiting nutrients in Biharamulo experimental site [18]. The soil textures of the study area are sandy clay loam in Bukoba experimental site, sandy loam in Missenyi experimental site and sandy clay in Biharamulo experimental site [19,17].
2.3. Experimental layout and treatments application 
Three field experimental trials, one in each study site, were established in two consecutive seasons of 2018/19 and 2019/20 in Bukoba, Missenyi and Biharamulo districts. In each trial site, land was prepared by clearing of bushes and cutting of trees before trial establishment. Thereafter, land was ploughed followed by harrowing. Ridges were prepared using a hand hoe by heaping up the soil within 1-meter-wide ridge (0.5 m from each side of the ridge top) so that the spacing from the top-center of one ridge to the top-center of another ridge was 1 m. Plot size was 6 m x 5 m. Separation between plots and blocks was 1.5 m and 2 m apart, respectively. For the tie ridges, the soil was raised at each end of two adjacent ridges and at the centers (3 m from each end of the ridge) to form three ties between two ridges. 
The treatments were applied in the Randomized Complete Block Design (RCBD) and arranged in the split-plot design in three replications; with tillage methods (flat tillage, open ridging and tie ridging) as main plots and fertilizer types and rates (FYM alone at 4 MT ha-1, FYM alone 8 MT ha-1, nitrogen at 40 kg N ha-1 + phosphorus at 30 kg P ha-1 + potassium at 40, 80 or 120 kg K ha-1 and the combination of FYM at 4 or 8 MT ha-1 + inorganic K at 40, 80 or 120 kg ha-1) as subplots (Table 1). The combination of nitrogen at 40 kg N ha-1 + phosphorus at 30 kg P ha-1 [20,21] together with potassium at 40, 80, or 120 kg K ha-1 were applied as inorganic fertilizer treatments while the combination of FYM alone at 4 MT ha-1 or FYM alone at 8 MT ha-1 + potassium at 40, 80 or 120 K kg ha-1 were applied as organic and inorganic fertilizers combined treatments [21].

Table 1: Experimental treatments arranged in the split-plot design
	Main plots

	Flat tillage
	Open ridge tillage
	Tie ridge tillage

	Sub plots

	Co
	Co
	Co

	FYM4
	FYM4
	FYM4

	FYM8
	FYM8
	FYM8

	K40 + N40 + P30
	K40 + N40 + P30
	K40 + N40 + P30

	K80 + N40 + P30
	K80 + N40 + P30
	K80 + N40 + P30

	K120 + N40 + P30
	K120 + N40 + P30
	K120 + N40 + P30

	FYM4 + K40
	FYM4 + K40
	FYM4 + K40

	FYM4 + K80
	FYM4 + K80
	FYM4 + K80

	FYM4 + K120
	FYM4 + K120
	FYM4 + K120

	FYM8 + K40
	FYM8 + K40
	FYM8 + K40

	FYM8 + K80
	FYM8 + K80
	FYM8 + K80

	FYM8 + K120
	FYM8 + K120
	FYM8 + K120


Source: [21]
CO = control (no fertilizer application); FYM4 = farmyard manure at 4 MT ha-1; FYM8 = farmyard manure at 8 MT ha-1; K40N40P30 = potassium at 40 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1; K80N40P30 = potassium at 80 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1; K120N40P30 = potassium at 120 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1; FYM4K40  = farmyard manure at 4 MT ha-1 and potassium at 40 kg K ha-1; FYM4K80  = farmyard manure at 4 MT ha-1 and potassium at 80 kg K ha-1; FYM4K120  = farmyard manure at 4 MT ha-1 and potassium at 120 kg K ha-1; FYM8K40  = farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1; FYM8K80  = farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1; FYM8K120  = farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1
Farmyard manure was applied at planting along the planting rows in the flat tillage treatment and along the ridges in the open and tie ridging treatments, followed by incorporation into the soils. Inorganic fertilizers were applied in two splits; the first split, one month after planting, and the second split, three months after planting by banding method around each cassava plant. Improved cassava variety, Mkumba, was the test variety. Cassava cuttings of 25 to 30 cm length were planted at the spacing of 1 m x 1 m in the flat land and ridging treatments. The duration (cassava growing period) of the trial from planting to harvesting was 12 months. The experimental plots were maintained free from weeds throughout the growing period. The same trial was repeated in the following season while maintaining the same plots.

2.4 Data collection and statistical analysis
Data on plant vigour (1 - 3), plant height (cm), number of branches plant-1, stem girth (cm) and shoot weight plot-1 (biomass yield ha-1) were collected at 12 months after planting from net plot (4 m x 3. During harvesting, cassava plants within the net plot were cut 10-cm from the soil surface, collected, tied together and weighed using a weighing balance for biomass determination. The collected data were processed and subjected to analysis of variance (ANOVA) based on the statistical model for the split-plot design [22], using the GENSTAT 16th edition statistical packages. Means differences among the treatments were separated using the Tukey's test (Honestly Significant Difference, HSD) at the .05 level of significance.

3. RESULTS AND DISCUSSION
3.1 Effects of tillage methods on the growth of cassava in Bukoba, Missenyi and Biharamulo districts
3.1.1 Tillage methods effects on cassava growth during 2018/19 and 2019/20 cropping seasons in Bukoba district
The results on the effects of different tillage methods (flat tillage, open ridging and tied ridging) on cassava growth during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 2. In Bukoba district, cassava plant vigour was at a scale of 4 (vigour) during both the 2018/19 and 2029/20 cropping seasons There was no significant (P = .32) difference in cassava plant vigour among the tested tillage methods in both cropping seasons, signifying also that tillage methods used in this study had no significant effects on the vigour of cassava plants. 
Cassava plant height ranged from 204.90 - 218.30 cm during the 2018/19 cropping season and from 201.10 - 244.50 cm during the 2019/20 cropping season. In both cropping seasons, there was significant (P ˂ .01) difference in cassava plant height between flat tillage and other two tillage methods (open ridging and tied ridging). But significantly (P = .05) high plant height was recorded in the tied ridging followed by open ridging while low cassava plant height was recorded in the flat tillage. However, the results indicated no significant (P = .32) difference in cassava plant height between open ridging and tied ridging.
The number of branches per plant ranged from 2.01 - 2.52 number plant-1 during the 2018/19 cropping season and from 2.44 - 2.65 number plant-1 during the 2019/20 cropping season. In both cropping seasons, there was significant (P ˂ .01) difference in number of cassava branch per plant between flat tillage and other two tillage methods (open ridging and tied ridging). Whereby, significant high number of cassava branch per plant was recorded in tied ridging followed by open ridging and low number of branches per plant was recorded in flat tillage. However, there was no significant (P = .32) difference in number of cassava branch per plant between open ridging and tied ridging.
Cassava stem girth ranged from 29.66 - 32.45 mm during the 2018/19 cropping season and from 30.21 - 34.71 mm during the 2019/20 cropping season. In both cropping seasons, there was significant (P ˂ .001) difference in cassava stem girth between flat tillage and other two tillage methods (open ridging and tied ridging), whereby, high cassava stem girths were recorded in tied ridging followed by open ridging and flat tillage. However, there was no significant (P = .06) difference in cassava stem girth between open ridging and tied ridging.

[bookmark: _Toc192992157]Table 2: Tillage methods effects on cassava growth during the 2018/19 and 2019/20 seasons in Bukoba, Missenyi and Biharamulo districts
	Season
	Treatment
	Growth parameter

	
	
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)

	
	
	Bukoba
	Missenyi
	Biharamulo

	2018/19
	FT
	4.00a
	204.90a
	2.01a
	29.66a
	4.00a
	304.40a
	2.55a
	47.87a
	3.00a
	177.70a
	2.65a
	29.53a

	
	OR
	4.00a
	214.90b
	2.50b
	30.21a
	5.00b
	386.60b
	2.92b
	49.64b
	4.00b
	196.70b
	2.76b
	33.41b

	
	TR
	4.00a
	218.30b
	2.52b
	32.45b
	5.00b
	388.70b
	2.94b
	52.83b
	4.00b
	199.50b
	2.79b
	34.41b

	
	SED
	0.01
	2.40
	0.01
	0.34
	0.01
	2.94
	0.01
	0.51
	0.10
	2.67
	0.11
	0.49

	
	CV (%)
	4.82
	 6.80
	7.10
	6.60
	2.20
	4.60
	3.30
	6.10
	6.30
	8.70
	6.80
	9.10

	2019/20
	FT
	4.00a
	201.10a
	2.44a
	30.21a
	4.00a
	318.10a
	2.56a
	46.62a
	3.00a
	150.00a
	2.10a
	18.04a

	
	OR
	4.00a
	243.80b
	2.65b
	30.42a
	5.00b
	389.80b
	2.80b
	52.87b
	3.00a
	152.28b
	2.20a
	18.24a

	
	TR
	4.00a
	244.50b
	2.65b
	34.71b
	5.00b
	391.70b
	2.89b
	56.57b
	3.00a
	156.60b
	2.20a
	18.45a

	
	SED
	0.1
	8.82
	0.01
	0.39
	0.01
	9.45
	0.01
	0.68
	0.12
	2.78
	0.13
	0.34

	
	CV (%)
	4.40
	22.40
	4.40
	7.70
	3.80
	15.90
	6.20
	9.10
	9.20
	10.90
	11.60
	11.00


Means within the same column (for a particular growth parameter) followed by the same letter(s) are not significantly different at P = .05 according to Turkey's HSD Test. SED = standard error of differences of means, CV = coefficient of variation, Treatment: FT = flat tillage, OR = open riding, TR = tied ridging; Growth parameter: PV = plant vigour, PH = plant height, BPP = branch per plant, SG = stem girth

The recorded higher cassava plant height, number of branches per plant and stem girth in tied and open ridging than in flat tillage was attributed to the ability of the ridges (tied ridging and open ridging) to conserve more water than flat tillage [23]. Other researchers, for example [24] reported that use of ridges during crop production increases water infiltration and reduces run-off and soil erosion, which prevents nutrients loss and thus enhances nutrients uptake by the plants hence, improving plant growth and development. In addition, [25] reported that ploughing followed by heaping up of the land (ridging) increases root proliferation, which then improves cassava growth as compared to flat tillage.

3.1.2 Tillage methods effects on cassava growth during 2018/19 and 2019/20 cropping seasons in Missenyi district 
The results indicated that cassava plant vigour ranged from vigour (4) to very vigour (5) in both cropping seasons and there was significant (P ˂ .01) difference in cassava plant vigour between flat tillage and tied ridging or open ridging. However, there was no significant (P = .32) difference in cassava plant vigour between tied ridging and open ridging.
Cassava plant height ranged from304.40 - 388.70 cm during the 2018/19 cropping season and from 318.10 - 391.70 cm during the 2019/20 cropping season. In both cropping seasons there was significant (P ˂ .001) difference in cassava plant height between flat tillage and other two tillage methods (open ridging and tied ridging). Whereby, significant high values of cassava plant height were recorded in tied ridging followed by open ridging and flat tillage. However, the results indicate no significant (P= .06) difference in cassava plant height between open ridging and tied ridging.
Number of cassava branch per plant ranged from 2.55 - 2.94 number plant-1 during the 2018/19 cropping season and from 2.56 - 2.87 number plant-1 during the 2019/20 cropping season. In both cropping season, there was significant (P ˂ .01) difference in number of cassava branch per plant between flat tillage and other two tillage methods (open and tied ridges). Significant higher number of branches per plant was recorded in the tied ridging followed by the open ridging and the last was flat tillage However, there was no significant (P = 32) difference in the number of branches per plant between open ridging and tied ridging treatments

3.1.3 Tillage methods effects on cassava growth during 2018/19 and 2019/20 cropping seasons in Biharamulo district
The results indicated that cassava plant vigour ranged from moderately vigour (3) to vigour (4) during the 2018/19 cropping season and was vigour (3) during the 2019/20 cropping season. During the 2018/19 cropping, there was significant (P ˂ .01) difference in cassava plant vigour between flat tillage and tied ridging or open ridging and there was no significant (P = 32) difference in cassava plant vigour between tied ridging and open ridging. However, during the 2019/20 cropping season, the results indicated no significant (P = .32) difference in cassava plant vigour among the tested tillage methods. This was probably attributed to the 4 months dry spell, just at 1 month after planting experienced in Biharamulo site during the 2019/20 cropping season (Merumba et al., 2022), which might had been affected the growth and development of cassava.
Cassava plant height ranged from 177.70 - 196.50 cm during the 2018/19 cropping season and from 150.00 - 156.60 cm during 2019/20 cropping season. There was significant (P ˂ .001) difference in cassava plant height between flat tillage and other two tillage methods (open and tied ridings). Whereby, significantly (P ˂ .001) high cassava plant height was recorded in tied ridging followed by open ridging while low cassava plant heights was recorded in flat tillage. However, the results indicated no significant (P = .06) difference in cassava plant height between open ridging and tied ridging.
Number of cassava branch per plant ranged from 2.65 - 2.79 number plant-1 during the 2018/19 cropping season and from 2.10 - 2.20 number plant-1 during the 2019/20 cropping season. There was significant (P ˂ .01) difference in number of cassava branch per plant between flat tillage and other two tillage methods (open and tied ridges) during the 2018/19 cropping season. Significantly (P ˂ .01) high number of cassava branch per plant was recorded in tied ridging followed by open ridging and the last was flat tillage. The results also indicated that during the 2019/20 cropping season, there was no significant (P = .32) different in number of cassava branch per plant among the tested tillage methods.
Cassava stem girth ranged from 29.53 - 34.41 mm during the 2018/19 cropping season and from 18.04 - 18.04 mm during the 2019/20 cropping season. During the 2018/19 cropping season, there was significant (P ˂ .001) difference in cassava stem girth between flat tillage and other two tillage methods (open and tied ridges). Thereby, significantly high cassava stem girth was recorded in tied ridging followed by open ridging and the last was flat tillage. However, during 2019/20 cropping season; there was no significant (P= .06) difference in cassava stem girth among the tested tillage methods, probably due to the 4 months dry spell, just at 1 month after planting (Merumba et al., 2022), which might have affected the growth and development of cassava.

3.2 Effects of farmyard manure and potassium rates on cassava growth during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts
The results on the effects of farmyard manure and potassium rates on cassava growth during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Tables 3. In Bukoba district, cassava plant vigour ranged from moderately vigour (3) to vigour (4) during the 2018/19 cropping season and from slightly vigour (2) to vigour (4) during the 2019/20 cropping season. In Missenyi district, cassava plant vigour ranged from moderately vigour (3) to very vigour (5) cropping season during both the 2018/19 and 2019/20 cropping seasons. In Biharamulo district, cassava plant vigour ranged from slightly vigour (2) to vigour (4) during the 2018/19 cropping season and from slightly vigour (2) to moderately vigour (3) 2019/20 cropping season. In all sites and both seasons, low cassava plant vigour was recorded in the control and high values were recorded in the fertilizer treatments. There was significant (P ˂ .01) difference in cassava plant vigour between the control and fertilizer treatments, signifying that use fertilizers had significant effects on cassava plant vigour in cassava root yields.
The number of cassava branch per plant ranged from 1.83 - 2.61 number plant-1 during the 2018/19 cropping season and from 2.04 - 2.79 number plant-1 during the 2019/20 cropping season in Bukoba district. In Missenyi district, the number of cassava branch per plant ranged from 2.34- 3.02 during the 2018/19 cropping season and from 2.13- 3.0 number plant-1 during the 2019/20 cropping season. In Biharamulo district, the number of cassava branch per plant ranged from 1.58 - 2.92 number plant-1 during the 2018/19 cropping season and from 1.46 - 2.28 number plant-1 during the 2019/20 cropping season. In all study sites, and in both seasons, low number of branches per plant were recorded in the control and high number of branches per plant were recorded in combined use of FYM at 8 MT ha-1 + potassium at 80 or 120 kg K ha-1. This was due to addition of relatively high quantity of nutrients in the soil from FYM at 8 MT ha-1 [20]. In both cropping seasons, there was significant (P ˂ .001) difference in number of cassava branch per plant between the control and fertilizer treatments, signifying that use of fertilizers had significant effects on number of cassava branch per plant.
Cassava plant height ranged from 158.80 – 240.60 cm during the 2018/19 cropping season and ranged from 147.70 cm during the 2019/20 cropping season in Bukoba district. In, Missenyi district, cassava plant height ranged from 268.90 – 402.80 cm during the 2028/19 cropping season and ranged from 237.40 – 428.50 cm during 2029/20 cropping season. In Biharamulo district, cassava plant height ranged from 103.60 – 202.00 cm during the 2018/19 cropping season and ranged from 89.70 – 183.10 cm during the 2029/20 cropping season while cassava stem girth ranged from 20.89 – 33.13 mm during the 2018/19 cropping season and from 19.70 – 35.91 mm during the 2019/20 cropping season in Bukoba district. Cassava stem girth ranged from 29.05 - 56.65 mm during the 2018/19 cropping season and from 23.94 - 57.27 mm during the 2019/20 cropping season in Missenyi district. In Biharamulo district, cassava stem girth ranged from 18.05 – 37.08 mm during the 2018/19 cropping season and from 12.70 – 21.55 mm during the 2019/20 cropping season 
In all sites, and in both seasons, low cassava plant height and stem girth were recorded in the control and high cassava plant height were recorded in the combined use of FYM at 8 MT ha-1 + potassium at 80 or 120 kg K ha-1. This was also attributed to addition of relatively high quantity of nutrients from FYM at 8 MT ha-1 and potassium fertilizer [21]. Other researchers [26] reported significant increase in cassava stem girth due to application of potassium fertilizer at 80 kg K ha-1. There was significant (P ˂ .001) difference in cassava plant height and stem girth between the control and fertilizer treatments, which signifying that use of fertilizers had significant effects on cassava plant height and stem girth. However, during the first cropping season, there was no significant (P = .06) difference in cassava plant height and stem girth among the fertilizer treatments as oppose to the second season. This may be due to continued addition of nutrients in the soil hence residual nutrients.

Combined use of FYM at 8 MT ha-1 and potassium at 80 or 120 kg K ha-1 gave significantly higher plant height and bigger stem girth than use of FYM alone at 4 MT ha-1, FYM alone at 8 MT ha-1 or combined use of inorganic N40P30 and K at 40, 80 or 120 kg ha-1. This was probably attributed to continued addition of relatively high amount of nutrients in the soil from FYM at 8 MT ha-1 and from potassium at 80 or 120 kg K ha-1 [20]. Thus, combined use of FYM at high rate of 8 MT ha-1 + potassium at 80 or 120 kg K ha-1 gave significant higher and similar cassava plant height and stem girth than other types and rates of fertilizers tested in this study. 
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	Treatment
	Growth Parameter

	
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)

	
	2018/19 cropping season
	2019/20 cropping season

	
	Bukoba
	Missenyi
	Biharamulo
	Bukoba
	Missenyi
	Biharamulo

	Co
	3.00a
	158.80a
	2.07a
	20.89a
	3.00a
	268.90a
	2.22a
	29.05a
	2.00a
	103.60a
	2.00a
	18.05a
	2.00a
	147.70a
	2.07a
	19.70a
	3.00a
	237.40a
	2.14a
	23.94a
	2.00a
	89.70a
	1.49a
	12.70a

	FYM4
	4.00b
	197.00b
	2.40b
	28.97b
	4.00b
	378.30b
	2.89b
	47.50b
	4.00b
	149.00b
	2.67b
	31.01b
	4.00b
	231.20b
	2.64b
	29.67b
	5.00b
	339.40b
	2.86b
	41.37b
	3.00b
	149.10b
	2.00b
	17.32b

	FYM8
	4.00b
	209.00bc
	2.42b
	30.11bc
	5.00c
	382.50b
	2.93b
	48.51bc
	4.00b
	180.00b
	2.70b
	31.84bc
	4.00b
	235.90b
	2.68b
	30.83bc
	5.00b
	364.60b
	2.90b
	45.63bcd
	3.00b
	149.30bc
	2.05b
	17.35bc

	K40N40P30
	4.00b
	214.10bc
	2.44b
	30.49bc
	5.00c
	387.10b
	2.93b
	50.11bc
	4.00b
	180.00b
	2.75b
	32.25bc
	4.00b
	232.90b
	2.44b
	30.10bc
	5.00b
	344.80b
	2.93b
	42,80bc
	3.00b
	147.50bc
	2.01b
	17.33bc

	K80N40P30
	4.00b
	215.70bc
	2.51b
	31.55bc
	5.00c
	383.60b
	2.97b
	50.83bcd
	4.00b
	191.10b
	2.76b
	32.46bc
	4.00b
	232.90b
	2.51b
	30.72bc
	5.00b
	358.40b
	2.93b
	44.35bcd
	3.00b
	146.70bc
	2.08b
	17.38bc

	K120N40P30
	4.00b
	212.80bc
	2.54b
	31.39bc
	5.00c
	378.70b
	2.95b
	50.64bcd
	4.00b
	186.30b
	2.72b
	32.29bc
	4.00b
	232.90b
	2.44b
	29.81bc
	5.00b
	341.00b
	2.98b
	42.65bc
	3.00b
	148.50bc
	2.14b
	17.33bc

	FYM4K40
	4.00b
	217.90bcd
	2.53b
	32.29c
	5.00c
	398.40b
	2.98b
	52.64cde
	4.00b
	192.30b
	2.82b
	33.89bcd
	4.00b
	253.60bc
	2.76c
	31.67bc
	5.00b
	364.90bc
	2.98b
	47.11bcde
	3.00b
	161.00bcd
	2.09b
	18.37bcd

	FYM4K80
	4.00b
	218.60bcd
	2.53b
	32.43c
	5.00c
	398.40b
	2.98b
	52.68cde
	4.00b
	199.90b
	2.88b
	34.42bcd
	4.00b
	259.60bc
	2.75c
	32.02bc
	5.00b
	365.40bc
	2.98b
	48.52cde
	3.00b
	162.30bcd
	2.07b
	19.15bcd

	FYM4K120
	4.00b
	222.80cd
	2.57b
	32.57c
	5.00c
	399.40b
	2.99b
	52.98cde
	4.00b
	192.30b
	2.87b
	35.42bcd
	4.00b
	255.40bc
	2.76c
	31.98bc
	5.00b
	368.40bc
	2.99b
	48.72cde
	3.00b
	162.80bcd
	2.10b
	19.45bcd

	FYM8K40
	4.00b
	221.10cd
	2.58b
	32.66c
	5.00c
	398.40b
	3.01b
	53.26cde
	4.00b
	200.10b
	2.89b
	35.43bcd
	4.00b
	267.20c
	2.75c
	33.44c
	5.00b
	369.60bc
	3.00b
	49.80de
	3.00b
	165.20bcd
	2.15b
	20.41bcd

	FYM8K80
	4.00b
	223.90cd
	2.57b
	33.12c
	5.00c
	400.60b
	3.02b
	55.53de
	4.00b
	202.00b
	2.92b
	37.08d
	4.00b
	278.50c
	2.75c
	35.91d
	5.00b
	428.50c
	3.00b
	57.27e
	3.00b
	181.70d
	2.28b
	21.53d

	FYM8K120
	4.00b
	240.60d
	2.61b
	32.80c
	5.00c
	402.80b
	3.02b
	56.65e
	4.00b
	200.90b
	2.89b
	36.96d
	4.00b
	266.40c
	2.79c
	35.45d
	5.00b
	399.60c
	3.00b
	57.19e
	3.00b
	183.10d
	2.22b
	21.55d

	SED
	0.12
	4.80
	0.10
	0.67
	0.02
	5.89
	0.05
	1.03
	0.10
	5.35
	0.10
	0.98
	0.10
	17.63
	0.01
	0.78
	0.10
	18.90
	0.10
	1.35
	0.10
	5.55
	0.10
	0.67

	CV (%)
	4.82
	6.80
	7.10
	6.60
	2.20
	4.60
	3.30
	6.10
	6.30
	8.70
	6.80
	9.10
	4.40
	22.40
	4.40
	7.70
	3.80
	15.90
	6.20
	9.10
	9.20
	10.90
	11.60
	11.00


Means within a column (for a particular growth parameter) followed by the same letter(s) are not significantly different at P = .05 according to Turkey's HSD Test; SED = standard error of differences of means, CV = coefficient of variation; Treatment: Co = control (no fertilizer application), FYM4 = farmyard manure at 4 MT ha-1, FYM8 = farmyard manure at 8 MT ha-1, K40N40P30 = potassium at 40 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1, K80N40P30 = potassium at 80 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1, K120N40P30 = potassium at 120 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1; FYM4K40  = farmyard manure at 4 MT ha-1 and potassium at 40 kg K ha-1, FYM4K80  = farmyard manure at 4 MT ha-1 and potassium at 80 kg K ha-1, FYM4K120  = farmyard manure at 4 MT ha-1 and potassium at 120 kg K ha-1, FYM8K40  = farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, FYM8K80  = farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, FYM8K120  = farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1; Growth parameter: PV = plant vigour, PH = plant height, SPP = stem per plant, BPP = branch per plant, SG = stem girth.



Generally, the results indicated that in all sites, higher cassava growth parameters were recorded during the second cropping season than during the first cropping season. This was probably attributed to continued addition of fertilizers in the second cropping season and thus residual nutrients in the soils [27] whereby, the added nutrients might have taken up by the cassava plants for enhancing growth and development of cassava plants. In addition, the recorded low values of cassava growth parameters in the second cropping season as opposed to the first cropping season in Biharamulo site was due to the 4 months dry spell, just 1- 2 month after planting [21]. The experienced dry spells might have affected the performance of cassava plants, given that planting of cassava was done in March in all experimental sites.

3.3 Effects of interaction of tillage methods and fertilizer rates on the growth of cassava during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts
The combination of tillage methods and fertilizer rates gave 36 individual combinations however, only 12 combinations are presented in this study due to the reason that other combinations did not show significant different. Thus, the results on the effects of the interaction of tillage methods and different fertilizer rates on cassava growth during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 4. In Bukoba district, during the 2018/19 cropping season, cassava plant vigour ranged from moderately vigour (3) to vigour (4) and from slightly vigour (2) to vigour (4) during the 2029/20 cropping season. During the 2018/19 cropping season, number of cassava branch per plant ranged from 2.00 - 2.55 number plant-1and from 2.00 - 2.92 number plant-1 during the 2019/20 cropping season. In Missenyi district, cassava plant vigour ranged from moderately vigour (3) to very vigour (5) during both the 2018/19 and 2029/20 cropping seasons.  The number of cassava branch per plant ranged from 2.11 - 3.06 number plant-1 during the 2018/19 cropping season and from 2.00 - 3.00 number plant-1 during the 2019/20 cropping season. In Biharamulo district cassava plant vigour ranged from slightly vigour (2) to vigour (4) during the 2018/19 cropping season and from slightly vigour (2) to moderately vigour (3) during the 2019/20 cropping season while the number of cassava branch per plant ranged from 2.00 - 3.00 number plant-1 during both the 2018/19and 2029/20 cropping seasons. 
In all sites, and both seasons, low cassava plant vigour and number of branches per plant were recorded in the interaction of the tillage methods against the controls and high cassava plant vigour and number of branches per plant were recorded in the interaction of the tillage methods against combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1. This also was due to addition of relatively high amount of nutrients from FYM at 8 MT ha-1 [21]. There was significant (P ˂ .01) difference in cassava plant vigour and number of cassava branch per plant between interaction of tillage methods against the controls and interaction of tillage methods against fertilizer treatments. This signifies that the interaction of tillage methods against fertilizers used in this study had significant effect on cassava plants vigour and number of branches per plant. 
In Bukoba district, cassava plant height ranged from 43.00 - 255.80 cm during the 2018/19 cropping season and from 91.40 - 347.20 cm during the 2019/20 cropping season while cassava stem girth ranged from 8.98 - 36.53 mm during the 2018/19 cropping season and from 13.45 - 34.72 mm, during the 2019/20 cropping season. In Missenyi district, cassava plant height ranged from 99.30 - 425.60 cm during the 2018/19 cropping season and from 126.10 - 381.10 cm during the 2019/20 cropping season while cassava stem girth ranged from 16.33 - 60.71 mm during the 2018/19 cropping season and from 14.53 - 41.61 mm during the 2019/20 cropping season. In Biharamulo district, cassava plant height ranged from 46.21 - 215.10 cm during the 2018/19 cropping season and from during the 2019/20 cropping season while cassava stem girth ranged from 8.01 - 38.77 mm during the 2018/19 cropping season and from 9.99 - 21.74 mm during the 2019/20 cropping season. 

[bookmark: _Toc192992163]Table 4: Tillage methods and fertilizers interaction effects on cassava growth during 2018/19 and 2019/20 seasons in Bukoba, Missenyi and Biharamulo districts
	Treatment
	Growth Parameter

	
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)
	PV
(1-5)
	PH
(cm)
	BPP
(No)
	SG
(mm)

	
	2018/19 cropping season
	2019/20 cropping season

	
	Bukoba
	Missenyi
	Biharamulo
	Bukoba
	Missenyi
	Biharamulo

	FTxCo
	3.00a
	141.90a
	2.00a
	17.18a
	3.00a
	245.30a
	2.11a
	27.90a
	2.00a
	91.10a
	2.00a
	16.55a
	2.00a
	132.30a
	2.00a
	19.20a
	3.00a
	219.90a
	2.00a
	22.42a
	2.00a
	82.40a
	1.33a
	12.28a

	ORxCo
	3.00a
	144.80a
	2.09a
	18.20a
	3.00a
	246.10a
	2.16a
	28.70a
	2.00a
	107.80a
	2.00a
	18.25a
	2.00a
	132.60a
	2.00a
	19.20a
	3.00a
	223.70a
	2.06a
	23.84a
	2.00a
	82.50a
	1.33a
	12.60a

	TRxCo
	3.00a
	149.60a
	2.10a
	18.45a
	3.00a
	248.40a
	2.20a
	30.55a
	2.00a
	111.10a
	2.00a
	18.35a
	2.00a
	133.40a
	2.00a
	19.23a
	3.00a
	268.70a
	2.06a
	35.58a
	2.00a
	83.40a
	1.33a
	1260a

	FTxFYM8K40
	4.00b
	224.40def
	2.57bcd
	30.12defg
	5.00b
	383.20def
	3.00d
	51.82bcdefg
	4.00b
	198.20bc
	2.66b
	331.19cde
	4.00b
	241.40bc
	2.67efg
	32.39c
	5.00b
	365.50b
	2.96b
	45.06bcdefg
	3.00b
	166.70de
	2.11b
	20.07c

	ORxFYM8K40
	4.00b
	213.90cde
	2.62bcd
	30.90defg
	5.00b
	400.30ef
	3.00d
	54.85cdefg
	4.00b
	200.80bc
	2.83b
	37.44cde
	4.00b
	246.90bc
	2.75efg
	32.68c
	5.00b
	370.90b
	3.00b
	50.51bcdefg
	3.00b
	177.20de
	2.11b
	19.89bc

	FYM8K40
	4.00b
	222.10def
	2.64bcd
	32.53defg
	5.00b
	407.50ef
	3.03d
	57.23defg
	4.00b
	208.90bc
	2.89b
	37.08cde
	4.00b
	256.80bc
	2.75efg
	33.30c
	5.00b
	376.10b
	3.00b
	52.84cdefg
	3.00b
	171.90de
	2.17b
	20.24c

	FTxFYM8K80
	4.00b
	222.50def
	2.65cd
	31.31def
	5.00b
	390.90def
	3.03d
	52.02bcdefg
	4.00b
	200.70bc
	2.72b
	32.50cde
	4.00b
	247.20bc
	2.75efg
	33.02c
	5.00b
	370.10b
	3.00b
	53.41defg
	3.00b
	166.80de
	2.11b
	20.27c

	ORxFYM8K80
	4.00b
	226.60def
	2.67cd
	32.45defg
	5.00b
	406.80ef
	3.03d
	56.51defg
	4.00b
	207.30bc
	2.94b
	38.29de
	4.00b
	256.10bc
	2.83fg
	32.93c
	5.00b
	373.90b
	3.00b
	53.61cdefg
	3.00b
	179.10de
	2.22b
	21.14c

	TRxFYM8K80
	4.00b
	227.80def
	2.66cd
	34.05efg
	5.00b
	412.60ef
	3.06d
	58.38fg
	4.00b
	211.50bc
	3.00b
	37.51cde
	4.00b
	260.20bc
	2.92g
	33.55c
	5.00b
	378.10b
	3.00b
	54.83efg
	3.00b
	173.40de
	2.22b
	21.43c

	FTxFYM8K120
	4.00b
	235.30def
	2.67cd
	33.52efg
	5.00b
	393.10def
	3.03d
	52.72bcdefg
	4.00b
	198.70c
	2.89b
	33.28cde
	4.00b
	288400bc
	2.83fg
	34.14cd
	5.00b
	371.80b
	3.00b
	57.55g
	3.00b
	170.70de
	2.17b
	20.70c

	ORx FYM8K120
	4.00b
	228.10def
	2.69d
	32.91defg
	5.00b
	409.20ef
	3.06d
	57.41efg
	4.00b
	215.10c
	2.94b
	38.77e
	4.00b
	344.90c
	2.92g
	34.47cd
	5.00b
	389.40b
	3.00b
	56.61fg
	3.00b
	177.00de
	2.33b
	21.74c

	TRxFYM8K120
	4.00b
	255.80f
	2.76d
	36.53g
	5.00b
	425.60f
	3.06d
	60.71g
	4.00b
	214.20c
	3.00b
	38.18de
	4.00b
	347.20c
	2.92g
	34.72cd
	5.00b
	381.00b
	3.00b
	57.55g
	3.00b
	199.30e
	2.33b
	21.43c

	SED
	0.12
	8.32
	0.10
	1.17
	0.12
	10.20
	0.10
	1.78
	0.1
	9.26
	0.10
	1.70
	0.16
	30.54
	0.10
	1.35
	0.10
	32.74
	0.10
	2.34
	0.23
	9.62
	0.10
	1.16

	CV (%)
	4.8
	6.80
	6.80
	6.60
	2.00
	4.60
	3.30
	6.10
	6.20
	8.70
	6.70
	9.10
	4.20
	22.40
	4.40
	7.70
	3.80
	15.90
	6.2
	9.10
	9.20
	10.90
	11.60
	11.00


Means within a column (for a particular growth parameter) followed by the same letter(s) are not significantly different at P = .05 according to Turkey's HSD Test; SED = standard error of differences of means; CV = coefficient of variation; Treatment: FTxCo = interaction of flat tillage and the control (no fertilizer application), ORxCo = interaction of open ridging and the control (no fertilizer application), TRxCo = interaction of tied ridging and the control (no fertilizer application), FTxFYM8K40 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, ORxFYM8K40 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, TRxFYM8K40 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, FTxFYM8K80 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, ORxFYM8K80 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, TRxFYM8K80 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, FTxFYM8K120 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1, ORxFYM8K120 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1, TRxFYM8K120 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1; Growth parameter: PV = plant vigour, PH = plant height, BPP = branch per plant, SG = stem girth. 





In all sites, and both cropping seasons, the low cassava plant height and stem girth were recorded in the interaction of the tillage methods against the control and high cassava plant height and stem girth were recorded in the interaction of open or tied ridging against the combined use of FYM at 8 MT ha-1 + potassium at 120 kg K ha-1 due to addition of relatively high amount of nutrients into the soil from high rate of FYM and potassium fertilizer [21]. There was significant (P ˂ .001) difference in cassava plant height and stem girth between the interaction of tillage methods against the control and the interaction of tillage methods against the fertilizer treatments.  In addition, in Bukoba and Missenyi districts, there was significant (P ˂ .001) difference in cassava plant height and stem girth among the interaction of tillage methods against fertilizer treatments as opposed to Biharamulo district. This was attributed to poor performance of cassava in Biharamulo site caused by low rainfall and dry spells, just 1 - 2 months after planting [21], which might had been affected the dissolution of inorganic fertilizers and decomposition of FYM to release nutrients for plant uptake.
Generally, the results indicate that in all study sites, there was no significant (P = .06) difference in cassava plant height and stem girth, between interaction of tillage methods against combined use of inorganic N, P and K fertilizer rates, and interaction of tillage methods against use of FYM alone at 4 MT ha-1, FYM alone at 8 MT ha-1 or combined use of FYM at 4 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1

3.4 Effects of applied treatments on cassava biomass yields 
3.4.1 Effects of tillage methods on cassava biomass yield during the 2019/20 and 2020/21 cropping seasons in Bukoba, Missenyi and Biharamulo districts
The results on the effects of different tillage methods (flat tillage, open and tied ridging) on cassava biomass yields during the 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 5. During the 2018/19 cropping season, cassava biomass yields ranged from 17.37 - 19.68 MT ha-1 (Bukoba district), 22.89 - 27.65 MT ha-1 (Missenyi district) and 15.60 - 15.67 MT ha-1 (Biharamulo district) whereas during the 2019/20 cropping season, cassava biomass yields ranged from 9.58 - 10.77 MT ha-1 (Bukoba district), 25.65 - 27.76 MT ha-1 (Missenyi district) and 9.99 - 10.36 MT ha-1 (Biharamulo district). In both cropping seasons, low biomass yields were recorded in flat tillage and high biomass yields were recorded in tied ridging. There was significant (P ˂ .001) difference in cassava biomass yields among the tested tillage methods in Bukoba and Missenyi districts, but, no significant (P = .06) difference observed in cassava biomass yields among the tested tillage methods in Biharamulo district, probably due dry spells and low rainfall during both cropping seasons [21].

[bookmark: _Toc192992154]Table 5: Tillage methods effects on cassava biomass yield during 2018/19 and 2019/20 seasons in Bukoba, Missenyi and Biharamulo districts
	Treatment
	Location

	
	1
	2
	3
	
	1
	2
	3

	
	Biomass yield (MT ha-1)

	
	2018/19 season
	
	2019/20 season

	Flat tillage
	17.37a
	22.89a
	15.60a
	
	9.58a
	25.65a
	9.99a

	Open ridging
	19.67b
	25.84b
	15.63a
	
	10.57b
	27.13b
	10.08a

	Tied ridging
	19.68b
	27.65c
	15.67a
	
	10.77b
	27.76b
	10.36a

	SED
	0.36
	0.69
	0.23
	
	0.28
	0.55
	0.15

	CV (%)
	28.50
	8.10
	25.00
	
	16.60
	12.40
	14.4


Means within a column (for a particular yield parameter) followed by the same letter(s) are not significantly different at P = .05 according to Turkey's HSD Test; SED = standard error of differences of means; CV = coefficient of variation; Location: 1 = Tanzania Agricultural Research Institute (TARI), Maruku centre in Bukoba district; 2 = Mabuye primary school in Missenyi district; 3 = Rukaragata extension centre in Biharamulo district.
In Bukoba and Missenyi districts, tied ridging and open ridging gave significantly (P = .001) higher and similar cassava biomass than flat tillage, signifying that planting cassava on ridges gave significantly higher cassava biomass than planting cassava on flat tillage. Moreover, the observed insignificant difference and lower cassava biomass yields in Biharamulo district, than in Bukoba and Missenyi districts, in both cropping seasons, was attributed to poor performance of cassava plants caused by low rainfall, accompanied by dry spells just, 1 - 2 months after planting [21] and probably due to high soil penetration resistant of 3.3 - 3.4 MPa [17] recorded between 20 - 90 cm soil depth in Biharamulo site, which might have affected the performance of cassava plants since the ridges were heaped up to 60 cm high in all sites. Other researchers for example, [28] and [29], reported that soil penetration resistance of > 3.0 MPa signifies compaction that can impair growth and development of crops.


3.4.2 Effects of farmyard manure and potassium rates on cassava biomass yield during the 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts
The results on the effects farmyard manure and potassium rates on cassava biomass yields during the 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 6. During the 2018/19 cropping season, cassava biomass ranged from 10.48 - 19.87 MT ha-1 (Bukoba district), 10.45 - 32.80 MT ha-1 (Missenyi district) and 9.96 - 18.28 MT ha-1 (Biharamulo district), whereas during the 2019/20 cropping season, cassava biomass yields ranged from 5.84 - 12.72 MT ha-1 (Bukoba district), 16.94 - 33.63 MT ha-1 (Missenyi district) and 5.97 - 9.75 MT ha-1 (Biharamulo district). In both cropping seasons, low biomass yields were recorded in the control and high biomass yields were recorded in the combination of FYM at 8 MT ha-1 + potassium at 80 or 120 kg K ha-1 due to addition of relatively high amount nutrients from high rate of FYM [20]. In all studied sites, there was significant (P < .001) difference in cassava biomass yields between the control and fertilizer treatments, signifying that use fertilizers had significant effects on the cassava biomass yields. These results conform to the findings by [30] who reported significant increase (P < .001) in cassava biomass yields due to application of fertilizers. In addition, there was significant (P < .001) difference in cassava biomass yields among the fertilizer treatments, which then signified that different fertilizer types and rates used in this study had significant effects on cassava biomass yield. There was no significant (P = .06) difference in cassava biomass yield between use of FYM alone at 4 MT ha-1 or FYM alone at 8 MT ha-1 and combined use of inorganic N40 + P30 and K at 40, 80 or 120 kg ha-1. In addition, there was no significant (P = .32) difference in cassava biomass yields between combined use of FYM at 4 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1 and combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1. Combined use of FYM at 4 MT ha-1 or FYM 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1, gave significantly higher cassava biomass yields than use of FYM alone at 4 MT ha-1 or FYM alone at 8 MT ha-1 alone. This was probably, due addition of K from both FYM and potassium fertilizer, signifying therefore that use of potassium fertilizer increased cassava biomass yields. These results conform to the findings by [31] working on cassava in the West African Ferralsols, who reported significantly increased in cassava biomass yield due to use of potassium fertilizer.
The recorded lower biomass yield in Biharamulo district than in Bukoba and Missenyi districts in both cropping seasons, was attributed to the low rainfall, accompanied by dry spell just 1 - 2 months after planting [21], which might had been affected the performance of cassava plants. This therefore calls for early planting of cassava to avoid dry spell periods, for good cassava growth and optimal biomass yields. Other researchers [32,33], reported that cassava requires sufficient water supply during shoot and root initiation at 1 - 5 months after planting, and water deficit for at least 2 months during this growth stage, can affect cassava growth and decrease root yield by 30 to 60%. Therefore, farmers in Biharamulo district, specifically in Biharamulo ward; should plant cassava early during the short rains starting from October to December for ensuring crop establishment, good growth and thus high cassava yield before the dry spells, which start from April to May [21].
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	Treatment
	Location

	
	1
	2
	3
	
	1
	2
	3

	
	Biomass yield (MT ha-1)

	
	2018/19 season
	
	2019/20 season

	Co
	10.48a
	10.45a
	9.96a
	
	5.84a
	16.94a
	5.97a

	FYM4
	15.98b
	16.79b
	14.72b
	
	8.81b
	23.25b
	7.56b

	FYM8
	16.70b
	18.85b
	15.19b
	
	9.04b
	23.40b
	7.93b

	K40N40P30
	17.15b
	20.98b
	15.25b
	
	8.77b
	23.41b
	7.56b

	K80N40P30
	17.05b
	21.03b
	15.46b
	
	8.76b
	23.57b
	7.93b

	K120N40P30
	17.17b
	23.65bc
	15.88bc
	
	8.79b
	23.54b
	7.57b

	FYM4K40
	17.81bc
	27.43cd
	16.72cd
	
	9.52bc
	28.92cde
	8.13bc

	FYM4K80
	18.88cd
	28.45cd
	16.14cd
	
	11.59c
	29.10cde
	8.46bc

	FYM4K120
	18.95cd
	27.41 cd
	16.57cd
	
	11.95c
	28.85cde
	8.39bc

	FYM8K40
	19.33cd
	29.17de
	18.13d
	
	12.05c
	30.95de
	9.36c

	FYM8K80
	19.83d
	31.50ef
	18.15d
	
	12.12c
	33.63e
	9.75c

	FYM8K120
	19.87d
	32.86f
	18.28d
	
	12.72c
	33.58e
	9.65c

	SED 
	0.72
	3.28
	0.47
	
	0.56
	1.10
	0.30

	CV (%)
	28.50
	17.40
	25.00
	
	16.60
	12.40
	14.40


Means within a column (for a particular yield parameter) followed by the same letter(s) are not significantly different at P = .05 according to Turkey's HSD Test; SED = standard error of differences of means; CV = coefficient of variation; Location: 1 = Tanzania Agricultural Research Institute(TARI), Maruku Centre  in Bukoba district, 2 = Mabuye primary school in Missenyi district, 3 = Rukaragata extension centre in Biharamulo district; Treatment: Co = control (no fertilizer application), FYM4 = farmyard manure at 4 MT ha-1, FYM8 = farmyard manure at 8 MT ha-1, K40N40P30 = potassium at 40 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1, K80N40P30 = potassium at 80 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1, K120N40P30 = potassium at 120 kg K ha-1, nitrogen at 40 kg N ha-1 and phosphorus 30 kg P  ha-1, FYM4K40  = farmyard manure at 4 MT ha-1 and potassium at 40 kg K ha-1, FYM4K80  = farmyard manure at 4 MT ha-1 and potassium at 80 kg K ha-1, FYM4K120  = farmyard manure at 4 MT ha-1 and potassium at 120 kg K ha-1,  FYM8K40  = farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, FYM8K80  = farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, FYM8K120  = farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1.
3.4.3 Effects of interaction of tillage methods and fertilizer rates on cassava biomass yield during 2018/19 and 2019/20 seasons in Bukoba, Missenyi and Biharamulo districts
The results on the effects of the interaction between the tillage methods and different fertilizer rates on cassava yields during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 7. During the 2018/19 cropping season cassava biomass ranged from 9.59 - 20.87 MT ha-1 (Bukoba district), 9.60 - 38.39 MT ha-1 (Missenyi district) and 7.64 - 15.80 MT ha-1 (Biharamulo district) while during the 2019/20 cropping season cassava biomass ranged from 5.29 - 12.76 MT ha-1 (Bukoba district), 16.04 - 35.68 MT ha-1 (Missenyi district) and 5.82 - 10.19 MT ha-1 (Biharamulo district). In both cropping seasons, low cassava biomass yields were recorded in the interaction of flat tillage against the control and high biomass yields were recorded in the interaction of tied ridging and combined use of FYM at 8 MT ha-1 + potassium at 120 kg K ha-1. 
In all studied sites, there was significant (P ˂ .01) difference in cassava biomass yields between interaction of tillage methods against the control and the interaction of tillage methods against the fertilizer treatments, signifying that use fertilizers had significant effects on cassava biomass yields. In addition, there was significant (P ˂ .01) difference in cassava biomass yields among the interaction of tillage methods against the fertilizer treatments, which then signifying that the interaction of tillage methods against different fertilizer types and rates used in this study had significant effects on cassava biomass yields. There was no significant (P = .32) difference in cassava biomass yield between the interactions of tillage methods against use of FYM alone at 4 ha-1 or FYM alone at 8 MT ha-1 and the interaction of tillage methods against combined use of inorganic N40P30 and K at 40, 80 or 120 kg ha-1. In addition, there was no significant (P = .32 difference in cassava biomass between the interaction of tillage methods against combined use of FYM at 4 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1 and the interaction of tillage methods against combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1. Moreover, the results indicate that interaction of tillage methods against combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1 gave significantly higher cassava biomass yields than interaction of tillage methods against FYM alone at 4 MT ha-1, FYM alone at 8 MT ha-1 or combined use of inorganic N40 + P30 and K at 40, 80 or 120 kg ha-1.
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	Treatment
	Location

	
	1
	2
	3
	
	1
	2
	3

	
	Biomass yield (MT ha-1)

	
	2018/19 season
	
	2019/20 season

	FTxCo
	13.57a
	9.60a
	9.64a
	
	5.29a
	16.04a
	4.82a

	ORxCo
	13.80a
	10.84a
	9.71a
	
	5.47a
	16.14a
	4.93a

	TRxCo
	13.79a
	10.90a
	9.71a
	
	5.67a
	18.65ab
	4.95a

	FTxFYM8K40
	19.43bc
	26.18cdefgh
	15.97cd
	
	10.11bcde
	30.89cdefgh
	7.86cdef

	ORxFYM8K40
	18.77bc
	29.96fghijk
	16.66cd
	
	11.89cde
	31.52cdefgh
	8.39def

	TRxFYM8K40
	19.10bc
	31.05ghijk
	17.48d
	
	12.07de
	32.61efgh
	8.29def

	FTxFYM8K80
	19.45bc
	26.50cdefghi
	16.24cd
	
	11.63cde
	31.50cdefgh
	7.98cdf

	ORxFYM8K80
	19.10bc
	34.64jkl
	17.48d
	
	12.13de
	31.72defgh
	8.87ef

	TRxFYM8K80
	21.39c
	35.09kl
	17.61d
	
	12.73e
	35.56gh
	8.94f

	FTxFYM8K120
	20.86c
	26.93cdefghi
	17.48d
	
	11.95cde
	31.26cdefgh
	8.34def

	ORx FYM8K120
	19.92bc
	34.02jkl
	17.63d
	
	12.27ef
	35.38fgh
	8.61def

	TRxFYM8K120
	19.58bc
	38.39l
	16.80d
	
	12.76ef
	35.68gh
	9.19fg

	SED
	1.25
	1.51
	0.81
	
	0.96
	1.90
	0.51

	CV (%)
	28.50
	10.00
	25.00
	
	16.60
	12.40
	14.40


Means within a column (for a particular yield parameter) followed by the same letter(s) are not significantly different  at P = .05 according to Turkey's HSD Test; SED = standard error of differences of means; CV = coefficient of variation; Location: 1 = Tanzania Agricultural Research Institute(TARI), Maruku centre  in Bukoba district, 2 = Mabuye primary school in Missenyi district, 3 = Rukaragata extension centre in Biharamulo district; Treatment: FTxCo = interaction of flat tillage and the control (no fertilizer application), ORxCo = interaction of open ridging and the control (no fertilizer application), TRxCo = interaction of tied ridging and the control (no fertilizer application), FTxFYM8K40 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, ORxFYM8K40 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, TRxFYM8K40 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 40 kg K ha-1, FTxFYM8K80 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, ORxFYM8K80 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, TRxFYM8K80 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 80 kg K ha-1, FTxFYM8K120 = interaction of flat tillage and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1, ORxFYM8K120 = interaction of open ridging and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1, TRxFYM8K120 = interaction of tied ridging and farmyard manure at 8 MT ha-1 and potassium at 120 kg K ha-1; Growth parameter: PV = plant vigour, PH = plant height, BPP = branch per plant, SG = stem girth.

The observed higher cassava biomass yields during the second cropping season than in the first cropping season was due to continued addition of the fertilizers in the soil during the second season which resulted to residual nutrients in the soil. Other researchers for example, [34] reported improved cassava growth and increased yield due to residual effect of organic manure, whereas, [27] reported significantly higher mustard seed yield due to residual effect of combined use of organic and inorganic fertilizers than use of inorganic fertilizer alone. The results however, indicate that in both cropping seasons, the lower biomass yields were recorded in Biharamulo sites than in Bukoba and Missenyi sites due to poor performance of cassava in Biharamulo site caused by the low rainfall, accompanied by dry spells, just at 1 - 2 month after planting [21]. These results conform to the findings by [24] who reported significant (P = .05) decrease in maize yield planted on tied ridges and applied with manure and inorganic fertilizers due prolonged dry spells.

3.5 Cassava Growth across the experimental sites in Bukoba, Missenyi and Biharamulo districts during 2018/19 and 2019/20 cropping seasons
The results on the growth and biomass yield of cassava across the experimental sites during 2018/19 and 2019/20 cropping seasons in Bukoba, Missenyi and Biharamulo districts are presented in Table 8. The results across the experimental sites indicate that sprouting percentage ranged from 70.00 - 97.50%, plant vigour ranged from moderately vigour (3) to very vigour (5), plant height ranged from 117.00 - 270.30 cm, branch per plant ranged from 2.02 - 2.93 number plant-1, stem girth ranged from 20.68 - 34.91 mm and biomass yield ranged from 11.15 - 26.51 MT ha-1. There was significant (P ˂ .001)) difference in the performance of cassava across the experimental sites in both cropping seasons. Thereby, Missenyi experimental site gave significantly high growth and yield values followed by Bukoba experimental site and the last was Biharamulo experimental site.
The low growth and biomass yield recorded in Biharamulo experimental site were probably due to differences in annual rainfalls and soil conditions amount the three sites. Bukoba is a high rainfall zone while Missenyi is a medium rainfall zone and Biharamulo is a low rainfall zone [35]. Whereby, during the cropping seasons, Bukoba site received annual rainfall ranging from 2824 - 3384 mm, while Missenyi site received annual rainfall ranging from 1252 - 1466 mm and Biharamulo site received annual rainfall ranging from 1034 - 1071 mm [20], thereby, high rainfall in Bukoba site might have caused leaching of plant nutrients [24] from root zone as compared to Missenyi site. In addition, the soil textures of Bukoba and Biharamulo sites are sandy clay loam to clay and sandy clay, respectively while that of Missenyi site is sandy loam [16]. Sandy loam soil texture favours water infiltration, good drainage and root proliferation [25] and thus improved root yield as compared to sandy clay loam to clay and sand clay soil textures.
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	2018/19 cropping season
	2019/20 cropping season

	Parameter
	Location
	SED
	 CV (%)
	Location
	SED
	CV (%)

	
	1
	2
	3
	
	
	1
	2
	3
	
	

	Sprout percentage (%)
	84.63b
	82.12c
	70.00a
	0.73
	8.80
	97.50b
	96.11c
	86.27a
	0.57
	6.3

	Plant vigour (1-5)
	4.00a
	5.00b
	4.00a
	0.02
	9.70
	4.00b
	5.00c
	3.00a
	0.04
	8.90

	Plant height (cm)
	203.80b
	261.60c
	139.30a
	1.77
	22.30
	181.60b
	270.30c
	117.00a
	3.38
	32.1

	Branch per plant (No./plant)
	2.62b
	2.86c
	2.39a
	0.03
	9.00
	2.73b
	2.93c
	2.02a
	0.02
	6.90

	Stem girth (mm)
	23.43a
	32.93b
	21.89a
	0.56
	37.00
	27.63b
	34.91c
	20.68a
	0.66
	43.60

	Biomass weight (MT ha-1)
	14.57b
	25.46c
	12.63a
	0.77
	32.20
	15.01b
	26.51c
	11.15a
	0.22
	15.70


Means within a low (for a particular parameter) followed by the same letter(s) are not significantly (p≤0.05) different according to Turkey's HSD Test. SED = standard error of differences of means; CV = coefficient of variation; Location: 1 = Tanzania Agricultural Research Institute (TARI), Maruku Centre in Bukoba district, 2 = Mabuye Primary School in Missenyi district, 3 = Rukaragata Extension Centre in Biharamulo district. 

Generally, the recorded low cassava growth and biomass yields in Biharamulo site as compared to Missenyi and Bukoba sites was attributed to low rainfall followed by dry spells, just 1 - 2 months after planting [24], which might had been affected growth and development of cassava plants. Other researchers, for example, [32] and [36] reported that cassava requires sufficient water supply during root and shoot initiation at 1 - 5 months after planting and water deficit for at least 2 months during this period, severely affects growth, development [36] and lowering yields [33]. These results conform to the findings by [24] who reported significantly low maize yields from use of manure and inorganic fertilizers planted in the tied ridges due to prolonged dry spells. In addition, the presence of high soil penetration resistant ranging from 3.4 - 3.5 MPa between 20 - 90 cm depth [16], might had been affected growth of cassava plants since ridges were heaped up to 60 cm high. Other researchers, for example, [28] and [29] reported that soil penetration resistance of > 3.0 MPa signifies compaction that can impair growth and development of crops

4.CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusions
i. Planting of cassava on ridges improved cassava growth and gave higher cassava biomass yield than planting cassava on flat cultivated land (flat tillage). 
ii. Combined use of FYM at 4 MT ha-1 or 8 MT ha-1 and potassium at 40, 80 or 120 kg K ha-1 improved cassava growth and increased cassava biomass yields as compared to use of FYM alone at 4 MT ha-1, FYM alone at 8 MT ha-1 or combined use of inorganic N40 + P30 and K at 40, 80 or 120 kg ha-1. Concurrently, the interaction of tillage methods against combined use of FYM at 8 MT ha-1 + potassium at 40, 80 or 120 kg K ha-1 improved cassava growth and gave higher cassava biomass yields than the interaction of tillage methods against FYM alone at 4 MT ha-1, FYM alone at 8 MT ha-1 or combined use of inorganic N40 + P30 and K at 40, 80 or 120 kg ha-1.
iii. Cassava performed much better in Missenyi site, which is a medium rainfall area with sandy loam soil texture followed by Bukoba site, which is a high rainfall area with sandy clam loam soil texture and the last was Biharamulo site, which is a low rainfall area with sandy clay soil texture.

4.2 Recommendations
Following the results of the current study the following are recommended:
i. Planting of cassava on ridges together with the application of combination of FYM at 4 MT ha-1 and potassium fertilizer at 40, 80 or 120 kg K ha-1 is desirable for enhancing cassava growth and increasing cassava biomass yield in the study area. 
ii. In Biharamulo district, specifically in Biharamulo ward, cassava need to be planted during the short rainfall season, starting from October to December to avoid dry spell periods experienced from April to May for good cassava growth and high biomass yield. 
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DEFINITIONS, ACRONYMS, ABBREVIATIONS
AGRA : Alliance for Green Revolution in Africa
ANOVA : Analysis of Variance 
CBSD : Cassava Brown Streak Disease
CMD : Cassava Mosaic Disease
cm : Centimeter 
oC : Degree Celsius
FYM : Farmyard manure
GENSTAT : General Statistics
HSD : Honestly Significant Difference
ha-1 : Per Hectare
kg : Kilogram
kg ha-1 : Kilogram per Hectare
masl : Meter Above Sea Level
m : Meter
mm : Millimeter
MOP : Muriate of Potash
MPa : Mega Pascal
MT ha-1 : Metric ton per Hectare
N, P, K, Mg : Nitrogen, Phosphorus Potassium, Magnessium
% : Percent
RCBD : Randomized Complete Block Design
SUA : Sokoine University of Agriculture
TARI : Tanzania Agricultural Research Institute
URT : Untied Republic of Tanzania
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