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ABSTRACT

This study was carried out to assess the presence and effect of seed-borne pathogenic

fungi on cotton seeds collected from different ginneries and seed processor in Simiyu

region and the potential of developing control measures using plant extracts. A total

of 30 cotton seed samples were collected from four cotton ginneries and one cotton

seed processor in Simiyu region. The samples were then analyzed for seed-borne

fungi  and germination  using standard procedures.  Twelve fungal  species in eight

genera  were  detected  in  the  30  seed  samples  tested  for  seed-borne  fungi.  The

detected fungal species  were: Aspergillus flavus, Fusarium moniliforme, A. niger, F.

equiseti, Penicillium spp, F. oxysporum, F. pallidoroseum, Cladosporium herbarum,

Phoma  exigua,  Stagonospora  nodorum,  Bipolaris  spicifera and  Rhizopus  spp.

Aspergillus  flavus and  F.  moniliforme were  the  most  predominant  species.  They

infected 58.9% and 13% of the tested seeds respectively, from 83% of the collected

seed samples. The least frequent seed borne fungal species was  Bipolaris spicifera

which infected 0.3% of seeds from 3% of the seed samples. Seed germination, roots

and shoots lengths and seedling vigour were significantly reduced (P≤0.05) by the

tested isolated pathogenic fungi: Fusarium oxysporum, Phoma exigua, F. equiseti, F.

moniliforme, F. pallidoroseum and Stagonospora nodorum. Seedling girth was only

significantly  affected  by  Fusarium  moniliforme.  Fusarium oxysporum and

Stagonospora nodorum reduced the tested percentage germination, seedling vigour,

seedling  girth,  seedling  shoot  and  root  length  to  the  highest  and  lowest  extent,

respectively implying that F. oxysporum is the most pathogenic while Stagonospora

nodorum is the least.
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In a separate study, the efficacy of leaf and seed extracts of Neem and Moringa were

evaluated  for  the  management  of  seed-borne  fungi  of  cotton  seeds.  The  results

showed  that  Neem and  Moringa  leaf  extracts  are  effective  in  managing  Phoma

exigua,  F.  moniliforme,  F.  equiseti and  F.  oxysporum in  cotton  seeds  at  a

concentration of 25% (v/v) while Moringa seed extract was effective in managing all

the seed-borne fungal pathogens at the same concentration except  F. moniliforme.

All  the  tested  plant  extracts  were  superior  to  Cruiser  extra  except  Moringa  seed

extract which was inferior in managing F. moniliforme but significantly effective in

managing F. oxysporum. Soaking of fungi inoculated seeds for six and 12 hours in

plant extracts significantly reduced seedling mortality and increased population of

health seedlings than soaking for one hour. With the exception of soaking time, there

were significant  differences in respect of the 3-way interactive effects  and 2-way

interactive effects between plant extracts, concentration and soaking period for all

other parameters studied for  Phoma exigua. For  Fusarium moniliforme there were

significant  differences  in  respect  of  the  2  and  3  way  interactive  effects  for  all

parameters. This was similar with Fusarium equiseti except that for F. equiseti there

was no significant effect of soaking time and plant extract concentration in reducing

death  of  seedlings  and  increasing  the  population  of  heath  seedlings.  For  F.

oxysporum the  three  way  interactive  effects  of  plant  extracts,  concentration  and

soaking  period  and  two  way  interactive  effects  between  plant  extracts  and

concentration and between plant extracts and soaking period were not significant (P

>0.05) for the percentage seeds with fungal infection. Also the interaction between
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soaking time and plant extract concentration was not significant for the percentage

seed germination. 

Therefore  for  the  management  of  seed-borne  pathogenic  fungi  in  cotton  seeds,

priority should be given to  Moringa oleifera leaf extract followed by  Azadirachta

indica leaf  extracts  as they were superior  to Cruiser  extra  in increasing  seedling

vigour,  reducing death  of  seedlings  and ensuring  maximum population  of  health

seedlings.  All  tested plant leaf extracts  should be used at  25% concentration and

seeds should be soaked in the plant extracts for six hours before sowing.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Background information

Cotton (Gossypium hirsutum L.) is one of the most important cash crops in Tanzania

(Hillocks, 2009). The crop is used for its lint and seeds.  It is grown by 350 000 to

500 000 smallholder farmers, with approximately cultivated area of 400 000 ha and a

total  production  of  360  000  tons (MOF,  2016).  About  14  million  or  40%  of

Tanzanians derives their livelihood directly (by involving in cotton production and

processing) or indirectly from cotton. 

There  are  two cotton  growing  zones  in  Tanzania:  The  Western  Cotton  Growing

Areas  (WCGA)  which  consists  of  the  administrative regions  of  Geita,  Kigoma,

Shinyanga, Simiyu, Singida, Mara, Mwanza, and Tabora that account for 97-99% of

the  total  cotton  production  in  the  country.  The  Eastern  Cotton  Growing  Areas

(ECGA) includes Pwani, Iringa, Kilimanjaro, Manyara, Morogoro and Tanga region

that account for the remaining 1-3% of cotton production (UNCTAD, 2017).

According to Tanzania Cotton Board (2019) the total seed cotton production in the

season of 2018/19 was 221 619 tons. The total production for Simiyu region in the

same season was 112 818 tons, which is 50.9% of the country’s total seed cotton

production. Therefore, cotton is very important for the economy and livelihood of

the people of Simiyu and Tanzania at large.
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1.2 Justification

Cotton is amongst the nine prioritized crops in Tanzania’s five year’s development

plan  2016/17-2020/21.  However,  since  2015 variations  in  production  and  export

have been realized (USDA, 2015). In 2015 Tanzania exported cotton worth US$30.2

million,  which is lower than US$45.7 million and US$111.7 million in 2014 and

2013 respectively. In 2015/16 Tanzania produced 300 000 bales of cotton, down by

11 000 bales from 2014/15 and down 68 000 bales or 18 percent from the 5-year

average output of 368 000 bales. Yield in 2015/16 was 163 kg/ha, lower than the

2014/15 yield of 169 kg/ha and less by 14 percent of the 5-year average yield of 189

kg/ha (USDA, 2015). Reduction in production has been attributed to a number of

abiotic and biotic factors. Diseases particularly seed-borne have been cited as the

main challenges limiting the growth of the cotton sector in the country (MOF, 2016).

In Tanzania cotton fusarium wilt (Fusarium oxysporum) alone causes a yield loss of

35-75% (Hillocks,  2009).  However  total  yield  losses  can  occur  from seed-borne

pathogenic fungi when associated with boll rots disease (Chaudry and Guitchounts,

2003).  On  the  other  hand,  Kelly  (2015)  reported  a  yield  loss  of  9-27% due  to

damping off caused by seed-borne fungi.

Cotton is usually raised from seeds and these are potential  reservoir of numerous

pathogenic  fungi  which may affect  seed germination  resulting into production of

abnormal seedlings (Khanzada  et al.,  2002). Most cotton diseases are transmitted

through seeds which in most cases affect the quality of the lint and seed. Seed-borne

diseases  may also cause  seed rot  and pre  or  post  emergence  damping-off  of  the

seedlings hence reducing plant population. Tomar  et al. (2012) reported more than
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11 fungal species as being seed-borne or associated with cotton seeds: They include

Aspergillus niger, A. flavus, Penicillium spp, Alternaria alternata, Chaetomium spp,

Rhizopus  niger,  Fusarium  solani,  F.  oxysporum,  Macrophomina  phaseolina,

Myrothecium roridum, Trichothecium roseum  and Curvularia lunata.  These seed-

borne fungi cause reduction in seed viability and vigour in cotton seed (Tomar et al.,

2012). In addition, the seeds infected by seed-borne fungi may cause mycotoxicoses

in livestock and in humans through consumption of mycotoxin contaminated cotton

seed cake and oil respectively (Agarwal and Sinclair, 1996).

Control of seed-borne fungi is presently dependent on the use of toxic protecting

fungicides (Thomas and Sweetingham, 2003). Increasing knowledge and concerns

about  the  environmental  hazard  due  to  intensive  and  repeated  applications  of

synthetic fungicides have prompted the industries and research scientists to look for

antifungal substances that are cost-effective, non-toxic, eco-friendly and which are

highly effective in eliminating or reducing the incidence of important  seed-borne

pathogens and improve seed germination and seedling vigour.

Among these substances, plant extracts have been proven to be potential sources of

natural pesticides for the management of seed-borne fungi (Gurjar et al., 2012). Plant

extracts have been reported to reduce the incidence of fungi transmitted by seeds;

increase the percentage of germination and seedling emergence (Hassan et al., 2005).

Researchers from various countries have reported the effectiveness of plant extracts

used against seed infection in order to increase cotton seedlings performance (Tomar

et al., 2012; and Sellathurai et al., 2013).  However, the fungicidal effectiveness of
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plant extracts vary with ecology, time the seeds are exposed to the plant extracts, and

the kind of plant materials used (Guo et al., 2013). Neem and Moringa extracts have

been reported to suppress growth of seed-borne fungi of cotton in-vitro in Egypt (El-

Mohamed  and  Aboelfetoh,  2014).  However,  the  effects  of  Neem  and  Moringa

extracts on seed-borne fungi of cotton in Tanzania have not yet been determined.

This study, therefore,  sought to obtain information in detail  regarding seed-borne

fungi of cotton, their effects and potential of developing control measures using plant

extracts.

1.3 Objectives

1.3.1 Overall objective

Improve  cotton  productivity  through  accurate  identification  and  management  of

seed-borne fungal pathogens using plant extracts

1.3.2 Specific objectives

i. To detect and identify seed-borne fungi associated with cotton seed samples from

Simiyu Region 

ii. To determine the effects of seed-borne fungi on seed germination and viguor of

cotton seedlings

iii. To evaluate the efficacy of Neem leaf extract and Moringa leaf and seed extracts

in management of seed-borne fungi of cotton
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Meaning and ecology of pathogenic mycoflora associated with cotton seeds 

Pathogenic mycoflora associated with cotton seeds are  any infectious fungal/fungal

agents, which can be carried in, on or with the seeds that has the potential of causing

a disease to a seed, seedling or plant. They also lower produce and the quality of

seeds and fiber (Khatun et al., 2018). The terms externally and internally seed-borne

refer to the location of the fungi in relation to the seed. If a fungus is located on the

outside of the functional part of the seed, it is externally seed-borne, and if inside the

seed, it is internally seed-borne (Agarwal and Sinclair, 1996).

However, not only pathogenic mycoflora which can be seed-borne, some saprophytic

mycoflora are also seed-borne. It has been reported by Khatun et al. (2018) that the

extent of fungi association with cotton seeds was varying according to the cotton

variety assessed.

2.2 Pathogens associated with cotton seeds

Cotton  is  reported  to  be  infected  by  pathogenic  fungi,  bacteria,  viruses  and

nematodes. However bacteria and fungi are the ones which have been reported to be

seed-borne.  A bacteria  named  Xanthomonas citri  pv.  malvacearum which  causes

cotton blight is the only one reported to be  seed-borne. Acid used in delinting the

seeds  controls  the  spread  of  the  bacteria  (Hillocks,  2009).  There  are  number  of

pathogenic  fungi  which are associated  with cotton seeds;  they include  Alternaria
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macrospora, A. alternata, Myrothecium roridum, Colletotrichum capsici, Fusarium

oxysporum and  Fusarium moniliforme (El-Samawaty  et  al.,  2012).  However  the

species  and occurrence differ from one cotton variety to  the other  and from one

location to the other. 

2.3 Occurrence of cotton seed-borne mycoflora in Tanzania

Information on the occurrence and impact of mycoflora associated with cotton seeds

in Tanzania is sketchy. The well known study on seed-borne fungi of cotton and their

impact so far is the one by Hillocks and Kibani (2002) who studied the factors which

affects the distribution, incidence and spread of fusarium wilt of cotton in Tanzania. 

2.4 Effects of seed mycoflora on seed quality parameters

Agarwal and Sinclair (1996) reported that fungi species of Alternaria, Fusarium and

Phomopsis affected the economically important physical attributes in seeds. The seed

attributes affected included density, shape, size, surface area,  volume and weight.

Furthermore when seeds are infected with seed-borne mycoflora their health status,

germination and seedling vigour are lowered (Khatun et al., 2018). This also causes

the denial of those seeds from being certified by certification authorities because of

failure to meet minimum certification standards (Agarwal and Sinclair, 1996).

2.5 Pathogenicity of seed-borne fungi

The pathogenicity of seed-borne fungi is determined by pathogenicity experiments

where the health plant tissue, organ or plant is inoculated with the given fungus.

Appearance of symptoms indicates the fungus to be pathogenic to the tested plant

(Muhammad, 2006). However some pathogens cannot show symptoms due to the
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effect of unfavourable environment or defensive mechanism of the host plant. Seed-

borne  fungi of  the  same  species  may  consist  of pathogenic  and  non-pathogenic

strains  that  cannot  be  distinguished  morphologically  (Belgrove,  2007).  The

pathogenic one can infect more than one crop species. These fungal pathogens of the

same species which infects the same crop species are grouped into one group called

formae specialis like Fusarium oxysporum f.sp. lycopersici and Fusarium oxysporum

f. sp.  vasinfectum for tomato and cotton Fusarium wilting pathogens respectively.

Within the  formae specialis there are races which are genetically different due to

mutation.  Fusarium oxysporum Schlechtend. f.sp. vasinfectum (Atk.) Snyd. & Hans

is a worldwide cotton seed-borne pathogen and has eight races; Tanzania is infected

with race 1 of the pathogen. The race of a pathogenic fungus can infect a certain

cultivar  but  not  the  other  of  the  same  plant  species  (Davis  et  al.,  2006).  This

interaction between a host cultivar and a race of a fungal pathogen during disease

development is mediated by a gene-for-gene relationship (Higgins et al., 1998).

2.6 Economic significance of seed-borne diseases in cotton/crop plants

In  addition  to  seed-borne  diseases  to   adversely  affect  the  germination  and

emergence of cotton seedlings, also the survival, development of seedlings as well as

establishment of plant stand are adversely affected. As a result cotton productivity

and production is reduced. Some plants which are raised from infected seeds are

weak, some dies at late stages of growth and development the time when gap filling

is not possible. However, the infected plants results in the infected seeds which serve

as carriers of seed borne fungi for the next crop season (Hillocks and Kibani, 2002).

Furthermore  the  economic  use  of  the  seed grains  is  also hindered.  Agarwal  and
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Sinclair (1996) reported that fungi cause chemical changes in seeds and those seeds

are not fit for oil extraction for human consumption or for derived oil cake as animal

feed. 

2.7 Mycoflora detection methods in cotton seeds

There are several methods of detecting seed-borne fungi in cotton seeds. Ghosh et al,

(2018) reported standard blotter, agar plate, rolled towel and deep freeze methods to

be used for detecting mycoflora.  The effectiveness of these methods differs from

each other. Hanasi (2013) after studying the effectiveness of five different methods

of detection of fungi in cotton seeds concluded that standard blotter method should

be recommended for routine seed health diagnosis of seed borne fungal infections in

cotton seeds as the method is simple, sensitive and reproducible. Also, Umechuruba

and  Nwachukwu  (1995)  evaluated  various  seed  health  testing  methods,  finally

recommended standard blotter method to be used in detecting seed born fungi when

comparing the efficacy of seed dressing chemicals.

2.8 Control of seed-borne fungi

There  are  two  main  principles  for  controlling  of  seed-borne  fungal  pathogens:

exclusion and elimination of inoculum (Maude, 1996).  The exclusionary measure

involves such strategies as the use of legislation,  the isolation of seed production

areas, the setting of minimum inoculum tolerance levels for seeds and breeding for

resistance,  while  eliminatory  strategies  include,  control  of  organisms  by  seed

treatments and crop treatments. Thus, seed-borne disease control may be achieved by

using single or by combined strategies  contained within the concepts of exclusion
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and  elimination  (Maude,  1996).  Some  plants  extracts  can  be  exploited  as  an

eliminatory measure of seed borne mycoflora (Mancini and Romanazzi, 2014). 

2.9 Management of seed-borne mycoflora by eliminatory measure. 

2.9.1 Performance of plant extracts in controlling seed-borne pathogens

The efficacy of plant extracts in managing seed-borne pathogens differs depending

on extraction method used, plant species,  part  of plant used and ecology of pant

material.  Some plant extracts  are more effective than industrial  chemicals;  some

performs similar while others perform significantly lower than industrial chemical

pesticides (Gurjar et al., 2012). Signaboubo et al. (2015) studied the efficacy of four

concentrations of extracts of various plant species in cotton seed dressing and found

that  they gave the same germination percentage,  seed infection and vigour index

which  were  similar  to  Mancozeb  and  statistically  different  and  superior  to  the

untreated seeds (control).

In  spite  of  their  strength  of  being  easily  bio-degradable,  cheaper  and suitable  in

integrated diseases management, the most limitation of plant extracts is their rapid

degradation and the  extraction methods which are still not standardized (Gurjar  et

al., 2012).

2.9.2 Performance of synthetic chemicals in controlling seed-borne pathogens

Synthetic chemically based fungicides are industrial synthesized from organic and

inorganic  chemicals.  These  chemical  fungicides  are  applied  in  order  to  eradicate

seed-borne pathogens to seeds or to protect the seeds from pathogens (Monga et al.,
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2018). Their mode of action includes damaging cell membrane, inactivating critical

enzymes/proteins,  interfering  key  processes  like  energy  production,  inducing

systemic  resistance  of  host  and  interfering  metabolic  pathways  like  sterols

production. Some of these chemicals are site-specific inhibitor which acts in one site

within  a  fungal  cell  like  benzimidazoles  which  inhibits  DNA  synthesis  and

carboxamides  which  inhibits  respiration  of  a  fungal  cell.  Others  are  multi-site

inhibitors which targets various sites within a fungal cell  like Nitriles fungicides.

Development of pathogen resistant is observed more in site specific inhibitors than in

multi-site  inhibitors.  Therefore  manufacturing  mixed  fungicides  or  alternating

fungicides  use  is  very  important  to  overcome  resistance  of  fungal  pathogens  to

fungicides (Junaid et al., 2013)

Effectiveness of chemicals varies among themselves but generally they are quicker

in managing seed-borne fungi but also are easy to apply. However they are effective

at their recommended dose. The requirement of applying after every certain interval,

side effects to natural un-targeted organisms and residue effects are their limitations

(Ahamed and Zaidi,  2018). Padder  et al.  (2010) reported that  synthetic  chemical

fungicides  (Bavistin)  was  the  most  effective  in   managing    Colletotrichum

lindemuthianum  in common bean followed by biopesticides while biocontrol were

the least effective among the three.

2.9.3 Bioagents effectiveness in controlling seed-borne fungi of cotton seeds

Bioagents  are  the  beneficial  organisms,  their  genes,  products  like  that  of  their

metabolism,  which  reduce  the  adverse  effects  of  plant  pathogens  and  promote
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positive responses to the plant. The modes of action of bioagents include antibioses,

competition, mycoparasitism, cell wall degradation, induced resistance, plant growth

promotion and rhizosphere colonization (Belgrove, 2007). Although bioagents can

be used alone in managing plant pathogens, better results is obtained when they are

used in  integrated  diseases  management.  There  are  various  bio agents  which  are

registered for management of cotton seed-borne mycoflora. Afla guard with active

ingredient of  Aspergillus flavus  strain AF36 is among of them registered in United

States of America for managing Aspergillus flavus a seed-borne fungal pathogen in

cotton  (Junaid  et  al.,  2013). Bacteria  also  are  bioagents  like  Pseudomonas

fluorescens strain  A506 which  is producing  a  broad-spectrum  antibiotic  2,4-

diacetylphloroglucinol  which  is  used  in  management  of  Fusarium oxysporum  by

inhibiting the mycelial growth  (Junaid  et al., 2013).  Bioagents have advantage in

that they are safe to the environment and maintain the organic nature of the crop but

their limitation is that they are slow in action in managing the pathogens but also

they require special handling and storage since they are live organisms (Belgrove,

2007).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Collection of seed samples 

Cotton  seed  samples  were  collected  by  sampling  according  to  ISTA  (2019)  as

follows: A total of 30 cotton seed samples (1 kg each) were collected from various

sources in Simiyu region as follows:

i. Certified seeds:  A total of 12 samples of cotton seeds of variety UKM08 were

collected of which, six samples were delinted but untreated with fungicides and

six were delinted and treated with fungicides. The sampling was done by taking

one primary sample of 1 kg from a sampling unit (16 bags of 6 kg each) then the

primary samples were mixed to get a composite sample. The composite sample

was then hand divided to get a one kilogram (submitted sample) for laboratory

analysis. The seeds were sourced from Quton (T) Ltd (three untreated and four

treated samples),  Tanzania Cotton Board (one treated sample),  BioRE Co. Ltd

(one untreated sample) and Alliance Ginneries Co. Ltd (two untreated samples

and one treated sample).

ii. Non certified seeds: A total of 18 samples of fussy cotton seeds (which were not

pesticide treated) were collected from four different cotton ginneries in Simiyu

region.  Thus  six  cotton  seed  samples  were  collected  from Kahama  Oil  Mill-

Maswa Ginnery, three from NGS Investment Co. Ltd, six from Alliance Ginneries

Ltd and three samples from BioRE Co. Ltd (Figure 1). Sampling was done by
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taking 30 primary samples of 1 kg each from 30 different containers and each

primary sample was hand mixed to get a composite sample. Finally the composite

samples  were divided by hand method to get  one kilogram submitted  sample.

(Appendix 2).

   

Figure 1: Cotton seed samples collection at Alliance Ginneries Company Ltd

The  seed  samples  were  kept  separately  in  labeled,  pre-sterilized  paper  bags  and

brought  to  the  African  Plant  and Seed Health  Centre  Laboratory  at  the  Sokoine

University of Agriculture (SUA) for testing.

3.2 Fungi associated with samples of cotton seeds from Simiyu region 

3.2.1 Detection of mycoflora associated with cotton seeds samples

The detection of seed-borne fungi in cotton seed samples was done according to

Ghosh et al. (2018). From each of the 30 seed samples (Appendix 2), 200 seeds were

taken at  random by using a forceps and surface sterilized by immersing into 2%

sodium hypochlorite (NaOCl2) solution for 3 minutes followed by three rinses in 
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sterile distilled water for 3 minutes and then blot dried on sterile tissue paper for 10

minutes. Twenty five seeds from each dried samples were plated on three layers of

moistened blotter papers in 9 cm diameter Petri dishes and incubated at 25°C for 24

hours at alternating cycle of 12 hours light and the same hours darkness for 7 days in

an incubation room. Eight replications each of 25 seeds were used for each seed

sample  making a  total  of 200 seeds  per  sample.  Petri  dishes  were arranged in a

completely randomized design.

At the end of the incubation period each seed sample was thoroughly inspected under

stereo microscope for the growth of fungi (Figure 2). Fungi found associated with

seeds were carefully examined and identified based on ‘habit  characters’  (Mathur

and  Kongsdal,  2003).  The  frequency  of  seed  infection  for  each  sample  was

calculated  using  the  formula  derived  by  Ghosh  et  al. (2018)  as  shown  below:

Frequency of seed infection (%) = (Number of seeds containing fungi / Total number

of seeds incubated) x 100%.

Figure 2: Fungal infected cotton seeds as observed under stereomicroscope; Fe

for  Fusarium  equiseti,  Fm  for  Fusarium  moniliforme and  P  for

Penicillium spp
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3.2.2 Identification of mycoflora associated with cotton seeds samples

The  fungi  occurring  in  each  seed  sample  (section  3.2.1  above)  were  identified

initially on basis of micro features (mycelia structures and other profusion structures)

by using stereo microscope. Slide preparation of fruiting structures, such as conidia

born  on  conidiosphore,  conidia  held  together  in  spore  masses,  sporodochia,  and

acervuli,  pycnidiospore in pycnidia,  ascospores in perithecia  were each examined

using compound microscope with magnifications of 200X and 400X to confirm their

identity  using reference  publication  (Mathur  and Kongsdal,  2003).  Records  were

then taken on incidence and infection percent of the seed-borne fungal pathogens

identified  on  seeds. Subsequently,  pure  culture  of  each  fungus  was  prepared.

Prepared mixed cultures were dissected by sterile inoculating needle to obtain single

colonies  and  each  colony  was  transferred  (picked)  to  a  fresh  autoclaved  PDA

medium. Then the Petri dishes were covered, labeled and incubated for seven days at

room temperature (270C). Pure cultures of these fungi which were occurring in the

samples were identified with the help of morphological characteristics of the fungal

species (colony colour, colony shape, arrangement of spores, conidiophore shape and

septation  of  conidia).  Slides  were  prepared  and  examined  using  compound

microscope then compared with appropriate literature (Mathur and Kongsdal, 2003).

Also, Fungi species were identified using fungi identification keys  (Samson  et al.,

2004). The percentage of infected seeds by each fungal species was also calculated

according to Ghosh et al. (2018) by using the formula shown hereunder: Percentage

fungi  (PF):  =  (Number of  infected  seeds  by the fungal  species/Number  of  seeds

assessed) x100%. 
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But  the  percentage  of  seed  samples  infected  by  respective  fungal  species  was

calculated as indicated in the equation below: 

The percentage of seed samples infected by a fungal species = (Number of seed

samples infected by a species/Total number of sample assessed) x100. 

3.3 Data analysis 

Data were subjected to analysis of variance (ANOVA) using GenStat 16th Edition

statistical package (P≤0.05). Means were separated using Turkey’s significant test at

5% level of probability (Gupta et al., 2016)

3.4 Effects of seed-borne fungi

3.4.1 Effects of seed borne fungi on cotton seed germination

Test to determine the effect of seed-borne mycoflora on germination of cotton seeds

was done according to Tomar et al. (2012). Delinted cotton seeds of sample number

3 were surface sterilized with 1% sodium hypochlorite for 5 minutes followed by

three rinses with sterile distilled water for two minutes. Two hundred of the sterilized

seeds  were  soaked  for  three  hours  in  Fusarium  oxysporum,  Phoma  exigua,  F.

equiseti,  F.  moniliforme,  F.  pallidoroseum  and Stagonospora  nodorum culture

filtrates  each  with  a  concentration  of  200  spores/ml  respectively.  Spore

concentrations  were  determined  by using  haemacytometer.  These  were  the  seed-

borne mycoflora which were pathogenic and had higher occurrence in seed samples,

they  infected  from seven  percent  of  seed  samples.   The  seeds  soaked  in  sterile

distilled water saved as a control. The germination test was done using the blotter

method (Tomar et al., 2012). For each replication, one blotter paper was soaked in
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sterile distilled water, and then 50 seeds were arranged on the soaked paper in five

rows of 10 seeds each. A second water soaked blotter paper (germination paper) was

placed at top of the arranged seeds, rolled and then placed in labeled polyethylene

bag  to  prevent  drying.   There  were  four  replications,  with  fifty  seeds  for  each

replication.  The  seeds  rolls  were  placed  in  plastic  trays  and  incubated  at  a

temperature of 27°C with a 90 per cent relative humidity for 7 days. After seven

days,  normal  germinated  seeds  were  counted  and  recorded.  The  percent  seed

germination was calculated using the equation as shown below: 

Percentage  normal  seedling  =  (Normal  germinated  seeds/  Number  of  seeds

incubated) x100. 

3.4.2 Effect of cotton seed-borne fungi on seedling vigour and girth

Ten seedlings were randomly picked from each  germination paper in section 3.4.1

above and their individual shoot and root lengths were measured in millimeter using

a ruler. The root length were measured just from the root tip to where the shoot starts

while the shoot length was measured just from where root ends to the apex of longest

leaf  (  Figure  3)  and  their  average  lengths  were  calculated  (ISTA,  2018).  The

seedlings girths were also measured in millimeters using a vernier caliper above the

roots (Figure 3) and the average girths were calculated and recorded. Then seedling

vigour index were calculated using the formula derived by Kumar  et al. (2012) as

indicated in equation:

Seedling vigour index = Germination percentage x Seedling shoot length (mm) x

Root length (mm).
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Figure 3: Measuring of seedling girth and shoot length (A for seedling girth and

B for shoot length)

3.4.3 Data analysis 

Data were subjected to analysis of variance (ANOVA) using GenStat 16th Edition

statistical package (P≤0.05). Means were separated using Turkey’s significant test at

5% level of probability (Gupta et al., 2016)

3.5 Efficacy of neem and moringa leaves and seed extracts on management of

seed borne fungi of cotton

3.5.1 Preparation of fungal inoculum 

The fungal inocula were prepared according to Hanasi (2013). They were prepared

from 7 days old potato dextrose agar cultures of  F.  oxysporum, Phoma exigua, F.

equiseti  and  F. moniliforme.  These are the fungal species with the record of high

pathogenicity and occurrence from the tested seed samples. The culture plate of each

respective fungus species was flooded with sterile distilled water and fungal spores

were scraped off the culture with an inoculation loop. The spores’ suspension then

were  filtered  through  four  layers  of  cheesecloth,  quantified  with  the  aid  of  a

haemacytometer, and diluted with sterile distilled water to 200 spores/ml.
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3.5.2 Preparation of Neem leaves extract

The neem (Azadirachta  indica) leaves  extract  was prepared  according  to  Hanasi

(2013) with some modification. The leaves were obtained from mature neem trees in

Morogoro Municipality in December 2019, put in plastic bags and brought to the

AfPSHCL  at  SUA.  In  the  laboratory,  the  leaves  were  initially  washed  for  five

minutes in tap water to remove adhering dusts and other debris then rinsed two times

with sterile distilled water. Twenty five grams of the freshly harvested, washed leaf

sample were chopped and then crushed in a surface sterilized mortar and pestle by

adding 25 ml of sterile distilled water (1:1 w/v). The resulting extract was filtered

through two layers of muslin cloth to obtain the clarified filtrate which was used as a

stock solution. Thereafter, 10, 15, and 25 ml of stock solution was added to  90, 85

and 75  ml of sterile distilled water, respectively, followed by thoroughly mixing by

hand  shaking  to  get  uniform  mixtures  of  10%,  15%  and  25%  concentrations,

respectively, for use in the study.

3.5.3 Preparation of Moringa seed extract

Moringa seeds were collected from 10 years old moringa trees in Bariadi town in

Simiyu region in 2019 and seed extract was prepared according to El-Mohamedy and

Aboelfetoh (2014). The seeds were sorted, and then wings and shells were removed

before sterilization. Then one hundred grams of seeds were weighed and crushed into

fine powder by using sterile mortar and pestle. The resulting powder was boiled in

500 ml of sterile distilled water in a water bath at 70°C for 15 minutes and then

filtered  to  make  a  stock  solution.  Then  the  solutions  of  10%,  15%  and  25%

concentrations were prepared for use in the study as described in section 3.5.2. 
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3.5.4 Preparation of Moringa leaves extract

Moringa leaves were collected from 10 years old moringa trees in Bariadi town in

Simiyu  region  in  2019.  Leaves  extract  was  prepared  according  to  Hegazi  et  al.

(2018) with some modification as follows: The fresh leaves were air dried at room

temperature until there was no more change in weight. Then the leaves were ground

into  fine  powder  using  sterile  mortar  and pestle.  Then twenty  five  grams of  the

powdered leaves was measured and extracted in 100 ml distilled water in conical

flask. The flask was shaken for 30 minutes and filtered using muslin cloth to make a

stock solution. The filtered extract was made to a concentration of 10%, 15% and

25% as described in section 3.5.2.

3.5.5 Management of pathogenic seed-borne mycoflora by plants extracts 

The  study  on  efficacy  of  plant  extracts  against  seed  borne  mycoflora  was  done

according  to  Tomar  et  al. (2012).  The  delinted  cotton  seeds  of  variety  UKM08

(sample 5 which upon analysis was found free from the tested fungal species) were

surface sterilized with one per cent Sodium hypochlorite followed by three rinses in

sterile distilled water. Then, the seeds were covered with sterile tissue paper and left

to air dry in a laminar flow chamber for two hours. The air dried seeds then were

soaked for  three  hours  in  F.  oxysporum, F.  moniliforme,  F.  equiseti  and Phoma

exigua culture filtrates which were made to inoculum concentration of 200 spores/ml

by using haemacytometer. After the three hours, excess liquid was drained off and

the seeds were air dried to eight percent moisture content. Subsequently,  50 gm of

the seeds were soaked in 50 ml of 10%, 15% and 25% concentration of each of the

plant  extracts  for  1,  6  and 12 hours  respectively.  After  the  exposure period,  the
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excess liquid was drained off. Seeds soaked in water acted as untreated (negative)

control while seed soaked in Cruiser Extra 362 FS (Fludioxanil 8.34 g/L, Metalaxyl

3.66  g/L)  saved  as  standard  (positive)  control.  The  seeds  were  tested  in  four

replications of 50 seeds each by arranging in 5 rows of 10 seeds in each row on a

moist germination paper (between paper) . The germination papers were rolled, and

placed in polythene bags. The polythene bags were tied at the top and bottom with

rubber bands and placed in germination trays. Then the seeds were incubated at 27°C

for 7 days. Seed germination, seedling girth, seed infection, seedling death, shoots

and  root  lengths  were  recorded  after  seven  days  of  incubation.  Percentage  seed

germination and seedling vigor 1 were determined as in  sections  3.4.1 and 3.4.2

above. 

3.5.5.1 Effects of plant extracts on seedling vigour 11

Seedling vigour II was determined according to  Kumar  et al. (2012).  The same 10

seedlings from each replicate from which shoot, root length and girth were measured

(section 3.4.2 above), were placed in a labeled paper envelope and dried under shade

for 16 hours. The dried seedlings were then placed in an oven at 750C ± 50C for 48

hours. After 48 hours they were weighed to determine mean seedling dry weight (g).

Seedling  vigour  index II  was calculated  as  described by Kumar  et  al. (2012)  as

shown below:

Seedling vigor index II =Seed Germination (%) × mean seedling dry weight (g). 
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3.5.5.2 Effect of plant extracts on elimination of fungal pathogens in seeds

For  the  assessment  of  proportion  of  infected  ungerminated  seeds,  all  the

ungerminated  seeds  were  observed  for  the  presence  of  respective  fungi  by

stereomicroscope also microscope slides of spores were prepared. Identification was

based  on  spore  morphology  and  other  micro  features  developing  on  the  seeds

(mycelia structures, colour, morphology and other profusion structures).  Then the

percentage infected ungerminated seeds were calculated according to Godfrey (2018)

as indicated below:

(Infected  ungerminated  seeds  with  respective  fungal  species/Total  ungerminated

seeds) x100. 

3.5.5.3 Effect of plant extracts on seedlings mortality

The  percentage  of  dead  and  abnormal  seedlings  (Figure  4)  was  determined  by

counting seedlings which were dead due to infection by a particular fungal pathogen

at the seventh day after incubation, and then the percentage of dead and abnormal

seedling (PDAS) was determined according to Godfrey (2018) as shown below: 

PDAS = (Dead and abnormal seedlings/Total number of seedlings) x 100. 

The  number  of  health  growing  seedling  was  determined  by  counting  the  health

growing seedling in each replication.
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Figure 4: Ungerminated seed infected with Fusarium oxysporum (A), abnormal

seedlings due to infection by Phoma exigua (B) and health seedlings

(C)

3.5.6 Data analysis 

Data were subjected to Analysis of Variance (ANOVA) using GenStat 16th Edition

statistical  package  for  a  split-split  design  with  four  replications  (P≤0.05).  Means

were separated using Turkey’s significant test at 5% level of probability (Gupta  et

al., 2016).
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Results

4.1.1 Incidence of fungal species intercepted in cotton seeds from Simiyu Region

Figure  5  indicates  that  a  total  of  12  fungal  species  in  eight  genera  were  found

associated  with  cotton  seeds  from  Simiyu  region.  The  fungal  species  and  the

percentage of seeds infected by the respective species (in bracket) were; Aspergillus

flavus (58.9%),  Fusarium moniliforme (13%),  A. niger (8.7%),  F. equiseti (7.6%),

Penicillium  sp (5%),  F. oxysporum (2.9%),  F. pallidoroseum (2%),  Cladosporium

herbarum (0.7%),  Phoma  exigua (0.6%),  Stagonospora  nodorum (0.4%)  and

Bipolaris spicifera (0.3%).  Rhizopus spp were also intercepted but incidence could

not be established due to their profuse growth.

Among the 12 detected seed-borne fungal species, eight species in five genera are

pathogenic  whilst  four  species  in  three  genera  are  saprophytic.  The  pathogenic

fungal  species  were:  Fusarium moniliforme,  F.  equiseti,  F.   oxysporum,  F.

pallidoroseum, Cladosporium herbarum, Phoma exigua, Stagonospora nodorum and

Bipolaris spicifera while  Aspergillus flavus,  A. niger, Penicillium sp. and Rhizopus

sp.  were   saprophytic.  However  the  classification  of  these  fungal  species  into

pathogenic and saprophytic is in accordance with Mathur and Manandhar (2003) but

also according to Schäfer (1994) who reported that pathogenic fungi are the once

capable of causing diseases to plants and originates from the field observation.
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Aspergillus flavus in spite of its  highest infection rate and occurrence 58.9% and

83%, respectively, its colonization of cotton in the field does not reduce yield but

rather  it  is  associated  with production  of  aflatoxin  in  seeds  (Amaike  and Keller,

2011).

Fusarium 
oxysporum

Fusarium 
moniliforme

Fusarium equiseti Aspergillus 
flavus

Top 

side

Bottom
side

Figure  5:  A seven days old potato dextrose agar cultures  of  most  dominant

pathogenic and saprophytic fungal species from cotton seed samples

4.1.2 Number of seed samples infected by specific fungal species

A total  of 30 seed samples were tested for seed-borne fungi in this study and 12

fungi species in eight genera were identified from them. The number of seed samples

that  were infected  by all  12 identified  fungal  species  is  shown in Figure 6.  The

percentage of infected seed samples (in bracket) and the respective fungal species

were: Aspergillus flavus (83%),  F. moniliforme (83%),  A. niger (70%),  F. equiseti

(50%),  Penicillium  sp.  (33%),  F.  oxysporum (20%),  F.  pallidoroseum (20%),
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Cladosporium herbarum (3%),  Phoma exigua (10%),  Stagonospora nodorum (7%)

and Bipolaris spicifera (3%).

Figure  6: Percentage of seeds and seed samples infected by individual fungal

species

4.1.3 Comparison of  seeds infected by fungi for each sample

The percentage of seeds infected by fungi varied significantly (P≤ 0.05) between

treatments (Table 1 and Appendix 2). The maximum percentage seed infection was

recorded in sample  number 2,  6,  13,  14,  16,  19,  25 and 27,  whereas  the lowest

percent seed infection was recorded in samples number 1, 7, 8, 9, 10, 11, 12, 18, 20,

22 and 23. It seems that the lowest percentage of seed infection was related with the

fungicide treated seeds whilst the highest percentage infection was related with the

untreated seeds. 



27

Seed samples number 1, 7, 8, 9, 10, 11, 12, 18, 20, 22 and 23 were not significantly

different in terms of percentage seed infection by the seed-borne fungi. Those were

the seed samples with the lowest percentages of seed infection. All the fungicides

treated seed samples (viz. sample number 7-12) are in this category. The rest of the

samples (1-6 and 13- 30) were untreated. 

The third group of seed samples which were not significantly different in percentage

seed infection among them was samples number 3, 4, 5, 15, 17, 21, 24, 26, 28, 29

and 30 (Table 1).

Table 1: Seeds infected by fungal species for each seed sample

Source of seed samples (Appendix 2) Number of infected seeds

1 0.875a
2 3.625abc
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3 2.625ab

4 3.125ab
5 2.875ab

6 4.625abc
7 0.875a

8 1.000a
9 0.875a

10 1.625a
11 1.125a

12 1.250a
13 4.750abc

14 5.250abc
15 2.625ab

16 6.875bc
17 2.875ab

18 1.625a
19 8.250c

20 1.625a
21 2.250ab

22 1.875a
23 2.125a

24 3.5ab
25 3.875abc

26 2.25ab
27 4.75abc

28 2.625ab
29 2.875ab

30 3.125ab

P-Value 0.001
Grand mean 2.92
SE 0.88
CV% 29.2

Values in the same column, followed by the same letter(s) do not differ significantly
(P≤0.05)  according  to  Turkey’s  honestly  significance  test,  CV  =  coefficient  of
variation and SE+ = Standard error.  
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4.2.1 Effects of intercepted pathogenic seed borne fungi on seed germination,

root and shoot length, seedling girth and seedling vigour 

4.2.1.1 Effect of seed-borne pathogenic fungi on germination of cotton seeds

All six tested seed-borne fungi reduced seed germination significantly at P ≤ 0.001

when compared to  distilled  water  (Table  2).  However,  Fusarium oxysporum and

Phoma  exigua were  not  significantly  different  in  reducing  seed  germination.

Fusarium  oxysporum was  the  pathogen  which  reduced  germination  the  highest

25.75% followed by Phoma exigua with the average of 27.00% when compared with

the  control  55.5%.  Stagonospora  nodorum caused  the  least  effect  on  seed

germination  with  an  average  germination  of  48.25%  followed  by  Fusarium

moniliforme with the average germination of 37.5%.

4.2.1.2 Effects of seed-borne pathogenic fungi on root length of cotton seedlings

Root length was significantly (P<0.001) affected by all seed-borne fungal pathogens,

that is  F. oxysporum, Phoma exigua, F. equiseti, F. moniliforme, F. pallidoroseum

and Stagonospora nodorum (Table 2).  Seedlings inoculated with F. oxysporum had

the  least  average  root  length  of 39.02 mm,  followed  by Phoma exigua  with  the

average root length of 51.6 mm. Stagonospora nodorum had little effect on seedling

root length with an average root length of 66.83 mm but was significantly different

from control (distilled water) which had an average root length of 86.28 mm.

4.2.1.3 Effect of seed-borne pathogenic fungi on shoot length of cotton seedlings 

The six seed-borne fungal pathogens tested affected shoot length significantly when

compared to the distilled water control (Table 2).  Fusarium oxysporum  inoculated
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seeds produced the seedlings with the shortest shoot length of 36.6 mm. This was the

least  shoot  lengths  among  all  the  treatments  when  compared  with  the  control.

Stagonospora  nodorum  had  little  effect  on  shoot  length  (56.88  mm)  but  was

significantly different from control (64.38 mm) as shown in Table 2.

4.2.1.4 Effects of seed-borne pathogenic fungi on cotton seedlings girth

Seedling girth was only reduced significantly by Fusarium moniliforme in which the

size was 1.83 mm (Table 2). All other tested fungal pathogens did not affect seedling

girth significantly when compared to distilled water treated seed (control) which had

2.15mm (Table 2).

4.2.1. 5 Effects of seed-borne pathogenic fungi on cotton seedlings vigour

Seedling  vigour  was significantly  (P<0.001)  reduced by all  six  fungal  pathogens

tested (Table 2). However, Fusarium oxysporum inoculated seedlings had the lowest

seedling vigour of 37 605 compared with the control seedlings which had the highest

value of 308 973. Seedling vigour of  Stagonospora nodorum inoculated seedlings

was  the  lowest  at  183  969.  The  seedlings  vigours  for  F.  moniliforme, F.

pallidoroseum, F. equiseti and Phoma exigua inoculated seedlings were statistically

similar (Table 2). 
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Table  2:  Effects  of  intercepted  pathogenic  seed-borne fungi  on  cotton seeds

germination,  root  and  shoot  lengths,  seedling  girth  and  seedling

vigour index

Treatments

Seed
germinati

on (%)

Root
length
(mm)

Shoot
length
(mm)

Seedling
girth (mm)

Seedling
vigour

Distilled water
55.5e 86.28d 64.38d 2.15b 308

973d

F. moniliforme
37.50c 60.62bc 46.25b 1.83a 105

298b
F. oxysporum 25.75a 39.02a 36.60a 2.04b 37 605a

F.  equiseti
27.75ab 55.75bc 51.65bc 2.083b 79

819ab

S. nodorum
48.25d 66.83c 56.88cd 2.215b 183

969c

Phoma exigua
27.00a 51.60ab 46.08b 2.05b 64

042ab
F. pallidoroseum 33.25bc 57.33bc 51.47bc 2.05b 99 645b
P-Value 0.001 0.001 0.001 0.001 0.001
Grand mean 36.43 59.6 50.47 2.06 125 622
SE 1.305 2.84 1.823 0.0421 10 831.7
CV 7.2 9.5 7.2 4.1 17.2
Values in the same column, followed by the same letter(s) do not differ significantly

(P≤0.05)  according  to  Turkey’s  honestly  significance  test,  CV  =  coefficient  of

variation and SE+ = Standard error.  

4.3.1 Efficacy  of  Neem  and  Moringa  leaves  and  Moringa  seed  extracts  on

management of seed borne fungi of cotton seeds variety UKM08.

4.3.1.1 Efficacy of Neem leaves, Moringa leaves and Moringa seed extracts on

management of Phoma exigua  in Cotton seeds

Soaking time of Phoma exigua inoculated seeds in plant extracts had no significant

effect on seed germination and seedling vigour. It had effect on dead and abnormal

seedlings where the death of seedlings due to Phoma exigua was highest (43.36%)

when the pathogen inoculated seed were soaked for 1 hour in plant extracts (Table
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3). Soaking time of 6 and 12 hours did not differ significantly in the number of dead

seedlings 26.77% and 26.97%, respectively. The average number of health growing

seedlings of 14.52 and 14.92 was higher but significantly the same in 6 and 12 hours

soaking time respectively. Soaking seeds in the plant extracts for one hour resulted in

significantly  lower  average  number  of  health  growing  seedlings  than  the  seeds

soaked for 6 and 12 hours (Table 3).

Seeds  soaked  in  Moringa  leaf  extract  had  significantly  lower  37.89%  seed

germination (Table3). However, Moringa seed extract and  Azadirachta indica leaf

extract did not differ significantly on seed germination and they had the same effect

as the negative control. 

There was a significant increase in seedling vigour I due to soaking of seeds in all of

the plant extracts as compared to negative control (Table 3). Azadirachta indica leaf

extract with seedling vigour I of 92 551 was statistically the same as positive control

(Cruiser  extra)  with  seedling  vigour  I  of  89.298.  Highest  seedling  vigour  was

observed  in  seedlings  treated  with  Moringa  oleifera seed  extract  followed  by

Moringa  oleifera leaf  extract  with  seedling  vigour  I  of  125  660  and  160  408

respectively. Both  Azadirachta indica leaf,  Moringa oleifera leaf and seed extracts

caused  no  increase  in  seedling  vigour  II  which  were  statistically  the  same  but

superior to negative control (distilled water) with 25.85 and positive control (Cruiser

extra) with vigour II of  21.98.

The number of seedlings that died after germination was reduced by all plant extracts
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tested compared to the negative control (Table 3). Also, all the plant extracts were

significantly superior to positive control (Cruiser extra) in reducing seedling death.

The percentage seedlings mortality  were 23.66, 20.31, 25.83 and 37.4% for Cruise

extra,  Moringa oleifera leaf extract,  Moringa oleifera seed extract and Azadirachta

indica leaf extract respectively. Moringa oleifera leaf extract was the most superior

in reduction of seedling death.

All  plant extracts  tested had significant  effect  in increasing the number of health

growing seedlings for both negative control with average health seedlings of 11.33

and positive control with average 11.89 health seedlings (Table 3). Moringa oleifera

seed extract was the most superior with an average number of health seedlings of

16.42 followed by  Moringa oleifera leaf extract with the average of 15.28 health

seedlings. Azadirachta indica leaf extract had an average health growing seedlings of

14.31. Each plant extract differed significantly from each other on the number of

health seedlings (Table 3).

Plant  extracts  at  25%  concentration  was  found  to  be  statistically  superior  for

increasing  seed  germination,  reducing  death  of  seedlings  after  germination  and

ensuring the maximum number of health growing seedlings (Table 3 and Figure 10).

But  for seedlings  vigour  I  and II  were significantly  higher  at  15% concentration

(Table 3).
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Table 3: Treatment effect of plant extracts, concentration and soaking time for inhibition of Phoma exigua in cotton seeds

Treatments Germinat
ion (%)

Seedling
vigour I

Seedling
vigor  II

Ungerminated seeds
with infection (%)

Dead and abnormal
seedlings (%)

Number of Health 
growing seedlings

Soaking time (hours)
1 40.78a 106 574a 28.44a 93.96b 43.36b 11.63a
6 39.44a 105 255a 26.82a 85.13a 26.77a 14.52b
12 41.00a 101 371a 27.96a 93.7b 26.97a 14.92b
P-Value 0.141 0.123 0.200 <0.001 <0.001 <0.001
Mean 40.41 104 400 27.74 90.93 32.36 14
SE 0.508 1551.505 0.569 0.877 0.709 0.2
CV% 2.5 3 4.1 1.9 4.4 3.2
Plant Extracts
Azadirachta indica leaf 42.44c 92 551b 30.74c 99.4d 37.4c 14.31b
Moringa oleifera leaf 37.89b 125 660c 29.3c 96.5cd 20.31a 15.28bc
Moringa oleifera seed 43.33c 160 408d 31.48c 91.91bc 25.83b 16.42c
Cruiser extra (Positive control) 32.5a 89 298b 21.98a 88.86b 23.66ab 11.89a
Distilled water (Negative 
control)

44.5c 66 663a 25.85b 81.22a 49.06d 11.33a

P-Value
Mean

<0.001
40.41

<0.001
104 400

<0.001
27.74

<0.001
90.93

<0.001
32.36

<0.001
14

SE 0.636 1 613.931 0.682 1.226 0.92 0.3
CV% 2.5 3 4.1 1.9 4.4 3.2
Concentration (%)
25 40.78b 100 342b 29.25c 89.22a 18.36a 16.49d
15 43.41c 116 755c 30.81d 93.6b 31.79b 14.57c
10 37.03a 96 104a 23.17a 89.97a 46.94c 10.01a
0 40.41b 104 400b 27.74b 90.93a 32.36b 13.69 b
P-Value
Mean

<0.001
40.41

<0.001
104 400

<0.001
27.74

<0.001
90.93

<0.001
32.36

<0.001
14

SE 0.346 2 959.106 0.257 0.552 0.677 0.2 
CV% 2.5 3 4.1 1.9 4.4 3.2
Soaking time x Plant Extracts *** *** ** *** *** ***
Soaking time x Concentration *** *** *** *** ** **
Soaking time x Plant Extracts 
x Concentration

*** *** *** *** *** *** 

Values in the same column, followed by the same letter(s) do not differ significantly (P≤0.05) according to Turkey’s honestly significance
test,  CV = coefficient of variation and SE+ = Standard error.  *=P<0.05 = significant; **=P<0.01 = highly significant;***=P<0.001 very
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highly significant
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4.3.1.2 Efficacy of Neem leaves,  Moringa leaves and Moringa seed extracts on

management of Fusarium moniliforme in Cotton seeds

Soaking of Fusarium moniliforme  inoculated seeds for one hour in plant extracts gave

the highest average seed germination of 41.09% but resulted in highest average of

death of seedlings of 42.21% as a result  had the lowest average number of health

growing seedlings of 12.41 (Table 4). Soaking of seeds in plant extracts for 6 and 12

hours  resulted  in  39.06%  and  39.5%  seed  germination  respectively.  These

germinations were significantly the same and lower than soaking for one hour, but

resulted  in  significantly  the  same (26.91%) and  lowest  average  (25.43%) of  dead

seedlings. As a result the average number of health growing seedlings of 14.77% and

14.39% were significant the same and higher than soaking of inoculated seed in plant

extract for one hour.

Seedling vigour I of 130 950 was significantly the highest when the inoculated seeds

were soaked in plant extract for one hour and was 95 725 and 100 843 when soaked

for  6  and  12  hours  respectively  (Table  4).  Prolonged  exposure  of  seeds  in  plant

extracts may have reduced the accumulation of dry matter in seedlings as a result of

poisoning. The seedling vigour I for 6 and 12 hours soaking time were statistically the

same. This situation was different in seedling vigour II where the highest seedling

vigour was observed in 6 and 12 hours soaking time. Seedling vigours II of 29.31 and

29.61 were statistically the same while seedling vigour II of 27.94 was the lowest.

For the  ungerminated seeds, the infection of seeds was highest in one hour soaking

time than in 6 and 12 hours time (Table 4). For one hour soaking time the infection of



37

ungerminated seeds was 57.1% which is significantly higher than 38.64 and 36.55%

for 6 and 12 hours respectively.  This means when Fusarium moniliforme inoculated

seeds  were  soaked  in  plant  extracts  for  6  and  12  hours,  infection  of  seeds  was

significantly reduced than when the seeds were soaked in the plant extracts for one

hour

Azadirachta indica leaf extract had no significant effect on seed germination when the

seeds  were  inoculated  with  Fusarium  moniliforme (Table  4).  Thus  the  seed

germination of 41.28% for seeds soaked in neem leaf extract was the same as   41.5%

germination of seed soaked in distilled water (negative control). Moringa oleifera leaf

extract,  Moringa oleifera seed extract and Cruiser extra ( positive control) with seed

germination of 48.11%, 29.22% and 38.77% respectively were significant lower than

germination  of  seeds  soaked  in  water  (negative  control).  This  mean  the  extracts

lowered the seed germination significantly when the seeds inoculated with Fusarium

moniliforme were soaked in them.

Soaking seeds inoculated with  Fusarium moniliforme pathogen in  Moringa oleifera

leaf extract increased seedling vigour I from 119 417 for negative control (distilled

water) to 133,661 (Table 4). Soaking the seed with Fusarium moniliforme in Moringa

oleifera seed  extract,  Azadirachta  indica leaf  extract  and  Cruiser  extra  (positive

control)  lead to 102 524, 92 861 and 93 988 seedling vigour I  respectively.   The

numerical differences in the seedling vigours however were not statistically significant

but  were nevertheless  lower than that  of distilled  water.  This means they  lowered

seedling vigour I.
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Seedling  vigour  II  significantly  (P≤0.05)  differ  among  the    treatments  with  the

exception  of  distilled  water  (negative  control)  and Cruiser  extra  (positive  control)

which were statistically   similar with seedling vigour II of 27.45 for Cruiser extra and

27.57 for distilled water (Table 4).  Moringa oleifera leaf extract increased seedling

vigour  II  to  36.3  which  was  the  highest  value  among  all  treatments  followed  by

Azadirachta  indica leaf  extract  with  seedling  vigour  II  of  34.06  which  were

significantly different from each other.  Moringa oleifera leaf extract resulted in the

lowest seedling vigour II of 19.85 which was significantly lower than negative control

(distilled water). This means soaking seeds with Fusarium moniliforme pathogens in

Moringa oleifera seed extract lowered the seedling vigour II.

All plant extracts significantly reduced the seed infection (Table 4). This was observed

in  ungerminated  seeds  where  Azadirachta  indica leaf  extract  reduced  infection  of

ungerminated seed from 94.71% in negative control to 35.83%; Moringa oleifera leaf

extract reduced infection of ungerminated seeds to 33.48% which was however the

same as positive control of 34.76% but significant inferior to  Moringa oleifera seed

extract of 4.76%.

There was significant effect among the treatments for health growing seedlings (Table

4).  Seeds  soaked  in  Moringa  oleifera leaf  extract  resulted  in  significantly  higher

number  of  health  growing  seedling  of  20.14  followed  by  Azadirachta  indica leaf

extract with an average of 14.94 health growing seedlings. This was the same as the

positive  control  which had 15.36 health  growing seedlings.  The lowest  number of
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health growing seedlings was observed in Moringa oleifera seed extract which had an

average of 9.78 health growing seedling, which was the same as the negative control

which had average of 10.25 health growing seedlings (Table 4).

Seed germination and seedling vigour I were significantly higher at 15% concentration

which were 41.45% for seed germination and 121 439 for seedling vigor I (Table 4).

For the seedling vigor II, 25% concentration resulted in 30.13 seedling vigour II which

is  higher  and superior  to  all  concentrations  tested  including  the  0% concentration

(control) which resulted to28.95 seedling vigour II.

For the ungerminated seeds, the infection of seeds was significantly lower in 10%

concentration with 42.29% of infected seeds (Table 4). Control (0%), 15%, and 25%

concentrations had the highest level of seed infection of 44.10%, 45.32% and 44.68%

respectively.

Death of seedlings was reduced to the lowest level of 20.81% when the concentration

of plant extract used was 25% (Table 4). The rest had significantly higher death of

seedling of 35.95% for 15% concentration, 37.81% for 10% concentrations of plant

extract and 31.52% of dead seedlings for 0% (distilled water-control). 

The average number of health growing seedling for 0%, 10%, 15% and 25% plant

extract concentrations were 13.85, 12.42, 13.42 and 15.72 respectively (Table 4). The

lowest average health growing seedlings was observed in 15% concentration. Zero and

10% plant  extract  concentration  had  the  same  average  number  of  health  growing

seedling. The highest and significant value of health growing seedlings was observed
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in 25% concentration of plant extracts. However the interactions between soaking time

with  plant  extracts,  soaking  time  with  concentrations  and  soaking  time,  x  plant

extracts x  concentration were  highly significant (P<0.01) for all variables.

Table  4: Treatment effect of plant extracts, concentration and soaking time on

inhibition of Fusarium moniliforme in cotton seeds

Treatments Germi
nation

(%)

Seedling
vigour 1

Seedling
vigour

11

Ungerminat
ed seeds

with
infection

(%)

Dead or
dying

seedling
s (%)

Number of
health

growing
seedlings

Soaking time(hours)
1 41.09b 130 950b 27.94a 57.1b 42.21b 12.41a
6 39.06a 95 725a 29.31b 38.64a 26.91a 14.77b
12 39.5a 100 843a 29.61b 36.55a 25.43a 14.39b
Mean 39.89 109 173.02 28.95 44.1 31.52a 14
SE 0.338 2 741.043 0.192 0.561 1.531 0.3
CV% 1.7 5 1.3 2.5 9.7 4.3
P-Value <0.002 <0.002 <0.002 <0.001 <0.001 <0.001
Plant Extracts
Azadirachta indica leaf 41.28c 92 861a 34.06c 35.83b 50.53c 14.94b
Moringa oleifera leaf 48.11d 133 661c 36.3d 33.48b 33.97b 20.14c
Moringa oleifera seed 29.22a 102 524a 19.85a 4.83a 15.77a 9.78a
Cruiser extra (Positive 
control)

38.78b 93 988a 27.45b 34.76b
30.86b

15.36b

Distilled
water(Negative
control)

41.5c 119 417b 27.57b 94.71c

20.12a

10.25a

Mean 39.89 109 173.02 28.95 44.1 31.52 14
SE 0.481 2 844.709 0.407 0.977 1.131 0.3
CV%
P-Value

1.7
<0.001

5
<0.001

1.3
<0.001

2.5
<0.001

9.7
<0.001

4.3
<0.001

Concentration (%)
25 40b 105 710b 30.13c 44.68b 20.81a 15.72c
15 41.45c 121 439c 29.07b 45.32b 35.93c 13.42b
10 38.2a 100 370a 27.65a 42.29a 37.81c 12.42a
0 39.89b 109 173b 28.95b 44.10ab 31.52b 13.85b
Mean 39.89 109 173.02 28.95 44.1 31.52 14
SE 0.212 1 095.059 0.176 0.491 0.963 0.2
CV% 1.7 5 1.3 2.5 9.7 4.3
P-Value
Soaking time x Plant 
Extracts

<0.001
***

<0.001
***

<0.001
***

<0.001
***

<0.001
***

<0.001
***

Soaking 
timexConcetration

*** *** *** *** *** ***

Soaking time xPlant 
Extracts x 
Concetration

*** *** *** *** *** ***
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Values in the same column followed by the same letter(s)  do not differ  significantly
(P≤0.05) according to Turkey’s honestly significance test., CV = coefficient of variation
and  SE+ =  Standard  error. *=P<0.05  =  significant;  **=P<0.01  =  highly  significant;
***=P<0.001 very highly significant

 

4.3.1.3 Efficacy of Neem and Moringa leaves extracts and Moringa seed extracts

on management of Fusarium equiseti in Cotton seeds

Soaking duration of cotton seeds inoculated with  Fusarium equiseti in plant extract

had no significant effects in seed germination and seedling vigour I (Table 5). The

percentage seed germination for 1, 6 and 12 hours of soaking time was 29.50, 30.34

and 29.84% while seedling vigour I for the same hours of soaking time was 116 020,

116 995 and 116 329 respectively. The significant and lowest value of seedling vigour

II was observed when the seeds were soaked in plant extract for one hour which was

17.89.  The  seedling  vigours  II  for  6  and 12 hours  soaking  time  were  similar  but

superior to one hour soaking time.   

The infection of seeds was affected by soaking time of the seeds in plant extracts

(Table  5).  There  was  a  significant  difference  in  percentage  infection  of  seeds  for

soaking time in plant extract. The lowest percentage infection (36.41%) was for 12

hours  soaking  time  of  the  un-germinated  seeds,  followed  by  39.93%  for  6  hour

soaking time and lastly by 1 hour soaking time with 43.68% of un-germinated seeds.

This  means  increasing  soaking  duration  of  seeds  in  plant  extract  caused  more

pathogen eradication from the infected seeds.

The death of seedlings of 52.19% for 12 hours and 55.29% for 6 hours soaking time of

seeds in plant extract were the lowest death of seedlings and significant similar (Table



42

5).  One  hour  soaking  time  which  resulted  in  72.19%  death  of  seedlings  was

significantly the highest death of seedlings.

In the case of health growing seedlings of an average of 8.859 seedlings for 12 hours

soaking time of seeds in plant extracts was significantly higher than 4.703 seedlings

for both one and six hours of soaking time. This means soaking seeds for 12 hours in

plant extracts resulted in significantly large number of heath seedlings than the other

exposures. .

Soaking of cotton seeds inoculated with Fusarium equiseti in the plant extracts tested

had  significant  effect  on  germination  of  the  seeds  (Table  5).  The  germination

percentage  after  soaking  seeds  in  distilled  water  was  16.33,  in  Cruiser  extra  the

germination percentage was 15.78. These germinations were statistically similar and

lower than germination of seeds after soaking in Azadirachta indica leaf extract which

was  52.06%,  Moringa  oleifera leaf  extract  of  46.39%  and  23.44%  for  Moringa

oleifera seed extract.  The  percentage seed germination were significantly different

between  Azadirachta indica leaf extract,  Moringa oleifera leaf extract and  Moringa

oleifera seed  extract;  Azadirachta  indica leaf  extract  resulted  in  the  highest  seed

germination than the other treatments.

Both seedlings vigour I and II were affected by plant extracts  used (Table 5). The

seedling vigour of each plant extract was significantly different from the other. The

seedling  vigour  of  Azadirachta  indica leaf  extract  treated  seeds  was  242  630  for

seedling vigour I and  37.61 for seedling vigor II, 188 933 seedling vigour I and 29.24
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seedling vigour II for Moringa oleifera leaf extract and 72 189 seedling vigour I and

10.82 seedling II for  Moringa oleifera seed extract. The lowest significant values of

seedling vigour were obtained from Cruiser extra followed by distilled water. Cruiser

extra had 27 786 seedlings vigour I and 7.42 seedlings vigour II, while distilled water

resulted to 67 139 seedlings vigour I and 67 139 seedlings vigour II.

Fusarium  equiseti pathogens  were  removed  by  all  plant  extracts  from  the

ungerminated seeds to zero percent of seeds with infections. The ungerminated seeds

with infection were found in seeds soaked in Cruiser extra with 80.31% of infected

ungerminated  seeds  which  was  significantly  lower  than  99.80% of  distilled  water

(Table 5).

In case of death of seedlings, the highest seedlings mortality  was in distilled water

(negative control) with 87.99% death followed by Moringa oleifera seed extract with

71.97%, then 47.62 of cruiser extra  (Table 5).  Azadirachta indica leaf  extract  and

Moringa oleifera leaf extract with the seedlings mortality of 41.34% and 41.18% were

statistically similar and were  the lowest (Table 5).

The plant extract used affected the number of health growing seedlings. For each plant

extract used there was a significant different in number of health growing seedlings

from the other. The following are the average number of health growing seedlings

arranged  in  order  of  magnitude:  Azadirachta  indica leaf  extract  15.583,  Moringa

oleifera leaf extract 14.028, Moringa oleifera seed extract 5.167, Cruiser extra 3.917

and distilled water 1.000 (Table 5).
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The  concentration  of  plant  extracts  used  significantly  affected  the  germination  of

cotton seeds infected with  Fusarium equiseti pathogens. Only 25% concentration of

plant extract significantly increased the germination percentage of the cotton seeds

from 0% concentration of control (distilled water) which had 29.90% germination to

37.19%. The concentration of 15% of plants extract resulted in seed germination of

30.35% which was not significantly different with seed germination of the control.

The concentration of 10% of plant extract had significantly the lowest germination

than all other treatments including the control (Table 5).

Each  concentration  of  plant  extract  resulted  into  seedling  vigour  I  which  was

significantly different from the others (Table 5). The highest seedling vigour I was

obtained from 25% concentration of plant extract which was 154 972 followed by

15%  which  was  132  209.  The  concentration  of  10%  plant  extract  resulted  in

significantly  lowest  seedling  vigour  I  of  62 163 which  was even lower   than  the

control which was 116 448.

Seedlings vigour II was found to be significantly increased by the 25% concentration

of  plan  extract  only.  The  seedlings  vigour  II  of  15% which  was  17.47  was  not

significantly different from the control seedlings vigour which was 18.33. The 10%

concentration  of  plant  extracts  resulted  in  12.66  seedling  vigour  II  which  was

significantly lower than the control.
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The un-germinated seeds with significantly higher percentage infection, 42.23%, were

in the seeds treated with 10% concentration of plant extracts (Table 5). The significant

and  the  lowest  percent  infection  of  un  germinated  seeds  was  found  in  15%

concentration of plants extract which was 37.19. The percent infection of 40.61% of

ungerminated seeds was found in 25% concentration of plant extract which was  not

significantly different from  the control which had 40.01 percent infection.

No significant difference in death of seedlings was observed in 0%, 10% and 15% of

plant  extract  concentrations  with  percentage  death  of  59.89,  63.29  and  60.68

respectively (Table 5).

There  was  a  significant  increase  in  number  of  health  growing  seedlings  for  25%

concentration of plant extracts from 7.505 of 0% concentration (distilled water) to an

average of 9.852 health growing seedlings. The average number of health growing

seedlings  of  7.811  when  the  concentration  of  15% of  plant  extracts  used  had  no

significant  difference  from  the  control.  Soaking  seeds  with  inocula  of  Fusarium

equiseti in 10% concentration of plant extract resulted to the lowest average health

seedlings of 4.852 which was significantly different from all concentration.

The interaction between soaking time with plant extract was significant at P≤0.05 for

all variables (Table 5). But for soaking time with concentration of plant extract there

was a very highly significant effect for germination percentage, seedling vigor II and

ungerminated seeds with infections. The interaction was significant in seedling vigour

I  while  in  case of death of  seedlings  and health  seedlings  the interaction  was not
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significant. The interaction between soaking time, concentration and plant extract was

very highly significant in all variables with exception of percentage seed germination

where it was significant at P≤0.05.

Table  5:  Treatment  effect  of  plant  extracts,  concentration  and  soaking  time  on

inhibition of Fusarium equiseti in cotton seeds

Treatments Germin
ation 
(%)

Seedling
vigour 1

Seedlin
g

vigour
11

Ungerminat
ed seeds 
with 
infection 
(%)

Dead and
abnormal

seedlings (%)

Number
of Health
growing
seedlings

Soaking time(hours)
1 29.50a 116 020a 17.89a 43.68c 72.19b 4.70a
6 30.34a 116 995a 18.66b 39.93b 55.29a 4.70a
12 29.84a 116 329a 18.44b  36.41a 52.19a 8.85b
Mean 29.9 116 448 18.33 40.01 59.89 8
SE 0.232 1290.076 0.121 0.138 1.658 0.1
CV% 1.6 2.2 1.3 0.7 5.5 2.9
P-Value 0.015 0.865 0.421 < 0.001 < 0.001 < 0.001
Plant Extracts
Azadirachta indica leaf 52.06d 242 630d 37.61e 0.00a 41.34a 15.58e
Moringa oleifera leaf 46.39c 188 933c  29.24d 0.00a 41.18a 14.02d
Moringa oleifera seed 23.44b 72 189b 10.82c 0.00a 71.97c  5.16c
Cruiser extra (Positive 
control) 15.78a

27 786a
7.42a

80.31b 47.62b 3.91b

Distilled 
water(Negative control) 16.33a

67 139b
 9.50b

99.80c 87.99d  1.000a

Mean 29.9 116 448 18.33 40.01 59.89 8
SE 0.356 1586.027 0.216 0.179 1.311 0.2
CV% 1.6 2.2 1.3 0.7 5.5 2.9
P-Value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Concentration (%)
25 37.19  c 154 972d 24.85c 40.61b 55.71a  9.85c
15 30.35  b 132 209c 17.47b 37.19a 60.68b 7.81b
10 22.15  a 62 163a 12.66a 42.23c 63.29b 4.85a
0 29.90  b 116 448b 18.33b 40.01b 59.89b  7.50b
Mean 29.9 116 448 18.33 40.01 59.89 8
SE 0.351 1434.542 0.23 0.179 0.924 0.2
CV% 1.6 2.2 1.3 0.7 5.5 2.9
P-Value
Soaking time xPlant 
Extracts

< 0.001
***

< 0.001
***

< 0.001
Ns

< 0.001
***

< 0.001
***

< 0.001
***

Soaking time x 
Concetration

*** * *** *** Ns Ns

Soaking time x Plant 
Extracts x 
Concetration

* *** *** *** *** ***
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Values  in  the  same  column  followed  by  the  same  letter(s)  do  not  differ  significantly
(P≤0.05) according to Tukey’s honestly significance test., CV = coefficient of variation and
SE+  =  Standard  error.  *=P<0.05  =  significant;  **=P<0.01  =  highly  significant;
***=P<0.001 very highly significant, Ns = non-significant

4.3.1.4 Efficacy of Neem leaves,  Moringa leaves and Moringa seed extracts on

management of Fusarium oxysporum in Cotton seeds

Soaking time of seed in plant extracts had a significant effect on seed germination

(Table 6). The germination percentage was 25.47 for one hour soaking time, 25.03 for

6  hours  and  25.03  for  12  hours  soaking  time.  The  highest  and  significant  seed

germination was found in one hour soaking time.

Seedling vigour I was also affected by soaking time of seeds in plant extracts. The

highest seedling vigour I was observed in 12 hours soaking time which was 74 032,

followed by 6 hours soaking time with 72 246 (Table 6). The least seedling vigour I

was in  one hour  soaking time which had 70 659.  The seedling  vigour  I  for  each

soaking time was significant different from each other. However soaking time of seeds

in plant extracts had no significantly effect on seedling vigour II. 

Death of seedlings due to soaking of seeds in  Fusarium oxysporum inoculum was

significantly affected by soaking time of inoculated seeds in plant extracts (Table 6).

The lowest significant death of seedlings was observed in 12 hours soaking time with

an average of 64.18%, followed by 6 hours with 67.81% average seedling death which

was  significantly  different  from one  hour  soaking  time  which  had  an  average  of

72.57% seedling death.
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The  average  number  of  health  growing  seedlings  was  highest  in  12  and  6  hours

soaking time which was 5.078 and 5.109. However, the difference was not statistically

significant (Table 6). One hour soaking time resulted in lowest average health growing

seedlings of 3.141.

Seed germination was affected by plant extract used. The percentage germination was

39.28, 36.28,  23.00,  17.50 and 10.94 for  Azadirachta indica leaf  extract,  Moringa

oleifera leaf extract,  Moringa oleifera seed extract, distilled water and Cruiser extra

respectively  (Table  6).  There was significant  differennce  among the  plant  extracts

used and superior to negative control (distilled water). The highest seed germination

was observed in  Azadirachta  indica leaf  extract.  However,  Cruiser  extra  (positive

control) seemed to lower the seed germination from 17.50 of distilled water to 10.94.

Seedling vigour I was significantly affected by plant extracts used. Each plant extract

resulted in significantly different seedling vigour from the other which were higher

than 20 834 of  distilled  (Table  6).  The highest  seedling  vigour I  was  160 299 of

Moringa oleifera leaf extract.

The rest had seedling vigor of 82 003, 74 258 and 41 327 for Azadirachta indica leaf

extract, Moringa oleifera seed extract and Cruiser extra respectively. Seedling vigour

II  was  24.86 for  Azadirachta  indica leaf  extract,  21.23  for  Moringa  oleifera leaf

extract, 12.22 for Moringa oleifera seed extract, 7.08 for distilled water and 4.12 for

Cruiser extra.
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Death of seedlings due to Fusarium oxysporium was found to be lowest and  similar to

Cruiser extra and Moringa oleifera leaf extract with an average of seedling death of

49.21% and 49.47 respectively (Table 6). Moringa oleifera seed extra resulted in an

average seedling of 75.4 which was similar to Azadirachta indica leaf extract in which

the  seedling  death  was  70.63%.  The  highest  death  of  seedlings  was  observed  in

negative control (distilled water) which was 89.22% and significantly lowest to all

tested plant extracts.

The average numbers of health growing seedlings in all treatments were significantly

higher  than  that  of  negative  control  which  was  only  1.062  (Table  6).  This  was

followed by Moringa oleifera seed extract and Cruiser extra (positive control) which

resulted  in  an  average  of  3.278  and  3.750  respectively.  These  had  no  significant

difference and were superior to the negative control. The highest average number of

health growing seedlings was observed in  Moringa oleifera leaf extract which was

9.389 followed by  Azadirachta indica leaf extract  with an average of 5.861 health

growing seedlings. There was a significant different between  Moringa oleifera leaf

extract and Azadirachta indica leaf extract.

The concentration of plant extract had significant effect on seed germination (Table 6).

The concentration of 25% resulted in highest percentage germination of 27.61. The

concentration of 15% resulted in 24.99% germination which is similar to the control

(0% concentration) with germination of 24.91. The lowest (22.11%) germination was

observed in 10% plant extract concentration which was 22.11% and was significantlyt

lowest to the other tested concentrations.
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Also seedling vigour I and II were affected by concentrations of plant extracts (Table

6). The seedling vigour I was 99,387 for 25% concentration which was significantly

highest than the rest of plant extract concentrations, 69,901 for 15% concentration was

similar  to72,312 for  0% (distilled  water)  concentration  .  The seedling  vigour  I  of

47,648  for  10%  concentration  was  significantly  lowest  of  all  plant  extracts

concentrations. For the seedling vigour II of  14.66 and 14.32 for 25% and 15% plant

extract  concentrations  respectively  were  higher  than  the  control  which  resulted  in

13.48 seedling vigour  II.  The  significantly  lowest  seedling vigour  II  was obtained

from 10% plant extract concentration which was 11.45 seedling vigour II.

The death  of seedlings  was significantly  lower in  25% plant  extract  concentration

which  was  50.48% (Table  6). Fifteen  percentage  plant  extract  concentration  with

69.50% seedlings  was  significantly  similar  to  68.19  % seedling  vigour  of  control

(distilled water). The death of seedlings was found to be significantly highest in 10%

concentration of plant extracts which was 84.59%.

There was a significant effect of plant extracts concentrations on the number of health

growing  seedlings  (Table  6).  Fifteen  percent  concentration  of  plant  extracts  with

average  of  4.394  seedlings  had  no  significant  difference  with  control  (0%

concentration) which had 4.443 seedlings. Ten percent of plant extract concentration

had  the  least  number  of  health  growing  seedlings  of  1.644.  Twenty  five  percent

concentration  of  plant  extracts  resulted  in  significanlyt  highest  number  of  health

growing seedlings. The percentage  of  un-germinated  seeds  with infection  was not

significantly affected by soaking time and concentration of plant extracts (Table 6).
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The  interaction  between  soaking  time  with  plant  extracts,  soaking  time  with

concentrations and soaking time, plant extracts and concentration at 5% level also was

not significant for percentage un-germinated seedlings (Table 6).  The interaction of

soaking time with concentration was not significant for percentage seed germination

but was significant for seedling vigour I.  The interaction between soaking time with

plant extracts, soaking time with concentrations and soaking time with plant extract

with concentration, showed a highly significant at 5% level of probability for all the

rest of variables (Table 6).

 

Table 6: Treatment effect of plant extracts, concentration and soaking time for    

    inhibition of Fusarium oxysporum

Treatments Germin
ation
(%)

Seedling 
vigor 1

Seedling
vigor 11

Un germinated
seeds with

infection (%)

Dead and
abnormal
seedlings

(%)

Number of 
Health 
growing 
seedlings 

Soaking 
time(hours)
1 25.47b 70 659a 13.50a 97.86a 72.57b 3.14a

6 24.22a 72 246ab 13.31a 99.51a 67.81ab 5.10b

12 25.03ab 74 032b 13.62a 99.85a 64.18a 5.07b

P-Value 0.033 0.031 0.208 0.265 0.007 0.007

Mean 24.91 72 312.27 13.48 99.08 68.19 4

SE 0.251 6 56.956 0.11 0.825 1.172 0.1

CV% 2 1.8 1.6 1.7 3.4 6.2
Plant Extracts
Azadirachta indica 
leaf

 39.28e
82 003d

24.86e 100a 70.63b 5.86c

Moringa oleifera 
leaf

 36.28d
160 299e

21.23d 99.85a 49.47a 9.38d

Moringa oleifera 
seed

 23.00c
74 258c

12.22c 98.67a 75.4b 3.27b

Cruiser extra 
(Positive control)

10.94a   41 327b 4.12a 97.58a 49.21a 3.75b

Distilled 
water(Negative 
control)

17.50b
  20 834a

7.08b 99.22a 89.22c 1.062a

P-Value
Mean

<0.001           
24.91

<0.001           <0.001
13.48

<0.001
99.08

<0.001
68.19

<0.001
4

72 312.27
SE 0.426 1 250.012 0.215 1.262 1.634 0.2
CV% 2 1.8 1.6 1.7 3.4 6.2
Concentration (%)

25  27.61c 99 387c 14.66c 99.99a 50.48a  7.29c

15 24.99b 69 901b 14.32c 99.65a 69.50b 4.39b
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10 22.11a 47 648a 11.45a 97.59a 84.59c 1.64a

0 24.91b 72 312b 13.48b 99.08a 68.19b 4.44b

P-Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Mean 24.91 72 312.27 13.48 99.08 68.19 4
SE 0.323 1 145.798 0.186 1.116 1.699 0.2
CV% 2 1.8 1.6 1.7 3.4 6.2
Soaking time x 
Plant Extracts *** *** *** Ns *** ***
Soaking time x 
Concentration

*
**

*** Ns *** ***

Soaking time x 
Plant Extracts x 
Concentration

*** *** *** Ns *** ***

Values in the same column, respectively, followed by the same letter(s) do not differ
significantly  (P≤0.05)  according  to  Turkey’s  honestly  significance  test.,  CV  =
coefficient of variation and SE+ = Standard error, Ns= Non significant *=P<0.05 =
significant; **=P<0.01 = highly significant; ***=P<0.001 very highly significant
4.2 Discussion

4.2.1 Fungal species intercepted in cotton seeds from Simiyu Region

Twelve fungal species in eight genera were isolated from the tested 30 cotton seed

samples from Simiyu region. Of  the 12 fungal species isolated, eight  species viz.

Fusarium oxysporum,  F. moniliforme, F.  equiseti, F.  pallidoroseum,  Cladosporium

herbarum,  Phoma exigua, Stagonospora nodorum and  Bipolaris spicifera are seed-

borne  pathogenic  in  cotton.  Inspite  of  Stagonospora  nodorum  to  have  shown

pathogenic  in  cotton,  it  is  well  known to  be  pathogenic  in  wheat    (Mathur  and

Manadhar, 2003).   The four remaining fungal species:  Aspergillus flavus,  A. niger,

Penicillium spp and Rhizopus spp are saprophytes in cotton.  

These  findings  differ  from  the  findings  by  Mathur  and  Manandhar  (2003)  who

reported  the  following  10  fungal  species  to  be  associated  with  cotton  seeds  from

Tanzania: Fusarium equiseti, F. moniliforme, F. pallidoroseum, F. solani, Nigrospora

oryzae,  Phoma  spp,  Aspergillus  flavus,  Cladosporium  spp,  Penicillium  spp  and

Rhizopus  spp.  The report  by  Mathur  and Manandhar  (2003)  also  differs  with  my
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findings  in  that  it  has  not  reported  the  devastating  fungal  pathogen  Fusarium

oxysporum.

The  results  of  this  study  show  that  A.  flavus and  F.  moniliforme exhibited  the

maximum association with cotton seeds than the other fungal species which differ

with the findings by Tomar et al. (2012) who isolated 11 fungal species in India where

by  Aspergillus  niger, Myrothecium  roridum  and Curvularia  lunata exhibited

maximum per cent association with the seed by the same method of standard blotter.

However,  Kushwaha  (2015)  isolated  37  fungal  species  in  cotton  seed  samples  of

Gossypium arboreu  in  India  and found  Aspergillus  flavus  was the  most dominant

fungal species. The predominance of  A. flavus in his seed samples concurs with the

results obtained in this study.

Seed samples number 7-12 were certified and treated with Rio Gold 72WP (Metalaxyl

80 gm/kg +Mancozeb 640 gm/kg). They had the lowest significant fungal infections

but not significantly different with the untreated seed samples number 1, 18, 20, 22

and 23 (Table 1 and Appendix  1).  Samples number 10 and 12 from the fungicide

treated seeds were highly infected by  Fusarium oxysporum pathogen a devastating

pathogen in cotton sector in the country (Appendix  2). Implying that the Rio Gold

72WP (Metalaxyl 80 gm/kg +Mancozeb 640 gm/kg) currently used for seed dressing

in cotton seeds is ineffective. Other seed samples with F. oxysporum infections were

number 3, 4, 16 and 21. With exception of sample number 16 which was from Bariadi

district, an area regarded as heavily infested with the pathogen, the rest of samples are

from  areas  regarded  as  Fusarium  oxysporum free  area  and  hence  used  for  seed
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production. However, it  is still  not known whether the areas regarded as  Fusarium

oxysporum free area are still free from the pathogen or the seeds were contaminated

with the pathogen in ginneries.

4.2.2  Effects  of  intercepted  pathogenic  seed-borne  fungi  on  cotton  seed

germination, root and shoot length,  seedling girth and seedling vigour

All variables tested viz. cotton seed germination; root length, shoot length; seedling

girth and seedling vigour were adversely affected by the seed-borne pathogenic fungi

tested at varying levels depending on the fungal species. 

This result agree with the results by Hassani  et al  (2019), who studied the effect of

Fusarium-infected wheat seeds on germination and vigour indices and reported the

decrease of germination and vigour indices due to increased Fusarium-infected seeds.

Also this result agree with the results by Suthar (2014) on effect of culture filtrate of

Fusarium  equiseti  on  seed germination  and  seedling  growth  of  cumin  (Cuminum

cyminum) in Gujarat, India where the pathogen was found to reduce seed germination

and seedling growth. 

Fusarium oxysporum was  found to be the  most  serious  pathogen since  it  reduced

germination  percentages,  root  length,  shoot  length,  and seedling vigour to  a  much

higher extent than the rest of tested fungal pathogens. It also reduced all variables by

more  than  50%  from  the  control  with  exception  of  seedling  girth.  Stagonospora

nodorum was found to be least serious pathogen among the tested fungal pathogens

since it reduced germination percentage, root and shoot length and seedling vigour by

a minor extent when compared to all the other treatments. 
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4.2.3  Efficacy  of  Neem leaves,  Moringa  leaves  and  Moringa  seed  extracts  in

management of seed borne fungi of cotton

4.2.3.1 Efficacy of Neem leaves,  Moringa leaves  and Moringa seed extracts in

management of Phoma exigua  in Cotton seeds

When infected seeds were soaked for 6 and 12 hours in 15% and 25% concentration,

all  plant extracts  tested; Moringa seed extract,  Moringa leaf extract and Neem leaf

extract were  effective   than Cruiser extra in managing Phoma exigua in cotton seeds.

They enhanced seedling vigour, reduced death of seedlings and increased the average

number of health seedlings to 16.42, 15. 28 and 14.31 for Moringa seed, Moringa leaf

and Neem leaf  extracts  respectively,  compared  with  11.33  the  control  (Table  3).

Mancini  and  Romanazzi  (2014)  reported  the  same  results  in  the  study  of  seed

treatment  to  control  seed-borne  diseases.   However,  these  plant  extracts  did  not

improved  seed  germination  of  Phoma exigua infected  cotton  seeds.  Cruiser  extra

inhibited seed germination and hence reduced seedling vigour,  although it  reduced

death of seedlings but it did not increase the average number of health seedlings.

Both soaking time of 6 and 12 hours of infected seeds in plant extract were effective in

Phoma exigua management,  12 hours soaking time resulted  into germinated  seeds

even before incubation. This can cause injuries to the seedling radical when seeds are

taken to the field for sowing hence lowering stand population. Therefore 6 hours of

soaking time is the most effective and safe.
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Therefore these plant extracts should be used to manage Phoma exigua in cotton seeds

at a concentration of 25% by soaking seeds for 6 hours in these extracts. Moringa seed

extract being the most effective, followed by Moringa leaf extract and finally Neem

leaf extract.

4.2.3.2 Efficacy of Neem leaves,  Moringa leaves  and Moringa seed extracts in

management of Fusarium moniliforme in cotton seeds

Moringa oleifera seed extract resulted into lower seedling vigour I and II,  did not

reduce the death of seedlings and hence did not increase the number of health growing

seedlings when compared to the negative control (Table 4). This is to say  Moringa

oleifera seed extract  is  not  effective  in  managing  Fusarium moniliforme in  cotton

seeds at all the tested concentrations of 10, 15 and 25%.

Azadirachta indica leaf extract did not improve cotton seeds germination and seedling

vigour I but it increased seedling vigour II, reduced death of seedlings and resulted

into increased average number of health growing seedlings to 14.94 compared to the

negative  control  (distilled water)  of 10.25.  But its  effectiveness  in terms of health

seedlings  was  the  same as  positive  control  (Cruiser  extra)  with  average  of  15.36

seedlings. Therefore Azadirachta indica leaf extract can be used to manage Fusarium

moniliforme in cotton seeds by soaking infected seeds into  the extract for 6 hours at a

concentration of 25%. The results of this findings agrees with Gurjar et al. (2012) who

reported  Azadirachta  indica leaf  extract  to  be  effective  in  management  of  fungal

pathogens.
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Moringa  oleifera leaf  extract  improved  seed  germination,  increased  both  seedling

vigour I and II, reduced death of seedlings as a result lead into highest average number

of health seedlings of 20.14 compared to 10.25 of negative control (distilled water)

and 15.36 of positive control (Cruiser extra). This was superior to Azadirachta indica

leaf extract and to positive control (Cruiser extra) in managing Fusarium moniliforme

in cotton seeds at a concentration of 25% and soaking time of 6 hours.

Therefore  Moringa oleifera leaf extract should be given priority in management of

Fusarium moniliforme in cotton seeds followed by Azadirachta indica leaf extract at a

concentration of 25% by soaking infected seeds for 6 hours.  Moringa oleifera seed

extract is ineffective on managing Fusarium moniliforme in cotton seeds at all tested

concentrations.

4.2.3.3 Efficacy of Neem leaves,  Moringa leaves  and Moringa seed extracts in

management of Fusarium equiseti in cotton seeds

Azadirachta  indica and  Moringa  leaf  extracts  increased  germination  percentage,

seedling  vigour  I  and II,  reduced death  of  seedlings  and lead  into  higher  average

number of health seedlings of 15.583 for Azadirachta indica and 14.028 Moringa leaf

extract compared to  5.167 for positive control and 1.0 of negative control at 25%

concentration and 6 hours of soaking time (Table 5). 

These results are in close agreement with Hubert et al. (2015) who studied the efficacy

of  selected  plant  extracts  against Pyricularia  grisea,  a  fungal  which  causes  blast

disease in rice and reported Azadirachta indica leaf extract at a concentration of 25%
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to have antifungal properties against Pyricularia grisea growth in-vitro. Also Mancini

and  Romanazzi  (2014)  reported  the  same  results  of  effectiveness  of  Azadirachta

indica leaf extract in managing fungal seed-borne seeds.

 Soaking of Fusarium equiseti inoculated seeds in the plant extracts for 1 and 6 hours

proved less effective in managing the cotton seed-borne pathogenic fungi. Similarly

10 and 15% concentration of plant extracts were not effective in managing the seed-

borne pathogenic fungi. In the case of Moringa oleifera seed extract in spite of being

more effective than both negative and positive control, it resulted into an average of

5.167 health seedlings which was very low.

Therefore  Azadirachta indica leaf  extract  at  a concentration  of 25% and 12 hours

soaking time should be given priority in managing Fusarium equiseti in cotton seeds

followed by Moringa oleifera leaf extract

4.2.3.4 Efficacy of Neem leaves,  Moringa leaves  and Moringa seed extracts in

management of Fusarium oxysporum in cotton seeds

Moringa oleifera and  Azadirachta indica leaf  extracts  improved seed germination,

seedling vigour I and II, reduced seedlings mortality and increased average number of

health seedlings from 1.062 for  the negative control and 3.750 for the positive control

to 9.389 health seedlings for Moringa oleifera leaf extract and 5.861 for Azadirachta

indica leaf extract.

This  finding  is  similar  to  the  findings  by  Al_husnan  and  Alkahtani  (2016)  who

reported  the  aqueous  extract  of  Moringa  leaf  as  inhibitor  of  the  radial  growth  of
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Fusarium oxysporum and  other  tested  fungal  species  in  vitro. El–Mohamedy  and

Aboelfetoh (2014) reported the same results of antifungal activity of Moringa leaf and

seed extract to plant pathogenic fungi when they were tested in vitro.

For Moringa oleifera seed extract in spite of increasing seed germination percentage,

seedling vigour I and II, and reducing seedlings mortality but it lead to an average

health seedling of 3.278 which was not significantly different from the positive control

of 3.750 health seedlings.

For  the  case  of  concentration  of  plant  extracts  used,  that  is  10%,  15% and 25%.

Twenty  five  percent  concentrations  was superior  as  it  increased  seed germination,

seedling vigour I and II, resulted to the lowest death of seedlings and resulted into

maximum number of health seedlings as shown in Table 6.

However,  in  case  of  soaking  time,  Fusarium  oxysporum infected  seeds  in  plant

extracts, 6 and 12 hours were superior since they resulted into high seedling vigour,

less death of seedlings and higher average number of health seedlings of 5.109 and

5.078 respectively as compared to 3.141 health seedlings for 1 hour of soaking time.

But after soaking the seeds for 12 hours in plant extract some seeds developed radicals

(started to germinate) before incubation, this could injury the radical during sowing.

Also 12 hours of soaking time is a long time while the same results could be obtained

in 6 hours of soaking.
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Therefore,  for  the  management  of  Fusarium  oxysporum in  cotton  seeds,  priority

should be given to Moringa oleifera leaf extract, followed by Azadirachta indica leaf

extract. Moringa oleifera seed extract should be given last priority. All plant extracts

tested  should  be  used  at  25% concentration  and  seeds  should  be  soaked  in  these

extracts for 6 hours.

Generally  these   results  are  not  in  agreement  with  Signaboubo  et  al. (2015)  who

reported that seed germination, seed infection and seedling vigour index of cotton seed

of variety A51 and Stam F which were treated with aqueous extract of  Azadirachta

indica  and  Boswellia  dalzielii   showed no significant  difference  (P ≤  0.05)   with

varying  concentration  of  the  extracts.  Though  the  results  are  in  agreement  in  the

manner that the extracts were superior to the control (distilled water) in improving

seed germination and seedling vigour

4.2.4 Mechanism of seed-borne fungi in lowering seed germination and seedling

vigour

The seed-borne fungi inhibit seed germination and lowers seedling vigor by several

ways which includes producing mycotoxins and degrading the seed by the action of

fungal enzymes and causing seed decay. However, many seed-borne fungi become

active  when seeds  are  sown,  these  results  in  degrading the  structural  proteins  and

carbohydrates  of  seeds  which  are  required  for  its  germination  and  development

(Agarwal  and  Sinclair,  1996).  Agarwal  and  Sinclair  (1996)  further  specifically

reported  that  rice  infected  by  Alternaria  padwickii  resulted  in  a  reduction  of  total
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carbohydrates and in soybean seeds infected with Cercospora kikuchii and Phomopsis

longicolla resulted in degradation of structural and functional proteins.

The effect of mycotoxin  on seeds was reported by Kandhare (2015) who found that

the  seed-borne  fungi;  Aspergillus  flavus,  Aspergillus  fumigatus,  Aspergillus  niger,

Drechslera  tetramera  and  Rhizopus  stolonifer produced  mycotoxins  that  affected

adversely the seed germination, shoot and root length of tested pulses.  Also Argwar

and Sinclair (1996) found that aflatoxin BI a mycotoxin produced by Aspergillus flavus

inhibited germination, chlorophyll, nucleic acid, protein syntheses and respiration in

maize seeds by inhibiting synthesis of α-amylase. This was also observed in lettuce

where the hypocotyls were inhibited by aflatoxin.

4.2.5  Mechanism of  action of  Neem,  Moringa leaf  extract  and Moringa  seeds

extract

Some plant  extracts  are  used  as  an  eliminatory  measure  of  seed  borne  mycoflora

(Mancini  and  Romanazzi,  2014). These  plant  extracts  contains  chemicals  with

fungicidal  effects.  Idris  et  al.  (2016)  reported  that  water  extract  of  Moringa  seed

resulted  in  alkaloids  and  tannins.   The  mode  of  action  of  tannins  is  by  enzyme

inhibition and substrate deprivation.  Alkaloids have a different mode of action which

is by intercalating into cell wall (Guljar et al., 2012).
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Thirty cotton seed samples were collected from Simiyu region in 2019 and analyzed

for  seed-borne  mycoflora  and germination  by the  blotter  method.  The Blotter  test

results  yielded  a  total  of  12  species  of  fungi  in  eight  genera.  The  six  (6)  most

significant  seed-borne  pathogenic  fungi  recorded  were  Fusarium  moniliforme,

Fusarium oxysporum,  Fusarium equiseti,  Phoma exigua, Fusarium pallidoroseum,

and Cladosporium herbarum. 

Fusarium  moniliforme  was  the  most  predominant  fungus  identified  and  had  the

highest infection counts ranging from 0.5 to 38.0 percent with a mean incidence of

4.24 percent.

 

Results of the blotter test further revealed that some storage fungi were also found on

the seeds. Predominant species among them belong to the Aspergillus, Rhizopus and

Penicillium species.

This study has revealed that cotton seeds supplied to farmers for planting are potential

reservoirs of pathogenic and saprophytic fungi. Cotton seeds supplied to farmers being

potential  reservoirs of pathogenic fungi, may greatly affect cotton productivity and

jeopardize the cotton sector. 
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However, F. oxysporum is the most devastating cotton seed born pathogen in Simiyu

region due to its  highest effect  on reduction of seed germination,  seedling vigour,

shoot and root length and causing highest seedlings mortality.  

Furthermore, this study shows that the tested plant extracts are potential in controlling

pathogenic  seed-borne  fungi  in  cotton  seeds  at  a  concentration  of  25%  (v/v)  by

soaking seeds for 6 hours. However this conclusive remark of effectiveness of plant

extracts is for the method of their extractions employed in this study. 

5.2 Recommendations

Seed-borne fungi should be managed in seed supplies to farmers and special attention

should be given to  F. oxysporum due to its highest reduction of  seed germination,

shoot length, root length and seedling vigour but also was intercepted from treated

seed samples and which were regarded as F. oxysporum free seeds (Table 2; Appendix

1 and  2).

Multiple fungal pathogens occur in or on the same seed simultaneously (thus each

fungal  pathogen cannot  be controlled separately),  in that  case the seeds should be

soaked in plant extracts  at concentrations effective to all pathogens. 

The effectiveness of plant extract was increasing with the increase in plant extract

concentration used, however, the maximum concentration used in this study was 25%

(v/v),  so  more  research  should  be  done  to  test  for  the  highest  most  effective
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concentration. For the control of seed-borne pathogens of cotton seeds priority should

be given to Moringa oleifera leaf extract followed by Azadirachta indica leaf extract

all at a concentration of 25% (v/v)  by soaking the seeds in the plants extracts for 6

hours.
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APPENDICES

Appendix  1:  Fungal  species  identified  in  cotton  seed  samples  (200  seeds  per

sample) from Simiyu Region
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2 1 7 10 7 4 0 0 0 0 0 0 29

3 0 0 0 17 3 0 0 0 1 0 0 21
4 15 1 0 0 0 0 5 0 4 0 0 25
5 0 0 3 4 11 0 0 0 0 0 5 23

6 5 20 10 1 0 1 0 0 0 0 0 37

7 3 2 0 0 0 2 0 0 0 0 0 7

8 2 0 0 2 4 0 0 0 0 0 0 8

9 2 3 2 0 0 0 0 0 0 0 0 7

10 4 0 2 2 1 0 0 0 4 0 0 13

11 2 0 2 0 2 0 1 2 0 0 0 9
12 3 2 1 2 1 0 0 0 1 0 0 10
13 0 1 1 31 5 0 0 0 0 0 0 38
14 0 2 0 39 1 0 0 0 0 0 0 42
15 0 1 2 14 4 0 0 0 0 0 0 21
16 0 4 0 38 6 0 0 0 7 0 0 55
17 0 2 0 19 0 0 2 0 0 0 0 23

18 1 4 0 7 1 0 0 0 0 0 0 13

19 0 2 0 62 2 0 0 0 0 0 0 66

20 1 8 0 0 0 0 2 0 0 2 0 13

21 0 6 0 7 2 0 0 0 3 0 0 18
22 0 1 0 13 0 0 0 1 0 0 0 15
23 3 2 0 10 2 0 0 0 0 0 0 17
24 5 3 0 18 2 0 0 0 0 0 0 28
25 0 2 0 26 2 0 1 0 0 0 0 31
26 0 1 0 14 2 0 0 1 0 0 0 18
27 0 3 0 33 2 0 0 0 0 0 0 38
28 2 4 0 12 3 0 0 0 0 0 0 21
29 4 3 0 15 1 0 0 0 0 0 0 23
30 0 4 0 18 0 0 3 0 0 0 0 25

Total infected 53 91 35 413 61 3 14 4 20 2 5 701
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Appendix 2: Description of seed samples collected from Simiyu Region for seed-borne

mycoflora analysis

Sample Number Source of Sample Description
1 Quton (T) LTD Variety UKM08, Delinted seeds, certified and untreated. Seeds 

of 2019/2020 farming season
2 bioRe (T) LTD Variety UKM08, Delinted seeds, certified and untreated. Seed 

of 2018/2019 farming season.Batch number 4162B
3 Alliance Ginneries 

Co.LTD
Variety UKM08, Delinted seeds, certified and untreated. Seed 
of 2018/2019 farming season. Batch number 7028B

4 Quton (T) LTD Variety UKM08, Delinted seeds, certified and untreated.Seeds 
of 2019/2020 farming season

5 Alliance Ginneries 
Co.LTD

Variety UKM08, Delinted seeds, certified and untreated. Seed 
of 2018/2019 farming season. Batch number 7027A

6 Quton (T) LTD Variety UKM08, Delinted seeds, certified and untreated. Seeds 
of 2019/2020 farming season

7 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season. Batch number Al9B002

8 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season

9 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season

10 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season

11 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season

12 Tanzania Cotton Board Variety UKM08, Delinted seeds, certified and treated. Seeds of 
2019/2020 farming season

13 bioRe (T) LTD Fussy, uncertified and untreated. From Meatu district
14 NGS Investment Co.LTD Fussy, uncertified and untreated. From all over Simiyu Region
15 NGS Investment Co.LTD Fussy, uncertified and untreated. From all over Simiyu Region
16 Alliance Ginneries 

Co.LTD
Fussy, uncertified and untreated. From Bariadi district

17 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From Maswa district
18 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From Maswa district
19 Alliance Ginneries 

Co.LTD
Fussy, uncertified and untreated. From Bariadi district

20 Alliance Ginneries 
Co.LTD

Fussy, uncertified and untreated. From Meatu district

21 Alliance Ginneries 
Co.LTD

Variety UKM08, fussy, uncertified and untreated. From 
Mwabusalu in Meatu district

22 Alliance Ginneries 
Co.LTD

Fussy, uncertified and untreated. From Meatu district

23 bioRe (T) LTD Fussy, uncertified and untreated. From Meatu district
24 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From all over Simiyu Region
25 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From all over Simiyu Region
26 Alliance Ginneries 

Co.LTD
Fussy, uncertified and untreated. From Meatu district

27 NGS Investment Co.LTD Fussy, uncertified and untreated. From all over Simiyu Region
28 bioRe (T) LTD Fussy, uncertified and untreated. From Meatu district
29 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From all over Simiyu Region
30 Kahama Oil Mills-Maswa Fussy, uncertified and untreated. From Maswa district
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	ABSTRACT
	This study was carried out to assess the presence and effect of seed-borne pathogenic fungi on cotton seeds collected from different ginneries and seed processor in Simiyu region and the potential of developing control measures using plant extracts. A total of 30 cotton seed samples were collected from four cotton ginneries and one cotton seed processor in Simiyu region. The samples were then analyzed for seed-borne fungi and germination using standard procedures. Twelve fungal species in eight genera were detected in the 30 seed samples tested for seed-borne fungi. The detected fungal species were: Aspergillus flavus, Fusarium moniliforme, A. niger, F. equiseti, Penicillium spp, F. oxysporum, F. pallidoroseum, Cladosporium herbarum, Phoma exigua, Stagonospora nodorum, Bipolaris spicifera and Rhizopus spp. Aspergillus flavus and F. moniliforme were the most predominant species. They infected 58.9% and 13% of the tested seeds respectively, from 83% of the collected seed samples. The least frequent seed borne fungal species was Bipolaris spicifera which infected 0.3% of seeds from 3% of the seed samples. Seed germination, roots and shoots lengths and seedling vigour were significantly reduced (P≤0.05) by the tested isolated pathogenic fungi: Fusarium oxysporum, Phoma exigua, F. equiseti, F. moniliforme, F. pallidoroseum and Stagonospora nodorum. Seedling girth was only significantly affected by Fusarium moniliforme. Fusarium oxysporum and Stagonospora nodorum reduced the tested percentage germination, seedling vigour, seedling girth, seedling shoot and root length to the highest and lowest extent, respectively implying that F. oxysporum is the most pathogenic while Stagonospora nodorum is the least.
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