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:قال تعالي
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الملخص العربي

, یةكلیةالدراساتالزراع) معملامراضالنبات(,وفالمختبربقسموقایةالنباتراجریتھذھالدراسھتحتظ

لجذور لدراسھتاثیرالمستخلصالكحولی)  شمبات(جامعھالسودانللعلوموالتكنولوجیا

نموفطرمل100توباسلزنجبیلوالمبیدالفطرا لمرض العفن الجاف على المسببF. oxysporiumعل

.درنات البطاطس

-% 25-%50(استخدمتثلاثھتراكیزمنالمستخلصلرایزومالزنجبیل 

الشاھدمل 100توباسوكذلكاستخدمالمبیدالفطر%)12.5 . أضافةال

لھذھالتراكیزبتسجیلنسبیتمتقی .ھتثبیطنموالفطرمالاثرالتثبیط

ضدالفطر قداظھرتتاثیرمعنو اوضحتالنتائجانكلتراكیزالمستخلصالكحولیالنباتالمختبرةوالمبیدالفطر

حدة . مقارنھبالشاھدمحل الدراسة قدتفاعلتكلعل تراكیزالمستخلصالكحولیوالمبیدالفطر

.ضدالفطرالمختبرمعتاثیرواضحللمستخلصاتمنالمبیدالفطرى

معنویا التراكیزالاعلیكان ھو %) 50(المستخلص الكحولي أوضحت النتائج أن تركیز 

)P=0.05 ( وقد . مقارنة بالمبید الفطري والشاھد% 100لتثبیط  نمو الفطر بنسبة وصلت

قد أعطت نتائج اقل تثبیطا لنمو الفطر محل ) 12.5,25(%أوضحت الدراسة أیضاً أن التراكیز 

% 88.6سجلت نسبة التثبیط في التركیزین حیث ) P=0.05(الدراسة بفرق معنوي على مستوى 

.على التوالي مقارنة بالمبید الفطري والشاھد%  78.7و 

انالزنجبیلیحتویعلیبعضالمكوناتالتیلھاالمقدرةعلیتثبیطالفطرالامرالذییمكناعتبا وتخلصھذھالدراسةال

اثیره على الفطر وترھذوفائدةلاستمرارھذاالنوعمنالبحوثلتحدیدالموادالطبیعیةالتیتتضمنھاالزنجبیل

.وعلیھ نوصى باستمرار البحث لدراسة تأثیر الزنجبیل على الفطر داخل العائل.خارج العائل
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ABSTRACT

The present investigation was undertaken under laboratory of Plant
protection Department, College of Agricultural Studies, Sudan University
of Science and Technology, to study the effect of ethanol extract of
ginger and fungicide topas (100 ml) on the growth, of the fungus,
Fusariumoxysporiumthat causing dry rot onpotato tubers.

Three concentrations of ethanol extract of ginger rhizome
(50,25and12.5%), and standard fungicide (Topas100 ml) were used in
addition to the untreated control. The assessment of their inhibitory
effect against the pathogen was recorded through the fungal growth
inhibition.

The results showed that the concentrationof the ethanol extract (50%)
of ginger showed the higher significant inhibitory (100%) effect on the
fungus growth compared to the standard fungicide and the control
(p=0.05). However, the ginger ethanol extracts concentration 25% and
12.5% reacted differently showinglowerinhibitory effect on the fungus
growth aiming at 88.6% and 78.8% respectively, with a significant
difference at 0.05 level compared to the untreated control.

Generally, the results showed that the antifungal activity increases with
increase in extract concentration. Accordingly we recommend
continuing the research to confirm our findings to control the fungus in
vivo.
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CHAPTER ONE

INTRODUCTION

Potato plant (Solanum tuberosum L.) is a member of the family
Solanaceae that includes also eggplant, tobacco and tomato. Potato is an
important crop worldwide and ranks fourth in production among food
crops after maize (Zeamays L.), rice (Oryza sativa L.), and wheat
(Triticum aesitvum L.) (FAOSTAT data, 2006). Its importance is
increasing due to the rising world population, the capability of potatoes to
grow well in adverse conditions, and its high nutritional value with an
annual production of 3.6 x108tones (Hamilton, 2005).The crop was
originally domesticated independently in multiple locations.

In Sudan, the crop is cultivated in wide area around large Cities along the
Nile and on seasonally flooded plains (FAO, 1999). However, the area
around Khartoum accounts for over 70% of the country's potato
production (Ibrahim, 1988). On the other hand, potato is also cultivatedin
Jebel Marra in the far west and it is locally known as Zalinge potato.

The losses caused by diseases and insects constitute the major constraints
that facing the production of potato worldwide and among these, the most
wide spread and important are fungi, affecting tubers and vegetative
parts. One of the main fungal pathogens that attack potato is Fusarium
dry rot, which is a worldwide economic problem. There are many species
of Fusarium reported to cause dry rot of potato Worldwide (Nielson,
1981) of which Fusarium solani has been reported as the most pathogenic
Fusarium species causing potato dry rot.

The disease affects tubers in storage and seed potato pieces after planting.
Hanson et al, (1996) reported that Fusarium dry rot of feed tubers could
cause crop losses up to 25%, while more than 60% of tuber can be
infected in storage.

The miss use of chemical pesticides to control various pests and
pathogenic microorganisms of crops plants is causing health hazards
through their residual toxicity, much attention is being focused on the
alternative methods of pest control (Ali, 1996).
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Natural plant extracts have been recommended as suitable alternative
choices to synthetic chemicals to control diseases and pests of crops.

Based on the foregoing and considering the adverse and alarming effects
of synthetic pesticides on environment and natural habitats, this study
was undertaken to find out alternative and nontoxic biological control
agents to control the Fusariumthe causal agent of the dry rot of potatoesin
vitro. Aiming at investigating the antifungal activity of some higher plant
extracts and fungicide against the said fungus under laboratory conditions

withfollowing objectives:-

 To explore the antifungal potentials of some higher plants crude
extract against Fusarium dry rot of potato

 To evaluate the efficacy of systemic fungicide on fungal growth
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CHAPTER TWO

LITERATURE REVIEW

2.1 Fusarium Oxysporum

Fusariumspecies causes a huge range of diseases on an

extraordinary range of host plants. The fungus is a soil borne

pathogen, airborne or carried in plant residues and can be

recovered from any part of the plant from the deepest root to the

highest flower (Booth, 1971; Summeralet al.2003 .(Fusarium

wilt caused by Fusarium oxysporum disease that causes serious

economic loss (Agrios, 2005). The fungus causes vascular wilts

by infecting plants through the roots and growing internally

through (Bowers and Locke, 2002).

2.1.1 Classification

Kingdom: Fungi

Division: Ascomycota

Class: Sordariomycetes

Order: Hypocreales

Family: Nectriaceae

Genus: Fusarium

Species: Fusarium oxysporum
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Fusarium  oxysporum strains are ubiquitous soil inhabitants that

have the ability to exist as saprophytes and degrade lignin

(Rodriguez et al., 1996, Sutherland,et al., 1983) and complex

carbohydrates (Christakopoulos et al., 1995/1996), associated

with soil debris. Although the predominant role of this fungus in

native soils may be as harmless or even beneficial plant

endophytes or soil saprophytes, many strains within the F.

oxysporum complex are pathogenic to plants, especially in

agricultural area.

This remarkably diverse and adaptable fungus has been found in

soils ranging from the Sonorant Desert, to tropical and

temperate forests, grasslands and soils of the tundra. (Stoner,

1981).

2.1.2 Description

Fusarium oxysporum is a common soil inhabitant. Booth (1977)

stated that F. Oxysporum has a colorless mycelium at first but

with age, it becomes creamy in colors pale yellow, pale pink or

purplish. These colors give the characteristic culture pigment

within the plant.
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The fungus produces three types of asexual spores,

microconidia, macroconidia and Chlamydospores. The

macroconidia are straight to slightly curved, slender thin walled

usually with three or four septa, of a foot shaped cell. They are

generally produced on conidiophores by division. They are

important in secondary infection. The micro conidia are

ellipsoidal and either have no septum or single one. They are

formed from phial ides in false heads by secondary infection

(Agrios, 2005).

The chlamydispores are globes and have thick walls. It is

formed from hyphae or alternatively by the modification of

micro cells. Conidia considered as endurance organs in soil

where they act as inoculums in primary infection.

The teleomorph or sexual reproductive stage of F. oxysporum is

unknown untilrecently, Agrios (2005) reported that the

teleomorph of the fungus was found and known as Gibberella

sp.

2.1.3 Distribution

Worldwide, pathogenic races may have different distribution,

defined by range - common in temperature   regions; North and

South America, Europe, Africa, Australia and New Zealand

.those are Fusarium in linumspp. and Gossypiumspp. as

reported.
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Whose strains represent some of the most abundant and

widespread microbes of the global soil microflora, (Gordon, and

Martin, 1997).these remarkably diverse and adaptable fungi

have been found in soils ranging from the Sonorant Desert, to

tropical and temperate forest, grassland and soils of the tundra.

(Stoner, 1981).F.oxysporium strains are ubiquitous soil

inhabitants that have the ability to exist as saprophytes, and

degrade lignin. (Rodriguez et al 1996) and complex

carbohydrates (Christakopoulos, et al, 1996) Associated with

soil debris.

The wilt disease was found to be more serious in low rainfall

areas, were the weather condition are favorable for disease

development (Khan, 1980).

2.1.4 Host Range

The most important Fusarium wilt pathogens have wide range of

host and including numerous forma specials, some of them

contain two or several pathogenic races, causing devastating

wilt diseases and many are seed borne as listed by Andersen

(1974) for the following hosts Alliumscannabis. Betavulgaris,

Cucumissativa, Phaseolusvulgaris and Pisumsativum.
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F.oxysporum is one of the major causal agents of wilt disease

(Nene etal; 1991). The disease is prevalent in most Tomato

growing countries and is a major disease. It is seed and soil

borne disease .The fungal pathogen F.oxysporium affects a wide

variety host of different age Tomato, Tobacco, Legumes,

Cucurbits, Sweet Potatoes, Chickpea and Banana are a few of

the most susceptible plant, but it also affects other herbaceous

plants (Pan Germany, 2010).

2.1.6 Control

2.1.6.1 Cultural control:

The culture control is the only practical measure for controlling

the diseases in the field. The wilt fungus is so widespread and so

persistent in soils that seedbed sterilization and crop rotation

although always sound practices but are of limited value. Soil

sterilization is too expensive for application but it should be

always practiced for greenhouse grown tomato plant (Agrios

2005).

Moreover, use of healthy seed and transplants is of course

mandatory, and hot water treatment of seed suspected of being

infected should precede planting (Agrios, 2005).
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As mentioned above, Fusarium wilts affect and cause severe

losses on most vegetable and flowers, several field crops such as

cotton, Tobacco, banana, plantain, coffee, sugarcane and a few

shade trees. Fusarium wilts are most severe under warm soil

conditions and green house (Agrios, 2005). Most Fusarium wilts

have diseases cycles and develop similar to those of the

Fusarium wilt of tomato.

2.1.6.2 Botanical controls

The antifungal effect of certain medicinal and aromatic plants

extracts have been investigated by many workers (Singh and

Dived, 1987; Henrique and Singh 1990). Thus, the development

of new and different antimicrobial agents more safe has been a

very important step (Agrafotis, 2002). However, a number of

researchers studied the step of validation of traditional uses of

antimicrobial compounds in higher plants. Accordingly, the

effect of different plants extracts on the germination and growth

of many fungal pathogens have been reported (Agrafotis, 2002).
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The use of plant extracts for controlling Fusarium wilt, cultural

practices and the use of other methods are the most common

strategies. However, they are either not available or effective.

The uses of natural products for the control of fungal diseases in

plant are considered as an interesting alternative to synthetic

fungicides due to their less negative impacts on the

environment. Plant extracts or plant essential oils have been

tested against F.oxysporum species for inhibitor effect and

control efficacy under greenhouse condition (Bowers, and

Locke, 2000). If natural plant products can reduce populations

of soil borne pathogens and control diseases development, than

these plant extracts have potential as environmentally safe

alternatives and as component in integrated pest management

programs. Chand and Singh (2005), reported that the plant

extracts, ofCalotropisprocera, Eucalyptusglobulins,

Jatrophamultifida, Azadirachtaindicia, Alliumsativum were

significantly pronounced in reducing wilt incidence in

Cicerarietinum L. Mycelial growth of various Fusarium species

were inhibited by the plant extracts of, Azadirachtaindica ,

Cinnamomumcamphora, and Ocimumsanctum (Prasad and

Ojha,1986); Agaveamericana, Cassianadosa ( Reddy and

Reddy,1987); Azadirachtaindica, Atrophabelladonna,

Calotropisprocera, Eucalyptusamgdalline, Ailanthusexclsa and

Lantanacamara (Banal and Rajesh, 2000; Nwachukku and

Umechuruba, 2001).
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2.1.6.3 Chemical control

Presently, Anon (1994) reported that methyl bromide fumigation

is used extensively for tomato production in some geographical

areas in addition to reducing or eliminating soil borne diseases

like Fusarium wilt . Fumigation allows more rapid transplant

growth allowing for earlier harvesting and optimizes fresh

markets. The use of methyl bromide may be curtailed in near

future and alternative chemicals are being examined.

2.2Ginger (Zingiber officinale):

2.2.2 Classification

Kingdom : Planate

Subkingdom : Tracheobionta

Super division : Spermatophyte

Division : Magnoliophyta

Class : Liliopsida

Subclass: Zingiberidae

Order : Zingiberales

Family : Zingiberaceae

Genus ::Zingiber

Species : Zingiberofficinal
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Ginger plants have known to originate in South East Asia,

probably in India (Burkill, 1990). One of the species under this

group is. Zingiber officinale that is known to possess markedly

highantioxidant potential compared to other species studied till

date (Nan-Chen et al., 2008), is cultivated in several countries

such as in Australia, Bangladesh, Haiti,Jamaica, Japan, Nigeria,

Sri-Lanka, and South East Asian countries including China,

Nepal, Malaysia, NorthKorea, Indonesia and India (Wu and

Larsen, 2000). In addition toavailability under cultivation, large

populations of these plants are also available as land races in the

wild, withEastern and North-Eastern India. Rhizomes of the

plants are used as spice whereas both rhizomes and leaves

provide important sourceof medicine. Several landraces of

Zingiber officinale have been identified by local communities to

be elite withrespect to medicinal and spice value (Sanjeev et

al.,2011).Some of genotypes of Zingiber officinale

areparticularly valued for their non-fibrous rhizomes that are

likely to provide high content of bio-molecules in thehigher

content of soft tissue (Kizhakkajii and Sasikumar, 2011). Being

vegetative propagated by rhizomes thatconstitute the plant part

for spices and medicines, such plants run the risk of over

exploitation in the wild, thisadds to the urgent need for

Documentation Evaluation and Conservation of these plants.

Understanding genomeprofiling vis-à-vis antioxidant

(medicinal) potential of wild population of ginger plants for
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screening hithertounexplored medicinal plants that would help

to bring underutilized germplasm to cultivation focus, would

repaycareful investigation.

2.2.1 Medicinal uses

According to the American Cancer Society, ginger has been

promoted as a cancer treatment "to keep tumors from

developing," but "available scientific evidence does not support

this." They add: "Recent preliminary results in animals show

some effect in slowing or preventing tumor growth. While these

results are not well understood, they deserve further study. Still,

it is too early in the research process to say whether ginger will

have the same effect in humans.
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CHAPTER THREE

MATERIAL AND METHODS

This study was conducted in the laboratory of plant pathology,

Department of Plant Protection, College of Agricultural Studies

(CAS), Sudan University of Science and Technology (SUST)

during April 2016. The study was conducted to isolate and

control the fungus Fusarium oxysporum. by using ethanolic

extract  of  the ginger (Zingiber officinalis) rhizomes  collected

from  the market,  and to explore the methods of control under

laboratory conditions where temperature around 250C.

3.1 Materials, tools and equipment used in the study

Gloves – camera - marker pen - Petri-dishes - sensitive balance

– incubator – needle – flame - sodium hypochlorite - - Ethanol

95% - Para film - Site of equipment - laminar flow - Light

microscope - Slide and slide covers - aluminum foil - water bath

- potato dextrose agar (PDA) - filter papers - medical cotton.

All materials except the ginger rhizome, which used in this

experiment, were sterilized using 1% sodium hypochlorite and

dried under the shade and weighted about 100grams in soxlate

after mixed by ethanol 95%, sterilized Petri dishglass were

used.
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3.3.4 Preparation of ethanol extracts of ginger

Thee ethanolic extractof ginger powder were prepared by

adding 100 grams of the rhizome powder to 90 ml ethanol in a

conical flask 250ml. The mixtures were shaken every 8 hours

until 24 hours at room temperature. The mixture was then

strained using a light cloth, and then filtered through filter

paper what man No. 1 and stored until the experiment time.

3.3.5 Test procedure

The PDA media was amended with the required concentration

(12.5, 25 and 50%) before being solidified in a conical flask of

100 ml, agitated before pouring it into sterilized Petri dishes.

Three petri dishes glasses were assigned for each concentration

and left to solidify. The other three plates with PDA medium

mixed by extract concentration were served as control.

The Petri dishes of each concentration were inoculated using

sterilized filter paper disc dipped in a fresh culture suspension

of corresponding fungus and placed at the center of the plate.

In case of the control the disc was treated with sterilized

distilled water and placed at the center of Petri-dishes.

Inoculated Petri dishes were then incubated at 25 C0 for 4 days.

The growth of the fungus was recorded every day. Treated

plates were arranged in a randomized complete block design.



22

The effect of each extracts was evaluated as percentage of

reduction in diameter of fungal radial growth (R) where:-

R = dc- dt× 100

Dc

 Where

 R = Percentage reduction of the growth,

 dc= diameter of controlled growth and

 dt= diameter of treated growth.

3.4. Statistical analysis

The data obtained was statistically analyzed according to

analysis of variance (one way-ANOVA), Duncan’s Multiple

Range Test, L.S.D test was used for means comparison.
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Effect of Zingiber ethanol extractsand fungicide topas (100) on

the radial growth ofF.oxysporium:

The results (Table 1) showed that theethanolic extracts of all plants tested

in addition to standard fungicide Topas100 ml had effects on the fungal

growth after three days from inoculation. Furthermore, the percentages

fungal growth inhibition was significantly high compared to the control.

The Zingiber was more effective of the growth dome ofF.oxysporium.

Moreover, the highest concentration of the plant extracts (5o %) and

topas100 ml gave significantly higher inhibition zones percent (100%,

100%, 100%). Generally, the results showed that the botanical antifungal

activity increase with increasing of extract concentration.

Generally,all the plant extracts exhibited different degrees of antifungal

activity against F.oxysporium. Thegrowth of F.oxysporium was inhibited

by 25% and 12.5% tested concentrations of ethanolic extracts compared

with control, the correspond inhibition ranging from 88.6% - 78.7%

respectively.

These results are in accord with the results obtained by Ababutain (2011).

Our results revealed that ginger ethanol extract of different concentrations

used in the study are all promising in controlling the fungus

Fusariumoxysporumin vitro.

We recommend the continuity of this research to elaborate on the fungus

inhibition in vivo.
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Table,(1) :- Effects of ethanol  extracts of  Ginger and Topas (100ml)
fungicide on the linear growth (inhibition zone %)  against F.
oxysporiumof 4 days after inoculation .

Inhibition zone means (%)Treatment
concentrations.
(%) Day4Day3Day2Day1

7.733AB8.500B9.467A9.467A50

Ginger 6.300BC7.267AB7.667B7.967B25

5.133C4.800B6.433B6.433C12.5

Topas
100ml 10.0A10.0A10.0C10.0A

0.7D0.7C0.7D0.7DControl

Any two mean value (s) bearing different superscripts (s) are

differing significantly (p<0-0.5).

 Data transformed using square root transformation )

before analysis.
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Appendices
Data File:ALI2016
Title: 2016

Case Range: 16 - 20
Variable 3: first
Function: RANGE

Error Mean Square = 0.1200
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 0.6302
s_ = 0.2000     at alpha = 0.050
X

Original Order                Ranked Order

Mean    1 =    6.433    C     Mean    4 = 10.00 A
Mean    2 =    7.967   B Mean    3 = 9.467 A
Mean    3 = 9.467 A Mean    2 =    7.967   B
Mean    4 = 10.00 A Mean    1 =    6.433    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
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Data File: _ALI2016_
Title: 2016

Case Range: 16 - 20
Variable 4: second
Function: _RANGE_

Error Mean Square = 0.9520
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.775
s_ = 0.5633     at alpha = 0.050
X
_

Original Order                Ranked Order

Mean    1 =    6.433   B     Mean    4 = 10.00 A
Mean    2 =    7.667   B     Mean    3 = 9.467 A
Mean    3 = 9.467 A Mean    2 =    7.667   B
Mean    4 = 10.00 A Mean    1 =    6.433   B
Mean    5 =   0.7000    C    Mean    5 =   0.7000    C
_
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Data File: _ALI2016_
Title: 2016

Case Range: 16 - 20
Variable 5: third
Function: _RANGE_

Error Mean Square = 3.235
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 3.272
s_ = 1.038      at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    4.800   B     Mean    4 =    10.00 A
Mean    2 =    7.267 AB     Mean    3 =    8.500 A
Mean    3 =    8.500 A      Mean    2 =    7.267 AB
Mean    4 =    10.00 A      Mean    1 =    4.800   B
Mean    5 =   0.7000    C    Mean    5 =   0.7000    C
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 6 : fourth
Function : _RANGE_

Error Mean Square = 1.621
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 2.316
s_ = 0.7351     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    5.133    C     Mean    4 =    10.00  A
Mean    2 =    6.300   BC     Mean    3 =    7.733  AB
Mean    3 =    7.733  AB      Mean    2 =    6.300   BC
Mean    4 =    10.00  A       Mean 1 =    5.133    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 7 : fifth
Function : _RANGE_

Error Mean Square = 0.8450
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.672
s_ = 0.5307     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    6.300   B     Mean    4 =    10.00  A
Mean    2 =    6.967   B     Mean    3 =    7.533   B
Mean    3 =    7.533   B     Mean    2 =    6.967   B
Mean    4 =    10.00  A      Mean    1 =    6.300   B
Mean    5 =   0.7000    C    Mean    5 =   0.7000    C
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 8 : ninth
Function : _RANGE_

Error Mean Square = 0.8050
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.632
s_ = 0.5180     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    5.000    C     Mean    4 =    10.00  A
Mean    2 =    5.767   BC     Mean    3 =    7.367   B
Mean    3 =    7.367   B      Mean    2 =    5.767   BC
Mean    4 =    10.00  A Mean    1 =    5.000    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 9 : tenth
Function : _RANGE_

Error Mean Square = 0.4850
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.267
s_ = 0.4021     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    5.633    C     Mean    4 =    10.00  A
Mean    2 =    5.533    C     Mean    3 =    7.667   B
Mean    3 =    7.667   B      Mean    1 =    5.633    C
Mean    4 =    10.00  A       Mean    2 =    5.533    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 10 : eleventh
Function : _RANGE_

Error Mean Square = 1.876
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 2.492
s_ = 0.7908     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    3.767   B     Mean    4 =    10.00  A
Mean    2 =    4.567   B     Mean    3 =    7.733  A
Mean    3 =    7.733  A      Mean    2 =    4.567   B
Mean    4 =    10.00 A      Mean    1 =    3.767   B
Mean    5 =   0.7000    C    Mean    5 =   0.7000    C
_



40

Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 11 :tewelveth
Function : _RANGE_

Error Mean Square = 0.5910
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.399
s_ = 0.4438     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    4.300    C     Mean    4 =    10.00  A
Mean    2 =    5.133    C     Mean    3 =    7.767   B
Mean    3 =    7.767   B      Mean    2 =    5.133    C
Mean    4 =    10.00  A       Mean    1 =    4.300    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 12 : thirteenth
Function : _RANGE_

Error Mean Square = 0.7970
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 1.624
s_ = 0.5154 at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    4.700    C     Mean    4 =    10.00  A
Mean    2 =    5.233    C     Mean    3 =    7.633   B
Mean    3 =    7.633   B      Mean    2 =    5.233    C
Mean    4 =    10.00  A       Mean    1 =    4.700    C
Mean    5 =   0.7000     D    Mean    5 =   0.7000     D
_
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Data File : _ALI2016_
Title : 2016

Case Range : 16 - 20
Variable 13 : seventeenth
Function : _RANGE_

Error Mean Square = 1.718
Error Degrees of Freedom = 10
No. of observations to calculate a mean = 3

Duncan's Multiple Range Test
LSD value = 2.385
s_ = 0.7567     at alpha = 0.050
x
_

Original Order                Ranked Order

Mean    1 =    5.467   B     Mean    4 = 10.00  A
Mean    2 =    3.733   B     Mean    3 =    7.933  A
Mean    3 =    7.933  A      Mean    1 =    5.467   B
Mean    4 =    10.00  A      Mean    2 =    3.733   B
Mean    5 =   0.7000    C    Mean    5 =   0.7000    C
_
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