Effect of Seedbed Type and Farmyard Manure Rates on Striga Infestation Control, Soil Moisture Conservation, and Sorghum Yield in Western Tigray, Ethiopia


Abstract
Sorghum production in dryland and Striga-prone areas is constrained by soil-moisture stress, drought, and Striga infestation, resulting in low yields. A field experiment was conducted at the Humera Agricultural Research Center in Kafta Humera District during the 2018/2019 cropping season to evaluate the effects of seedbed type and farmyard manure (FYM) rates on Striga control, soil-moisture conservation, and sorghum yield. The experiment was arranged as a factorial randomised complete block design with three replications. Four FYM rates—0, 2.5, 5.0, and 7.5 t ha⁻¹—and three seedbed types—flatbed, tied ridging with planting in the furrow, and tied ridging with planting on the ridge—were tested using the Gobiye sorghum variety. Data on days to Striga emergence, Striga counts at flowering and harvest, soil-moisture content, and grain yield were subjected to analysis of variance. Application of 7.5 t ha⁻¹ FYM delayed Striga emergence by 17.14% and reduced Striga counts by 33.73% at flowering and 38.73% at harvest compared with the control. Tied ridging and FYM application improved soil-moisture conservation throughout the vegetative, reproductive, and grain-filling stages. The highest grain yield, 3,646 kg ha⁻¹, was recorded when tied-ridge planting in the furrow was combined with 7.5 t ha⁻¹ FYM. These findings indicate that integrating tied-ridge planting in the furrow with 7.5 t ha⁻¹ FYM can improve Striga management, soil-moisture conservation, and sorghum productivity under the study conditions.
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1. Introduction
Sorghum (Sorghum bicolor (L.) Moench) is a multipurpose grain and stalk crop belonging to the grass family Poaceae (Genet et al., 2024). It ranks fifth in global cereal production after maize, rice, wheat, and barley (Food and Agriculture Organization of the United Nations, 2019). In Ethiopia, cereals occupy 81.39% of the total grain-crop area. Sorghum ranks third in area coverage (14.38%), after teff and maize, and accounts for 15.92% of grain production, following maize, teff, and wheat (Central Statistical Agency, 2019). The crop is a major staple food for a large proportion of the population and is mainly cultivated under rain-fed, low-input conditions where food shortages and malnutrition are prevalent. Despite its economic importance, sorghum production and productivity under farmer-managed conditions are constrained by biotic and abiotic factors. One major biotic constraint is Striga infestation. Striga is an obligate root hemiparasite prevalent in semi-arid tropical regions and primarily affects C3 crops, such as rice, and C4 cereals, including millet, sorghum, and maize (Kavuluko, 2023). Striga is a serious constraint to sorghum production in the dryland zones of Ethiopia, and its infestation is often associated with water stress and poor soil fertility, resulting in poor harvests and food insecurity (Ejeta, 2007). The parasite attaches directly to the host vascular system and removes water and nutrients, causing yield losses of 15–75%, depending on infestation severity (Oswald & Ransom, 2002). Its effects include stunted growth, wilting, leaf yellowing and scorching, reduced yield, and plant death. Ejeta (2007) estimated sorghum yield losses of 65–70% due to Striga. The high seed-producing capacity of Striga, together with its prolonged seed dormancy in soil, makes it a persistent challenge for farmers (Mandumbu et al., 2019). Traditional control measures have often been insufficient, creating a need for integrated management strategies that reduce Striga infestation while improving sorghum productivity (Alagbo et al., 2025). Recent evidence from Ethiopia indicates that sorghum yield responds to locally adapted plant density and nutrient management, highlighting the importance of matching agronomic practices to production conditions (Sultan & Tadesse, 2025). Improved macronutrient supply can also reduce Striga-induced performance losses in tolerant sorghum genotypes, supporting the integration of nutrient management with other control measures (Mwangangi et al., 2024).
Among the available agronomic practices, the application of farmyard manure (FYM) and the use of tied ridges have received attention for their potential to manage Striga and improve crop yields. Farmyard manure is a source of organic matter and nutrients that can improve soil fertility, soil structure, and beneficial microbial activity. These benefits may produce healthier plants that are more resilient to pest and disease pressures, including Striga. Tied ridges are a soil- and water-conservation practice involving raised beds and cross-tied furrows that retain water and reduce runoff. This technique can improve soil-moisture retention in drought-prone areas where Striga infestation is common. Field evidence indicates that FYM, particularly when combined with mineral fertiliser, can improve sorghum growth and grain yield in nutrient-constrained soils (Kazungu et al., 2023).
The combined use of tied ridges and FYM may improve soil fertility, water retention, and nutrient availability, which are important for soil-water conservation and Striga management (Kilasara et al., 2015; Wondimu et al., 2024). However, evidence on the specific and combined effects of seedbed configuration and FYM rates on soil-moisture conservation, Striga infestation, and sorghum yield under rain-fed conditions in Western Tigray remains limited. Addressing this gap is important for identifying locally suitable practices for sustainable sorghum production in the dryland areas of the region. Research in northern Ethiopia has also shown that the timing of ridging and tie-ridging significantly influences sorghum yield under moisture-stressed conditions (Abie et al., 2024).
Therefore, this study aimed to evaluate the effects of seedbed type and FYM rates on Striga infestation, soil-moisture conservation, and sorghum grain yield under rain-fed conditions in Western Tigray.
2. Materials and Methods
2.1. 2.1. Description of the Study Area
A field experiment was conducted at the Humera Agricultural Research Center (HuARC) experimental site in Kafta Humera District, a major Striga-infested area in northern Ethiopia. Kafta Humera is located in the western part of Tigray Regional State, approximately 600 km from Mekelle. The district lies at 14°15′ N latitude and 36°37′ E longitude, at an elevation of 609 m above sea level. It borders Tsegede District to the south, Sudan to the west, the Tekeze River to the north, and Tahtay Adiyabo District to the east. The district covers 632,877.75 ha, representing approximately 23.6% of the Western Zone of Tigray.

2.2. 2.2. Experimental Design and Treatments
A total of 12 treatment combinations were evaluated. The treatments consisted of three seedbed types (flatbed planting, tied ridging with planting on the ridge, and tied ridging with planting in the furrow) and four FYM rates (0, 2.5, 5.0, and 7.5 t ha−1). The experiment was laid out in a randomised complete block design with a factorial arrangement and three replications. Each plot measured 3.75 m × 5.00 m and comprised five rows spaced 0.75 m apart, with 0.15 m between plants. The harvestable plot area was 2.25 m × 4.70 m (10.56 m²). The two outer rows and one plant at each end of every row were treated as borders. The three central rows, each 4.70 m long, were used for data collection and measurement.
2.3. 2.3. Experimental Procedures and Crop Management
Land preparation was undertaken at the beginning of June using a tractor, and the soil was harrowed to obtain a fine tilth consistent with local practice. Farmyard manure was applied and thoroughly incorporated into the soil before ridge construction and sowing. Tied ridges were constructed manually along the field contour immediately before planting to harvest rainwater. The spacing between ridges corresponded to the row spacing, and ridge height was 0.25 m. Cross-ties were spaced 2.5 m apart to reduce runoff. Seeds were planted at 0.15 m intervals within rows or ridges, as recommended for sorghum. The Gobiye (P-9401) sorghum variety was used. Seeds were hand-drilled as uniformly as possible on the ridges and in the furrows and were then covered manually with soil.
2.4. 2.4. Measurements of Striga
Days to first Striga emergence: This was recorded as the number of days from sowing to the first observed emergence of Striga.
Striga count at flowering: This was recorded as the number of emerged Striga shoots per net plot at sorghum flowering, when Striga abundance was highest.
Striga count at harvest: This was recorded as the number of emerged Striga shoots per net plot at sorghum harvest.
2.5. 2.5. Soil-Moisture Content
Soil samples were collected every 10 days, beginning 10 days after planting, from a soil depth of 0–0.6 m. To determine soil-moisture content (SMC), the samples were oven-dried for 24 h at 105°C. Soil-moisture content was calculated using the gravimetric method, as shown in the following equation.


where FW is the fresh weight of soil and DW is the oven-dry weight of soil (g).
2.6. 2.6. Sorghum Yield
Grain yield (kg): Grain yield was measured from all plants within the net plot area. Panicles were threshed, cleaned, and sun-dried, and grain weight was determined using a sensitive balance. The yield was then converted to kilograms per hectare.

2.7. 2.7. Statistical Analysis
The collected data were subjected to analysis of variance appropriate for a factorial experiment arranged in a randomised complete block design using GenStat, 18th edition. The analyses followed the procedure described by Gomez and Gomez (1984). Treatment means that differed significantly at the 5% probability level were separated using Duncan’s multiple range test.





3. Results and Discussion
3.1. 3.1. Effects of Seedbed Type and Farmyard Manure Rates on Striga Control
3.1.1. 3.1.1. Days to Striga Emergence
The analysis of variance showed that FYM rate significantly (P ≤ 0.01) affected the number of days to Striga emergence, whereas seedbed type and the interaction between the two factors had no significant effect on this parameter (Tables 1 and 2). Striga emerged 46.67 days after sowing in the control treatment, whereas emergence occurred after 52.44–54.67 days in treatments receiving FYM. Compared with the control, Striga emergence was delayed by 17.14%, 16.17%, and 12.36% following the application of 7.5, 5.0, and 2.5 t ha−1 FYM, respectively, although the FYM-treated plots were statistically comparable. Farmyard manure supplies nitrogen, phosphorus, potassium, and organic matter and may improve host-plant growth and tolerance. The observed delay is consistent with previous findings that organic manure, alone or in combination with nitrogen, delayed Striga emergence in cereal crops.

3.1.2. 3.1.2. Striga Infestation at the Flowering and Harvest Stages of Sorghum
The analysis of variance showed that FYM rate significantly (P ≤ 0.05) affected Striga infestation at the flowering and harvest stages of sorghum, whereas seedbed type and the interaction between the two factors had no significant effects (Tables 1 and 2). Application of 7.5 t ha−1 FYM reduced Striga counts by 33.73% at flowering and 38.73% at harvest compared with the control, although this treatment was statistically comparable with 5.0 t ha−1 FYM. Organic manure may increase plant-available nitrogen through mineralisation, improve sorghum growth and soil-moisture availability, and thereby increase crop tolerance to Striga. Delayed Striga emergence may also contribute to a lower shoot count. Garba et al. (2019) similarly reported that application of 6 t ha−1 manure reduced Striga shoot number and dry matter and increased maize yield. Biri et al. (2016) observed fewer Striga plants at sorghum harvest following vermicompost application than in the untreated control in eastern Ethiopia. Esilaba et al. (2000) also reported significant reductions in Striga infestation in sorghum under combinations of manure and nitrogen fertiliser in northern Ethiopia.
Table 1: Effect of seedbed type and rates of FYM on days to striga emergence, striga infestation during flowering, and at harvesting per treatment.
	Treatments 
	Days to striga
emergence
	Striga count
at flowering
	Striga count
at harvest

	Seedbed type
	
	
	

	FB 
	51.58 
	259.3 
	591.8

	TPF
	52.75 
	196.1 
	444.3

	TPR 
	51.67 
	239.2 
	551.5

	LSD0.05
	2.224
	68
	143.7

	FYM rates ( t ha-1)
	
	
	

	0 (Control) 
	46.67b 
	289.9a 
	662.8a

	2.5
	52.44a 
	273.2a 
	566.4ab

	5
	54.22a 
	191.7b 
	475b

	7.5
	54.67a 
	191.7b 
	412.7b

	CV (%) 
	5.1 
	34.7 
	32.1

	LSD0.05
	2.568
	78.5
	165.9


FB = Flatbed, TPF = Tied Ridge; planting on furrow, TPR = Tied Ridge; planting on Ridge, FYM = Farmyard manure, CV (%) = coefficient of percent variation; means in columns and followed by the same letter are not significantly different at 5% level of significance.








Table 2:  Interaction effect of seedbed type and rates of FYM on days to striga emergence, striga infestation during at flowering and at harvesting per treatment
	Treatments 
	Days to striga
emergence
	Striga count
at flowering
	Striga count
at harvest

	0 ton FYM FB
	45a
	323.3c
	722b

	0 ton FYM TPF
	48ab
	265abc
	552.7ab

	0 ton FYM TPR
	47a
	281.3abc
	713.7b

	2.5 ton FYM FB
	52.67bc
	281.7abc
	656.7b

	2.5 ton FYM TPF
	52.33bc
	239.3abc
	486.7ab

	2.5 ton FYM TPR
	52.33bc
	298.7bc
	556ab

	5 ton FYM FB
	54.33c
	222.3abc
	513.3ab

	5 ton FYM TPF
	55.33c
	145.3ab
	435.3ab

	5 ton FYM TPR
	53c
	207.3abc
	476.3ab

	7.5 ton FYM FB
	54.33c
	210abc
	475.3ab

	7.5 ton FYM TPF
	55.33c
	134.7a
	302.7a

	7.5 ton FYM TPR
	54.33c
	169.7abc
	460ab

	CV (%) 
	5.1 
	34.7 
	32.1

	LSD0.05
	4.448
	136
	287.4


FB = Flatbed, TPF = Tied Ridge; planting on furrow, TPR = Tied Ridge; planting on Ridge, FYM = Farmyard manure, CV (%) = coefficient of percent variation; means in columns and followed by the same letter are not significantly different at 5% level of significance.

3.2. Effects of Seedbed Type and Farmyard Manure Application on Soil-Moisture Content
3.2.1. Effects of Tied Ridging and Farmyard Manure on Soil-Moisture Content at the Vegetative (10–30 Days after Sowing), Reproductive (40–60 Days after Sowing), and Grain-Filling (70 Days after Sowing) Stages of Sorghum
Seedbed type and FYM application had highly significant effects (P < 0.01) on soil-moisture content at a soil depth of 0–0.6 m during the vegetative (10–30 days after sowing [DAS]), reproductive (40–60 DAS), and grain-filling (70 DAS) stages. During the vegetative stage, the highest soil-moisture contents (23.63%, 15.45%, and 15.11% at 10, 20, and 30 DAS, respectively) were recorded under tied-ridge planting in the furrow compared with flatbed planting (Table 3). Relative to the control, application of 7.5 t ha−1 FYM increased soil-moisture conservation by 17.48%, 13.80%, and 18.62% at 10, 20, and 30 DAS, respectively.
During the reproductive stage, tied-ridge planting in the furrow increased soil-moisture content by 21.60%, 19.58%, and 24.73% at 40, 50, and 60 DAS, respectively, compared with flatbed planting. Application of 7.5 t ha−1 FYM increased soil-moisture conservation by 29.88%, 14.43%, and 32.98% at 40, 50, and 60 DAS, respectively, compared with the treatment receiving no FYM.
At the grain-filling stage (70 DAS), tied-ridge planting in the furrow conserved 7% more soil moisture than flatbed planting, while application of 7.5 t ha−1 FYM conserved 13.78% more soil moisture than the treatment receiving no FYM. Overall, soil-moisture content was higher under tied ridging and FYM application than under flatbed planting and the no-FYM treatment, respectively.
Across the three growth stages, tied ridging improved soil-moisture conservation by increasing water infiltration and retention in the crop root zone. Farmyard manure also supplies organic matter and nutrients, improves soil structure and water-holding capacity, increases infiltration, and reduces evaporation, thereby improving moisture availability for plant uptake. Zelelew et al. (2018) reported that tied ridges increased soil-moisture content by an average of 40% in clay-loam soil at Zequala and by 21% in sandy-loam soil at Abergelle compared with the control. Milkias et al. (2018) similarly found that in situ rainwater-harvesting techniques, including contour ridges, tied ridges, and ridge-furrow systems, maintained higher soil-moisture contents than flatbed planting at soil depths of 0–60 cm in eastern Ethiopia. Teame (2017) also reported greater soil-moisture conservation under ridge-based land preparation with mulch than under flat land preparation without mulch.
3.3. Sorghum Grain Yield (kg ha−1)
3.3.1. Interaction Effects of Seedbed Type and Farmyard Manure on Sorghum Grain Yield (kg ha−1)
The highest sorghum grain yields were obtained from the interaction of 7.5 t ha−1 FYM with tied-ridge planting in the furrow (3,646 kg ha−1) and with tied-ridge planting on the ridge (3,564 kg ha−1). These yields were 90.89% and 86.59% higher, respectively, than the yield from flatbed planting without FYM. The lowest grain yield (1,910 kg ha−1) was recorded under flatbed planting without FYM (Figure 1). The higher grain yield under the combined tied-ridge and FYM treatments may be attributed to improved water conservation and water-holding capacity. Farmyard manure increases soil organic matter and plant-available nitrogen, concentrates nutrients near the soil surface in available forms, and reduces nitrogen losses through leaching and erosion. Sibhatu et al. (2017) reported that closed tied ridging combined with furrow planting under fertilised conditions increased sorghum grain yield by 19.39–39.11% compared with farmers’ flat-planting practice. Under unfertilised conditions, the same practice increased sorghum yield by 27.06–30.56%. These findings are also consistent with Tesfahunegn (2012).
Tied ridges are effective in storing rainwater and have produced substantial grain-yield increases in major dryland crops, including sorghum, maize, wheat, and mung bean in Ethiopia (Georgis & Takele, 2000). Reported average yield increases ranged from 50% to more than 100% compared with traditional practices, although responses varied with soil type, slope, rainfall, and crop species. In eastern Ethiopia, Milkias et al. (2018) reported that maize grain yield increased under tied ridges (143%), contour ridges (131.47%), and furrow ridges (121.16%) compared with flatbed planting.




Figure 1: Interaction Effect of Farmyard manure and seedbed type on sorghum Yield (kg ha-1)

FB = Flatbed, TPF = Tied Ridge; planting on furrow, TPR = Tied Ridge; planting on Ridge, FYM = Farmyard manure, t= ton 










Table 3: Effect of seedbed type and FYM application on soil moisture content at 0.6 meter soil depth during 10, 20, 30, 40, 50, 60 and 70 days after sowing
	Treatments 
	 SMC (%) at vegetative stage 
	 SMC (%) at reproductive stage
	 SMC (%) at grain filling stage

	Tie ridging
	 10 DAS 
	 20 DAS 
	30 DAS 
	 40 DAS 
	 50 DAS 
	60 DAS 
	 70 DAS 

	FB 
	22.34c 
	25.39b 
	25.74c 
	24.27c
	27.52b
	24.18b
	26.93c

	TPF 
	27.62a 
	29.31a 
	29.63a 
	29.43a
	32.91a
	30.16a
	29.00a

	TPR 
	25.57b 
	28.5a 
	28.61b 
	28.10b
	32.40a
	29.76a
	28.17b

	LSD0.05
	1.475
	0.822
	0.99
	0.56
	1.097
	0.68
	0.415	

	Rates of FYM (t ha-1)

	0 
	23.05c 
	25.64c 
	25.56d 
	23.86d
	28.40c
	24.25d
	23.87d

	2.5 
	24.72b 
	27.63b 
	27.35c 
	25.79c
	30.43b
	26.07c
	25.59c

	5 
	25.86ab 
	28.5ab 
	28.75b 
	28.42b
	32.44a
	29.56b
	29.97b

	7.5 
	27.08a 
	29.18a 
	30.32a 
	30.99a
	32.50a
	32.25a
	33.49d

	CV (%) 
	6 
	3.5 
	4.2
	2.4
	4.2
	2.9
	1.7

	LSD0.05
	1.277
	0.949
	1.144
	0.647
	1.266
	0.785
	0.479	


DAS = Days after sowing, FB = Flatbed, TPF = Tied Ridge; planting on furrow, TPR = Tied Ridge; planting on Ridge, FYM = Farmyard manure CV (%) = coefficient of variation in percent; mean in column and followed by the same letter are not significantly different at 5% level of significance
4. [bookmark: _Hlk184837275]Conclusion and Recommendation
The findings demonstrate that farmyard manure rate and seedbed configuration influenced Striga infestation, soil-moisture conservation, and sorghum grain yield under the conditions of Western Tigray. Application of 7.5 t ha⁻¹ FYM delayed Striga emergence by 17.14% and reduced Striga counts by 33.73% at flowering and 38.73% at harvest compared with the untreated control. Tied-ridge planting in the furrow consistently maintained greater soil-moisture content during the vegetative, reproductive, and grain-filling stages than flatbed planting. The combination of tied-ridge planting in the furrow and 7.5 t ha⁻¹ FYM produced the highest grain yield of 3,646 kg ha⁻¹, representing a 90.89% increase over flatbed planting without FYM. These results indicate that the integrated treatment can improve water retention, suppress Striga infestation, and increase sorghum productivity. 
Farmers in semi-arid areas with comparable production conditions may therefore consider tied-ridge planting in the furrow combined with 7.5 t ha−1 FYM. However, the practice should be validated across additional locations and seasons in moisture-stressed and Striga-infested areas of Tigray and similar agroecological zones of Ethiopia before broad recommendation.
Limitations
The experiment was conducted at one location during a single cropping season; therefore, the findings may not represent the effects of seasonal rainfall variability or differences among soil types and agroecological conditions. Variability in the nutrient composition and decomposition rate of farmyard manure was not evaluated separately. Multi-location and multi-season studies are consequently required to assess the consistency, agronomic feasibility, and wider applicability of the identified treatment combination under different dryland sorghum-production environments.
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Yield (kg/ha)	
0 t FYM FB	0 t FYM TPF	0 t FYM TPR	2.5 t FYM FB	2.5 t FYM TPF	2.5 t FYM TPR	5 t FYM FB	5 t FYM TPF	5 t FYM TPR	7.5 t FYM FB	7.5 t FYM TPF	7.5 t FYM TPR	1910	2322	2204	2244	2476	2356	2576	3107	2840	2730	3646	3564	Interaction of FYM and seedbed type
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