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Abstract 

Mesquite plant [Prosopis juliflora (Swartz) DC] is an invasive, evergreen and 

multi-purpose leguminous tree or shrub, native to South America. 

Unfortunately, due to deliberate distribution within Sudan, the plant became a 

threat to agriculture and biodiversity. The observed absence of ground 

vegetation under its canopy suggests that it has some allopathic potential that 

may be caused by fallen fruits, leaves, roots exudates or plant leachates. The 

release of these allelochemicals in t0   the soil may inhibit the germination 

and growth of agricultural crops. This study which was under taken in the 

laboratory of plant pathology, Department of Plant Protection, College of 

Agricultural Studies, Sudan University of Science and Technology during 

January-February, 2016. It was aimed to elucidate the potential of allopathic 

effects of aqueous extract of different parts of Mesquite plant,- namely fruits, 

leaves, bark and roots, on germination  percentages and early seedlings 

growth of Alfalfa ,Sesame and Sorghum. The results obtained revealed that 

the aqueous extracts of different parts of mesquite screened significantly 

(퐏 ≤ ퟎ. ퟎퟓ) inhibited the seeds germination of the test crops and reduced the 

early growth of the seedlings with considerable difference compared to 

control. These suggest that the inhibitory substance(s) were widely distributed 

-in Mesquite plant but at varying extents. Moreover, the inhibitory -effect on 

percentages germination and the reduction in early growth of seedlings given 

by fruits and leaves extracts was more pronounced and consistent than that in 

bark and roots. This could be attributed to the assumption that the mesquite 

fruits and leaves aqueous extracts contain or water-soluble allelochemicals 

than that of roots and bark and hence the inhibitory effect was more 

pronounced. Accordingly, they gave 0.0%germination in alfalfa and sesame 

and 47.6% to 86.7% in sorghum, respectively, compared to control. Whereas 



 
 

IX 
 

the length of hypocotyl and radical was reduced to 0.0 cm and up to 2.7 cm 

depending on the efficacy of extract and the response of the test crop. Thus it 

is recommended to study the nature of inhibitors which should help to 

determine whether the Allelopathic is the cause behind the exceptional 

success of Mesquite on the flat plains of agricultural lands in Sudan. 
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 ملخص البحث

 الأغراض ومتعددة دائمامخضرة  ،شجیرة مجتاحة تتبع للعائلة البقولیة أوشجرة  نبات المسكیت ھو

نبات المسكیت مھدد  أصبحالسودان  فيلسوء الحظ ونسبة لانتشارھا المتعمد  .الجنوبیة أمریكاموطنھا 

من  شيءالمسكیت یقترح انھ لدیھ  أشجارملاحظة عدم وجود نباتات تحت .الحیويوالتنوع للزراعة 

إفرازات الجذور والمترشح من  الأوراق،ذلك تساقط الثمار فيربما تسبب و  يیمیائالتضاد البیوك

بیط الإنبات ونموء المحاصیل ثت إلىالتربة ربما یؤدى  فيكیمائیة بیوالمضادات ال ھذهإطلاق . النبات

كلیة الدراسات الزراعیة  ،قسم وقایة النبات معمل الإمراض، فيراسة والتي نفذت الد ھذه.الزراعیة

 تأثیر إمكانیة وضیحتكانت بغرض ,  2016بجامعة السودان للعلوم والتكنولوجیا خلال ینایر وفبرایر 

 تحدیدا،المختلفة لنبات المسكیت  للأجزاء المائيالمستخلص  فيالتضاد البیوكیمیائى 

الجزیر  فيالمبكر للبادرات متمثلة نموء اللى نسبة الإنبات وور عذوالجاللحاء ،الأوراق،الثمار

 أنتحصل علیھا  التيالنتائج  أظھرت.بعض المحاصیل الحقلیة والمنطقة تحت الفلقیة للبادرة لدى

وبصورة معنویة  إنبات  تبطثقد تم فحصھا  التيالمختلفة لنبات المسكیت  للأجزاء المائيالمستخلص 

ما ھذا .بصورة كبیرة مقارنة بالشاھد للبادرات المبكرنموء ال وأنقصتاختبرت  التيبذور المحاصیل 

أنیشیر  . متفاوتةولكن بدرجات  نبات المسكیت فيواسع  نحوعلى منتشرةالمواد المثبطة  أوالمادة  إل

 فيعلى نسبة الإنبات وعلى النقص  والأوراقمستخلصات الثمار ل طيالتأثیرالتثبیأن  ,ذلك إلى أضف

 ربما یعزى ذلك. ورذوالج اللحاء فيعلیھ  مما ھو وثبوتا أكثروضوحات كان بادراالنموء المبكر لل

ر یالماء الكث فيقابلھ للذوبان  على بیوكیمیائیات للتضاد والأوراقللثمار  المائيلإحتواء المستخلص 

 %0.0الإنباتولذلك كانت نسبة .أكثروضوحا التثبیطيالتأثیر  لف والجذور ولذلكقال فيمما ھو علیھ 

طول  أنحین  في. مقارنة بالشاھد التواليالذرة على  في  %86.7إلى 47.6%والسمسم و البرسیم  في

على  سنتیمتر 2.7وحتى 0.0إلىالجزیر والمنطقة تحت الفلقیة للبادرة انقص  فيبادرات متمثلة النموء 

المثبطات  ھذهھنالك مقترح بدراسة طبیعة .حصول المختبرمال واستجابتحسب فعالیة المستخلص 

 يتحدید ما إذا كان التضاد البیوكیمیائى ھو السبب من وراء النجاح الإستثنائ فيقد تساعد  والتي

  .الزراعیة بالسودان على السھول المنبسطة للأرضيللمسكیت 

 

 

 

 



 
 

1 
 

CHAPTER ONE 

INTRODUCTION 

Common mesquite, Prosopis juliflora (Swartz) DC of the family 

Leguminosae is an invasive, ever green and multi-purpose leguminous tree or 

shrub (Babiker, 2006). The plant which was native to semi-arid areas of the 

West Indies, Mexico, Central America and northern South America has been 

introduced to Sudan since 1917’s (Broun and Massey, 1929; Pasiecznik, 2001 

and Felkeret al., 2003).  

The plant is known to be well adapted to harsh environment conditions of 

many arid zones. At its centre of origin the shrub has played an important 

social role. In addition to its role in combating desertification and supply of 

high-value mechanical wood products, firewood and charcoal mesquite 

provides shelters, animal feed and food for humans in areas where protein 

intake is very low and under adverse conditions of drought and famines 

(Ibrahim, 1989). 

Unfortunately, in Sudan, where mesquite was introduced in 1917 from South 

Africa and Egypt (Brown and Massey, 1929), and due to under utilization of 

the plant, mismanagement and its deliberate distribution within the country, 

the plant became a threat to agriculture and biodiversity (Babiker, 2006). 

The ground vegetation under the canopy of the plant indicates that it has some 

Allelopathic potential which might have been caused either by fallen leaves or 

plant leachates or root exudates. Consequently, the release of 
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allelochemicalsinto the soil inhibits seed germination and establishment of 

agricultural crops and vegetation (Rice, 1974). Mesquite plant is an invasive 

species which widespread in many countries. Shankhla et al., (1965) reported 

the inhibitory effect of Prosopis juliflora aqueous extracts on the growth of 

some plants. Similar results were reported by many workers (Warrag, 1995; 

Noor et al., 1995; Al-Humaid and Warrag, 1997; Nakano et al., 2001). 

Allelopathy can simply be understood as the ability of plants to inhibit or 

stimulate growth of other plants in the environment by exuding chemicals. 

The concept of allelopathy was first introduced by Hans Molisch to describe 

both the beneficial and the detrimental chemical interactions of plants and 

microorganisms (Mulisch, 1937). Since then, the term ‘allelopathy’ has 

undergone several changes and it has been defined as any direct or indirect 

harmful or beneficial effects of one plant on another through production of 

chemical compounds that it releases into the environment (Rice, 1979).  

The aim of the present study was to elucidate the Allelopathic potential of 

different parts aqueous extract of p.juliflora plant in respect of their in vitro 

effect on germination and growth of some field crops with the following 

objectives: 

 To investigate the effect of the aqueous extracts of different parts of 

mesquite plant on germination  of seeds of some field crops 

 To study the inhibitory effect of different mesquite plant parts extracts 

on early growth of seedlings hypocotyl and radical length. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

Prosopis juliflora (Swartz) DC is a perennial, large shrub native to semi-arid 

areas of the West Indies, Mexico, Central America and northern South 

America. The plant has been introduced in Sudan since 1917’s from South 

Africa and Egypt and planted in Khartoum (Broun and Massey, 1929). The 

species has wide ecological distribution and due to its efficient mode of 

propagation, it competes and soon becomes the dominant species of the area 

(Babiker, 2006). Although P. juliflora is an aggressive invader, found 

growing in habitats like coastal marshes, coastal deserts, sand dunes, flat 

plains, hilly areas, dry stream bed, inland saline flats, degraded and disturbed 

areas, flat plains with shallow water table appear to be the best suited habitat. 

2.1 The mesquite plant 

Prosopis SPP.are multi-purpose ever green leguminous trees or shrubs. The - 

genus comprises 44 species of which 4 0 are natives to the Americas 

(Pasiecznik, 2001). The plant grows in arrays of environments and is not 

restricted by soil type, pH, salinity or fertility. In Sudan flowering is year-

round (Babiker, 2006). The fruiting period, peaks is in December to June - 

(coincides with the dry season). Mesquite leaves are unpalatable, while pods, 

renowned for their high sugar (16%) and protein (12%) contents are which 

attractive to animals. Self incompatibility promotes hybridization and results 

in genetic variability, which as noted in similar situations, would confer 

plasticity and allows colonization of a wide range of habitats (Hierro and 

Callaway, 2003).  

Common mesquite (P. juliflora), often multi-stemmed with a spreading crown 

of pendulous branches hanging down to the ground, is a copious seed 



 
 

4 
 

producer (Babiker, 2006). The seeds, characterized by coat imposed 

dormancy, germinate in flushes and establish a huge persistent seed bank. 

Goats, sheep, cows and feral animals, attracted by the green foliage, eat 

ripened pods and liberate the seeds. The seeds encapsulated in animal 

droppings, are spread into new sites over long distances. The pods are also 

transported by flood waters and run-off (Babiker, 2006).  

Following germination mesquite seedlings grow vigorously (Ahmed et al., 

2009). Tap roots reach deep water tables and extensive lateral roots spread 

well beyond the crown. The rapidly growing root system and un-palatability 

of foliage increase seedling survival rate and competitiveness particularly in 

heavy grazed areas and/or on uncultivated fallows. The high coppicing ability 

of mesquite ensures recovery of the plant when cut and often results in a 

multi-stemmed tree. The trees have many competitive advantages over other 

plants however, the seedlings are somewhat sensitive (Pasiecznik, 1999). 

They colonize disturbed, eroded, overgrazed or drought-ridden land 

associated with unsustainable agronomic practices (Pasiecznik, 1999). The 

trees are believed to deplete groundwater reserves and to smother and 

suppress, through both Allelopathic and competitive effects, growth of 

neighboring plants (Ahmed et al., 2009). Prosopis pollens are said to be a 

major cause of allergic reactions and the thorns are poisonous and/or 

promotive secondary infections on prickling (Takur and Sharma, 1985). 

2.2 Propagation of mesquite 

Prosopis juliflora is propagated through seeds. The dispersal unit consists of a 

pod with a high content of viscous, sugary material. The pods are eaten by 

animals and the seeds, after necessary acid scarification, are excreted through 

droppings. During the rainfall a large number of seeds germinate in animal 

droppings. The seedlings develop deep roots to tap underground water.  
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The ecological significance of phytotoxins in old field succession and in other 

natural communities has attracted the attention of many workers (; Mizutani, 

1989; May & Ash, 1990; Choesin &Boerner, 1991).       

 Among the allelochemicals which take part in such interactions are phenols, 

terpenes, glucosides, alkaloids, amino acids and sugars (Harborne, 1989). P. 

juliflora, during the last few years, has invaded all kinds of communities in 

the flat plains of Sudan (Babiker, 2006) and has now become dominant 

especially in Eastern Sudan by completely eliminating the natural vegetation. 

This exceptional success of P. juliflora could be attributed to allelopathy. 

2.3 Uses of mesquite 

Mesquite, at its centre of origin, the arid areas in South America, has played 

an important social role. In addition to its role in combating desertification 

and supply of high-value mechanical wood products, firewood and charcoal 

mesquite provides shelters, animal feed and food for humans in areas where 

protein intake is very low and under adverse conditions of drought and 

famines (Ibrahim, 1989). The plant is important for fencing stalks, and as bee 

forage for honey production. Mesquite pods are a source of good quality flour 

and syrup (Felkeret al., 2003). Flour and syrup from mesquite are used in 

making foodstuffs at household levels (Pasiecznik, 2001, Felkeret al., 2003). 

Mesquite species exude a water soluble gum that has been used as a substitute 

for gum Arabic during periods of restricted trading or international market 

shortages (Vilela and Ravtta, 2005). Mesquite species have ameliorating 

effects on soil under canopy. The tree fixes nitrogen and the leaf litter, when 

incorporated, improves soil physical and chemical properties. In Peru, leaves 

of mesquite are valued as compost (Pasiencznik, 2001). Foliage of mesquite 

contains several chemicals which are effective against several weeds; insects, 

fungi and some are of medical and/or industrial value (Pasiecznik, 1999). 
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Moreover, mesquite, when properly managed, is a suitable tree for agro-

forestry in low-input low-rainfall areas (Luukkanenet al., 1983). 

In Sudan the success attained in establishment and the ability of mesquite to 

tolerate drought, fix sand dunes and capacity to furnish shade, fuel, timber, 

fodder and edible pods provided the impetus for repeated introductions of the 

tree into various agro ecologies with emphasis on dry areas (Babiker, 2006). 

In the period 1978-1981 the tree was planted as shelterbelts on premises of 

Portsudan, Tokar and Kassala towns (Elsidig, etal 1998) and along the Nile.  

2.4 Invasive nature of mesquite 

In most of the countries, where it was introduced, mesquite has spread outside 

where it was originally planted and has become a serious weed (ElHouri, 

1986). Ease of spread of mesquite is consistent with its invasive nature, ease 

of adaptations to novel environments, lack of natural enemies and 

underutilization and mismanagements (Ali and Labrada, 2006; Babiker, 2006; 

Kathiresan, 2006). It is noteworthy that exploitation of mesquite in Argentina 

between 1500 and 1975 reduced the natural coverage of Prosopis to between 

25 and 50% (Choge and Chikamai, 2004). Utilization of wood and non-wood 

products of mesquite in Sayun and Tarim in Yemen, in addition to the 

benefits realized by the community, curtailed spread of the tree and lessened 

its importance as a weed (Ali and Labrada, 2006).  

In fact, the deliberate distribution of mesquite within the country, prevailing 

drought, livestock and feral animal’s movement coupled with decreased land-

use, land tenure, under utilization of the plant, mismanagement and over 

exploitation of natural vegetation in Sudan have led to spread of mesquite into 

various locations where it has become a national pest (Elhouri, 1986) 

specially in eastern Sudan where the bulk of mesquite infestation (>90%) is 

there.However, the plant constitutes a threat to agriculture, biodiversity and 



 
 

7 
 

may lead to deterioration of natural vegetation and pastures and, thus, 

jeopardize the livelihood of a large proportion of the populace, particularly, 

where livestock keeping and subsistent farming are the main avenues for 

income generation. 

2.5 Allelopathic activity of mesquite 

The phenomenon of plants influencing neighboring plants through the release 

of chemicals in the environment has been known as early as 370 BC. Greeks 

and Romans have used this knowledge in agriculture since c. 64 AD 

(Fraenkel, 1959). From this, he cautiously speculated that chemicals of plant 

origin (allelochemicals) have potential for bringing about population level 

change by affecting the growth of neighboring plants. 

Actually, allelopathy is a biological phenomenon by which an organism 

produces one or more biochemicals that influence the growth, survival, and 

reproduction of other organisms. These biochemicals are known as 

allelochemicals and can have beneficial (positive allelopathy) or detrimental 

(negative allelopathy) effects on the target organisms. Allelochemicals are a 

subset of secondary metabolites which are not required for metabolism (i.e. 

growth, development and reproduction) of the allelopathic organism. 

Allelochemicals with negative allelopathic effects are an important part of 

plant defense against herbivory (Stamp and Nancy, 2003). 

The P. juliflora is an invasive and widespread species in many countries. 

Shankhlaet al., (1965) reported the inhibitory effect of aqueous extracts on the 

growth of some plants. Similar results were reported by many workers 

(Warrag, 1995; Noor et al., 1995; Al-Humaid and Warrag, 1997; Nakano et 

al., 2001). 

       The major allelochemicals reported were the phenolics. The plant parts 

which fall to the ground are not totally degraded quickly by the microbes due 
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to the high phenol content. Nakano et al., (2002, 2003) isolated L-Tryptophan   

from the freeze-dried leaves of P. juliflora which inhibited the radical growth. 

And, Nakano et al., (2002) also isolated syringing lariciresinol. Syringin 

inhibited the root and shoot growth of lettuce seedlings and Barnyard grass. 

Lariciresinol inhibited root and shoot growth of lettuce seedling and Barnyard 

grass seedling .The effect of growth inhibiting substance becomes more 

evident at higher concentrations and the promoting influence become more 

prominent with higher dilutions of the aqueous extracts (Sen and Chawan, 

1970). 

It was also reported elsewhere (El-Keblawy and Al-Rawai, 2007), that the 

effect of P. juliflora on the associated flora significantly depended on the 

density and size of canopy; wherein larger individuals and greater densities 

have significantly greater negative impacts on associated plants. 

2.2 Alfalfa (Medicago sativa) 

Alfalfa is a clover-like legume, perennial plant that belongs to Fabaceae 

(Teuber, et al., 1987). In Sudan the plant is of economical importance as 

fodder for local consumption and for export.  

2.3 Sesame (Sesamum indicum L.) 

Sesame is a flowering plant in the genus Sesamum and considered as the 

oldest oilseed crop known to humanity. Most wild species of the genus 

Sesamum are native to sub-Saharan Africa. Sesame is widely naturalizedin 

tropical regions around the world and is cultivated for its edible seeds, which 

grow in pods. It is a drought-tolerant crop that able to grow where other crops 

fail (Raghav Ram, et al., 1990). Sesame has one of the highest oil contents of 

any seed with a rich nutty flavor. It is a common ingredient in cuisines across 

the world (Ray Hansen, 2011). Like other nuts and foods, it can trigger 

allergic reactions in some people. 
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2.4 Sorghum bicolor L. (Moench): 

According to ICRISAT (1993), Sorghum is one of the major cereal crop and 

staple food for millions of the poorest and most food insecure people in the 

Semi-Arid Tropics of Africa and Asia. The greatest diversity in both 

cultivated and wild types of Sorghum is found in north-eastern tropical 

Africa. The crop may have been domesticated in that region, possibly 

Ethiopia. 

In the Sudan sorghum is produced mainly in rain-fed agriculture. The cereal 

harvest for the Republic of the Sudan is estimated at 5.707 million MT, 

comprising 4.606 million MT of sorghum FAO/WHO (2011). Sorghum is 

used in Sudan as food for human beings and feed for animals. Industrial uses 

include extraction of many products such as starch, oil, alcohol, sugar, and 

sugary juices (Khatab et al., 2000). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Experimental site 

The experiments were conducted in the laboratory of Plant Pathology, 

Department of Plant Protection, College of Agricultural Studies, Sudan 

University of Science and Technology during January-February 2016. 

3.2 Collection of mesquite plant and crop seeds samples 

Different parts of Mesquite (fruits, leaves, barks and roots) were collected 

from trees growing in the premises of the College of Agricultural Studies, 

Shambat.  The parts collected were cleaned from dust and strange material by 

hand, washed with distilled water, surface sterilized with 1% Sodium hypo 

Chloride, thoroughly washed in sterilized water and dried under shade at 

ambient temperature(25-30c) . ground and powdered separately to obtain fine 

powder for extraction and kept till use. 

Healthy uniform grains of sorghum, sesame and alfalfa were obtained from 

the central grain market. Before germination test the grains were surface 

sterilized with 1% sodium hypochloride for 20 minutes, then rinsed with the 

distilled water for several times to remove excess of chemical. 

3.3 Preparation of aqueous extract of different plant parts 

Aqueous extracts of each of the plant parts were prepared as recommended by 

Okigbo (2006). The obtained fine powder form different parts of mesquite 

was weighted (500 gm) and added to it 1000 ml sterilized distilled water and 

then placed in a shaker for 24 hrs. The extracts were filtered using Whatman 

No. 1 filter paper and the filtrate was kept in the refrigerator to serve as stock 

solutions. 
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3.4 Bioassay 

The seed samples were alfalfa, sesame, sorghum germinated by being platted 

on filter papers (dia. 9.0 cm) placed in 9.0 cm sterilized plastic Petri-dishes 

and then moistened with the respective test extract (four test extracts). Twenty 

five seeds were plated from each sample. A total of four seed samples per 

crop, with three replications, were used. Treatments were arranged in a 

completely randomized design with three replications and kept in dark place 

for seeds germination. Distilled water was used as a control. Five ml of the 

respective test extract was then added to each Petri-dish every other day till 

the end of the experiment after four days. 

3.5 Measurement and statistical analysis 

The seeds of each crop were examined for germination and early growth of 

seedlings upon emergence of radical and hypocotyls after 4 days. Seeds were 

considered germinated upon radical emergence. Germination was determined 

by counting the number of germinated seeds in each treatment and expressed 

as percentage of the total number of treated seeds. Seedlings were then 

retrieved, and radicle and hypocotyls length were measured using millimeter 

ruler and recorded. The seeds germination percentages and seedlings growth 

were employed as measures for Allelopathic activity. 

The data were subjected to statistical analysis by analysis of variance using 

Mstat software. Means were separated for significance using Duncan’s 

Multiple Range Test (DMRT) (푃 ≤ 0.05). 
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CHAPTER FOUR 

RESULTS 

4.1 Effect of Mesquite plant aqueous extracts on the germination 

percentages. 

The results of the effect of aqueous extracts from different parts of P.juliflora 

on the final germination percentages of seeds of various test crops after four 

days from sawing are  presented in Table 1 and Figure 1. Generally the results 

showed that aqueous extracts of different parts of mesquite 

screened,invariably and significantly inhibited the seeds germination of the 

test crops compared to control (100%) The inhibitory effect resulted in 

germination percentages ranged from 0.0% to 93.3%. 

Among different parts of mesquite extracts that of fruits and leaves reduced 

significantly (0.05) and consistently the seeds germination of all seeds of test 

crops. They gave 0.0% germination in Alfalfa and Sesame fruits extracts and 

46.7% and 70.7% in Sorghum; respectively; followed in descending order by 

bark extract which gave 46.7%, 86.7% and 64.0% and roots extract 80.0%, 

93.3% and 86.7% germination in seeds of Alfalfa, Sesame and sorghum; 

respectively. In fact, the roots extract exhibited the lowest inhibitory effect on 

the germination of seeds of all crops. Moreover, the suppressing effect of 

fruits extract was more pronounced on seeds of all crops than other parts of 

mesquite. However, among crops, the germination of seeds of sorghum was 

the least affected by the different extracts. 
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Figure 1. Effect of aqueous extracts from different parts of   mesquite       
             plant on the germination of seeds of various crops. 
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4.2 Effect of aqueous extracts of Mesquite plant on the growth of 

hypocotyl and radical   of Alfalfa 

The effect of aqueous extracts from different parts of P.juliflora on the 

growth of hypocotyl and radical of test crops, four days after sawing, is- 

presented in Tables 2, 3, 4 and Figures 2, 3 and 4. The data revealed that the 

extracts of different parts of mesquite plant screened, exhibited considerable 

differences in their inhibitory effect on the early growth of hypocotyl and 

radicle of seedlings of the test crops compared to control. The inhibitory 

effect ranged from 0.0% cm to 2.7cm length. 

Among different parts of mesquite extracts that of fruits and leaves expressed 

similar consistency in reducing significantly (푃 ≤ 0.05) the growth of 

hypocotyl and radical of seedlings of the test crops compared to control. In 

fact, the length of the hypocotyl and radical was reduced to 0.0% cm in 

Alfalfa and Sesame ranged from 0.10% cm for radical to 1.033 cm in 

hypocotyls     of Sorghum. The reduction effect given by bark and roots 

extracts on both parameters of growth was less in all seedlings of the test 

crops. In fact, the roots extract exhibited the lowest inhibitory effect on the 

growth of hypocotyl and radicle of test crops. Moreover, the suppressing 

effect of fruits extract was more pronounced on the seedlings growth of all 

crops. However, among crops, the growth of the sorghum seedlings was the 

least affected by the different extracts. 

 

  



 
 

15 

 

 

Figure 2.Effect of aqueous extracts from different parts of Mesquite 
plant on the mean seedlings hypocotyl and  radicle length (cm) of Alfalfa. 
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Figure 3.Effect of aqueous extracts of different of Mesquite plant parts 
on the mean seedlings hypocotyl and roots radical length (cm) of Sesame. 
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Figure 4. Effect of aqueous extracts of different of Mesquite plant parts 
on the mean seedlings hypocoty) and radical length (cm) of Sorghum 
crop 
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CHAPTER FIVE 

DISCUSSION 

The phenomenon of the presence of biochemical inhibitors associated with 

some weeds, shrubs or trees parts is widespread in the plant kingdom (Khan, 

1982; Hedge & Miller, 1990). Many woody species are reported to have 

phytotoxins (Akramet al., 1990; May & Ash, 1990; Chou & Lee, 1991; 

Ferguson, 1991 ;)Kil& Yun (1992). Chou & Yang (1982) showed that 

leachates of the bamboo, Phyllostachysedulis (Carr.), contain significant 

amounts of allelopathic compounds that can suppress the growth of 

undergrowth weeds. However, the water-soluble allelopathic substances 

released by the woody plants and take part in such interactions have been 

identified as phenolic compounds, flavonoids and alkaloids which are 

distributed in woody species (Chou, 1989 and Harborne, 1989). 

However, the ecological significance of phytotoxins in old field succession 

and in other natural communities has attracted the attention of many workers 

(Mizutani, 1989; May & Ash, 1990; Choesin&Boerner, 1991 ).  

In this study, the effect of aqueous extracts from different parts of P.juliflora 

on the final germination percentages of seeds and early growth of seedling of 

various test crops was investigated. The data revealed that extracts of different 

parts of mesquite plant screened significantly inhibited the seeds germination 

of the test crops compared to control with considerable differences among 

crops. 

Moreover, the effect of fruits and leaves extracts were found to be more 

pronounced than that of bark and roots. This highly significant inhibitory 

effect of fruits and leaves extracts could be attributed to that the mesquite 

fruits and leaves aqueous extracts contain water-soluble allelochemicals than  

that of roots and bark and hence the inhibitory effect was more. These results 
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confirm that of Sazadaet al., (2009) who reported similar results on seeds of 

wheat and Chellamuthuet al., (1977) who reported that the P. juliflora 

significantly reduced thegermination percentage of gram and sorghum. 

In this regard, Chou (1989) reported that the Allelopathic metabolites leached 

out from woody plants often suppress the growth of undergrowth species 

sharing the same habitat. The results obtained in this study is also in line with 

Akramet al., (1990) and Kil& Yun (1992) who reported that the Allelopathic 

effects generally produce an inhibition of germination and early growth of 

seedlings. Moreover, Macias et al., (1992) reported that although the specific 

mode of action of allelochemicals was not investigated, many other studies 

demonstrated  inhibition  occurring through  limiting cell division, respiration, 

photosynthesis or by disrupting membrane regulation. Accordingly, the 

presence of allelochemicals activity in some parts of Mesquite explains the 

possibility of a role of allelopathy in the phenomenal success of P. juliflora as 

an invader. These results also suggested that the inhibitory substance(s) were 

widely distributed in mesquite plant but to varying extents.  

The data also demonstrated that the extracts of different parts of mesquite 

plant screened inhibited the early growth of seedlings as measured by 

hypocotyl and radical length with considerable differences among crops. 

However, the inhibitory effect of roots extract on growth parameters was 

found to be the least. This could be attributed to the continuous release and 

leaching of active allelochemicals during the crop growth. However, this mere 

presence of suppressing effect does not prove that allelopathy does occur 

under natural conditions. Similar results  was  reported by Mehar et al., 

(1995) who demonstrated that the roots extract of Mesquite has the least 

reducing effect on germination and early seedlings growth of various cultivars 

of Zea mays and Triticum aesitvum.  
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Conclusions 

 This present study proved categorically that the different parts of 

mesquite plant extracts screened, invariably reduced significantly seeds 

germination and early growth of seedlings of all test seeds crops which 

indicates the presence of Allelopathic potential in P. juliflora. 

 There are considerable differences in the inhibitory effect of the 

mesquite parts screened. 

 Likewise, the seeds crops tested responded differently to the 

suppressing effect of mesquite parts extracts. 

Recommendations 

The study revealed that the inhibitory effect of the roots extracts were the 

least. This mere presence of Allelopathic effect does not prove that 

allelopathy does occur under natural conditions. 

Accordingly the following investigations were recommended:- 

 To study the movement of allelochemicals to the soil; 

 To investigate the maintenance of allelochemicals potential while 

present in the soil; 

 To study the change in inhibitor concentrations after various periods of 

drying under natural conditions; 

 To characterize the nature of inhibitors which should help to determine 

whether the allelopathy is the cause of the exceptional success of P. 

juliflora on the flat plains of agricultural lands in Sudan? 

 

 

. 



 
 

21 
 

References 

Ahmad,Siddiqui, S., Muksh K. Meghvansi, KavitaYadav, RuchiYadav, 

Feroze Ahmad Wani and Ajaz(2009). Efficacy of aqueous extracts of 

five arable trees on the seed germination of Pisumsativum L. 

var.VRP-6 and KPM-522. Botany Research International,2 (1): 30-

35. 

Akram, M., Ahmed, N., Hussain, F. &Aslam, K. M. (1990).Allelopathic 

potential of four species of Ficus. Pakistan Journal of Scientific and 

Industrial Research, 33: 52–54. 

Al-Humaid A.I., Warrag M.O.A., (1997). Allelopathic effects of mesquite 

(Prosopisjuliflora) foliage on seed  germination and seedling growth 

of bermudagrass (Cynodondactylon). J. Arid. Environ. 38:237-243. 

ALi, A. & Labrada, R. (2006). Problems posed byProsopis in Yemen. In: 

Problems Posed by the Introduction of Prosopis spp. in Selected 

Countries. 21–28. FAO, Rome, Italy. 

Babiker A.G. (2006). Mesquite (Prosopis spp.) in Sudan: history, distribution 

and control. Labrada R. (ed.) In: Problems Posed by the Introduction 

of Prosopis spp. in Selected Countries. Plant Production. 

Brown A.F., Massey R.E. (1929). Flora of the Sudan.Thomas Murby and CO. 

p. 376. 

Chellamuthu, V., T.N. Balasusbramanian A. Rajarajan and S.N. Palaniappan, 

(1977).Allelopathic influence of Prosopisjuliflora on field 

crops.Allelopathy .J., 4(2): 291-302. 

Choesin, D. N. &Boerner, R. E. J. (1991).Allylisothiocyanate release and the 

allelopathic potential of Brassica napus (Brassicaceae). American 

Journal of Botany, 78: 1083–1090. 



 
 

22 
 

Choge s.k and Chikami BN. (2004). Experiences of Prosopis utilization and 

management from outside Kenya. Proceedings of the Workshop on 

Integrated  Management of Prosopis Species in Kenya. Nairobi, 

Kenya: KEFRI.  

Chou, C. H. & Lee, Y. F. (1991) Allelopathic dominance of 

Miscanthustransmorrisinensis in an alpine grassland community in 

Taiwan. Journal of Chemical Ecology, 17, 2267–2281. 

Chou, C. H. & Yang, C. M. (1982).Allelopathic research of subtropical 

vegetation in Taiwan. II. Comparative exclusion of under story by 

Phyllostachysedulis and Cryptomeria japonica, Journal of Chemical 

Ecology, 8: 1489–1508. 

Chou, C. H. (1989). The role of allelopathy in phytochemical ecology. In: 

Chou, C. H. & Waller, G. R. (Eds), Phytochemical Ecology: 

Allelochemicals, mycotoxins and insect pheromones and allomones, 

pp. 81–99. Institute of Botany: Academia Sinica Monograph Series 

No. 9, Taipei, ROC. 535 pp. 

El Houri, A. A. (1986). Some aspects of dry land afforestation in the Sudan, 

with special reference to Acacia tortilis (Frosk) hayne, Acacia 

seyalWilld. And Prosopis chilensis (Molina) Stunz. Forest Ecology 

and Management, 16: 209-221. 

El-Keblawy, A.,and Al-Rawai A., (2007).Impacts of the invasive exotic 

Prosopisjuliflora (Sw) DC on the native flora and soils of the 

UAE.Plant. Ecol. 190:23-35. 

Elsiddig, N.A; Abdelsalam A. H. and Abdelmagid T.D. (1998). Socio-

Economic, Environmental and Management Aspects of Mesquite in 

Kassala State (Sudan)  Sudanese Social Forestry Society. pp 96. 



 
 

23 
 

FAO/WHO (2011). Special report Government of Sudan and FAO/WFP 

CROP and Food Security  Assessment Mission   to the 15 Northern 

States of Sudan January 2011. 

Felker, P.; Grados, N.; Cruz, G. and Prokopiuk, D. (2003). Economic 

assessment of flour from Prosopisalba and P. pallida pods for human 

food applications. Journal of Arid Environment, 53:517-528.  

Ferguson, D. E. (1991).Allelopathic potential of western cone 

flower(Rudbeckiaoccidentalis). Canadian Journal of Botany, 69: 

2806–2808.     

Fraenkel, G. S. (1959). “The Raison d’Etre of Secondary Plant Substances.” 

Science 129: 1466–1470. 

Harborne, J. B. (1989). Recent advances in chemical ecology. Natural 

Product Reports, 6: 86–109. 

Hierro, JL and CallawaY, RM.(2003).ALLepathy and exotic plant in 

vasion.plant and soil 256:29.39. 

Hedge, R. S. & Miller, D. A. (1990).   Allelopathy and         autotoxicity in 

Alfalfa: characterization and effects of      preceding crops and residue 

incorporation. Crop Science, 30: 1255–1259. 

Ibrahim, K. M. (1989)  Prosopis species in the South-western United States,  

their utilization and research. In “Prosopis Species Aspects of their         

Value, Research and Development. Proceedings of the Prosopis   

Symposium (Dutton, R.W.,  powell, M. and  Ridley, R.J. edits) pp 83-

115. Cord, University of Durham. 

 

        



 
 

24 
 

ICRISAT.(1993). Sorghum diseases, insect pests.Pages 16–40 in Cereals 

Program.ICRISAT Annual Report 1992.Patancheru 502 324, Andhra 

Pradesh, India: International Crops Research Institute for the Semi-

Arid Tropics (semi-formal publication). 

Kathiresan, RM.(2006). Invasion of Prosopisjuliflora in India. Problems 

posed by the introduction of Prosopis species in selected countries. 

Rome, Italy: FAO.  

Khatab, A. M. A. Hassan (2000).Agricultural and Animal production in the 

Sudan.Arabic text.150pp. 

Kil, B.S. and K.W. Yun.(1992). Allelopathic effects of water extracts of 

Artemisia princepsvar.orientalis on selected plant species. J. Chem. 

Ecol., 18: 39-51.  

Luukkanen, O., Turakka, A. and Holmberg, G. (1983).Forest nursery and 

afforestationexperiments in the White Nile and north Kordofan 

provinces in Sudan.Sudan-FinlandConsultingProgramme in Forestry 

Technical Report 7. 25pp. 

Macias, F. A., Galindo, J. C. G. &Massanet, G. M. (1992).Potential 

allelopathic activity of several sesquiterpene lactone 

models.Phytochemistry, 31: 1969–1977. 

May, F. E. & Ash, J. E. (1990).An assessment of the allelopathic potential of 

Eucalyptus. Australian Journal of Botany, 38: 245–254. 

Mehar, N.; Uzma, S. and Ajma,l M. K. (1995). Allelopathic effects of 

Prosopisjuliflora Swartz.Journal of Arid Environments (1995) 31: 83–

90. 

Mizutani, J. (1989). Plant allelochemicals and their roles. In: Chou, C. H. & 

Waller, G. R. (Eds), Phytochemical Ecology: Allelochemicals, 



 
 

25 
 

mycotoxins and insects pheromones and allomones, pp. 155–165. 

Institute of Botany: Academia Sinica Monograph Series No. 9, Taipei, 

ROC. 

Molisch, H., (1937). Der EinflusseinerPflanze auf die andere-Allelopathie. 

Jena, Germany: Gustav Fischer. 

Nakano H., Fujji Y., Suzuki T., Yamada K., Kosemura S.S., Yamakura S., 

Suzuki T., Hassegawa K., (2001). A growth inhibitory substance 

exuded from freeze-dried mesquite (Prosopisjuliflora (Sw) DC) 

leaves. Plant.Growth.Regul. 33:165-168. 

Nakano H., Fujji Y., Yamada K., Kosemura S., Yamamura  S., Hasewaga K., 

Suzuki T., (2002). Isolation and  identification of plant growth 

inhibitors as candidate(s) for allelopathic substance(s) from aqueous 

leachate from mesquite (Prosopisjuliflora (Sw) DC) leaves. 

Plant.Growth.Regul. 37:113-117. 

Nakano H., Nakajima E., Fujji Y., Yamada K., Shigemori  H., Hasegawa K., 

(2003). Leaching of allelopathic substance, L-tryptophan from the 

foliage of mesquite (Prosopisjuliflora (Sw) DC) plants by water 

spraying.Plant.Growth.Regul. 40:49-52. 

Noor M., Salam U., and Khan A.M., (1995).Allelopathic effects of 

Prosopisjuliûora Swartz. J. Arid. Environ. 31:83–90. 

Okigbo, R.N.. (2006). Antifungal effects of two tropical plants leaf extracts 

(Ocimumgratisimum and Afromonummelegatuata and post Harvest 

yam (Dioscoreaceaespp). Afr. J. Biotech. 5: 717-731.  

Pasiecznik, N. M. (2001). The Prosopisjuliflora-ProsopispallidaCopmlex: A 

Monograph. HDRA the Organic Organization.pp 162. 



 
 

26 
 

Pasiecznik,N. (1999). Prosopis - Pest or Providence, Weed or Wonder 

Tree? European Tropical Forest Research Network Newsletter 28: 12-

14.and Protection Division, Food and Agricultural Organization of the 

United Nations Rome, pp 11-20. 

Raghav Ram, David Catlin, Juan Romero, and Craig Cowley (1990). 

"Sesame: New Approaches for Crop Improvement". Purdue 

University. 

Ray Hansen. (2011). "Sesame profile".Agricultural Marketing Resource 

Center. 

Rice, E.L., (1974). Allelopathy.Physiological Ecology. New York, NY: 

Academic Press. 

Rice, E.L., (1979). Allelopathy An update, Botanical Review, 45: 15-109. 

Sazada, S.; Shilpa, B.; Shoukat, S. and Mukesh, K. (2009).Allelopathic Effect 

of Different Concentration of Water Extract of Prosopisjuliflora Leaf 

on Seed Germination and Radicle Length of Wheat (Triticumaestivum 

Var-Lok-1). American-Eurasiaof Scientific Research 4 (2): 81-84, 

2009. 

 Sen D.N., Chawan D.D., 1970. Ecology of desert plant and observation on 

their seedlings: The influence of aqueous extracts of Prosopis juliflora 

DC on Euphorbia cardifolia Haines. Vegetatio. 21:277-298. 

SHankhla, N., Baxi, M.D.,  and Chatterji, U.N., (1965). Ecophysiological                           

studies on arid zone plants. I. Phytotoxic effects of aqueous extract of 

mesquite, Prosopisjuliflora DC. Curr. Sci. 21:612–614. 

Stamp and Nancy (2003).Out of the quagmire of plant defense hypotheses. 

The Quarterly Review of Biology 78 (1): 23–55. 



 
 

27 
 

Teuber, L.; Jernstedt, J. and Foord, K. (1987).Alfa growth and development. 

In: Proceeding of the 17th California/Arizona Alfalfa symposium Pp. 

63-78. 

Thakur IS,and Sharma JD. (1985)   Isolation and characterization of allergens 

of Prosopisjuliflora pollen grains. Biochem Int.1985, 11: 903-912. 

. 

Vilela, A.E. and Ravetta, D.A. (2005). Gum exudation in South- American 

species of Prosopis L. (Mimosaceae) Journal of Arid Environments, 

60: 389-395. 

Warrag M.O.A., (1995). Autotoxic potential of foliage on seed germination              

and early growth of mesquite (Prosopisjuliflora). J. Arid. Environ. 

31:415-421. 

 

 

 

 

 

 

 

 

 

 

 



 
 

28 

Appendices 

 

 

 

 

 

Appendix (1).  Mesquite tree (Prosopis juliflora) 
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Table 1.Effect  of  aqueous  extracts  from  different  parts of Prosopis      

             juliflora on the germination of  seeds crops. 

Treatments Crops 
Alfalfa Sesame Sorghum 

Fruits 0.00d 0.00d 46.70d 

Leaves 0.00d 0.00d 70.7c 

Barks 46.67c 86.70c 64.00c 

Roots 80.00b 93.3b 86.67b 

Control 100.00a 100.0a 100.00a 

P-value 0.0** 0.0** 0.0** 

C.V% 6.03 4.12 8.06 

Lsd0.05 4.971 4.201 10.79 
Value(s) bearing different superscript(s) are significantly different (푃 ≤ 0.05) 
according toDMRT. 
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Table 2.Effect of aqueous extracts of different parts of Mesquite plant 

parts  on the  seedlings hypocotyl and radicle length (cm) of Alfalfa. 

Treatments Hypocotyl Radicle 

Fruits 0.00e 0.00e 

Leaves 0.00e 0.00e 

Barks 0.96c 0.17e 

Roots 1.63b 0.50d 

Control 2.63a 0.67d 

P-value 0.0** 

C.V% 14.87 

Lsd0.05 0.2799 
Value(s) bearing different superscript(s) are significantly different (P≤0.05) 
according to DMRT. 

  



 
 

31 
 

Table 3. Effect of aqueous extracts of different of Mesquite plant parts on 
the  seedlings hypocotyl and  radicle length (cm) of Sesame 

Treatment Hypocotyl Radicle 
Fruits 0.00d 0.00d 
Leaves 0.00d 0.00d 
Barks 0.87b 0.33c 
Roots 1.00b 0.37c 
Control 1.50a 0.40c 
P-value 0.0** 
C.V% 29.19 
Lsd0.05 0.2221 
Value(s) bearing different superscript(s) are significantly different (P≤0.05) 
according to DMRT. 
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Table 4. Effect of aqueous extracts  of different  of Mesquite plant parts 

on the  seedlings hypocotyl and  radicle length (cm) of Sorghum crop 

Treatments Hypocotyl Radicle 
Fruits 0.567ef 0.1000f 

Leaves 1.033de 0.400ef 

Barks 2.067bc 2.633ab 

Roots 2.567ab 2.667ab 

Control 2.900a 1.633cd 

P-value 0.0059** 

C.V% 23.25 

Lsd0.05 0.6552 
Value(s) bearing different superscript(s) are significantly different (P≤0.05) 
according to DMRT. 
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Appendix (9) 
Germination 
Function: One way ANOVA 
(Alfa Alfa) 
      A N A L Y S I S   O F   V A R I A N C E   T A B L E 
S. of Var. df      SS   MS    F-cal      P-value 
--------------------------------------------------------------------------- 
Between       4      24906.667        6226.667         833.929    0.0000 
Within       10         74.667           7.467 
--------------------------------------------------------------------------- 
Total        14      24981.333 
Coefficient of Variation = 6.03% 
        1      Number        Sum      Average          SD          SE 
     ------------------------------------------------------------------ 
         1      3.00         0.000      0.000         0.00        1.58 
         2      3.00         0.000      0.000         0.00        1.58 
         3      3.00       140.000     46.667         6.11        1.58 
         4      3.00       240.000     80.000         0.00        1.58 
         5      3.00       300.000    100.000         0.00        1.58 
     ------------------------------------------------------------------ 
     Total     15.00       680.000     45.333        42.24       10.91 
     Within                                           2.73 
Duncan's Multiple Range Test 
LSD value = 4.971      
SE = 1.578      at alpha = 0.050 
      Original Order                Ranked Order 
 Mean    1 =   0.0000     D    Mean    5 =    100.0 A    
 Mean    2 =   0.0000     D    Mean    4 =    80.00   B   
 Mean    3 =    46.67    C     Mean    3 =    46.67    C  
 Mean    4 =    80.00   B      Mean    2 =   0.0000     D 
 Mean    5 =    100.0  A       Mean    1 =   0.0000     D 
(Sesame) 
      A N A L Y S I S   O F   V A R I A N C E   T A B L E 
S. of Var. df      SS   MS    F-cal      P-value 
--------------------------------------------------------------------------- 
Between       4      31626.667        7906.667        1482.500    0.0000 
Within       10         53.333           5.333 
--------------------------------------------------------------------------- 
Total        14      31680.000 
Coefficient of Variation = 4.12% 
        1      Number        Sum      Average          SD          SE 
     ------------------------------------------------------------------ 
         1      3.00         0.000      0.000         0.00        1.33 
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         2      3.00         0.000      0.000         0.00        1.33 
         3      3.00       260.000     86.667         2.31        1.33 
         4      3.00       280.000     93.333         4.62        1.33 
         5      3.00       300.000    100.000         0.00        1.33 
     ------------------------------------------------------------------ 
     Total     15.00       840.000     56.000        47.57       12.28 
     Within                                           2.31 
Duncan's Multiple Range Test 
LSD value = 4.201      
SE = 1.333      at alpha = 0.050 
      Original Order                Ranked Order 
 Mean    1 =   0.0000     D    Mean    5 =    100.0  A 
 Mean    2 =   0.0000     D    Mean    4 =    93.33   B   
 Mean    3 =    86.67    C     Mean    3 =    86.67    C  
 Mean    4 =    93.33   B      Mean    2 =   0.0000     D 
 Mean    5 =    100.0  A       Mean    1 =   0.0000     D 
(Sorghum) 
      A N A L Y S I S   O F   V A R I A N C E   T A B L E 
S. of Var. df      SS   MS    F-cal      P-value 
--------------------------------------------------------------------------- 
Between       4       5081.600        1270.400          36.091    0.0000 
Within       10        352.000          35.200 
--------------------------------------------------------------------------- 
Total        14       5433.600 
Coefficient of Variation = 8.06% 
        1      Number        Sum      Average          SD          SE 
     ------------------------------------------------------------------ 
         1      3.00       140.000     46.667         6.11        3.43 
         2      3.00       212.000     70.667         6.11        3.43 
         3      3.00       192.000     64.000         8.00        3.43 
         4      3.00       260.000     86.667         6.11        3.43 
         5      3.00       300.000    100.000         0.00        3.43 
     ------------------------------------------------------------------ 
     Total     15.00      1104.000     73.600        19.70        5.09 
     Within                                           5.93 
Duncan's Multiple Range Test 
LSD value = 10.79      
SE = 3.425      at alpha = 0.050 
      Original Order                Ranked Order 
 Mean    1 =    46.67     D    Mean    5 =    100.0  A 
 Mean    2 =    70.67    C     Mean    4 =    86.67   B   
 Mean    3 =    64.00    C     Mean    2 =    70.67    C  
 Mean    4 =    86.67   B      Mean    3 =    64.00    C  
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 Mean    5 =    100.0  A       Mean    1 =    46.67     D 
Experiment Model: Two Factor Completely Randomized Design; where 
Factor A = H/R and Factor B = Cultivar 
Alfa Alfa 
      A N A L Y S I S   O F   V A R I A N C E   T A B L E 
S. of Var. df      SS   MS    F-cal      P-value 
--------------------------------------------------------------------------- 
Factor A         1         4.563         4.563    171.1125   0.0000 
Factor B         4        12.152         3.038    113.9250   0.0000 
AB               4         4.125         1.031     38.6750   0.0000 
Error           20         0.533         0.027 
----------------------------------------------------------------------------- 
        Total           29        21.374 
----------------------------------------------------------------------------- 
Coefficient of Variation: 14.87% 
Duncan's Multiple Range Test 
LSD value = 0.2799     
SE = 0.09487    at alpha = 0.050 
       Original Order                 Ranked Order 
 Mean    1 =   0.0000      E    Mean    5 =    2.633  A 
 Mean    2 =   0.0000      E    Mean    4 =    1.633   B    
 Mean    3 =   0.9667    C      Mean    3 =   0.9667    C   
 Mean    4 =    1.633   B       Mean   10 =   0.6667     D  
 Mean    5 =    2.633  A        Mean    9 =   0.5000     D  
 Mean    6 =   0.0000      E    Mean    8 =   0.1667      E 
 Mean    7 =   0.0000      E    Mean    1 =   0.0000      E 
 Mean    8 =   0.1667      E    Mean    2 =   0.0000      E 
 Mean    9 =   0.5000     D     Mean    7 =   0.0000      E 
 Mean   10 =   0.6667     D     Mean    6 =   0.0000      E 
Sesame 
      A N A L Y S I S   O F   V A R I A N C E   T A B L E 
S. of Var. df      SS   MS    F-cal      P-value 
--------------------------------------------------------------------------- 
Factor A         1         1.541         1.541     90.6667   0.0000 
Factor B         4         4.391         1.098     64.5784   0.0000 
AB               4         1.302         0.325     19.1471   0.0000 
Error           20         0.340         0.017 
----------------------------------------------------------------------------- 
        Total           29         7.575 
----------------------------------------------------------------------------- 
Coefficient of Variation: 29.19% 
Duncan's Multiple Range Test 
LSD value = 0.2221     
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SE = 0.07528    at alpha = 0.050 
      Original Order                Ranked Order 
 Mean    1 =   0.0000     D    Mean    5 =    1.500  A 
 Mean    2 =   0.0000     D    Mean    4 =    1.000   B   
 Mean    3 =   0.8667   B      Mean    3 =   0.8667   B   
 Mean    4 =    1.000   B      Mean   10 =   0.4000    C  
 Mean    5 =    1.500  A       Mean    9 =   0.3667    C  
 Mean    6 =   0.0000     D    Mean    8 =   0.3333    C  
 Mean    7 =   0.0000     D    Mean    1 =   0.0000     D 
 Mean    8 =   0.3333    C     Mean    2 =   0.0000     D 
 Mean    9 =   0.3667    C     Mean    7 =   0.0000     D 
 Mean   10 =   0.4000    C     Mean    6 =   0.0000     D 
Sorghum 
          A N A L Y S I S   O F   V A R I A N C E   T A B L E 
 
  K                 Degrees of   Sum of         Mean          F 
Value    Source       Freedom    Squares       Square       Value     Prob 
----------------------------------------------------------------------------- 
Factor A         1         0.867         0.867      5.8449   0.0253 
Factor B         4        26.455         6.614     44.5876   0.0000 
AB               4         2.965         0.741      4.9966   0.0059 
Error           20         2.967         0.148 
----------------------------------------------------------------------------- 
        Total           29        33.254 
----------------------------------------------------------------------------- 
Coefficient of Variation: 23.25% 
 
Duncan's Multiple Range Test 
LSD value = 0.6552     
SE = 0.2221     at alpha = 0.050 
       Original Order                 Ranked Order 
 Mean    1 =   0.5667      EF    Mean    5 =    2.900  A 
 Mean    2 =    1.033     DE     Mean    9 =    2.667  AB 
 Mean    3 =    2.067   BC       Mean    8 =    2.633  AB 
 Mean    4 =    2.567  AB        Mean    4 =    2.567  AB     
 Mean    5 =    2.900  A         Mean    3 =    2.067   BC    
 Mean    6 =   0.1000       F    Mean   10 =    1.633    CD   
 Mean    7 =   0.4000      EF    Mean    2 =    1.033     DE  
 Mean    8 =    2.633  AB        Mean    1 =   0.5667      EF 
 Mean    9 =    2.667  AB        Mean    7 =   0.4000      EF 
 Mean   10 =    1.633    CD      Mean    6 =   0.1000       F 
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