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 faces challenges such as soil moisture stress, drought, and striga infestation, leading to low yields. To address this, a field experiment was conducted in the Kafta Humera district at the Humera Agricultural Research Center during the 2018/2019 cropping season. The study aimed to assess the impact of seedbed type and Farmyard Manure (FYM) rates on striga control and soil moisture conservation. The experiment used a factorial RCBD design with three replications, testing four FYM rates (0, 2.5, 5, and 7.5 t ha⁻¹) and three seedbed types (flatbed, tied ridging in furrow, and tied ridging on ridge) with the Gobiye sorghum variety. Data on striga emergence date, striga counts at sorghum flowering and harvest, and soil moisture content at different sorghum growth stages were collected and subjected to analysis of variance using Gensate 18th edition software. The results revealed that, in the treatment with 7.5 t ha⁻¹ FYM rates, the days of striga emergence were delayed by 17.14%, and the number of striga counts was decreased by 33.73% and 38.73% at flowering and harvesting of sorghum, respectively, as compared to 0 ton (t) ha⁻¹ FYM rates. Correspondingly, the effect of tied ridging and FYM was significant on soil moisture conservation at the vegetative, reproductive, and grain-filling growth stages of sorghum, with the highest soil moisture being conserved under the treatment combination of tied ridge planting in furrow and in soil depths (0-0.6 m) and 7.5 t ha⁻¹ FYM rates.
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1. Introduction
Sorghum (Sorghum bicolor L. Moench) is a unique grain and stalk crop that serves as a multipurpose cereal crop belonging to the grass family Poaceae (Genet, Gebreselassie et al. 2024). It ranks fifth globally in production, following maize, rice, wheat, and barley (Fao 2019). In Ethiopia, out of the total grain crop area, 81.39% was under cereals. Sorghum ranks third (14.38%) in area coverage, next to teff and maize, and, in terms of production, cereal crops account for 87.97% of grain production. Out of this, sorghum accounts for 15.92% in terms of grain production after maize, teff, and wheat (CSA 2019). The crop serves as the main staple food for the vast population of the country. It is mainly cultivated in rain-fed and low-input environments, where acute shortages of food and malnutrition prevail. Despite its economic importance, sorghum production and productivity face challenges under farmer-managed conditions, primarily due to biotic and abiotic factors. One major biotic threat is striga infestation. Striga is an obligatory root hemi-parasite prevalent in semi-arid tropical regions that primarily affects C3 (rice) and C4 cereal crops, including millets, sorghum, and maize (Muthini 2023). Striga is a serious constraint to sorghum production in the dryland zones of Ethiopia, and its infestation is often linked with water stress and poor soil fertility, resulting in poor harvests and consequently hunger (Ejeta 2007). Striga is established directly over the vascular system of the host plant; it drains out water and nutrients from the host, resulting in yield losses from 15 to 75% depending on the extent of infestation (Oswald and Ransom 2002). The effects of striga on crops are stunted growth, wilting, yellowing, scorching of leaves, lowered yield, and death of many affected plants. (Ejeta 2007) Estimated a 65-70% loss in sorghum yields due to striga. The high seed production capability of Striga, combined with its ability to remain dormant in the soil for extended periods, makes it a persistent challenge for farmers (Mandumbu, Mutengwa et al. 2019). Traditional control measures have proven insufficient, prompting the need for integrated management strategies that can effectively reduce Striga infestation while enhancing sorghum productivity (Alagbo, Akinyemiju et al. 2023).
Among the various agronomic practices available, the application of farmyard manure (FYM) and the use of tied ridges have gained attention for their potential to manage Striga and improve crop yields. Farmyard manure is a rich source of organic matter and nutrients that can enhance soil fertility, improve soil structure, and promote beneficial microbial activity. These benefits can lead to healthier plants that are more resilient to pest and disease pressures, including Striga. On the other hand, tied ridges are a soil conservation practice that involves creating raised beds with furrows that hold water and reduce runoff. This technique can improve moisture retention in the soil, which is crucial in drought-prone areas where Striga thrives.
The combined use of tied ridges and FYM has the potential to enhance soil fertility, water retention, and nutrient availability, which are crucial factors for soil water conservation and striga infestation control (Kilasara, Boa et al. 2015, Wondimu, Tamado et al. 2024). However, there is a need to investigate the specific effects of these practices on soil moisture conservation and striga management under rain-fed conditions in Western Tigray. Understanding the impact of tied ridges and FYM on soil moisture conservation and striga management can provide valuable insights for sustainable agricultural practices in the dryland area of the region.
2. Material and method
2.1.   Description of the study area
A field experiment was carried out in Kafta Humera District at the Humera Agricultural Research Center (HuARC) experimental site, a major area infested with striga in Tigray, North Ethiopia. Kafta Humera is a district in the western part of the Tigray Regional State, about 600 km from Mekelle. The district lies at 14° 15' N latitude and 36° 37' E longitude, with an elevation of 609 meters above sea level. It borders the “Tsegede” district to the south, Sudan to the west, the Tekeze River to the north, and the “Tahtay Adiyabo” district to the east. The district spans 632,877.75 hectares, making up roughly 23.6 percent of the western zone of Tigray.

2.2.  Experimental design and treatments
A total of 12 treatment combinations were used in the present experiment. It 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 t ha⁻¹, 2.5 t ha⁻¹, 5 t ha⁻¹, and 7.5 t ha⁻¹). The experiment was laid out in a randomized complete block design (RCBD) with a factorial arrangement and three replications. Each treatment had a plot size of 3.75 meters (m) by 5 meters (m), which included five rows spaced 0.75 meters apart for tied ridges and 0.15 meters between plants. The harvestable plot size was 2.25 meters by 4.70 meters (10.56 m²), with the two outermost rows and one plant at each end of the row considered as borders. Three middle rows, each 4.70 meters long, were selected for data collection and measurement.
2.3.  Experimental procedure and crop management
Land preparation was done at the start of June using a tractor, with the soil harrowed to achieve fine tilth, as done in the study area. The FYM was applied and thoroughly mixed into the soil before constructing ridges and sowing. Tied ridges were manually constructed along the field's contour just before planting. Tied ridging was created prior to planting to help harvest water. The spacing between ridges matched the spacing between rows, but the ridge height was 0.25 m. After construction, the ridge ties were spaced 2.5 m apart to reduce runoff. Seeds were planted at 0.15 m intervals within the row or ridge, as recommended for sorghum. A sorghum variety called Gobiye (P-9401) was used as planting material, and seeds were sown on top of the ridge and in the furrow by hand, drilled as evenly as possible and covered with soil manually.
2.4.  Measurements and Measurement Methods on Striga
Days to first striga emergence: It was recorded as the number of days from sowing to the date at which Striga began to emerge.
Striga count at flowering: It was recorded as the number of Striga shoots that emerged per net plot at the time of flowering of sorghum when striga was highest in number
Striga count at harvesting: It was recorded as the number of Striga shoots that emerged per net plot at the time of harvesting the sorghum when Striga was highest in number.
2.5.  Soil Moisture Content
Soil samples were taken every 10 days starting from 10 days after planting at 0-0.6 m soil depth. To determine soil moisture content (SMC), samples were dried in an oven for 24 hours at 105°C. SMC at each depth was calculated by the gravimetric method as indicated in the following formula.


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

2.7.  Statistical data analysis
Data collected were subjected to analysis of variance (ANOVA) appropriate for factorial experiments in RCBD using the 18th edition of GenStat software. Interpretations were made following the procedure described by (Gomez and Gomez 1984). The treatment means that differed at the 5% significance level were separated using Duncan's Multiple Range Test. 





3. Result and discussion
3.1.  Effect of seedbed type and farmyard manure rates on striga control
3.1.1. Days to striga emergence
The analysis of variance showed that applying different rates of FYM significantly (P≤0.01) affected the days to striga emergence, while the seedbed type and the interaction of the two factors had no significant effects on this parameter (Tables 1 and 2). At 46.6 days after sowing, striga emergence was observed in the control (treatment without FYM), whereas in treatments with different FYM rates, emergence occurred at 54.67 days after sowing. The days to striga emergence were delayed by 17.14%, 16.17%, and 12.36% when applying 7.5 t ha⁻¹, 5 t ha⁻¹, and 2.5 t ha⁻¹ of FYM, respectively, compared to the control, even though all treatments with different FYM rates were statistically comparable. This suggests that farmyard manure is a key source of nitrogen, phosphorus, potassium, and organic matter that can influence plant growth by providing growth promoters, auxins, vitamins, and amino acids. These substances are believed to enhance the capacity of host roots to produce stimulants that slow down striga emergence. This finding aligns with previous research, which indicated that applying chicken manure compost alone or combined with nitrogen effectively delayed Striga emergence by two weeks compared to the control in sorghum crops. Similarly, other studies observed late emergence of striga due to the application of 4 t ha⁻¹ and 6 t ha⁻¹, at 67 days and 64.33 days, respectively, while early striga emergence was seen in the treatment without poultry manure application in maize.

3.1.2. Striga infestation at the flowering and harvesting growth stage of sorghum
The analysis of variance revealed that the application of different rates of FYM significantly (p≤0.05) influenced striga infestation at the flowering and harvesting stages of sorghum, while the seedbed type and the interaction of the two parameters had no significant effects on striga. Infestation at the two growth periods (Tables 1 and 2). The number of striga counts was decreased by 33.73% and 38.73% at the flowering and harvesting stages of sorghum due to the application of 7.5 t ha⁻¹ over the control treatment, even though statistically it was par with the 5 t ha⁻¹ FYM application. This indicated that organic manure resulted in an increase in nitrogen that was available to plants. Through mineralization, which has stimulated the growth of sorghum, which increases crop yield, and reduces striga attacks by increasing crop tolerance, soil moisture, soil fertility, and promoting sorghum growth. On the other hand, dalliance of striga emergence might contribute to the reduction in striga shoot count. This result is in line with (Garba 2019) , who found that the application of 6 t ha⁻¹ manure resulted in a greater reduction of striga shoot count and striga shoot dry matter and gave a higher yield of maize. Similarly, (Biri, Kaba et al. 2016) who observed lowest number of Striga record at harvest of sorghum as a result of the application of 2.0, 1.5 and 0.5 t ha-1 vermicompost as compared to control (no vermicompost) at Harergie, Ethiopia. Likewise, according to (Esilaba, Reda et al. 2000), the application of 20 t ha⁻¹ manure, 40 kg N ha⁻¹ with 30 t ha⁻¹ manure, 80 kg N ha⁻¹ with 10 and 30 t ha⁻¹ manure, and 120 kg N ha⁻¹ with 20 and 30 t ha⁻¹ manure significantly reduced Striga infestation on sorghum at Mekelle in 1997.
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.  Effect of seedbed type and farmyard manure application on soil moisture content
3.2.1. Effect of tied ridging and farmyard manure application on soil moisture content at vegetative (10 -30 days after sowing (DAS)), reproductive (40 - 60 DAS), and grain filling (70 DAS) growth stage of sorghum
Seedbed type and application of FYM had a highly significant effect (p < 0.01) on soil moisture.
content at 0 - 0.6 meter (m) soil depth measured during 10 to 30 days after sowing (vegetative growth stage), 40 to 60 days after sowing (reproductive growth stage), and 70 days after sowing (grain filling stage). At the vegetative growth stage, the highest (23.63%, 15.45%, and 15.11%) soil moisture was recorded in a treatment with a tied ridge planted in a furrow during 10, 20, and 30 DAS, respectively, days of measurement when compared to flatbed planting (Table 3). The amount of soil moisture conserved at the vegetative growth stage of sorghum was increased by 17.48%, 13.8%, and 18.62% in a treatment with 7.5 t ha⁻¹ farmyard manure (FYM) at 10, 20, and 30 DAS, respectively, when compared to 0 t ha⁻¹ FYM applied.
During the reproductive stage (from 40 to 60 DAS), the highest soil moisture conservation was conserved with the treatment of tied ridges planted in furrows, increasing soil moisture by 21.6%, 19.58%, and 24.73% in 40, 50, and 60 DAS, respectively, as compared to flatbed planting. By applying 7.5 t ha⁻¹ FYM, soil moisture conservation was increased by 29.88%, 14.43%, and 32.98% as compared to 0 ton ha⁻¹ FYM during the reproductive stage (40, 50, and 60 DAS), respectively.
Likewise, at the grin filling stage (70 DAS), the tied ridge planted in the furrow treatment had a 7% soil moisture conservation advantage over the flatbed treatment, and by applying 7.5 t ha⁻¹ of farmyard manure (FYM), 13.78% soil moisture was conserved as compared to 0 t ha⁻¹ of FYM. In the treatments of tied ridging and applied FYM, the soil moisture content was higher than as compared to flatbed planting and no FYM treatment, respectively.
In the above three growth stages, the results showed that the use of tide ridging was important to conserve soil moisture, improve water infiltration, and enhance water retention in the root zone of crops. Tide ridging has been successfully employed in various regions to mitigate the negative impacts of drought and enhance crop productivity. Similarly, the application of farmyard manure was a valuable source of organic matter and nutrients that can improve soil fertility and soil structure, enhance its water-holding capacity, increase water infiltration, and reduce evaporation, thereby improving soil moisture availability for plant uptake. . This is in line with (Zelelew, Ayimute et al. 2018), who reported that the moisture content on treatments with Tied Ridge was on average 40% higher in clay loam soil (at Zequala) and 21% higher in sandy loam (at Abergelle) as compared to treatments with control. Likewise, (Milkias, Tadesse et al. 2018) reported that all in-situ rainwater harvesting techniques, such as counter ridge, tied ridge, and ridge furrow, had recorded soil moisture content values higher than flatbed planting in all depths of soil (0-60 cm) in Fedis district, Eastern Hararghe, Ethiopia. This is in line with (Teame 2017) , who reported that the highest soil moisture was conserved at the ridge land preparation method with rice straw and the ridge land preparation method with sorghum, while the lowest was conserved with the flat land preparation method with no mulch.
3.3. Yield of Sorghum (kg ha-1)
3.1. The interaction Effect of seedbed type and farmyard manure on grain yield of sorghum (kg ha-1)
The highest grain yield of sorghum was obtained in the interaction treatment with 7.5 t ha-1 FYM and Tied ridges planted in furrow (3,646 kg ha-1) and in the same rate of FYM with Tied ridges planted on ridges (3,564 kg ha-1), which increased by 90.89% and 86.59 % respectively, when compared with flatbed planted without FYM. The lowest grain yield (1910 kg ha-1) on the other hand, was obtained from the sorghum grown in a flatbed with no application of FYM (Figure 1). The reason for the higher grain yield of sorghum recorded from combined treatments of Tied ridge and FYM rates are attributed to the higher water conservation and improved water holding capacity as compared to the flatbed planting. FYM increases soil organic matter, available nitrogen, concentration of nutrients near the soil surface in available form, and reduces the N losses through leaching and soil erosion. The results of this study are in line with (Berhane Sibhatu, Hayelom Berhe et al. 2017) who reported that closed Tied ridging integrated with furrow planting under fertilized conditions gave significantly high grain yield of sorghum (19.39 % to 39.11%) over farmers’ practice (flat planting). The authors also reported that closed Tied ridging integrated with furrow planting under unfertilized conditions increased the yield of sorghum from 27.06% to 30.56% over farmers’ practice (flat planting). Similarly, this result is in agreement with the finding by (Tesfahunegn 2012). 
Tied ridges are very efficient in storing the rainwater, which has resulted in substantial
grain yield increase in some of the major dryland crops such as sorghum, maize, wheat, and
Mungbean in Ethiopia(Georgis and Takele 2000) with an average grain yield increase ranging from
50 to over 100% when compared with the traditional practice. This increase, however, varies based on the soil type, slope, rainfall and the types of crop grown. Other research work in Eastern Hararghe, Ethiopia, also showed that the grain yield of maize was increased due to different types of in-situ rainwater harvesting techniques: Tied ridge (143%), counter ridge (131.47%) and furrow
ridge (121.16%) compared to flatbed planting (Milkias, Tadesse et al. 2018). 




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
Based on the results of days to striga emergence was delayed by 17.14 % due to the application of 7.5 t ha-1 compared to the control (0 t ha-1 FYM). Likewise, the number of striga counts was decreased by 33.73 % and 38.73 % at flowering and at the harvesting stage of sorghum due to the application of 7.5 t ha-1 FYM over the control treatment.  At the vegetative, reproductive, and grain filling growth stage, the highest soil moisture was conserved in the treatment of tied ridging planting in furrow and 7.5 t ha-1 FYM. Therefore, the farmers in the study area could enhance sorghum productivity through integrated 7.5 t ha-1 FYM plus tied ridging planting in furrow.
Therefore, farmers growing sorghum in semiarid areas should apply tied ridge planting in furrow with 7.5 t ha-1 FYM. These methods and techniques should promote and verify in Tigray moisture stress areas, stirga infestation areas, and similar agroecology of Ethiopia.
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