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Abstract 

 

Pots experiment was conducted, during the summer season 2018, at the 

College of Agricultural Studies (CAS), Shambat, Sudan University of Science 

and Technology (SUST), Bahri Locality, Khartoum State. The experiment was 

carried out to determine the effects of the Hargel (Solenostemma argel), 

Jatropha (Jatropha curcas) aqueous extracts, each applied alone or in their 

combinations with Nitrogen 40 Ib/fed and the effect of Nitrogen applied alone 

on S. hermonthica incidence and growth and yield of Sorghum (cv.Asareca-

w2). Treatments were arranged in a randomized complete block design 

(RCBD) with three replicates. The results of the experiment showed that, 

Striga emergence increased with increasing number of weeks from crop 

sowing. At 6, 10, 14 weeks after sowing (WAS), all the botanical aqueous 

extracts each applied alone or in their combinations with Nitrogen and 

Nitrogen applied alone significantly reduced Striga emergence by 29.1-100%. 

At 7 WAS, all the botanical aqueous extracts each applied alone or in their 

combinations with Nitrogen and Nitrogen alone significantly reduced Striga 

shoot fresh weight (g) and shoot dry weight (g) by 42.1-91.9% and 31.8% - 

96.6% respectively  . At 7 and 14 WAS all treatments increased plant height 

(cm) by 26.6-113.5. All treatments except (Hargel at 2.5%, 5% and Jatropha at 

2.5% and 5%) gave plant height comparable to that obtained by Striga free 

control treatment. The medium and high concentrations of Hargel aqueous 

extracts and high concentration of Jatropha aqueous extract significantly 

increased plant shoot fresh weight (g) by 120.8, 122 and 127.8%, respectively. 

Hargel and Jatropha aqueous extract in combination with Nitrogen 40 Ib/fed 



x 
 

and all levels of Nitrogen significantly increased plant shoot fresh weight by 

97.4-170%. Hargel and Jatropha at 10% and their combination with Nitrogen 

40 Ib/fed and all levels of Nitrogen significantly increased plant shoot dry 

weight by 87.5-110%. Hargel aqueous extracts at concentrations 5% and 10% 

significantly increased grain yield (g)/plant and grain yield (kg)/fed by 

122.9%-128.6% and 122.3 - 128.7%, respectively. All concentrations of 

Jatropha aqueous extracts applied alone significantly increased grain yield 

(g)/plant and grain yield (kg)/fed by 116.2%-138.1% and 114.1-138.2%, 

respectively. Hargel applied in combination with Nitrogen 40Ib/fed 

significantly increased grain yield (g)/plant and grain yield (kg)/fed by 142.9% 

- 145.7% and 143-219.2%, respectively. However, Jatropha applied in 

combination with Nitrogen 40Ib/fed significantly increased grain yield 

(g)/plant and grain yield (kg)/fed by 151.4%-179% and 137.4-178.5% 

respectively. Nitrogen at all levels significantly increased grain yield (g)/plant 

and grain yield (kg)/fed by 106.1-133.4% and 106.1-133.1%, respectively. The 

best treatments among the botanical aqueous extracts, each applied alone or in 

combination with Nitrogen 40Ib/fed were Hargel and Jatropha aqueous extracts 

in combination with Nitrogen, concentrations of  Hargel and Jatropha at 5% 

and 10% and Nitrogen doses at 80 and 120 Ib/fed. 
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 الخلاصة

،  فً كهٍح انذراساخ انشراعٍح، شًثاخ، جايعح 2018، فً انًىسى انصٍفً تح الأصٍصأجزٌد ذجز

انسىداٌ نهعهىو وانركُىنىجٍا، انخزطىو تحزي، ولاٌح انخزطىو. أجزٌد انرجزتح نرحذٌذ ذأثٍز 

إضافح أو إعقاتهًا ت حذجنهحزجم وانجاذزوفا، ذطثٍك كم واحذ يُهًا عهى  حانًائٍ اخانًسرخهص

رطم/افذاٌ و ذأثٍز ذطثٍك انٍُرزوجٍٍ يُفزد عهى انثىدا وًَى وإَراجٍح انذرج انزفٍعح  40انٍُرزوجٍٍ 

يكزراخ. أظهزخ َرائج ثلاز (. انرجزتح صًًد تانقطاعاخ انعشىائٍح انكايهح ت2)صُف أسارٌكا 

و  10، 6اعح انًحصىل. تعذ انرجزتح  أٌ  عذد َثاذاخ انثىدا انًُثثقح ٌشداد تشٌادج عذد الأساتٍع تعذ سر

ها إضافح  رتعذ انشراعح، كم انًسرخهصاخ انًائٍح عُذ ذطثٍقها يُفزدج أو انرً أعقث أسثىع  14

 -% 29.1/فذاٌ وانٍُرزوجٍٍ يُفزد خفضد إَثثاق انثىدا تصىرج يعُىٌح تُسثح ) 40 تًعذل انٍُرزوجٍٍ

ٍ كم يُهًا يُفزد وإعقاتهًا تإضافح كم انًسرخهصاخ انًائٍح نهُثاذٍ فً َهاٌح انًىسى% (. 100

نطفٍم انثىدا  )جى(رطم/فذاٌ وانٍُرزوجٍٍ يُفزد خفضد انىسٌ انزطة وانجاف 40انٍُرزوجٍٍ 

أسثىع يٍ  14و  7عهى انرىانً. تعذ %(، 96.6-%31.8%( و )91.9-%42.1تصىرج يعُىٌح تُسثح )

انرزكٍش انًرىسط وانعانً يٍ  .%(.113-26.6انشراعح كم انًعايلاخ سادخ طىل انُثاخ تُسثح )

تصىرج يعُىٌح  سادخانًسرخهص انًائً نهحزجم وانرزكٍش انعانً يٍ انًسرخهص انًائً نهجاذزوفا 

. انًسرخهصاخ انًائٍح ، عهى انرىانً%(127.5و 120.8، 120تُسثح )انىسٌ  انزطة نهذرج انزفٍعح 

رطم/فذاٌ و كم يسرىٌاخ انٍُرزوجٍٍ  40نهحزجم وانجاذزوفا انرً أعقثرها إضافح انٍُرزوجٍٍ تًعذل 

%(. ذزكٍشي انحزجم 170-97.4)جى( نهذرج انزفٍعح تُسثح ) سادخ تصىرج يعُىٌح انىسٌ انزطة

رطم/فذاٌ و كم يسرىٌاخ انٍُرزوجٍٍ  40% انذي أعقثه إضافح انٍُرزوجٍٍ تًعذل 10وانجاذزوفا 

انًسرخهص انًائً  %(. ذزكٍشي110-87.5سادخ تصىرج يعُىٌح انىسٌ انجاف نهذرج انزفٍعح تُسثح )

)كجى(/فذاٌ  انحثىب )جى(/انُثاخ و إَراجٍح انحثىب تصىرج يعُىٌح إَراجٍح ا% ساد10% و 5نهحزجم  

%(، عهى انرىانً. كم ذزكٍشاخ انًسرخهص انًائً 128.7-122.3)و (%128.6-122.9تُسثح )

)كجى(/فذاٌ  انحثىب ى(/انُثاخ وإَراجٍح)جانحثىبَراجٍح إنهجاذزوفا يُفزدج أدخ إنى سٌادج يعُىٌح فً 

%(، عهى انرىانً. انحزجم انذي أعقثه إضافح انٍُرزوجٍٍ 219.2-143)و (%138.1-116.2تُسثح )

)كجى(/فذاٌ تُسثح  انحثىب )جى(/انُثاخ وإَراجٍح انحثىب رطم/فذاٌ ساد تصىرج يعُىٌح إَراجٍح 40

ها إضافح رضا ذزكٍشاخ  انجاذزوفا انرً أعقث%(، عهى انرىانً. أ219.2ٌ-143 )و (142.9-145.7%)

 انحثىب )جى(/انُثاخ وإَراجٍح انحثىب تصىرج يعُىٌح إَراجٍح خرطم/فذاٌ ساد 40 تًعذل انٍُرزوجٍٍ
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يسرىٌاخ نهٍُرزوجٍٍ  كم%(، عهى انرىانً. 178.5-137.4)و (%179-151.4)كجى(/فذاٌ تُسثح )

-106.7)كجى(/فذاٌ تُسثح ) انحثىب /انُثاخ وإَراجٍح)جى( انحثىب أدخ إنى سٌادج يعُىٌح فً إَراجٍح

 ،يٍ انًسرخهصاخ انًائٍح نهُثاذٍٍ خ%(، عهى انرىانً. أفضم يعايلا133.4-106.7) و( 133.4%

وانٍُرزوجٍٍ هً ذزكٍشاخ انحزجم  رطم/فذاٌ 40 تًعذل إضافح انٍُرزوجٍٍت أعقاتهًا يُفزدٌٍ أو عُذ

% و 5ذزكٍشي انحزجم وانجاذزوفا  ،رطم/فذاٌ 40رزوجٍٍ تًعذل وانجاذزوفا انرً أعقثرها إضافح انٍُ

 رطم/فذاٌ.    120و  80% وجزعرً انٍُرزوجٍٍ 10

                                                                                                                              .
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                                          CHAPTER ONE 

INTRODUCTION 

Sorghum bicolor (L) Moench) belongs to the Poaceae family (FAO, 1995).It is 

a self-pollinated crop (Ideris and Mohammed, 2012). It is rank fifth cereal 

worldwide after Wheat (Triticum spp.), Rice (Oryza spp.), Maize (Zea mays 

L)and Barley (Hordeum vulagdre) in term of production (FAO, 2010). It was 

first domesticated in the region of North East Africa (Doggett, 1988). Ninety 

percent of the world’s area cultivated by sorghum is in the developing 

countries, mainly in Africa and Asia.  Major world’s producers include Sudan, 

Nigeria, India, United States, Mexico, Ethiopia, China and Argentina (FAO, 

2013). In Africa it comes second after maize in term of production (Romain 

and Raemaekers, 2001).In tropical Africa the Sorghum is grown for home 

consumption. In southern and eastern Africa malting sorghum in bear brewing 

has developed into a large scale commercial industry, using about 150000 tons 

of Sorghum grain annually, according to FAO (2010). The leaves and stem of 

Sorghum are also used as forage for livestock, building material and a fuel for 

cooking. In the industrialized countries, Sorghum grains are generally used as 

animal feed (Lendzemo, 2004).In Sudan the first Sorghum improvement 

varieties program started in mid-fifties, as conventional methods such as 

introduction, hybridization and selection were used. In Sudan the crop is fully 

utilized, the grain is ground into flour which is fermented and used for making 

local bread (Kissra); it is also used as porridge, soft drink called (Abrieh). 

Sorghum stalks are used as building material and animal feed or as fuel (Elzain 

and Elasha, 2005).Generally the area under crop has steadily increased over 

years, but yield tends have been fluctuating and by far below the international 

yield average. Paramount, among yield reducing factors are drought, low soil 

fertility and the root parasitic weed Striga hermonthica (Del.) Benth (Parker 
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and Riches, 1993).Root parasitic weeds of the genus Striga (Orobanchaceae) 

constitute a major biotic constraint to cereals production in sub-Saharan Africa, 

particularly for the very important food crops, maize, Sorghum and pearl 

millet. The most devastating to cereal production in West Africa is Striga 

hermonthica (Del.) Benth) which causes huge losses ranging from 40-90% and 

up to 75% of its overall damage to the hosts occurred during its subterranean 

stage of development (Parker and Riches, 1993; Gressel et al., 2004).Members 

of the genus Striga commonly known as witch weeds are obligate root parasitic 

weeds. The genus comprises of 28 species that occur naturally across tropical 

and semi tropical Africa and also in Asia and Australia. Witch weeds are 

characterized by bright green stems and leave and small, brightly colored 

flowers. Striga species, being obligate parasites thrive only when hosted by 

other plants from which they obtain water, nutrients and possibly hormones 

(parker and Riches, 1993). A single S. hermonthica plant can produce up to 

500 000 seeds which can remain viable for more than 14 years (Bebawi et al., 

1987). This has led to the buildup of a large reserve of Striga seeds in 

contaminated soils. Striga spp. is prevalent in over million hectares of cereals 

growing area in Africa and inflicts considerable damage amounting to 

complete crop loss under heavy infestation (Welsh and Mohamed, 2011). 

Striga is generally native to semi-arid, tropical areas of Africa, but have been 

recorded in more than 40 countries (Ejeta, 2007; Vasey et al., 2005). Striga 

possibly originates from a region between the Semien Mountains of Ethiopia 

and the Nubian Hills of Sudan (Atera et al., 2011). This region is also the 

birthplace of domesticated Sorghum (Sorghum bicolor L). In Sudan Striga 

hermonthica is major biological constraint to the production of the crop 

majority, mainly Sorghum and pear millet (Ayman et al., 2014). Sudan is the, 

one of the richest countries in its natural flora. Plants of this country, both 

cultivated and wild are undoubtfully an unlimited reservoir for medicinal 

https://scialert.net/fulltextmobile/?doi=ajcs.2010.147.154#4656_b
https://scialert.net/fulltextmobile/?doi=ajcs.2010.147.154#430429_ja
https://scialert.net/fulltextmobile/?doi=ajcs.2010.147.154#549705_ja
https://scialert.net/fulltextmobile/?doi=ajcs.2010.147.154#549705_ja
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pharmaceutical aromatic and insecticides chemicals (Adam, and Fatin, 2016). 

Botanical will be a promising source of pest control compounds such as 

Jatropha Curcas. The current study design to explore new   environmental 

friendly pesticide to control weeds that to replace the highly toxic chemical. 

Research in Africa on the control of Striga has been going on for about 70years 

(Ahmed et al., 2001).Several promising Striga control strategies have been 

developed, from those that relate to soil fertility improvement to those that 

directly affect the parasite (Rector, 2009). This has accorded farmers with a 

variety of options to control the parasite, including the use of chemical 

herbicides, trap crops, hand-pulling, appropriate fertilizer applications, crop 

Rotation, intercropping, resistant crops, and biological control (Parker and 

Riches, 1993; Menkir and Kling, 2007; Hearne, 2009). Generally there is a lack 

of information on effects of nitrogen fertilizer and medicinal botanical extracts 

on Striga, thus this research was designed to investigate the effects of nitrogen 

fertilizer and two medicinal botanical aqueous extracts (Hargel and Jatropha) 

and their mixture with nitrogen on Striga hermonthica. We have been 

following this approach to exploit the effectiveness of the interaction of these 

control methods in a sound manner to fulfill the following objectives:    

I. To determine the effects of different concentrations of aqueous extracts of 

argel, Jatropha and their combinations with Nitrogen on Striga hermonthica 

and growth and yield of Sorghum (cv. Asareca-w2).  

II. To determine effects of different doses of Nitrogen on Striga and growth and 

yield of Sorghum (cv. Asareca-w2).  
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CHAPTER TWO 

LITERATURE REVEIEW 

2.1. Sorghum bicolor (L) Monech): 

Sorghum bicolor belongs to family Poaceae, It is a self-pollinated crop 

cultivated for its edible grains, commonly called sorghum and also known as 

durra in Sudan. Sorghum genetically is considered as a drought tolerant crop 

and has evolved various eco types that withstand an array of biotic factor. It is 

considered more tolerant to many stresses, including heat, drought, and salinity 

and flooding as compared to other cereal crops (Ali et al., 2011). However, the 

crop grown in rain-fed areas is highly affected by drought stress (Kebede et al., 

2001). The crop is crucially important to food security in Africa as it is 

exclusively drought resistant and can withstand periods of high temperature 

(Taylor, 2006). 

In Sudan, Sorghum is most important cereal crops in terms of production and 

consumption (Ibrahim et al., 1995). It is cultivation all over the country, either 

under rain fed or under supplementary irrigation. The amount and rainfall 

patterns of and length of rainy seasons as in Sub-Sahara Africa is fluctuating. 

These climatic changes adversely affect traditionally Sorghum growing areas 

of North Gadarif, Gezira, Sennar, White Nile State and North Kordofan. The 

dominant varieties grown are the traditional Feterita types e.g. Arfa Gadmek, 

Abdalla Mustafa and Korolo. Tetron and Dabar are grown on a limited scale. 

Some pioneer farmers in south Gadarif grow the improved varieties, Wad 

Ahmed and Tabat. Sorghum grown in this region is used for commercialization 

purposes and is sold mainly in the local markets, with some of it for export 

(Babiker, 2002). 
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2.2. Parasitic plants: 

Parasitism is a coexistence of two different organisms of which one (the 

parasite) lives at the expense of the other (host). Parasitic higher plants are the 

most destructive agricultural pests known (Parker and Riches, 1993; 

Sauerborn, 1991). Today, about 4,100 species of parasitic plants belong to 

19families have been recognized as serious pests causing considerable 

economic damage (Nickrent and Musselman, 2004). According to Yoder 

(1997) they can be classified into two main types depending on the presence or 

absence of chlorophyll. Holoparasites do not contain chlorophyll and depend 

completely on their host for the supply of assimilates. Hemiparasites contain 

some chlorophyll and can perform photosynthesis to some extent. Some of 

these hemiparasites can live either as a parasite or on their own roots, and these 

are called facultative parasites (Joel et al., 1995). Parasitic plants can attach to 

their host on several different organs (shoots, roots or branches). Parasitic 

weeds adopt different forms to invade host plants. Some (dodders and 

mistletoes) invade aerial parts, whereas others invade the underground roots 

(Orobanche and Striga). Root parasites are more common and are found in 

diverse taxonomic groups. Some of the most economically important root 

pathogens are in the broomrape family, Orobanchaceae. This family includes 

the largest number of genera (85) and species (ca. 1650) of all the families of 

parasitic flowering plants (Nickrent and Musselman, 2004). The genus Striga 

contains about 41 species that are found on the African continent and parts of 

Asia; Africa is the presumed region of origin (Wolfe et al., 2005). Mohamed et 

al. (2001) described 28 species and six subspecies from Africa. Of these 22 

species of Striga are endemic. The most important of 11 species that attack 

crops are Striga asiatica (L.) Kuntze and Striga hermonthica (Del.) Benth) 

.Parasitizing cereals and Striga gesnerioides (Willd.) Vatke parasitizing 

cowpea and other wild legumes. 
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2.2.1. Striga: 

Striga spp. (Witch weeds) are pernicious, root attaching parasitic plants, a 

genus of 42 currently described species in the world of which 28 species occur 

naturally in Africa (Barker, 1990; Cochrane and Press, 1997).The parasites 

does not have its own roots and therefore it compensates by penetrating the 

roots of host plant to siphon the essential nutrients for growth (Watson et al., 

1998). The host plants are stagnated and sometimes die from phytotoxic effects 

within days of attachment (Frost et al., 1997; Khan et al., 2007).A small 

parasite biomass attachment to the host plant can result in a large reduction in 

height, biomass and grain yield (Gurney et al., 1999; Rodenburg et al., 2006). 

The parasite attack the host plant underground and by the time the flowering 

stem of the parasite appears above the ground damage has been caused 

(Westerman et al., 2007). 

Most witch weeds are characterized by bright-green stems and leave and small, 

brightly colored flowers. A mature Striga plant has high reproductive capacity, 

and is capable of producing 10,000 to 200,000 tiny seeds per plant that can 

survive in the soil for more than 10 years (Van Ast and Bastiaans, 2006; 

Hearne, 2009).After germination, the parasite must find the host plant for 

attachment within 4 days if not it will die (Gurney et al, 2006). Striga has been 

a serious problem of cereal and legume crops among farmers in sub-Saharan 

Africa. Its effects on crops range from stunted growth, through wilting, 

yellowing, and scorching of leaves, to lowered yields and death of many 

affected plants. Farmers have reported losses between 20% and 80%, and are 

eventually forced to abandon highly infested fields (Atera and Itoh, 2011). 

Grain yield losses even can reach 100% in susceptible cultivars under a high 

infestation level and drought conditions (Haussmann et al., 2000). According 

to (Gressel et al., 2004), estimated 17.2 million hectares (64% of the total area) 

of sorghum and pearl millet production in West African are infested with 
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Striga. Most of the yield loss (about 75%) occurs before Striga emergence 

(Parker and Riches, 1993). 

2.2.2. Striga life cycle:         

The life cycle of Striga is complex and it is tied to development stages of the 

host plant from seed to seed. The most important step in the life cycle is 

germination of Striga seed which involves: - pre-conditioning of the seeds 

which requires humid and warm conditions, radical growth to the host root, 

haustorium formation and attachment to the host root (Spallek et al., 2013). 

However, pre-conditioning of Striga seeds also requires secondary metabolites 

derived from host plants and non-host plants to induce germination (Yoder, 

2001; Gurney et al., 2006; Hooper et al., 2009). These germination stimulants 

are exuded at the tip of roots of host plants (Parker and Riches, 1993; Yoder, 

1999). After germination, the parasite must find the host plant for attachment 

within 4 days if not it will die (Gurney et al., 2006).  

The parasitic seedling grows underground totally depending on the host for 

growth and development for about 3 to 6 weeks (Gurney et al., 2006). After 

emergence Striga seedling forms the stem and leaves with chlorophyll but 

becomes hemi-parasite that produces assimilates, partially depending on the 

host for Striga nutrients, water and minerals. Within one month after 

emergence, plant initiates flowers and seeds. The plant produces many seeds 

which enable the parasite to build its soil seed bank (Gbehounou et al., 2003). 

S. hermonthica and S. asiatica are the most widespread and dangerous species 

parasiting on cereal crops such as sorghum (Sorghum bicolor (L.)Moench), 

pearl millet (Pennisetum glaucum (L.)R. Br.), maize (Zea mays L.) and 

uplandrice (both Oryza glaberrima (Steud.) and O. sativaL.), whereas S. 

gesnerioides (Willd.) Vatke attacks crops such as cowpea (Vigna unguiculata 

(L.) Walp) and peanut (Arachis hypogaeaL.) (Parker, 1991 and Oswald, 2005). 

In the recent years, crops such as wheat (Triticum aestivum L.) that were 
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previously unaffected by the parasite are now showing serious infestation 

(Vasey et al., 2005).And areas of productive agriculture have been abandoned 

because of this scourge. Striga is therefore, a pandemic of serious proportion 

because of its vast geographical infection, its economic impact and possess a 

potential threat to smallholder livelihoods. 

2.3. Striga control methods: 

The tremendous impact of parasitic plant on world agriculture has prompted 

much research aimed at preventing infestation. Many potential control methods 

were developed against the parasite problem physical, cultural, chemical, and 

biological (Jole, 2002). Control of S. hermonthica in cereals has so far proven 

elusive. Economically feasible and effective technologies are still to be 

developed for the cash strapped subsistence farmers in most of the Striga-

stricken areas (Debrah, 1994). The control of S. hermonthica has also been 

made very difficult due to the biology of this weed. It is very prodigious as far 

as seed production is concerned. 

2.3.1. Cultural control methods: 

A number of cultural practices have been recommended for Striga control such 

as crop rotation (Oswald and Ransom, 2001); intercropping (Udom et al., 

2007); transplanting (Oswald et al., 2001); soil and water management (Fasil 

and Verkleij, 2007); use of fertilizers (Jamil et al., 2011); and hand weeding 

(Ransom, 2000) to reduce the production of further Striga seed. These methods 

should also reduce the density of Striga seeds already in the soil seed bank 

(Fasil and Verkleij, 2007). 

2.3.1.1 Hand- weeding and sanitation: 

Today the most used control method against Striga is hand weeding. It is 

recommended to prevent seed set and seed dispersal. Weeding the small Striga 

plants is a tedious task and may not increase the yield of already infected 

plants, it is necessary to prevent seed production and reinfestation of the soil 
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(Teka, 2014). Due to high labour costs in repeated hand-pulling of Striga, it is 

recommended that hand-pulling should not begin until 2-3 weeks after S. 

hermonthica begins to flower to prevent seeding (Parker and Riches, 1993). 

Hand-pulling will usually need to be continued for 3-4 years and is most 

economical on the least infested fields. It is always recommended as a 

supportive treatment (Parker and Riches, 1993). 

2.3.1.2 Crop Rotation: 

Crop rotation of infested land with non-susceptible crops or fallowing is 

theoretically the simplest solution. Rotation with non-host crops interrupts 

further production of Striga seed and leads to decline in the seed population in 

the soil. The practical limitation of this technique is required more than three 

years for rotation. The choice of rotational crop should therefore be based 1st 

on its suitability to the local conditions and only secondarily on its potential as 

a trap crop (Parker and Riches, 1993 and Teka, 2014),to reduce parasite seeds 

(Esilaba and Ransom, 1997). Pasture legumes; Mucuna gigantica, Stylosanthes 

guyanensis and ,Desmodium spp. were investigated for their ability to induce 

germination of conditioned S. hermonthica seed, for their effect on Striga 

attachment and on Striga shoot emergence. Laboratory experiments showed 

that, the root exudates of the legumes stimulated up to 70% more Striga seeds 

to germinate than exudates of maize. Maize-Mucuna combination had the 

highest number of attachments while all other combinations and maize planted 

in pure stand had lower numbers of attached. Cowpea varieties, cv. Black eye 

bean and cv. TVU 1977 OD, produced potent exudates, which were highly 

compatible with sorghum as intercrops in field trials (Fasil, 2002). In other 

research findings also reported the effectiveness of the combined use of trap-

cropping, fertilization and host plant resistance to control S. hermonthica 

(IITA, 2002; Tesso, et al., 2007). 
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2.3.1.3. Trap and Catch crops: 

Trap crops: Trap-crops cause suicidal germination of the weed, which reduces 

the seed bank in the soil. Some varieties of cowpea, groundnut and soybean 

have potential to cause suicidal germination of S. hermonthica and improve 

soil fertility (Carsky et al; 2000; Schulz et al., 2003).The use of trap crops such 

as soybean causes suicidal germination of the Striga seedlings which do not 

attack the soybean consequently; the Striga is ploughed off before flowering 

there by reducing the seed density of Striga in the soil (Umba et al., 1999). In 

IITA, about 40 lines of soybean were screened for their ability to induce Striga 

hermonthica seeds to germinate using the cut roots of soybean plants. The 

results showed variability among the soybean lines in their ability to stimulate 

seed germination. Hess and Dodo (2003) also found that the use of leguminous 

trap crops that include varieties of groundnut (Arachis hypogaea), soybean 

(Glycine max), cowpea (Vigna unguiculata) and sesame (Sesamum indicum) 

stimulate the suicidal germination of Striga is another technology to control 

Striga (De Groote et al., 2010). 

Catch crops: Catch crops are planted to stimulate a high percentage of the 

parasite seeds to germinate but are destroyed or harvested before the parasite 

can reproduce.It is another mean of depleting Striga seed reserves in soils. 

Contrary to trap cropping, which relies on false hosts, catch cropping employs 

true hosts of the parasite. A thick planting of Sudan grass at 20-25 kg seed per 

hectare should be sown and either ploughed in or harvested for forage at 6-8 

weeks before Striga seeds. The main crop could then be planted during the 

main rains (Parker and Riches, 1993and Teka2014). The catch crop, when 

ploughed under is equivalent to green manuring, it is restorative effects on soil 

fertility (Bebawi, 1987). Catch crops are considered to be less economically 

favoured than trap crops because of the lack of direct financial returns. 
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2.3.1.4. Intercropping: 

Intercropping cereals with legumes and other crops is a common practice in 

most areas of Africa, and has been reported as influencing Striga infestation 

(Teka, 2014). Intercropping is a potentially viable, low-cost technology, which 

would enable to address the two important and interrelated problems of low 

soil fertility and Striga (Fasil, 2002). Growing of Sorghum in association with 

cowpea and haricot bean was effective against S. hermonthica and produced 

significantly improved yield per unit area in preliminary trials in Ethiopia. 

Intercropping had rather detrimental effect on yield performance of sorghum 

and showed two cowpea varieties - cv. TVU 1977 OD and cv. Black eye bean 

produced the highest supplemental yield of up to 329 and 623 kg ha–1 grain 

and 608 and 1173 kg ha–1 biomass at Adibakel and Sheraro (Tigray, Ethiopia) 

in 1999 and 2000, respectively (Fasil, 2002).Also recent result shows that 

intercropping maize with cowpea and sweet potato can significantly reduce the 

emergence of Striga in Kenya (Oswald et al., 2002).In Sudan intercropping is a 

valuable cheap and effective method for suppressing localized infestations of 

the parasite on relatively small farms (Babiker, 2002). Intra-row planting of 

hyacinth bean (Lablab purpureus) with sorghum, reduced S. hermonthica 

emergence by 48-93%, dry weight by 83-97%, number of seed capsules by 52-

100% and increased Sorghum grain yield by several fold in comparison with 

the sole crop (Babiker, 2002). Intercropped fodder legumes (Desmodium 

uncinatum and D. intortum) with maize reduced Striga infestation in Kenya 

(Khan et al., 2000). The effect was significantly greater than that on other 

legumes such as cowpeas, as were the concomitant yield increases. The 

mechanism by which D. uncinatum reduce Striga infestation in intercropping 

was found to be the allelopathic effect inhibiting the development of haustoria 

of Striga (Khan et al., 2001). Identification of the compounds released from D. 

uncinatum involved in the suppression of the parasite may give more 
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exploitation for developing reliable intercropping strategies, as well as new 

approaches for molecular biology in S. hermonthica (Gressel, 2000). 

Parker and Riches (1993) attributed the suppressive effects of intercropping to 

several factors, including its action as a trap-crop, interference with production 

of germination stimulants, exudation of germination inhibitors and/or reduction 

of the parasite transpiration, through decreasing air temperature and increasing 

humidity. In common with most parasitic weeds Striga species have high 

transpiration rate, associated with stomata which remain open under most if not 

all conditions (Shah et al., 1987). 

2.3.1.5. Soil fertility: 

Nitrogen and phosphorus are applied in sufficient quantities (Adagba et al., 

2002 and Teka, 2014). Fertilizer application had significant effect on height, 

vigour score, reaction score of Sorghum as well as shoot count, days to 

emergence, dry matter of production and dry weight of Striga. The application 

of high nitrogen (N) increases the performance of cereal crops under Striga 

infestation. This is due to the fact of that nitrogen reduced the severity of Striga 

attack while simultaneously increasingly the host performance (Lagoke and 

Isah, 2010).  

Application of high dosage of nitrogen fertilizer is generally beneficial in 

delaying emergence and obtaining stronger crop growth (Dugje et al., 2008). 

Also other advantageous effects of fertilizers include increasing soil nitrogen 

and other nutrients, replenishing the organic matter of the soil and increasing 

soil moisture holding capacity (Ikie et al., 2006). 

2.3.2.Host plant resistance: 

Host plant resistance would in all probability be the most feasible and potential 

method for parasitic weed control. Using biotechnological approaches 

(including biochemistry, tissue culture, plant genetics and breeding, and 

molecular biology) significant progress has been made in developing screening 
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methodologies and new laboratory assays, leading to the identification of better 

sources of parasitic weed host resistance (Ejeta et al., 2000).). It is potentially 

an acceptable Striga control option to resource-poor farmers (Gurney et al., 

2003; Rich et al., 2004). However, dependence on host resistance alone is not 

ideal because so far complete resistance against Striga cannot be attained 

through breeding (Gurney et al., 2002), and usually the newly developed 

varieties may not fulfill farmers preference traits (Adugna, 2007).Full 

resistance of host plants to Striga or Orobanche has not until now been found. 

However, several resistant crop varieties are used now a days in various parts 

of Africa, Europe and Asia. As the reported resistant or tolerant cultivars are 

often not accepted by farmers because of their low yield, low seed and storing 

quality, poor adaptation to a large range of agro-ecological zones and their 

sensitivity to pest and diseases, the recently developed techniques significantly 

contribute to overcoming these problems by permitting transfer of resistance 

genes into adapted cultivars with high-yielding potential. This will lead to a 

lower parasite infestation and to a higher crop yield (Elzein and Krosche, 

2003). 

2.3.3. Chemical control methods: 

2.3.3.1. Germination stimulants: 

Definite chemicals such as ethylen ،ethephon, strigol and strigol analogues can 

induce germination of Striga seeds in the absence of a suitable host and 

therefore seed reserves in the soil (Esilaba and Ransom, 1997). In 

dicotyledonous plant species there is evidence that the production of 

strigolactone by the host plant could be reduced if sufficient minerals are 

available (Lopez-Raez et al., 2008).  

2.3.3.2. Pre emergence herbicides 

Technology currently being deployed as a complement to Striga resistance in 

maize involves use of herbicide as a seed coating.  The parasite competes with 
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its host for resources; changes host plant architecture and reduce the 

photosynthetic rate and the water use efficiency of the host (Watling and Press, 

2001).This has led to the emergence of a new technology known as imazapyr-

resistant maize (IRM) which has proven to be efficient for Striga control 

(Kanampiu et al., 2006; De Groote et al., 2006). Research on-farm trials in 

Kenya and Tanzania indicate that seed dressing with Imazapyr and Pyrithiobac 

offers good Striga control and increased maize yields (Kanampiu et al., 2004). 

2.3.3.3. Post emergence herbicides  

Post emergence herbicides used for the selective control of Striga 

generally acts through the foliage, although some have soil residual effects. 

Among the herbicides tested, 2, 4-D has been the most selective and is the 

cheapest. 2-methyl-4-chlorophenoxyacetic acid (MCPA), a compound 

closely related to 2, 4-D, has also been effective especially when mixed 

with bromoxynil (Ejeta et al., 1996). Post emergence application of 2,4-D 

(1 L product/ha), Glufosinate (2 L product/ha) and Oxyflourfen (1 L 

product/ha) was effective in preventing the top growth of Striga. 

Unfortunately, most of those products had narrow window of application 

and the only safe treatment for the crop was targeted spray of 2,4-D (Fasil, 

2004). Babiker et al. (1996) reported that a combination of urea and 

dicamba effectively controlled Striga between 62-92% on sorghum, while 

chlorsulfuron in combination with dicamba controlled Striga as much as 

77-100% on sorghum.  

2.3.4. Biological control methods: 

The objective of weed biological control is not the eradication of weeds but the 

reduction and establishment of a weed population to a level below the 

economic threshold (Rajni and Mukerji, 2000). Means of biological control of 

weeds comprise herbivorous insects, microorganisms (especially fungi), and 

smother plants (Sauerborn and Kroschel, 1996). The method, involves 
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importation, colonization, and establishment of exotic natural enemies, which 

include predators and parasitoids. Efforts to manage weeds using biological 

control have been gaining momentum throughout the world, especially in the 

recent past (Delfosse, 2004).Biological control is considered as a potential 

cost-effective, safe and environmentally beneficial alternative means of 

reducing weed populations in crops, forests or rangelands (Charudattan, 2001). 

Disadvantages of weed biological control includes it will usually require a long 

period (5 to 10) years of research and a high initial investment of capital and 

human resources (Culliney, 2005). Biological control is unattractive as a 

private entrepreneurial effort (Hill and Greathead, 2000 and Coombs et al., 

2004). 

2.3.4.1. Biological control by using insect: 

The insects that attack Striga can be classified according to their damage as 

defoliators such as Junonia spp., gall forming as Smicrony spp. (Coleoptera: 

Curculionidae) in India and Africa; shoot borers as Apanteles sp., miners as 

Ophiomyia strigalis, Spencer (Diptera: Agromyzidae) in East Africa; 

inflorescence feeders as Stenoptilode staprobanes and fruit feeders as 

Eulocastra spp. (Lepidoptera: Noctuiidae) in India; (Kroschel et al., 1999). 

Kroschel et al. (1999) have been concluded that, the use of herbivorous insects 

could play a role in an integrated control package, lowering the Striga 

population by reducing its reproduction capabilities and spread.  

However, the augmentation of native insect populations through in undative 

releases is not applicable in the third world, mainly due to the infeasibility of 

mass rearing. 

2.3.4.2. Biological control by using pathogen: 

Most organisms have natural enemies that balance their populations, avoiding 

excessive abundance (Templeton, 1982). Biological control of S. hermonthica 

using Fusarium oxysporum is considered as one of the novel management 
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strategies (Sauerborn etal., 2007).Fungi are preferred to other microorganisms 

as bio-herbicides because they are usually host specific, highly aggressive, and 

easy to mass produce and are genetically diverse (Ciotola etal., 2000). Field 

and laboratory tests showed that F. oxysporum is highly effective in hindering 

germination, growth and development of Striga and thus may lead to reduction 

of Striga seed bank in the soil (Ciotola et al., 2003).Various Fusariumspp. and 

vesicular arbuscular mycorrhizal(VAM) fungi have been found which can 

reduce Striga infestations significantly on sorghum and maize when used 

together with resistant host (Ciotola et al., 2000; Lendzemo et al., 2005 and 

Franke et al., 2006). 

2.3.5. Integrated Management 

Different control methods (e.g., hand-pulling, hoe-weeding, trap- and catch 

cropping) have been tried out with no conclusive and consistent results for the 

subsistence farmer. This may partly be due to the difficulty to deplete huge 

amounts of seeds that have accumulated and continue to accumulate in the seed 

bank over the years. S. hermonthica problem may be too widespread and too 

severe to control using a single approach. Management of the hemi-parasite 

needs an integrated approach that includes host plant resistance, cultural 

practices, and chemical treatments. Within targeted management, it is 

important to understand the interaction of the host plant, Sorghum, with the 

biotic and a biotic environment (Lendzemo, 2004).Several integrated 

techniques for the control of Striga have been developed and tested. Mumera 

(1983) investigated the efficacy of three herbicides with N fertilizer on maize 

and sorghum cultivars. Odhambo and Ransom (1994) recommended that 

maintenance of soil fertility (fertiliser and crop residues) and the removal of 

Striga before seed set would restore the productivity of lands infested with 

Striga. However, the best solution in the control of Striga is an integrated 
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approach that includes a combination of methods that are affordable and 

acceptable by farmers. 

2. 3. 6. Fertilizer and botanical extracts used in this investigation: 

2. 3. 6. 1. Nitrogen fertilizer: 

2. 3. 6. 2. Botanical extracts: 

2. 3. 6. 2. 1. Jatropha curcas: Jatropha Curcas L.  is a small, perennial shrub 

that grows 3-5 meters in height, it belongs to  family Euphorbiaceae, that is 

native to the American tropics, most likely Mexico and Central America. It is 

cultivated in tropical and subtropical regions around the world.  

  In Sudan can be found in many regions like the Blue Nile, South Kordufan, 

Kassala, South Darfur and others states (Adam, and Fatin 2016). 

2. 3. 6. 2. 2.  Hargel {Solenostemma argel (Del.) Hayne}:  

The plant Solenostemma argel is an erect herbaceous perennial plant that 

grows up to 60-100 cm tall, with several vigorous stems, belong to family 

Asclepiadaceae  is a desert plant indigenous to Africa, used in traditional 

medicine worldwide, particularly in African countries (Sudan, Libya, Chad, 

Egypt and Algeria), Saudi Arabia and Palestine (Elkamali, and  Khalid, 1996; 

Ahmed ,2007; Shayoub et al.,2013).This plant is regarded as the richest source 

in Sudan and locally called Hargel, it is indigenous in the northern region 

(Orange, 1982), widely spread in the places between Dongola and Barber, 

particularly around Abu Hamad area (Elkamali, and  Khalid, 1996) 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1. General: 

The experiment was conducted at the Demonstration Farm of College of 

Agricultural Studies, Shambat, Sudan University of Sciences and Technology 

(SUST), to evaluate two botanical water extracts(Hargel leaves, Jatropha 

seeds) and Nitrogen, each one alone and in combination on Striga hermonthica 

incidence and growth and yield of Sorghum. 

3.2. Striga hermonthica seeds: 

S. hermonthica seeds were harvested in (2015) from a sorghum filed at the 

National Center for Research, Khartoum, Sudan, air dried and stored at 

ambient temperature (30°C). 

3.3. Plant materials: 

Hargel leaves were collected from local market in Khartoum Bahri and a 

Jatropha seeds were collected from National Tree seeds Center-Agricultural 

Research Corporation. The plant materials were washed and dried at room 

temperature and were separately ground into fine powder (<1mm) and stored 

until use. 

3.4. Plant aqueous extracts: 

Aqueous extracts at 10% concentration were obtained by pickling at room 

temperature. Ten grams of powdered part of plant material were placed in a 

250ml glass beaker with 100ml of sterile distilled water for 24hours and each 

suspension was then filtered through two tools, the first (nylon cloth)served to 

move big debris and the second(filter paper) to set an homogeneous solution, 

other concentrations (5%and 2.5%) were obtained from 10% concentration 

(Yonli etal., 2010). 
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3.5. Crop seeds treatment: 

The sorghum seeds were placed in six beakers (three concentrations of the 

Hargel water extract and three concentrations of the Jatropha water extract), the 

beakers were placed at room temperature for eight (8) hours before planting. 

The seeds of controls were placed in beaker containing sterile distilled water. 

3.6. Pots experiment: 

A Pots experiment was conducted during the summer season (2018)at the 

demonstration farm, College of Agricultural Studies, (CAS), Shambat, Sudan 

University of Science and Technology, Khartoum Bahri Locality, Khartoum 

State, Sudan (Latitude15° 40` N and Longitude 32° 23` E,). 

Sorghum cultivar (Asareca-w2) was obtained from Elobied Research Station, 

Agricultural Research Corporation. The experiment was conducted under 

artificial S. hermonthica infestation. Artificial infestation of soil was achieved 

by mixing two (2) grams of Striga seeds with 1kg soil. The required level of 

Striga seeds (20 mg/pot) was obtained by taking 10 grams of mixed of soil and 

Striga seeds. Striga seed soil mixture was added to S. hermonthica free soil 

thoroughly mixed by hand. Sorghum cultivar Asareca-w2 seeds which were 

treated by three concentrations of Argel and three concentrations of  Jatropha 

aqueous extracts  were sown on15th July in 2 cm soil depth, five seeds /pot, 

later thinned to two plants per pot at three weeks after sowing. Two botanical 

extracts, Hargel and Jatropha and nitrogen in the form of urea were used at 

different single doses and mixtures doses. Nitrogen fertilizer in the form of 

urea was applied at40, 80 and 120 lbs/fed (½ dose at thinning stage and (½ 

dose when the plants were knee high), in addition to two controls, the first was 

negative control treatment which was contained (0mg) Striga seeds, the second 

was positive control treatment which was contained (20 mg) Striga seeds, both 

controls were used for comparison. Irrigation was applied immediately after 

crop seed sowing and frequently two to three days interval according to 
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temperature and other environmental conditions. This experiment includes 17 

treatments arranged in a randomized complete block design (RCBD), with 

three replicates as follow:  

1- Hargel, 2.5%, 5.0% and 10%. 

2- Jatropha, 2.5%, 5.0% and 10%. 

3- Nitrogen at (40, 80 and 120 Ibs /fed), in the form of urea. 

4- Each concentrations of Hargel mixed with 40 Ib of Nitrogen/fed in the form 

of urea (H 2.5%+40Ib N, H 5%+40IbN and H 10%+40IbN). 

5- Each concentrations of Jatropha mixed with 40 Ibs of Nitrogen/fed in the 

form of urea (J2.5%+40Ib N, J5%+40IbN and J10%+40IbN). 

6- Negative control treatment (Striga free). 

7- Positive control treatment (20 mg of Striga seeds). 

3.7 Data Collection: 

3.7.1 The parasite: 

Striga growth components such as number of Striga emergence were carried 

out at 6, 10 and 14 weeks after sowing (WAS). At harvest Striga plants 

collected from each treatment were harvested, weighted to determine fresh 

weight and air-dried and weighted to determine dry weight. 

3.7.2. The crop: 

3.7.2.1. Vegetative growth components:  

Two plants were taken at flowering from each pot. Growth analysis including, 

plant height (cm), shoot fresh weight (g)/plant, shoot dry weight( g)/plant, 

number of leaves/plant and days to 50% flowering were measured in each pot. 

3.7.2..1.1. Plant height (cm):  

Plant height was measured from the soil surface (at the base of the plant) to the 

base of the flower, in each plant, and then the mean height was obtained. 
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3.7.2.1.2. Plant shoot fresh weight (g)/plant: 

The same plants were used to determine the shoot fresh weight/plant in each 

pot. Roots were detached, then the shoots were weighed by using sensitive 

balance, then the mean weight was computed as was done by (Mukhtar, 2006). 

3.7.2.1.3. Plant shoot dry weight (g)/plant: 

The same plants were used to determine the shoot dry weight (g)/plant in each 

pot. Roots were detached, then the shoots were dried in an oven at 80 °c for 72 

hours and then weighed by using sensitive balance, then the mean weight was 

computed as was done by (Mukhtar, 2006). 

3.7.2.1.4. Number of leaves/plant:  

The same plants were used to determine the number of leaves/plant in each pot, 

and then the mean number was obtained.  

3.7.2.1.5. Days to 50% flowering: 

The days to 50% flowering, the number of days from planting until the date on 

which 50% of the plants in a pot have shed pollens was recorded.  

No severe pest and diseases were noticed during the experiment 

3.7.2.2. Yield components parameters: 

At the final harvest each pot was harvested, then heads of the two plants in 

each treatment were cut and air dried and used for determination of yield 

characters including, number of heads/plant, head weight (g), 100 seed weight 

(g), grain yield (g/plant), and total grain yield (kg/fed) as follows: 

3.7.2.2.1. Number of heads/plant: 

Estimated as the mean of number of heads from the same two plants. 

3.7.2.2.2. Head weight (g): 

Estimated as the mean head weight from the heads of the same two plants in 

each pot. 
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3.7.2.2.3. Grain yield (g)/plant:  

The harvested heads of the same two plants were air dried and threshed in bulk, 

weighed and the average seed yield per plant was then calculated. 

3.7.2.2.4. Total grain yield (kg/fed): 

The harvested heads in each pot were air dried and threshed in bulk, then 

weighed and the total seed yield was calculated according to the following 

formula (Mukhtar, 2006). 

Total seed yield (kg/fed) =    Plant grain yield (kg) x number of plants/fed.  

3.8 Statistical Analysis: 

The experiment was arranged in randomized complete block design (RCBD) 

with three replications. Analysis of variance (ANOVA) was carried out on data 

obtained using the statistical analysis system Statistix 8 User Guide Version 2.0 

computer package to detect significant effects among the treatments and 

populations compared. Mean squares for treatments or populations were 

calculated. Simple statistics including mean, standard deviation, standard error 

and coefficient of variation (C. V. %) were also calculated. 
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CHAPTER FOUR 

Results 

4.1 Pots experiment 

4.1.1 Effects of Hargel, Jatropha aqueous extracts and their combination 

with Nitrogen and Nitrogen alone on Striga and growth and yield of 

Sorghum. 

4.1.1.1. Effects on Striga: 

4.1.1.1.1. Striga emergence: 

Striga count made at 6, 10 and 14 weeks after sowing (WAS) showed that, 

Striga emergence increased with increasing of the weeks. 

Statistical analysis showed significant differences between treatments 

(Table.1).  At 6 WAS, Hargel at 2.5%, 5% and 10% significantly reduced 

number of Striga emergence by 84.1%, 91% and 100%, respectively as 

compared to Striga control treatment (Table 1). 

Jatropha at 2.5%, 5% and 10% significantly reduced Striga emergence by 

84.1%, 100% and 100%, respectively as compared to Striga control treatment. 

 Nitrogen at 40, 8O and 120 Ib/fed significantly reduced Striga emergence by 

100%, 100% and 100%, respectively as compared to Striga control treatment. 

Hargel at concentrations 2.5%, 5% and 10% plus Nitrogen 40 Ib /fed 

significantly reduced Striga emergence by 100%, 100% and 100%, 

respectively as compared to Striga control treatment. However, Jatropha 

concentrations 2.5%, 5% and 10% plus dose of Nitrogen 40 Ib/fed significantly 

reduced Striga emergence by 86.4%, 91% and 100%, respectively as compared 

to Striga control (Table 1). At 10 WAS, Hargel at 2.5, 5% and 10% 

significantly reduced Striga emergence by 40%, 53.4% and 60%, respectively 

as compared to Striga control treatment (Table 4.1). Jatropha at 2.5%, 5% and 
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10% significantly reduced Striga emergence by 42%, 29% and 57.4%, 

respectively as compared to Striga control treatment (Table 1). 

 Nitrogen at 40, 80, and 120 Ib/fed significantly reduced Striga emergence by 

70.7%, 73.4% and 97.4%, respectively as compared to Striga control treatment 

(Table 1).  

Hargel concentrations plus Nitrogen 40 Ib/fed (2.5%+40) , (5%+40 ) and  

(10% +40 ) significantly reduced Striga emergence by 84%, 86% and 57%, 

respectively as compared to the Striga control treatment (Table 1(.However, 

Jatropha concentrations plus Nitrogen 40 Ib/fed (2.5%+40), (5%+40) and 

(10%+40) significantly reduced Striga emergence by 64%, 35.4 and 64%, 

respectively as compared to the Striga control (Table 1). 

At 14 WAS, Hargel at 2.5%, 5% and 10% significantly reduced Striga 

emergence by 52.3%, 53.8% and 58.6%, respectively as compared to Striga 

control treatment (Table 1). Also Jatropha concentrations at 2.5%, 5% and 

10%significantly reduced Striga emergence by 58.6%, 44.3 and 64.8%, 

respectively as compared to Striga control (Table 1). Nitrogen at 40, 80, and 

120 Ib/fed significantly reduced Striga emergence by 72.9%, 64.8% and 

77.6%, respectively in comparison to Striga control (Table 1).Hargel at three 

concentrations plus Nitrogen 40 Ib/fed (2.5+40), (5+40) and (10%+40) 

significantly reduced Striga emergence by 77.6%, 87.2% and 64.8%, 

respectively in comparison to the Striga control treatment (Table 1). However, 

Three Jatropha concentrations plus Nitrogen 40 Ib (2.5%+40), (5% +40) and 

(10%+40) significantly reduced Striga emergence by 69.5%, 50.5% and 

71.4%, respectively in comparison to Striga control treatment (Table 1). 
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Table1: Effects of Hargel, Jatropha aqueous extracts and Nitrogen 

concentrations and their combination on Striga emergence 

(plants/pot) 

Number of Striga emerged/pot  

Treatments 6 (WAS) 10 (WAS)  14 (WAS) 

H 2.5% 

H 5% 

H 10% 

J 2.5%  

J 5% 

J 10% 

N40 Ib/fed 

N80 Ib/fed 

N120 Ib/fed 

H 2.5%+N40 Ib/fed 

H 5%+N40 Ib/fed 

H 10%+N40 Ib/fed 

J 2.5%+N40 Ib/fed 

J 5%+N40 Ib/fed 

J 10%+N40 Ib/fed 

Striga control 

C.V% 

F-Value 

SE± 

         0.7b 

                                0.4bc       

                                0.0c 

                                0.7b 

                       0.0c 

                      0.0c 

                       0.0c 

                       0.0c 

                       0.0c 

                       0.0c 

                       0.0c 

       0.0c 

                        0.6bc 

                        0.4bc 

                      0.0c 

                      4.4a 

                      26.4 

   10.4*** 

                   1.1 

     9bcd 

       7bcdef 

    6def 

         8.7bcde 

     10.7b 

       6.4def 

       4.4fgh 

    4fgh 

    0.4i 

       2.4ghi 

     2.0hi 

       6.4def 

     5.4fg 

     9.7bc 

     5.4fg 

   15a 

     25.3 

2                  5.4*** 

               0.2 

                      10bcd 

              9.7bcd 

               8.7bcde 

               8.7bcde 

           11.7b 

              7.4cdef 

            7.4efg 

              5.7cdef 

          4.7fg 

          4.7fg 

         2.7g 

             7.4cdef 

              6.4defg 

             10.4bc 

            6 cdef 

        21a 

         24.8 

9.               6*** 

               1.3 

 

WAS=Weeks after sowing, H=Hargel, J= Jatropha, N= Nitrogen,  

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001 
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4.1.2. Striga shoot fresh Weight (g)/plant: 

Statistical analysis showed significant differences in Striga fresh weight 

between the treatments (Table 2). Hargel at 2.5%, 5% and 10% significantly 

reduced Striga fresh weight by 46%, 52.3% and 58.6%, respectively as 

compare to the Striga control treatment (Table 2). However, Jatropha at 2.5%, 

5% and 10% significantly reduced Striga fresh weight by 42.1%, 49.8% and 

78.1%, respectively as compared to Striga control treatment (Table 2). 

Nitrogen at 40, 80 and 120 Ib/fed significantly reduced Striga fresh weight by 

77.2%, 83.4% and 91.9%, respectively as compared to Striga control treatment 

(Table 2). Hargel concentrations plus Nitrogen 40 Ib/fed (2.5+40) , )5+40) and 

(10% +40) significantly reduced Striga fresh weight by 72.3%, 75.5% and 

79.3%, respectively as compare to Striga control treatment (Table 2). However, 

Jatropha concentrations plus Nitrogen 40 Ib/fed (2.5%+40), (5% +40) and 

(10%+40) significantly reduced Striga fresh weight by 67.9%, 73% and 87%, 

respectively as compared to Striga control treatment (Table 2). 

4.1.2. Striga shoot dry weight (g)/plant: 

Statistical analysis showed that, there are significant differences in Striga dry 

weight between the treatments (Table 4.2). Hargel at 2.5%, 5% and 10% 

significantly reduced Striga dry weight by 31.8%, 58% and 73.3%, 

respectively as compared to Striga control treatment (Table 2).Jatropha at 

2.5% insignificantly reduced Striga dry weight by 39.2%,while at 5% and 10% 

significantly reduced Striga dry weight by 61.9% and 77.8%, respectively as 

compared to Striga control (Table 2).Nitrogen at 40, 80 and 120 Ib/fed 

significantly reduced Striga dry weight by 77.3%, 83% and 96.6% respectively 

as compared to Striga control (Table 2). Hargel concentrations plus Nitrogen 

40 Ib  2.5+40) , (5+40) and ( 10% +40) significantly reduced Striga dry weight 

by 56.3%, 72.2% and 77.3%, respectively as compared to Striga control (Table 

2). However, Jatropha concentrations plus Nitrogen 40 Ib (2.5%+40), (5% 
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+40) and 10%+40) significantly reduced Striga dry weight by 69.3%, 71.6% 

and 92%, respectively as  compared to Striga control (Table 2). 

Table 2: Effects of Hargel, Jatropha aqueous extracts and Nitrogen 

and their combination on Striga shoot fresh and dry weight (g)/plant 

Treatments Striga shoot fresh       

weight (g) 

        Striga shoot dry  

         weight (g) 

H 2.5% 

H 5% 

H 10% 

J 2.5% 

J 5% 

J 10% 

N40 Ib/fed 

N80 Ib/fed 

N120 Ib/fed 

H 2.5%+N40 Ib/fed 

H 5%+N40 Ib/fed 

H 10%+N40 Ib/fed 

J 2.5%+N40 Ib/fed 

J 5%+N40 Ib/fed 

J 10%+N40 Ib/fed 

Striga control 

C.V% 

F-Value 

SE± 

                     30.8bc 

                     27.2bc 

                     23.6cd 

                   33.0b 

                     28.6bc 

                       12.5efgh 

                    13efgh 

                    9.5fgh 

                4.6h 

                     15.8def 

                     14.odef 

                       11.8efgh 

                   18.3de 

                   15.4ef 

                  7.4gh 

        57.0a 

               23.7          

                     22.8***             

             2.7                      

                 12.0b 

                 7.4d 

                    4.7def 

                    10.7bc 

                   6.7de 

                    3.9efg 

                     4.0efg 

                      3.0fgh 

                   0.6h 

                     7.7cd 

                      4.9def 

                       4.0efg 

                       5.4def 

                       5.0def 

                      1.4gh 

           17.6 

                  30 

                          15.5*** 

                 1 

*SX= H=Hargel, J= Jatropha, N= Nitrogen, WAS= Weeks after sowing 

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001. 
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4.2. Effects on Sorghum: 

4.2.1. Sorghum height (cm): 

At 7 WAS significant differentials were observed between the treatments in 

plant height (Table 3).Striga free control treatment significantly increased plant 

height by 104% as compared to Striga control treatment (Table 3). 

Hargel at 2.5% and 5% increased plant height by 44.3% and 61.4%, 

respectively as compared to Striga control treatment. However at 10% 

significantly increased plant height by 98.4% as compared to Striga control 

treatment (Table 4.3). Also Jatropha at 2.5% and 5% increased plant height by 

26.6% and 44.7%, respectively. At 10% significantly increased plant height by 

110% as compared to Striga control treatment (Table 3). 

Nitrogen at 40, 80 and 120 Ib/fed significantly increased plant height by72.2%, 

86.4% and 93.3, respectively as compared to Striga control treatment (Table 

3). Hargel concentrations plus Nitrogen 40 Ib/fed( 2.5%+40) , (5%+40) and ( 

10% +40) significantly increased plant height by 73.6%, 90.3% and 95.9%  

respectively as compared to Striga control (Table 4.3). However, Jatropha 

concentrations plus Nitrogen 40 Ib/fed (2.5%+40), (5% +40) and (10%+40) 

significantly increased plant height by 64.4%, 70.5% and 88.8%, respectively 

as  compared to Striga control (Table 3). All treatments except (Hargel at 

2.5%, 5% and Jatropha 2.5%, 5%) gave plant height comparable to that 

obtained by Striga free control treatment (Table 3). 

At 14 WAS, Hargel at 2.5% increased plant height by 50.3% as compared to 

Striga control treatment, while at 5% and10% significantly increased plant 

height by 57.7% and 91% as compared to Striga control treatment (Table 3). 

Also Jatropha at 2.5% increased plant height by 44.4%, while at 5% and 10% 

significantly increased plant height by 54.6% and 113.5%, respectively as 

compared to Striga control treatment (Table 3). 
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Nitrogen at 40, 80 and 120 Ib/fed significantly increased plant height by 69%, 

76.5% and 91.5, respectively as compared to Striga control treatment (Table 

3). 

Hargel concentrations plus Nitrogen 40 Ib/fed(2.5%+40) , (5%+40) and ( 10% 

+40) significantly increased plant height by 75%, 98% and 82.5%  respectively 

as compared to Striga control treatment (Table 3). However, The three 

Jatropha concentrations plus Nitrogen 40 Ib/fed (2.5%+40), (5% +40) and 

10%+40) significantly increased plant height by 60.3%, 77.3% and 90.1%, 

respectively as  compared to Striga control treatment (Table 3). However, all 

treatments except (Hargel at 2.5%, 5% and Jatropha 2.5%, 5%)gave plant 

height comparable to that obtained by Striga free control treatment (Table 3). 
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Table 3: Effects of Hargel, Jatropha aqueous extracts and Nitrogen  

and their combination on Sorghum height (cm) 

Treatments 7 WAS 14 WAS 

H 2.5% 

H 5% 

H 10% 

J 2.5% 

J 5% 

J 10% 

N40 Ib/fed 

N80 Ib/fed 

N120 Ib/fed 

H 2.5%+N40 Ib/fed 

H 5%+N40 Ib/fed 

H 10%+N40 Ib/fed 

J 2.5%+N40 Ib/fed 

J 5%+N40 Ib/fed 

J 10%+N40 Ib/fed 

Striga free control 

Striga control 

C.V% 

F-Value 

SE± 

                     73.3bcd 

                    82abcd 

                     100.8ab 

                   64.3cd 

                    73.5bcd 

                  106.7a 

                    87.5abc 

                     94.7abc 

                  98.2ab 

                    88.2abc 

                  96.7ab 

                 99.5ab 

                   83.5abc 

                  86.6abc 

                  95.9abc 

      103.8a 

               50.8d 

            22.1 

           1.8* 

         11 

                     86.7cde 

                    91bcd 

                        110.2abcd 

                    83.3de 

                      89.2bcd 

                   123.2a 

                       97.5abcd 

                        101.8abcd 

                        110.5abcd 

                      101abcd 

                       114.2abc 

                         105.3abcd 

                       92.5bcd 

                         102.3abcd 

                          109.7abcd 

             116.2ab 

                 57.7e 

                 17.5 

                 2.4* 

             10 

H=Hargel, J= Jatropha, N= Nitrogen, WAS= Weeks after sowing 

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001. 
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4.2.2. Sorghum shoot fresh weight (g)/plant: 

Statistical analysis showed significant differences in Sorghum fresh weight 

among the treatments and Striga control reduced plant shoot fresh weight by 

65% as compared to Striga free control treatment (Table 4). Striga free control 

significantly increased fresh weight by 185.4% as compared to the Striga 

control treatment (Table 4). Hargel at 2.5% not significantly increased fresh 

weight by 36.8%, while at5% and 10% significantly increased fresh weight by 

120.8%, and 122 %, respectively as compared to the Striga control treatment 

(Table 4). However, Jatropha at 2.5% and 5% not significantly increased fresh 

weight by 82.8% and 51.4%, respectively. At 10% significantly increased fresh 

weight by 127.8% as compared to the Striga control treatment (Table 4). 

Nitrogen at 40 Ib/fed not significantly increased fresh weight by 69.4%, while 

at 80 and 120 Ib/fed significantly increased   fresh weight by 97.4%, and 

141.8%, respectively as compared to Striga control treatment (Table 4). 

The three concentrations of Hargel plus Nitrogen 40 Ib/fed (2.5%+40), 

(5%+40) and (10% +40) significantly increased Sorghum fresh weight by 

98.4%, 127.8% and 170%, respectively as compared to Striga control treatment  

(Table 4). However, the three concentrations of Jatropha plus Nitrogen 40 

Ib/fed (2.5%+40), (5% +40) and (10%+40) significantly increased  fresh 

weight by 117%, 102% and 114%, respectively as compared to Striga control 

treatment (Table 4). All treatments except (Hargel at 2.5%, and Jatropha 2.5%, 

5% and N40 Ib/fed) gave fresh weight comparable to that obtained by Striga 

free control treatment (Table 4). 

4.2.3. Sorghum shoot dry weight (g)/plant: 

Statistical analysis showed significant differences in Sorghum dry weight 

between the treatments (Table 4). Striga free control significantly increased dry 

weight by 121.4% as compared to the Striga control (Table 4). Hargel at 2.5%, 

5% not significantly increased dry weight by 49.3%, 47.5%, respectively, 
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while at 10% significantly increased dry weight by 87.1%, as compared to 

Striga control treatment (Table 4.4). However, Jatropha at 2.5% and 5% not 

significantly increased dry weight by 54.3% and 46.4%, respectively, while at 

10% significantly increased dry weight by 88.6% as compared to Striga control 

treatment (Table 4). 

Nitrogen at 40, 80 and 120 Ib/fed significantly increased dry weight by 88.2%, 

97.1 and 104.6%, respectively as compared to Striga control treatment (Table 

4). 

The three Hargel concentrations plus Nitrogen 40 Ib/fed (2.5%+40), (5%+40) 

and (10% +40) significantly increased  dry weight by 94.3%, 98.6% and 110%, 

respectively as compared to  the Striga control treatment (Table 4). However, 

The three concentrations of Jatropha plus Nitrogen 40 Ib/fed (2.5%+40), (5% 

+40) and (10%+40) significantly increased  shoot dry weight by 91.1%, 80% 

and 85.7%, respectively as compared to Striga control treatment (Table 4). 

However, all treatments except (Hargel at 2.5%, 5% and Jatropha 2.5%, 5%) 

gave dry weight comparable to that obtained by Striga free control treatment 

(Table 4). 
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Table 4: Effects of Hargel, Jatropha aqueous extracts and Nitrogen 

each alone and their mixtures on Sorghum fresh and dry weight (g) 

Treatments Fresh weight(g) Dry weight(g) 

H 2.5% 

H 5% 

H 10% 

J 2.5% 

J 5% 

J 10% 

N40 Ib/fed 

N80 Ib/fed 

N120 Ib/fed 

H 2.5%+N40 Ib/fed 

H 5%+N40 Ib/fed 

H 10%+N40 Ib/fed 

J 2.5%+N40 Ib/fed 

J 5%+N40 Ib/fed 

J 10%+N40 Ib/fed 

Striga free control  

Striga control   

C.V% 

F-Value 

SE± 

                       68.4de 

                            110.4abcd 

                         111abcd 

                          91.4bcde 

                        75.7cde 

                             1 13.9abcd 

                        84.7cde 

                 98.7abcd 

                          120.9abc 

                          99.2abcd 

                         13.9abcd 

                     135ab 

                          108.5abcd 

                        101abcd 

                        107abcd 

                     142.7a 

                50e 

                   27.8 

                2* 

               16 

                     41.8cde 

                   41.3de 

                      52.4abcd 

                      43.2bcde 

41de                                    

52.8abcd                             

52.7abcd                              

55.2abcd                              

57.3abc      

54.4abcd    

55.6abcd    

58.8ab        

53.5abcd                             

50.4abcd                             

                   52abcd 

               62ab 

             28e 

19.2                                    

2.3*                                    

            5.5 

H=Hargel, J= Jatropha, N= Nitrogen, WAS= Weeks after sowing 

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001 
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4.2.4. Number of leave per plant: 

Number of leave ranged between 10-13.4 leave per plant. Striga free control 

increased number of leave by 22.3% as compared to Striga control treatment 

(Table 5). Hargel at 2.5% and 50%not significantly increased number of leave 

by 11.2% and 37.8%, respectively, while 10% significantly increased number 

of leave by 44.5% as compared to Striga control treatment (Table 5). However 

Jatropha at 2.5%, 5% and 10% not significantly increased number of leave by 

15.6%, 18.9% and 33.4%, respectively as compared to Striga control treatment 

(Table 5). 

Nitrogen at 40, 80 and 120 Ib/fed increased number of leave by 18.9%, 30% 

and 18.9%, respectively but not significantly as compared to Striga control 

treatment (Table 5).  

Hargel concentrations plus Nitrogen 40 Ib (2.5+40) and (5+40) not 

significantly increased number of leave by 37.8%, 41.2% and 33.4%, 

respectively as compare to Striga control (Table 5). However, Jatropha 

concentrations plus Nitrogen 40 Ib (5%+40) and (10% +40) not significantly 

increased number of leave by 30% and 11.2%, respectively but at 2.5% 

significantly increased number of leave by 48.8% as compared to Striga 

control (Table 5). All treatments gave number of leave comparable to that 

obtained by Striga free control treatment (Table 5). 

4.2.4. Days to 50% flowering: 

Statistical analysis showed significant differences in Sorghum 50% flowering 

between the treatments (Table 5). Striga free control significantly reduced 

Sorghum 50% flowering by 8.8% as compared to Striga control treatment 

(Table 5). Hargel concentrations significantly reduced Sorghum 50% flowering 

by 4.4-7.5% as compared to Striga control treatment (Table 5). However 

Jatropha at three levels significantly reduced Sorghum 50% flowering by 5.3-

7.5% as compared to Striga control treatment (Table 5).    
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Hargel concentrations plus Nitrogen 40 Ib (2.5%+40), (5%+40) and (10% +40) 

significantly reduced days to 50% flowering by 8.8%, 7% and9.3%, 

respectively as compare to Striga control treatment (Table 4.5). However, 

Jatropha concentrations plus Nitrogen 40 Ib (2.5%+40), (5% +40) and 

(10%+40) significantly reduced  Sorghum 50% flowering by 7%, 7.5% and 

8.8%, respectively as compared to Striga control (Table 4.5). All treatments 

gave Sorghum 50% flowering comparable to that obtained by Striga free 

control treatment (Table 5). 
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Table4 5: Effects of Hargel, Jatropha aqueous extracts and Nitrogen  

and their combination on Sorghum number of leave and days to 50% 

flowering: 

Treatments Number of leave Days to50%  flowering 

H 2.5% 

H 5% 

H 10% 

J 2.5% 

J 5% 

J 10% 

N 40Ib/fed 

N 80Ib/fed 

N 120Ib/fed 

H 2.5%+N40Ib/fed 

H 5%+N40Ib/fed 

H10%+N40Ib/fed 

J 2.5%+N40Ib/fed 

J 5%+N40Ib/fed 

J 10%+N40Ib/fed 

Striga free control  

Striga control  

C.V% 

F-Value 

SE± 

                      10ab 

                        12.4ab 

                   13a 

                       10.4ab 

                       10.7ab 

                    12ab 

                       10.7ab 

                      11.7ab 

                     10.7ab 

                     12.4ab 

                     12.7ab 

                  12ab 

                  13.4a 

                     11.7ab 

                 10ab 

                11ab 

              9b 

                  21.07 

                    0.80Ns 

             1.3 

              72.4b 

               70bc 

 70.7bc 

 70.7bc 

               70bc 

71.7bc 

               68.7c 

               69c 

               70bc 

               69c 

70.4bc 

               68.7c 

 70.4bc 

               70bc 

                       69c 

                       69c 

                         75.7a 

                2.6 

                2.6* 

                 1 

H=Hargel, J= Jatropha, N= Nitrogen, WAS=Weeks after sowing 

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001 
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4.2.5. Head weight (g)/plant: 

Statistical analysis showed differences in head weight among the treatments 

(Table 6). Striga free control significantly increased head weight by 125.7% as 

compared to the Striga control treatment (Table 6). Hargel at 2.5%, 5% and 

10% increased head weight by 22.8%, 49.7 and 55.7, respectively as compared 

to the Striga control treatment (Table 6). However, Jatropha at 2.5%, 5% and 

10% increased head weight by 47.9%, 55.7% and 61.7%, respectively as 

compared to the Striga control treatment (Table 6). 

Nitrogen at 40, 80 and 120 Ib/fed increased head weight by 41.9%, 53.9 and 

58.7%, respectively as compared to the Striga control treatment (Table .6). 

The three concentrations of Hargel mixed with Nitrogen 40 Ib/fed (2.5%+40), 

(5%+40) and (10% +40) significantly increased head weight by 66.5%, 66.5% 

and 112.6%, respectively as compared to the Striga control treatment  (Table 

6). However, The three concentrations of Hargel mixed with Nitrogen 40 

Ib/fed  (2.5%+40), (5% +40) and (10%+40) significantly increased head 

weight by 65.9%, 70.1% and 89.2%, respectively as compared to the Striga 

control treatment (Table 6). The three concentrations of Hargel plus Nitrogen 

40 Ib/fed (2.5%+40), (5%+40) and (10%+40) and The three concentrations of 

Jatropha plus Nitrogen 40 Ib/fed (2.5%+40), (5%+40) and (10%+40) gave 

head weight comparable to that obtained by the Striga free control treatment 

(Table 6). 

4.2.6. Grain yield (g)/plant: 

Statistical analysis showed significantly differences in yield (g)/plant among 

the treatments (Table 6). Striga free control significantly increased Sorghum 

grain yield (g)/plant by 218.1% as compared to the Striga control treatment 

(Table 6). Hargel at 2.5% increased grain yield (g)/plant by 76.2%, while 5% 

and 10% significantly increased grain yield (g)/plant by 122.9and 128.6 
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respectively as compared to the Striga control treatment (Table 6).Jatropha at 

2.5%, 5% and 10% significantly increased grain yield (g)/plant by 116.2%, 

128.6% and 138.1%, respectively as compared to the Striga control treatment 

(Table 6). 

Nitrogen at 40, 80 and 120 Ib/fed significantly increased grain yield (g)/plant 

by 106.7%, 125.7 and 133.4%, respectively as compared to the Striga control 

treatment (Table 6). 

The three concentrations of Hargel plus Nitrogen 40 Ib/fed (2.5%+40), 

(5%+40) and (10% +40) significantly increased grain yield(g)/plant by 

142.9%, 145.7% and 219%, respectively as compared to the Striga control 

treatment  (Table 6).  The three concentrations of Jatropha plus Nitrogen 40 

Ib/fed  (2.5%+40), (5% +40) and (10%+40) significantly increased grain 

yield(g)/plant by 151.4%, 151.4% and 179%, respectively as compared to the 

Striga control treatment (Table 6). All treatments except (H2.5%, J2.5% and 

N40 Ib/fed) gave grain yield (g)/plant comparable to that obtained by Striga 

free control treatment (Table 6). 

4.2.6. Grain yield (kg)/fed: 

Statistical analysis showed significantly differences in grain yield (kg)/fed 

among the treatments (Table 6). The Striga free control treatment significantly 

increased grain yield (kg)/fed by 217.6% (Table 6). Hargel at 2.5% increased 

grain yield (kg)/fed by 75.6%, while at 5% and 10% significantly increased 

yield (kg)/fed by 122.3 and 128.7, respectively as compared to the Striga 

control treatment (Table 6). However, Jatropha at 2.5%, 5% and 10% increased 

grain yield (kg)/fed by 114.1%, 128.7% and 138.2%, respectively as compared 

to the Striga control treatment (Table 6). 

Nitrogen at 40, 80 and 120 Ib/fed significantly increased grain yield/fed by 

106.1%, 125.5 and 133.1%, respectively as compared to Striga control 

treatment (Table 6). 
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Each of the three concentrations of Hargel plus Nitrogen 40 Ib/fed (2.5%+40), 

(5%+40) and (10% +40) significantly increased grain yield(kg)/fed by 143%, 

145.8% and 219.2%, respectively as compared to the Striga control treatment  

(Table 4.6). However, Each of the three concentrations of Jatropha plus  

Nitrogen 40 Ib/fed  (2.5%+40), (5% +40) and (10%+40) significantly increased 

grain yield(kg)/fed by 137.4%, 150.9% and 178.5%, respectively as compared 

to the Striga control treatment (Table 6). All treatments except (H2.5%, J2.5% 

and N40 Ib/fed) gave grain yield (kg)/fed comparable to that obtained by the 

Striga free control treatment (Table 6). 
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Table4.5: Effects of Hargel, Jatropha aqueous extracts and Nitrogen 

each alone and their combination on Sorghum Head weight, Yield 

(g)/plant and Yield (kg)/fed: 

Treatments Head weight 

(g)/plant 

Yield (g)/plant 

 

Yield (kg)/fed 

H 2.5% 

H 5% 

H 10%  

J 2.5% 

J 5% 

J 10% 

N40 Ib/fed 

N80 Ib/fed 

N120 Ib/fed 

H 2.5%+N40 Ib/fed 

H 5%+N40 Ib/fed 

H 10%+N40 Ib/fed 

J 2.5%+N40 Ib/fed 

J 5%+N40 Ib/fed 

J 10%+N40 Ib/fed 

Striga free control  

Striga control  

C.V% 

F-Value 

SE± 

                              20.5de 

                      25bcde 

                      26bcde 

                              24.7cde 

                      26bcde 

                       27abcde 

                       23.7cde 

                         25.7bcde 

                        26.5bcde 

                        27.8abcd 

                         27.8abcd 

                    35.5ab 

                        27.7abcd 

                        28.4abcd 

                       31.6abc 

                   37.7a 

                    16.7d 

               24 

                     1.7Ns 

                2 

                      18.5cd 

                        23.4abc 

                     24abc 

                      22.7bc 

                    24abc 

                    25abc 

                      21.7bc 

                       23.7abc 

                      24.5abc 

                       25.5abc 

                       25.8abc 

                   33.5a 

                      26.4abc 

                       26.4abc 

                     29.3ab 

                   33.4a 

                    10.5d 

                   25.5 

                  2.3* 

                 3.6 

                   866.4cd 

                        1096.7abc 

                      1128abc 

                       1056.3bc 

                      1128abc 

                      1175abc 

                       1016.8bc 

                         1112.3abc 

                         1149.9abc 

                         1198.5abc 

                         1212.6abc 

                     1574.5a 

                      1171abc 

                         1237.7abc 

                     1374ab 

                      1566.7a 

                      493.3d 

                  25.5 

                   2.1* 

                  4.1 

H=Hargel, J= Jatropha, N= Nitrogen. 

Means within a column followed by the same letter(s) are not significantly different 

according to LSD-Test. *P≤0.05, ***= P≤0.001 
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CHAPTER FIVE 

Discussion 

Recent approaches to control crop parasites are oriented towards exploring 

news alternative sources of herbicides less hazardous and inexpensive. 

Researchers  have  indicated  that, the  plant kingdom  is characterized by the 

presence  of chemical substances, in the form of natural products that are used  

to combat parasitic weeds attack by eliciting  strong physiological  responses  

in various  stages  of parasite life cycle. Botanical herbicides might be a 

promising source of parasites control compounds such as Jatropha curcas. The 

current study aimed at exploring new   environmental friendly herbicides to 

control Striga on Sorghum. 

The result indicated that there is significant reduction on Striga emergence at 6, 

10 and 14 weeks after sowing (WAS) by 52.3-100%, when the water extract of 

Hargel (2.5%, 5% and 10%), and their combinations with Nitrogen 40 Ib/fed 

were used. Similar result was found by Wegdan (2016) who reported that used 

Hargel extracts above the concentration 0.2% effect germination and growth of 

some weeds. Possible reason for this, the presence allelopathic effects of 

concentrations, might be attributed to the hormone –like properties of allelo-

chemicals of plants extracts such argelin and argelosid, choline, flavonoids, 

monoterpenes, pregane glucoside, sitosterol, and a triterpenoid saponin. 

However, high concentrations of the Hargel and their combinations with 

Nitrogen fertilization have highly impact on controlling Striga. 

The result indicated that there is significant reduction in number of Striga 

emergence at 6, 10 and 14 WAS by 29-100%, when the extracts of Jatropha 

(2.5%, 5% and 10%) and their combination with Nitrogen 40 Ib/fed were used. 

The same result was found by Asif ullah et al. (2017) who reported that the 

different concentrations of aqueous extracts of Jatropha curcas significantly 
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reduced germination and growth of some weeds. Possible reason for this the 

presence of phenolics compounds in aqueous extracts of Jatropha curcas 

(Khattak et al., 2015). Phenolics are a group of compounds have allelopathic 

potential in the ecosystem. They have a hydroxyl group (-OH) which is bonded 

to an aromatic hydrocarbon group (Li et al., 2010). Haustorium of Striga is 

very sensitive indicator of phytotoxic activity. In addition Phenolic 

allelochemicals effect Striga seeds germination and effect haustorium growth. 

These findings are consistent with those obtained by Asif ullah et al. (2017) 

who reported that, the Jatropha curcas aqueous extracts contain 

allelochemicals phenolic compounds and high concentration contains high 

Phenolic compound. This phenolic compound decreased germination and 

growth of this parasite.  

The levels of the Nitrogen fertilizer (40, 80, and 120 lb/fed) when were 

applied, significantly reduced number of Striga emergence at 6, 10 and 14 

WAS by 58.2-100%. Possible reason for this could be due to Striga seeds 

cannot germinate in the absence of a chemical stimulant, because Nitrogen 

decreases stimulant production by the host plant. This result is in agreement 

with that obtained by Lagoke and Isah (2010); Poornima et al. (2008); Buah 

and Mwinkara (2009); Hugaretal (2010) and Rashida et al. (2017) who 

reported that, Nitrogen reduced the severity of S. hermonthica. 

At harvest time all concentrations of Hargel aqueous extract and their 

combination with Nitrogen 40 Ib/fed significantly reduced Striga shoot fresh 

and dry weights by 46-79.3% and 31.8-77.3% respectively. This means the 

botanical extract has effect on the vegetative growth of Striga plant, which is 

expected to have impact on number of Striga seeds produced, this will 

definitely affected the Striga seed bank. Also all concentrations of Jatropha 

aqueous extracts and their combination with Nitrogen 40 Ib/fed significantly 

reduced Striga shoot fresh and dry weights at harvesting time by 42.1-87% and 
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39.2-92% respectively. This means this botanical extract has effect on the 

vegetative growth of Striga plant, which is expected to have impact on number 

of Striga seeds produced, this will definitely affected the Striga seed bank.  

At harvest time all Nitrogen doses significantly reduced Striga fresh and dry 

weights by77.2-91.9% and 77.3-96.6% respectively. This means the Nitrogen 

has effect on the vegetative growth of Striga plant, which is expected to have 

impact on number of Striga seeds produced; this will definitely affected the 

Striga seed bank. This result might be due to negative effect of N on growth 

and development of the Striga. This is due to the fact of that nitrogen reduced 

the severity of Striga attack while simultaneously increasingly the host 

performance (Lagoke and Isah, 2010). This result agrees with the findings of 

Hassan et al. (2009) who reported that Nitrogen reduced Striga infestation, 

reduced stimulants production, delayed germination, and reduction of Striga 

seeds response to the stimulants. 

Also the result indicated that there is significant increase in plant height at 7 

and 14 WAS, when the all extracts of Hargel alone or in combination with 

Nitrogen 40 Ib/fed used by 73.6-98.4%, except (H 2.5% and H 5% not 

significant). This means the botanical extract has positive effect on the 

vegetative growth of plant. Possible reason for this the presence of high 

amount of the hormone –like argelin and argelosid, choline, flavonoids, 

monoterpenes, pregane glucoside, sitosterol, and a triterpenoid saponin 

(Suleiman et al., 2009). 

 The result indicated that there is significant increase in plant height at 7 and 14 

WAS, when the all extracts of Jatropha alone or in combination with Nitrogen 

40 Ib/fed used by 64.4-113.5%, except (J 2.5% and J 5% not significant). This 

means the botanical extract has positive effect on the vegetative growth of 

plant. 
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The result indicated that there is significant increase on plant height at 7 and 14 

WAS by 72.2-93.3%, when the application of the Nitrogen fertilizer (40, 80 

and 120 lb/fed) was used. This means the Nitrogen has positive effect on the 

vegetative growth of plant, which is expected to have impact on Striga plants 

number, this will definitely reduce number of Striga plants which compete 

Sorghum plants. Similar findings on positive effect of increased rate of N was 

mentioned by Adagba et al. (2002); Lagoke and Isah (2010); Teka (2014) who 

reported that, fertilizer application had significant effect on height, vigour 

score, reaction score of sorghum as well as shoot count, days to emergence, dry 

matter of production and dry weight of Striga. The application of high nitrogen 

(N) increases the performance of cereal crops under Striga infestation. This is 

due to the fact of that nitrogen reduced the severity of Striga attack while 

simultaneously increasingly the host performance. 

Also at harvesting time the result indicated all concentrations of Hargel 

aqueous extracts alone or in combination with Nitrogen 40 Ib/fed except (H 

2.5%) significantly increased plant shoot fresh weight by 98.4-170%. Possible 

reason for this Hargel aqueous extracts containing a cylated phenolic 

glycosides, namely argelin and argelosid, choline, flavonoids, monoterpenes, 

and pregane glucoside, all this components as promoting ingredient to 

Sorghum growth. This result is in line of that reported by Idris et al. (2011) 

who reported that, Hargel dry leaves can be used as growth promoting 

ingredients to enhance the growth of crops.  

The concentrations of Jatropha aqueous extracts (2.5% and 5%) have an effect 

on plant fresh at harvesting time but not significantly. However, the high 

concentration (10%) has significant effect on plant fresh weight. This means 

this botanical extract has effect on the vegetative growth of plant growth, 

which is expected to have impact on number of Striga plant emerged; this will 

definitely affected the plant growth.  
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 The application dose of Nitrogen 40 Ib/fed has an effect on plant shoot fresh at 

harvesting time but not significant. However, the medium and high doses (80 

and 120 Ib/fed) have significant effect on plant fresh weight. This means the 

Nitrogen has effect on the vegetative growth of plant, which is expected to 

have impact on number of Striga plant emerged; this will definitely affected 

the plant growth. This result contradicts findings of Bilal et al. (2000) and 

Rashida et al. (2017) who reported that plant height increased progressively up 

to harvest over control with the application of nitrogen fertilizers. 

The result indicated that there is an effect on plant fresh weight at harvest time, 

when the extract of Hargel (2.5%) was used but not significant. However, 

medium and high concentrations of the Hargel (5% and 10%) have significant 

effect on plant fresh weight .This means this botanical extract has positive 

effect on the vegetative growth of plant and negative effect on Striga plant. 

Possible reason for this Hargel aqueous extracts containing acylated phenolic 

glycosides, namely argelin and argelosid, choline, flavonoids, monoterpenes, 

and pregane glucoside, all this components as promoting ingredient to 

Sorghum growth. This result is in line of that reported by Idris et al. (2011) 

who reported Hargel dry leaves can be used as growth promoting ingredients to 

enhance the growth of crops. 

The different concentrations of Hargel in combination with Nitrogen 40 Ib/fed 

significantly increased plant fresh weight at harvest time. This means this 

botanical extract in combination with Nitrogen 40 Ib/fed have positive effect 

on the vegetative growth of plant and negative effect on Striga plant, which is 

expected to have impact on number of Striga plants, this will definitely reduce 

number of Striga plants which compete Sorghum plants. 

The concentrations of Jatropha (2.5% and 5%) have effect on plant fresh 

weight at harvest time but not significantly, while the high concentration (10%) 

has significant effect on plant fresh weight. This means this botanical extracts 
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have positive effect on the vegetative growth of plant and negative effect on 

Striga plant, which is expected to have impact on number of Striga plants, this 

will definitely reduce number of Striga plants which compete Sorghum plants. 

The different concentrations of Jatropha in combination with Nitrogen 40 

Ib/fed have significant effect on plant fresh weight at harvest time. This means 

this botanical extracts in combination with Nitrogen 40 Ib/fed have positive 

effect on the vegetative growth of plant and negative effect on Striga plant, 

which is expected to have impact on number of Striga plants, this will 

definitely reduce number of Striga plants which compete Sorghum plants. 

The result indicated that there is an effect on plant shoot fresh weight at 

harvest, when the application of the Nitrogen (40 lb/fed) fertilizer was used but 

not significantly. However, medium and high doses of the Nitrogen (80 and 

120 Ib/fed) have high positive effect on plant fresh weight. Similar findings on 

positive effect of increased rate of N was supported by Lagoke and Isah (2010) 

and Rashida et al. (2017). The application of high nitrogen (N) increases the 

performance of cereal crops under Striga infestation. This is due to the fact of 

that nitrogen reduced the severity of Striga attack while simultaneously 

increase the host performance. 

The result indicated that there was a significant increase on plant dry weight at 

harvest time, when the extract of Hargel (10%) was used by 87.1% while, not 

significantly at (2.5% and 5%) by 49.3 and 47.5%, respectively. Also all 

concentrations of Hargel in combination with Nitrogen significantly increased 

plant shoot dry weight by 94.3-110%. 

The result indicated that there was a significant increase on plant shoot dry 

weight at harvest time, when the extract of Jatropha (10%) was used by 88.6% 

while, not significantly at (2.5% and 5%) by 54.3 and 46.4%, respectively. 

Also all concentrations of Jatropha in combination with Nitrogen significantly 

increased plant shoot dry weight by 80-91.1%. 
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The result indicated that there was a significant increase on plant dry weight at 

harvest time, when the Nitrogen used at (40, 80 and 120 Ib/fed) by 88.2-104.6.  

The result indicated that there was significant reduction on days to 50% 

flowering by 4.4-9.3, when the water extracts of Hargel (2.5%, 5% and 10%), 

and their combinations with Nitrogen 40 Ib/fed were used. These findings are 

in line with those obtained by Awad et al. (2012) who reported that, Hargel  

dry leaves can be used (either as growth promoting ingredients or botanical 

pesticide) enhanced the flowering and yield palm tree (a dry date cultivar) in 

the Northern State, Sudan. Also application of all Nitrogen doses significantly 

reduced days to 50% flowering by 7.5-9%. This result agrees that obtained by 

Zerihun (2016) who reported that, delay in days to 50% flowering with 

application of higher level of N might link to nitrogen increased vegetative 

period and it delays reproductive period. This could be related to the vigorous 

growth that resulted in higher number of days for flowering and maturity. 

The result indicated that Hargel aqueous extracts at concentrations 5% and 

10% significantly increased grain yield (g)/plant and grain yield (kg)/fed by 

122.9%-128.6% and 122.3 - 128.7%, respectively. Also Hargel applied in 

combination with Nitrogen 40Ib/fed significantly increased grain yield 

(g)/plant and grain yield (kg)/fed by 142.9% - 145.7% and 143-219.2%, 

respectively. Possible reason for this is the presence of allelo-chemicals that 

effect Striga growth and that enhance plant growth and yield by decreased 

number of Striga that compete the Sorghum plants. This is in line with the 

previous work of. Idris et al. (2011) who reported that, Hargel leaves can be 

used as growth promoting ingredients or botanical enhanced the flowering and 

yield palm tree in the Northern State, Sudan. The result indicated that there was 

significant increased on grain yield (g)/plant and grain yield (kg)/fed, by 

116.2%-138.1% and 114.1-138.2%, respectively when the Jatropha aqueous 

extracts used. However, the result indicated that Jatropha applied in 
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combination with Nitrogen 40Ib/fed significantly increased grain yield 

(g)/plant and grain yield (kg)/fed by 151.4%-179% and 137.4-178.5% 

respectively.   

The three levels of Nitrogen (40, 80 and 120 Ib/fed) significantly increased 

grain yield (g)/plant and grain yield (kg)/fed by 106.1-133.4% and 106.1-

133.1% respectively,  and applied high level of Nitrogen more effective on 

grain yield. The grain yield increased when the level of N increased. This result 

might be due to the increase up of grain yield attributing characters and 

nutrient uptake of the crop under these levels as well as reduced Striga 

infestation at high application levels. This result is in agreement with that 

obtained by Hugar et al. (2010); Zerihun (2016) and Rashida et al. (2017) who 

reported that, the grain yield increased when the level of N increased. 
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Conclusions and Recommendations 

Conclusions 

 Hargel and Jatropha aqueous extracts each one alone reduced Striga 

emergence and Striga fresh and dry weight this means the two botanicals 

have effect on Striga emergence and growth.  

 Hargel and Jatropha aqueous extracts in combination with Nitrogen   

reduced Striga emergence and Striga fresh and dry weight this means the 

two botanicals and Nitrogen have effect on Striga emergence and growth 

 Nitrogen alone effectively reduced emergence and suppressed Striga 

emergence. 

 Effectiveness of botanicals increased by increasing concentration, add 

Nitrogen to the botanicals concentrations and increased Nitrogen levels 

Recommendations 

 Use Hargel aqueous extracts at 5% and 10% to control Striga 

hermonthica and decreased their effect on Sorghum growth and yield. 

 Use Jatropha aqueous extracts at 2.5% 5% and 10% in to control Striga 

hermonthica and decreased their effect on Sorghum growth and yield. 

 Use Hargel and Jatropha aqueous extracts at 2.5% 5% and 10% in 

combination with nitrogen 40 Ib/fed to control Striga hermonthica and 

decreased their effect on Sorghum growth and yield. 

 To control Striga hermonthica on Sorghum can be applied Nitrogen at 80 

and 120 Ib/fed. 

 Striga management requires integrated practices comprising different 

components such as use resistance variety such as cultivar (Asareca-w2) 

and Hargel or Jatropha aqueous extracts in combinations with nitrogen 40 

Ib/fed. 
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