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Susceptibility of Sudanese wheat cultivars to Striga hermonthica (Del.) Benth.
ABSTRACT
Striga hermonthica (Del.) Benth, an obligate root parasitic plant, constitutes a major constraint to cereals production and a threat to agriculture and food security in sub-Saharan Africa. The present investigation was undertaken at the College of Agricultural Studies, Sudan University of Science and Technology at Shambat to determine the effects of the reaction of local Sudanese wheat cultivars to S. hermonthica (sorghum and millet strains) under laboratory conditions and to study the effects of Striga on growth and yield of wheat under greenhouse conditions. Treatments were arranged in a Randomized Complete Block Design (RCBD), with four replicates. Striga sorghum and Striga millet applied with Elnilean root exudates (20µl) and Wadi-Elnile root exudates displayed 58, 53.7, 69.5 and 67.7% emergence, respectively. On Wadi-Elnile, Striga sorghum strain showed very low emergence at the lowest seedbank size (2 mg/pot). Increasing Striga seedbank size to 4, 8, 16 and 32 mg/pot increased Striga emergence to 1, 3, 27 and 31 plants/pot, respectively. However, a further increase in seedbank size to 64 mg/pot decreased emergence considerably. A further increase in Striga seedbank size to 16, 32 and 64 mg/pot increased emergence to 3, 7 and 16 plants/pot, respectively. Striga, sorghum strain, at seedbank size of 2-8 mg/pot caused a slight non-significant increase in Wadi-Elnile height. However, increasing seedbank size to 16-64 mg/pot reduced height by 34.1-38.5% as compared to Striga free control. Striga, millet strain, at the lowest seedbank size (2-8 mg/pot) caused a slight non-significant decrease 4.7-8.9% in height, in comparison to Striga free control. Increasing Striga seedbank to 16, 32 and 64 mg/pot reduced height significantly by 14.1, 29.0 and 35.5%, respectively. On Elnilean, Striga sorghum strain, at seedbank size of 16, 32 and 64 mg/pot reduced chlorophyll content by 25.6, 27.5 and 44.1%, respectively, in comparison to Striga free control. Striga, millet strain, at seedbank of 2-32 mg/pot had no significant effects on chlorophyll content. The results revealed that Sudanese wheat cultivar is susceptible to S. hermonthica. Striga emergence and Striga dry weight, irrespective of wheat cultivar and Striga strain, progressively increased with seedbank size. However, the influence on wheat height, chlorophyll contents and number of grains varied with the parasite seedbank size, strain and crop cultivar. 
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INTRODUCTION
Wheat (Triticum aestivum L.) a cereal grain of the Poaceae family is a key global commodity in terms of acreage and tradable value and as a staple in household diets (Enghiad et al. 2017). Wheat was one of the first domesticated food crops, and for 8000 years has been the basic staple food for the major civilization of Europe, West Asia and North Africa. Today, wheat is grown on vast areas than any other commercial crop and continues to be the most important food grain source for humans. Its production exceeds all crops, including rice (Oryza sativa), maize (Zea mays L.) and potatoes (Solanum tuberosum). It is the second most important food crop in the developing world after rice. Wheat is the most widely grown crop in the world and provides 20% of the daily protein of food calories for 4.5 billion people.  In Sudan, wheat is becoming the staple food of both urban and rural populations. It constitutes the second food grain in Sudan after sorghum (Sorghum bicolor). It is planted in the fertile alluvial soils of the Nile in the Northern and River Nile States where winter is relatively cooler and longer. However, since the 1960s, wheat production has moved southwards and the crop is now cultivated in the Gezira, White Nile, Gedarif, Kassala and Darfur States. The recent construction of the Hamadab Dam has also led to an expansion of the area under wheat. Demand for wheat in the past was not very high, ˂100 thousand tons per annum, as the diet of most Sudanese population was mainly sorghum (Ibrahim et al. 2008). At present, wheat consumption has increased to over one million tons.
Striga spp. (Witchweed, Orobanchceae) are serious biological constraints to food production over large parts of sub Saharan Africa, where they affect more than 40% of cereal crops (Hassan et al., 2011). Striga hermonthica is widely known as the most harmful parasitic plant species in the world causing serious damage to crops such as maize, sorghum, pearl millet (Pennisetum glaucum L.) upland rice, and recently wheat (Vasey et al. 2005). It reduces crop yield and quality as well as presents a serious threat to food security in many areas across the world (Parker and Riches, 1993).  Parasitized crops usually grow more slowly and biomass production is lowered and the host may be killed. Losses in cereals yield due to Striga damage vary from 10% to complete crop loss, depending on crop variety, climatic conditions and seed infestation level of the soil (Rodenburg et al. 2005). Vasey et al. (2005) reported that the susceptibility of wheat to the parasite is moderately disquieting. In southern and eastern Africa, where Striga spp are prevalent, 5.6 million ha of wheat are farmed annually, yielding 9.3 million tons of grain crops such as wheat previously unaffected by Striga are now showing serious infestation in Sahel (Ejeta, 2007). 

The present work was designed to determine the reaction of local Sudanese wheat cultivars to Striga hermonthica (sorghum and millet strains) and to study the effects of Striga incidence on growth and yield of wheat. 
MATERIALS AND METHODS
 A series of laboratory experiments and greenhouse experiment were undertaken at the College of Agricultural Studies, Sudan University of Science and Technology at Shambat to determine the reaction of local wheat cultivars on S. hermonthica and to study the effects of S. hermonthica strains on growth and yield of wheat. 
Two local wheat cultivars, Wadi-Elnile and Elnilean, were obtained from the Agricultural Research Corporation (ARC), Sudan.

Laboratory experiment
Germination inducing activity of wheat root exudates as influenced by cultivars 
Wheat seeds (cultivars Wadi-Elnile and Elnilean) were surface disinfected by immersion in sodium hypochlorite (1% NaOCl) for 3 min and subsequently washed with sterilized distilled water. The seeds, placed on filter papers in Petri dishes, were moistened with distilled water and incubated at 20 ᵒC in the dark for 3 days. Seedlings were transferred to plastic tubes (capacity 50 ml) containing 40% Long Ashton solution and allowed to grow in a controlled environment set at 12h light and a temperature of 20 ᵒC for 1 week. The Long Ashton solution was brought to volume every two days. The roots were carefully washed with distilled water (10 times) and subsequently the seedlings, two each were transferred to tap water and allowed to grow for 4 weeks. The root exudate (100 ml) was extracted with ethyl acetate (EtOAc) three times (30 ml x 3). The ethyl acetate was allowed to stand overnight on anhydrous Na2SO4 at 4 ᵒC, filtered and subsequently evaporated to dryness. The residue, dissolved in ethyl acetate (2 ml), was tested for germination-inducing activity. Glass fiber filter papers (GFFP) discs (8 mm) were treated with 20 µl of the ethyl acetate extract each and allowed to dry in a laminar flow cabinet for 2 h. GFFP discs containing conditioned S. hermonthica seeds (sorghum or millet strains) were placed on top of previously treated extract disk and subsequently moistened with sterilized distilled water (40 µl). The seeds were incubated in the dark at 20 ᵒC and examined for germination 48 h later. A control treated with GR24 at 0.1 ppm was included for comparison.

Green house experiment:

Reaction of wheat cultivars to Striga spp.

A pot experiment was conducted at the College of Agricultural Studies, at Shambat to study the reaction of wheat cultivars (Wadi-Elnile and Elnilean) to S. hermonthica. The experiment was conducted under artificial Striga infestation. Artificial infestation of soil was achieved by mixing 2 g for each Striga seeds with 1 kg soil, followed by subsequent Striga free soil to give the required infestation level (4, 8, 16, 32, and 64 mg/pot). Striga free or infested soil for each strain was placed in plastic pots (13 cm diameter (i d) with perforations at the bottoms. Pots filled with Striga free soil (0 mg) were included as a control for comparison. Wheat cultivars seeds (5/pot) were sown at 2 cm soil depth. The pots were immediately irrigated, and subsequent irrigation was made every two days. Wheat cultivars seedlings were thinned to three plants per pot two weeks after sowing. Treatments were arranged in a Randomized Complete Block Design (RCBD), with four replicates. 

Data collection
Data collected on wheat growth comprises of plant height (cm), chlorophyll content (SPAD reading), number of tillers, shoot dry weight (g), number of heads/plant, number of grains/spike and hundred seeds dry weight (g). Average of SPAD reading at 3-5 points (according to leaf size) using chlorophyll meter (SPAD-502, Konica Minolta sensing, Japan) was recorded for each leaf.

 Data collected on S. hermonthica included Striga emergence and Striga dry weight (g). 

Statistical analysis:

Data on Wheat growth attributes and S. hermonthica were subjected to analysis of variance (ANOVA), means were separated for significance by the Least Significant difference Test (LSD) at 5% level using statistic 10 computer program Ref. 

RESULTS
Laboratory experiment:

Effects of wheat root exudates on Striga germination

Striga sorghum seeds conditioned in water and subsequently applied with GR24 at 0.1 ppm displayed 86.6% germination. However, Striga millet seeds treated with GR24 at 0.1 ppm displayed 54% germination (Fig. 1A and B). Wheat Elnilean and Wadi-Elnile cultivars were grown hydroponically, and root exudates were collected and applied to the conditioned Striga sorghum and Striga millet seeds, the results revealed that wheat root exudates induce germination of Striga strains (Fig. 1A and B). The difference between the two strains was significant. Striga sorghum and Striga millet applied with Elnilean root exudates (20 µl) displayed 58 and 53.7%, respectively. However, Wadi-Elnile root exudates applied to Striga sorghum and Striga millet displayed 69.5 and 67.7%, respectively (Fig. 1A and B).
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Fig. 1: Effects of wheat root exudates on Striga germination A) Striga sorghum and B) Striga millet.

Green house experiment 

Reaction of Wheat cultivars to S. hermonthica strain:

Effects on Striga emergence

Striga emergence was influenced by strain, seedbank size and wheat cultivar (Fig. 2A and B). The first Striga emergence was recorded 45 and 75 days after sowing (DAS) for the sorghum and millet strains, respectively. S. hermonthica infestation, irrespective of wheat cultivar and Striga strain, progressively increased with seedbank size. Striga sorghum strain, irrespective of wheat cultivar, showed the highest emergence, while Striga millet displayed the lowest.

 On Wadi-Elnile, Striga sorghum strain showed very low emergence at the lowest seedbank size (2 mg/pot). Increasing Striga seedbank size to 4, 8, 16 and 32 mg/pot increased Striga emergence to 1, 3, 27 and 31 plants/pot, respectively. However, a further increase in seedbank size to 64 mg/pot decreased emergence considerably (Fig. 2A). Striga millet strain displayed no emergence at the lowest seedbank size (2 and 4 mg/pot). Increasing Striga seedbank size to        8 mg/pot resulted in very low emergence (1 plant/pot) (Fig. 2A). A further increase in Striga seedbank size to 16, 32 and 64 mg/pot increased emergence to 3, 7 and16 plant/pot, respectively.

 On Elnilean, Striga sorghum strain displayed no emergence (Fig. 2B) at the lowest seedbank size (2 and 4 mg/pot). Increasing Striga seedbank size to 8 mg/pot resulted in low and insignificant emergence (1 plant/pot). Increasing Striga seedbank size to 16, 32, and 64 mg/pot increased emergence to 12, 22 and 21 plants/pot, respectively (Fig. 2B). Striga millet strain at a seedbank size of 2-8 displayed no emergence. Increasing Striga seedbank size to 16-64mg/pot resulted in an insignificant emergence (0-3 plants/pot) (Fig. 2B). 

Effects on Striga dry weight:

Striga dry weight, irrespective of strain or wheat cultivar, increased with seedbank size. Striga sorghum strain, invariably, displayed the highest dry weight (Fig. 3A and B). On Wadi-Elnile at a seedbank of 4 mg/pot Striga sorghum strain showed an average dry weight of 0.025 g/pot. Increasing seedbank size to 8-16 mg/pot increased Striga dry weight, but not significantly (Fig. 3A). A further increase in seedbank to 32 and 64 mg/pot increased Striga to 2.8 and 2.6 g/pot, respectively (Fig. 3A). The dry weight of Striga, millet strain, irrespective of seedbank size, was very low (0.06 - 0.87 g/pot) and differences between seedbank treatments were not significant (Fig.  3A).

On Elnilean at a seedbank size of 8 mg/pot, the dry weight of Striga, sorghum strain, was very low (0.062 g/pot) and not significant from zero. Increasing Striga seedbank to 16, 32 and 64 mg/pot increased Striga dry weight to 1.8, 3.7 and 2.5 g/pot, respectively (Fig. 3B). The dry weight of Striga, millet strain, was invariably very low (0.00 and 0.24 g/pot) and differences between seedbank treatments were not significant (Fig. 3B).
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Fig. 2: Effects of Striga seedbank size on Striga emergence on) A Wadi-Elnile and B) Elnilean. Error bars represents standard error of means.
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Fig. 3: Effects of Striga seedbank size on Striga dry weight on A) Wadi-Elnile and B) Elnilean. Error bars represents standard error of means.

Effects of S. hermonthica on wheat cultivars
Plant height (cm)

The influence of Striga on wheat height varied with the parasite seedbank size, strain and crop cultivar (Table 1). Wheat height, irrespective of cultivar and Striga strain, progressively, decreased with increasing seedbank size (Table 1). Striga, sorghum strain, at seedbank size of 2-8 mg/pot caused a slight non-significant increase in Wadi-Elnile height (Table 1). However, increasing seedbank size to 16-64 mg/pot reduced height by 34.1-38.5%. Striga, millet strain, at the lowest seedbank size (2-8 mg/pot) caused a slight non-significant decrease 4.7-8.9% in height, in comparison to Striga free control (Table 1). Increasing Striga seedbank to 16, 32 and 64 mg /pot reduced height significantly by 14.1, 29.0 and 35.5%, respectively. 

Wheat cultivar Elnilean did not show a decrease in height at Striga sorghum strain, seedbank size of 2 and 4 mg/pot. Increasing seedbank size to 8 and 16 mg/pot decreased height, albeit not significantly, in comparison to the parasite-free control (Table 1). A further increase in Striga seedbank size to 32 and 64mg/pot reduced height by 29.4 and 58.7%, respectively (Table 1). Striga, millet strain, at seedbank size of 2- 16mg/pot reduced height, but not significantly (Table 1). Increasing seedbank size to 32 and 64 mg/pot reduced height by 18.1 and 34.6%, respectively.
Table 1: Effects of Striga seedbank size on wheat cultivars height (cm)

	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	38.8a
	41.3a
	38.8a
	41.9a

	2
	38.7a
	44.6a
	33.9ab
	39.9ab

	4
	39.1a
	42.4a
	37.8ab
	38.2ab

	8
	36.1ab
	42.9a
	35.6ab
	38.2ab

	16
	30.8ab
	27.5b
	37.6ab
	35.5b

	32
	27.4b
	25.4b
	31.7b
	29.4c

	64
	16.0c
	27.3b
	25.3c
	26.7c

	LSD
	9.5
	6.5
	6.39
	5.8

	Standard error
	±4.5
	±3.1
	±3.0
	±2.75


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).
Number of tillers

Striga, irrespective of seedbank or strain, did not reduce the number of tillers in Wadi-Elnile. In Elnilean, Striga sorghum strain, at seedbank of 2-32mg/pot had no adverse effect on tillering. However, at a seedbank of 64 mg/pot tillering was significantly reduced (Table 2). Striga, millet strain, irrespective of seedbank, had no effect on tillering (Table 2). 
Table 2: Effects of Striga seedbank size on wheat number of tillers 

	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	6.6a
	4.5a
	6.6a
	4.5b

	2
	 5.2ab
	4.8a
	5.6a
	5.0b

	4
	         6.3a
	4.9a
	        5.0a
	  5.1ab

	8
	        6.5a
	4.8a
	5.3a
	5.8a

	16
	5.4ab
	4.5a
	 5.7a
	 4.8b

	32
	 4.3ab
	5.4a
	6.2a
	4.5b

	64
	3.3b
	4.3a
	        5.0a
	 4.8b

	LSD
	        2.6
	       2.1
	       1.63
	0.76

	Standard error
	       ±1.3 
	      ±1.0
	±0.78 
	 ±0.36


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).
Chlorophyll content

Influence of Striga on chlorophyll contents, as measured by the chlorophyll content, varied with Striga seedbank size, strain and the wheat cultivar in question (Table 3). Generally, the chlorophyll content, irrespective of wheat cultivars or Striga strain was not influenced at low seedbank size (2-8 mg/pot) (Table 3). However, increasing seedbank size of Striga sorghum to 16 mg or more, irrespective of wheat cultivar, significant reductions were inflicted (Table 3).

 On Elnilean, Striga sorghum strain, at seedbank size of 16, 32 and 64mg/pot reduced chlorophyll content by 25.6, 27.5 and 44.1%, respectively, in comparison to respective Striga free control (Table 3). Striga, millet strain, at seedbank of 2-32 mg/pot had no significant effects on chlorophyll content (Table 3). However, a further increase in Striga seedbank to 64 mg/pot resulted in a significant reduction (21.9%). On Wadi-Elnile, Striga sorghum strain, at 16- 64mg/pot reduced chlorophyll content by 36.2-49% (Table 3). Striga, millet strain, on the other hand, had no significant effects on chlorophyll content. 

Table 3: Effects of Striga seedbank size on wheat chlorophyll content

	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	46.8ab
	53.2a
	50.7a
	53.0a

	2
	48.7a
	47.4a
	50.9a
	53.3a

	4
	50.6a
	50.0a
	43.8ab
	50.6a

	8
	50.3a
	49.2a
	46.4ab
	53.1a

	16
	34.8c
	27.1b
	47.4ab
	51.7a

	32
	33.9c
	30.9b
	46.1ab
	49.5a

	64
	26.2c
	27.4b
	39.6b
	48.12a

	  LSD
	12.9
	9.4
	7.77
	7.85

	Standard error
	±6.1
	±4.4
	±3.7
	±3.74


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).

Number of grains:

The effects of Striga on number of grains per spike varied with Striga seedbank size, strain and wheat cultivar (Table 4). In Wadi-Elnile, Striga sorghum strain, at the low seedbank size (2 and 4 mg/pot) increased the number of grains per spike by 5.7-20% (Table 4). Increasing Striga seedbank size to 8, 16, and 64 mg/pot, decreased number of grain per spike considerably, albeit not significantly (Table 4). However, Striga at seedbank of 32 mg/pot decreased number of grains per spike significantly by 70%. Striga millet strain, at seedbank of 2-32 mg/pot increased the number of grains per spike, considerably, albeit not significantly. However, at 64 mg/pot               a considerable non-significant decrease (32.9%) in the number of grains per spike was inflicted. 

In Elnilean, Striga sorghum strain, at seedbank of 2-8 mg/pot increased, slightly, (2.98-8.95%) the number of grains per spike. Increasing Striga seedbank size to 16, 32 and 64mg/pot decreased number of grains per spike by 38.8, 28.3 and 55.2%, respectively (Table 4). Striga, millet strain, at seedbank of 2-32 mg/pot increased the number of grains per spike considerably, albeit not significantly. However, at the highest seedbank size (64 mg/pot) a slight, but non-significant reduction (5.97%) in the number of grains per spike was recorded (Table 4). 

Table 4: Effects of Striga seedbank size on wheat number of grains per spike
	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	16.8ab
	17.5ab
	16.8b
	17.5ab

	2
	18.3a
	21.0a
	21.8ab
	21.5ab

	4
	17.3ab
	18.5ab
	25.8a
	26.8a

	8
	18.0ab
	15.3ab
	29.8a
	17.8ab

	16
	10.3ab
	13.8abc
	21.8ab
	21.3ab

	32
	12.0ab
	5.3c
	22.8ab
	28.3a

	64
	7.5b
	10.0bc
	15.8b
	11.8b

	  LSD
	10.6
	9.5
	8.52
	10.82

	Standard error
	±5.03
	±4.5
	±4.0
	±5.15


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).

Hundred Seed weight

Striga, irrespective of strain, had no significant effect on hundred seeds weight (Table 5). On Elnilean, Striga sorghum strain, at seedbank size of 2 -32 mg/pot had no effects on hundred seed weight (Table 5). However, increasing Striga seedbank size to 64mg/pot decreased the hundred seed weight significantly. On Wadi-Elnile, Striga millet strain, exceptionally displayed a significant increase (22.3-31.8%) over the Striga free control.

Table 5: Effects of Striga seedbank size on wheat hundred seed weight

	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	2.8a
	2.5a
	2.8a
	2.5c

	2
	2.8a
	2.7a
	3.0a
	3.1ab

	4
	2.9a
	2.7a
	3.0a
	2.8bc

	8
	3.2a
	2.9a
	3.2a
	3.3a

	16
	2.7a
	2.0a
	3.4a
	3.2ab

	32
	2.7a
	2.0a
	3.3a
	3.1ab

	64
	1.1b
	2.23 a
	2.9a
	3.0ab

	  LSD
	0.92
	1.2
	0.55
	0.42

	Standard error
	±0.43
	±0.57
	±0.26
	±0.19


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).

Wheat dry weight 
S. hermonthica, infestation invariably, reduced wheat dry weight (Table 6). However, the magnitude of the reduction varied with Striga seedbank, strain and the wheat cultivar. In general, the observed reduction, with few exceptions, increased with increasing Striga seedbank size. Striga sorghum free Elnilean displayed a dry weight of 5.95g/pot. Striga sorghum strain, at seedbank of 2-8 mg/per pot inflicted insignificant reduction. Increasing Striga seedbank to 16, 32 and 64 mg per pot reduced dry by 49.6, 58.0, and 67.2%, respectively (Table 6). Striga, millet strain, at seedbank of 2-32 mg/pot increased dry weight, albeit non-significantly. However, a further increase in seedbank to 64 mg/pot resulted in a significant decrease (44.9%) in dry weight (Table 6).
Striga, sorghum strain, at seedbank of 2-8 mg/pot had no significant effect on Wadi-Elnile dry weight (Table 6). Increasing Striga seedbank to 16, 32 and 64 mg/pot, reduced dry weight by 44.4, 59.6 and 52.9%, respectively. Striga millet strain, at seedbank of 2-32 mg/pot had inconsistent effects on shoot dry weight and a non-significant reduction in air dry weight at Striga seedbank size of 64 mg/pot (22.7%). 

Table 6: Effects of Striga seedbank size on wheat cultivars dry weight

	Striga seedbank size/pot (mg)
	Striga strains

	
	Striga sorghum
	Striga millet

	
	Elnilean
	Wadi-Elnile
	Elnilean
	Wadi-Elnile

	0
	6.0a
	4.5 a
	6.0a
	4.5bc

	2
	 5.1abc
	5.2a
	6.9a
	6.8a

	4
	5.7ab
	4.1ab
	6.4a
	5.8ab

	8
	5.9a
	5.0a
	8.1a
	4.9abc

	16
	3.0bcd   
	2.5bc
	8.0a
	6.0ab

	32
	2.5cd
	1.8c
	6.3a
	6.9a

	64
	2.0d
	2.1c
	3.3b
	3.5c

	  LSD
	2.86
	1.63
	2.67
	1.99

	Standard error
	±1.4
	±0.77
	±1.26
	±0.95


Mean+SE within a column followed by the same letters is not significantly different at P≤0.05 (LSD-Test).

Discussion:

The present study has demonstrated that Sudanese wheat cultivar is susceptible to S. hermonthica. Striga emergence was influenced by strain, seedbank size and wheat cultivar. These results findings are in line with those of Vasey et al. (2005) and Elabaied et al (2017).  According to Vasey et al. (2005) reported that Striga spp. requires the presence of multiple stimulants received from the host to activate germination, haustorium configuration, and subsequent development, and all these indications are present in wheat. S. hermonthica infestation, irrespective of wheat cultivar and Striga strain, progressively increased with seedbank size. The observed increase in Striga emergence with seedbank size indicates the importance of the seedbank in determining the level of infestation, damage and probably the efficacy of control treatments. This finding may account, at least in part, for the frequent variability in the performance of Striga control measures with site and/or crop cultivars (Eltayeb, 2013; Yagoub et al., 2014). Striga sorghum strain, showed the highest emergence, while Striga millet displayed the lowest and this may be attributed to the distinct between Striga millet and sorghum strains. Rezig et al., (2016); Mahmoud et al., (2016) and Dafaallah et al., (2019) reported that the existence of variability and host specificity within S. hermonthica populations seem to be based almost entirely on the differential response of S. hermonthica isolates to in situ root exudates from the host. Parker and Reid (1979) confirmed the existence of the host-specific strains. The genetic variability of S. hermonthica has not been sufficiently evaluated relative to its wide distribution and host specificity. AFLP markers have been widely reported and are distributed throughout the plant genome (Vos et al., 1995).  Wadi-Elnile, irrespective of strain resulted in highest Striga emergence and Elnilean sustained the lowest number. The variability in Striga emergence, noted between the cultivars, with seedbank size, could be related to a multitude of factors including differential stimulant production, differential compatibility between the host and the parasite or to failure of the host to sustain the emergence of most of the attached parasite seedlings. The observed differential response of the two S. hermonthica strains to haustorium inducing factor(s) from sorghum and millet may indicate specificity of the haustorium factors (Astatt and Hansen, 1978)). Striga dry weight, irrespective of strain or wheat cultivar, increased with seedbank size and this may be attributed to the Striga number. Similar findings were obtained by Yagoup et al., (2014) and Elabaied et al., (2017) who reported that sorghum cultivars inoculated with Striga or Orobanche at the lowest infestation level displayed the lowest Striga dry weight.
The influence of Striga on wheat growth varied with the Striga seedbank size, strain and crop cultivar (Tables 1-6). Wheat height, irrespective of cultivar and Striga strain, progressively, decreased with increasing seedbank size. Striga millet and sorghum strain with few exceptions did not reduce the number of tillers. Chlorophyll content, irrespective of wheat cultivars or Striga strain was not influenced at low seedbank size (2-8 mg/pot). However, increasing seedbank size of Striga sorghum to 16 mg or more, irrespective of wheat cultivar, significant reductions were inflicted (Elabaied et al., 2017).
In Wadi-Elnile, Striga sorghum strain, at seed bank of 32 mg/pot decreased the number of grains per spike significantly by 70%. S. hermonthica, infestation invariably, reduced wheat dry weight (Table 6). However, the magnitude of the reduction varied with Striga seedbank, strain and wheat cultivar. In general, the observed reduction, with few exceptions, increased with increasing Striga seedbank size. These results are consistent with those achieved by Vasey et al. (2005) who reported that Striga infection affected a significant reduction in the number of tillers, growth and biomass of wheat. Similar findings were reported by Eltayeb (2013) and Eltayeb et al., (2016). with S. hermonthica on sorghum. This is a common effect of Striga infection on other cereals, such as maize and sorghum. In general, S. hermonthica can affect its host in different ways, the parasites absorb water, minerals and Photosynthase from the host and consequently reduce the latter ability to grow and compete for nutrients, light, water and space (Joel et al. 2007). Part of the reduction in the growth of the host results from competition for carbon assimilates, water, mineral nutrients and amino acids (Graves et al. 1990). However, Striga does not only act as an additional sink but also has a strong ‘toxic’ or ‘pathological’ effect on the host (Press and Gurney 2000). Parts of these effects are caused by the disturbed hormonal balance in Striga-infected host plants, characterized by increased levels of abscisic acid and decreased levels of cytokinins and gibberellins (Frost et al. 1997). By altering the host’s hormonal balance Striga affects host biomass allocation, resulting in the root systems of infected plants being greatly stimulated, while the shoot is stunted and reduced (Parker and Riches 1993).  The parasite also induced reduction in host photosynthesis has been reported as the most important mechanism of growth reduction (Graves et al., 1990) Furthermore, Striga strongly affects the water economy of its host by its high transpiration rate and by reducing the stomatal conductance of the host plant. 
The present study, based on reductions of wheat growth attributes, shows clearly that the time of imposition of stress inflicted by the parasite is paramount at low parasite seed bank size and that it could be mitigated by trap cropping where the observed delayed and reduced emergence is possibly due to reduced infection resulting from reduced parasite seed bank (Ali et al., 2009).
The presence of unique alleles in the millet population might suggest that their marker alleles are linked to specificity genes. This may be made use of for Striga control by targeting these genes in the future, using more markers, and clones for co-suppression and gene silencing.

In summary, the susceptibility of wheat to Striga spp. will be one of the major constraints to food production in Africa, thus may have important implications for future African food security. 
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