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ABSTRACT

This study aimed at studying the suppressive effects of Sorghum bicolor, Tagetes erictus
Amaranthus spinous and Sorghum arundinaceum and Cassia tora on germination and
development of Parthenium hysteroporus L. under controlled experiments from March 2018
to November 2018 in Arusha Tanzania. Two experiments involving seed-seed interaction and
effects of plant extract on carrot-weed were established. Results showed that seeds of S.
bicolor, T. erictus A. spinous and S. arundinaceum showed strong inhibition effects
(p<0.001) on Parthenium hysteroporus L. seed germination, biomass, plant height and root
length. Similarly, the results from the plant extracts at 25% to 100% (v/v) concentration of A.
Indica, T. erictus, A. spinous and S. bicolor inhibited germination rate, shoot and root length
elongation, fresh and dry biomass of Parthenium weed. These findings provides basis
towards developing an effective alternative eco-friendly approach and bio-herbicide for

managing Parthenium weed in Tanzania.
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CHAPTER ONE
INTRODUCTION
1.1 Background

Parthenium hysterophorus (L.), commonly known as ‘“Santa-Maria” or “Santa Maria
feverfew” or “whitetop weed “or “famine weed” or “congress weed” or “carrot weed” is a
flowering plant of the Asteraceae family and native to North and South America as well as
West Indies (Picman et al., 1984). It is considered to be one of the worst noxious weeds
currently known worldwide (GISD, 2010; Holm et al., 1997). Parthenium is a weed of global
significance responsible for severe human and animal health issues, such as dermatitis,
asthma and bronchitis, and agricultural losses besides a great problem for biodiversity Evans,
(1997). 1t has vigorous growth, high fecundity and can grow in semi-arid, subtropical,
tropical and warmer temperate regions worldwide (Kohli et al., 2006; Adkins and Shabbir,

2014). It threatens biodiversity through degradation of natural ecosystems (Evans, 1997).

Though no documentation on its entry to Africa, there are possibilities that it was introduced
into Ethiopia as a food grain contaminant in a food aid programme during 1976 (Adkins and
Shabbir, 2014), after which subsequent introductions were reported in different areas of sub—
Saharan and northern Africa (Nigatu et al., 2010; Ayele et al., 2013; CAB International,
2014).

In Tanzania, carrot weed was first reported in Arusha in 2010 and since then the weed has
spread to Kilimanjaro, Manyara and Kyerwa (Kilewa, 2014) Management of this weed
species as for other invasive plants is challenging due to its ability to adapt different habitats
(Ngondya et al., 2017). Several management approaches such as mechanical, chemical,
competitive replacement and biological control have been tried to control this weed only
herbicides approach seemed to be preferred (Kumar, 2009). Nevertheless, chemical
herbicides are no longer reliable due to the cost and increasing weed resistance to
polyphosphate, atrazines, 4-D, and Metribuzin (Vila-Aiub et al., 2008). Hence, the
development of eco-friendly approaches including bio pesticides is currently receiving great
attention as a vital pest control strategy in recent years (Marcias et al., 2004; Vasilakoglou et
al., 2005; Dhima et al., 2006; Javaid et al., 2008).



This study therefore focused on developing eco-friendly weed management strategy
involving but not limited to bio pesticides for managing P.hysterophorus using selected
plants namely; Azadirachta indica, Sorghum bicolar, Sorghum arundinaceum, Tagetes
erictus L Cassia tora and Amaranthus spinous L. In addition, the study will assess their bio
herbicidal effects, competitive interaction and effectiveness of their extracts on the
development of P. hysterophorus hence proposing feasible eco-friendly bio-pesticides

management strategy in Arusha and other invaded areas in Tanzania
1.2 Problem Statement and Justification

Since its occurrence report, P. hysterophorus has become a serious threat to biodiversity
through degradation of natural ecosystems in Tanzania (Msafiri et al., 2013). The plant poses
a threat of spreading to many broader habitats including agricultural lands, protected areas as
well as pasture land (Tamado and Milberg, 2000). It has a potential to suppress crops and
pasture growth and therefore reduce crops and forage productions (APFISN, 2007;
Mahadevappa et al. (2001). Due to its allelopathic effects, the plant has ability to colonize
soils and inhibit growth of most plant/crop species and cause injuries to humans and animals
(Evans, 1997; Levine et al., 2000; Zavaleta, 2000; Belnap and Philips, 2001; Maharjan,
2007). Currently, P. hysterophorus has spread to Kyerwa, Kilimanjaro and Manyara (Kilewa,
2014). This weed is a potential threat firstly, as it spreads very fast due to ability to produce
larger number of seed (Javaids and Adrees, 2009). Secondly, the weed is aggressive and
destructive that very little and sometimes no other plant species are seen in areas where it has
dominated (Adkin, 1996; Kohli, 2004; Prasanta et al., 2005; Shabbir and Swhsana, 2005).

Management of P. hysterophorus as other invasive plants has been very challenging
(Ngondya et al., 2017). Chemical-based management has been reported to be effective, but P.
hysterophorus has been reported to develop resistance to the chemicals making them less
effective (Tranel and Wright, 2002; De Prado and Franco, 2004). On the other hand the use
of biological management of P. hysterophorus has been practiced in different countries in the
world. For example, in Australia the use of insects and rust pathogen to control the weed have
been practiced for 30 years ago (McFadyen, 1992; Dhileepan and McFadyen, 2012). It has
been reported that, the use of Epiblema stenuana Walker and Zygogramma bicolorata
Pallister in the war against P. hysterophorus has shown success, though with some
limitations. The organisms do not induce full suppression of the weed (Dhileepan, 2003).

Similar observation on Parthenium control using the same organisms was recently reported in
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Tanzania. Zygogramma has emerged as an alternative biological control of the weed, the
approach deals only with parts of the plant such as leaves. Despite of all the efforts applied in
the management of P. hysterophorus in Tanzania, the weed is still spreading rapidly. Due to
its harmful effects, there is a need to investigate other management strategies such as
suppressive allelochemicals from different plants. The use of suppressive plants have been
done in countries such as India using guinea grass (Panicum maximum Jacq.) tanner’s cassia
(Cassia auriculata L.) and Fedogoso (Cassia occidentalis L) (Yaduraju et al., 2005), Ethiopia
using; Sorghum (Sorghum bicolor L, Moench); Tamado and Milberg, (2004) and in South
Africa using African Lovegrass (Eragrostis curvula Nox) (Van der Laan et al., 2008).
Therefore the aim of this study was to identify possible eco-friendly bio-pesticides
approaches that suppress the growth of P. hysterophorus by testing the reported competitive
and allelopathic effects of T. erectus and A. spinous against P. hysterophorus as reported by
(Shazia et al., 2011), and bio-herbicidal effects of extracts from A. indica and Sorghum sp
(Manpreet et al., 2014). The current findings from this study can help researchers to propose
feasible mitigation/management measures for P. hysterophorous not only in Arusha but also
in other regions affected by P. hysterophorus in Tanzania.

1.3 Objectives
1.3.1 General objective

To develop an eco-friendly and bio-management strategy that can be used to suppress
Parthenium hysterophorous L. in Arusha and other infested locations in Tanzania.

1.3.2 Specific objectives

(i) To evaluate the suppressive effects of Tagetes erectus Sorghum bicolor, Sorghum
arundinaceum Cassia tora L and Amaranthus spinous on seed germination and

seedling growth of Parthenium hysterophorus in Arusha Tanzania.

(i)  To evaluate the effects of extracts of Azadirachta indica, Sorghum bicolor, Sorghum
arundinaceum Tagetes erectus and Amaranthus spinous L. on Parthenium

hysterophorus seed germination and development.



1.4 Research Questions

(i) Does extracts frm Targetes erectus and Amaranthus spinous, Azadirachta indica,
Sorghum bicolor and Sorghum arundinaceum have effects on Parthenium

hysterophorus?

(i)  Are there any effects when Parthenium hysterophorus is grown in association with

the T. erectus, S. bicolor, S. arundinaceum A. spinous. and C. tora
1.5 Significance of the study

This study will avail farmers with simple and low costly technology for management of
invasive weed especially parthenium hysterophorus. The materials will then help to reduce
health impacts associated with the use of chemicals and physical methods in the control of
invasive species. It will also lead to protection of the environment by reducing the amount of
chemicals deposition in the soil and in the air as the results of chemical control, methods.
This study aims to provide baseline information for future research on the use of botanical to

control invasive weed species.



CHAPTER TWO
LITERATURE REVIEW
2.1 Biology of Parthenium hysterophorus (carrot-weed)

Parthenium hysterophorus, Carrot-weed is an annual, erect herb with the height of 1.0 to
more than 2.0 m. It has a taproot system with a number of secondary and tertiary roots
(Dogra and Sharma, 2011). The plant is fast maturing and has dark green leaves which are
rhomboidal, dissected and alternately arranged on the stem (Javaid and Adrees, 2009).
Parthenium has ability to grow and reproduce itself any period of the year. It has white or
yellow flowers based on race type each of which produces four to five black wedge-shaped
seeds that are 2 mm long with thin white scales and difficult to see by the naked eye (Javaid
and Adrees, 2009). The leaves and stems have small hair-like outgrowths called trichomes.
Its inflorescence is capitulum with cypsela fruits and they produce thousands of seeds which
are dark brown and very light in weight (Javaid and Adrees, 2009). Parthenium
hysterophorus has two races namely south race and north race. The south race occurs in
Southern America while north race occurs in North America and distributed worldwide
(Dale, 1981). These races differ in morphology and biochemical properties where the South
America race has hymenin as a dominant sesquiterpene lactone and pathenin for North
America race. The North America race produces white flowers while that of South American
race are yellow (Annapurna and Singh, 2003). Generally, the life cycle of this weed is
completed within 180-240 days (Gnanavel and Natarajan, 2013).

The study conducted by Pandey et al. (2003) reported that the photosynthetic characteristics
of parthenium leaf is mostly related to C3 type pathway and exhibits a photosynthesis rate of
25-35 ©C and a high CO2 level. Low temperature considerably reduces plant growth, mainly
flowering and seed production by reducing leaf area index, comparative growth rate, net

assimilation rate, and leaf area duration (Navie et al., 1996; Pandey et al., 2003).

Once the weed dominates an area, it becomes aggressive, destructive and oppressive to other
plant species (Bhowmik and Sarkar, 2005; Batish and Singh, 2004; Shabbir and Bajwa,
2005). The weed spreads very fast due to its ability to produce a greater amount of seeds up
to 25 000 seeds/plant which results into a significant amount of seed bank in the soil (Javaid

and Adrees, 2009). The favourable soil conditions which the weed can grow fast is on



alkaline to neutral clay soils (Dale, 1981). Nonetheless, its growth is slow and less prolific on

a wide range of other soil types (Adkins et al., 2005; Rezene et al., 2005).

Parthenium germination process involves several steps that is to change the quiescent embryo
to metabolically active embryo (Buhler and Hoofman, 2000). It also requires adequate
water, suitable temperature and composition of gases (02/CO2 ratio) in the atmosphere, and
light for the seeds to germinate. The germination of Parthenium as other plants is prevented
by both internal and external factors. Among the internal  factor is the presence of
biochemical inhibitor in the seed and immature embryo and the common known external
factor is the soil moisture content and temperature (Fernandez-Qviatanilla et al., 1991). The
seeds of this weed take a long time in the soil which signifies the survival of the weed
species. However, the longevity of seed in soil varies according to the characteristics, burial
depth, and climatic conditions of seeds (Carmona, 1992). The studies of longevity of
P.hysterophorus have made unpredictable results, but Bulter (1984) came up with finding
that the viability of seed was 60% after one week after burial to 29% two years. Nevertheless,
Naivie et al. (1998) and Tamado et al. (2002) reported that the viability of the seeds was
greater than 74% after two years and showed 50% viability after 26months of burial in the
soil correspondingly. This suggests that a potential buildup considerable persistence in the
soil seed bank makes it difficult to eradicate the population of Parthenium in the short period

of time.

Unlike other weed seeds Parthenium seeds do not possess dormancy mechanism (McFadyen,
1994). However, the study by Picman and Picman (1984) confirmed the presence of water
soluble germination inhibitors (i.e: Parthenin and phenolic acid) in the accessory structure
and the seed coat of parthenium seeds. Also the weed has viability greater than 85% (Pandey
and Dubey, 1988). Further the study conducted by Williams and Groves (1980) reported that
maximum germination of Pathenium was (88%) of the seed in dark, under a day/night
temperature regime of 21/16 °C. They also noted that the percentage of the germination
decreased as the day/night temperature differential was increased. Tamado et al. (2002)
reported that germination of parthenium seed occurred at the mean minimum (10°C) and
maximum (25 ©C) temperatures as well as over a widely range of fluctuating (12/2°C-
35/25°C) temperatures.



2.2 Seed Dispersal mechanism of Parthenium hysterophorus

The spread of Parthenium seeds and its ability to remain viable in the soil for many years
makes most complex problems for control. This fact makes eradication difficult for many
seed Producing weeds (Monaco et al., 2001). The dispersal of this weed occur in multiple
ways including short distance wind dispersal, or water surface, runoff in natural streams and
rivers, in irrigation and drainage channels and irrigation water from the ponds (Monaco et al.,
2002; Nigatu et al., 2010; Riaz and Javaid, 2010). Weed seeds have special adaptation that
helps them spread. Parthenium weed seeds are very small and with short wing like structures
(Navie et al., 1996). This morphological features helps them to float in wind. Transportation
by wind usually is few meters, but whirl winds can carry a large number of light achenes to
considerable distance. The dispersal of parthenium achenes by water is possible as indicated
by large populations of the weed spreading along water ways in central Queensland (Auld et
al., 1983). However, scientists have found great variation in length of time the seeds remain
viable in fresh water. For example, some seeds can be stored in fresh water for three to five
years and still germinate (Monaco et al., 2001). In addition to that it has been reported by
Auld (1983) that the seed of Parthenium achenes are scattered by humans and animals. They
may carry the seeds on their feet, cling to their fur or clothes, or internally (ingested seed).
Parthenium seed achenes are capable of being transported to long distance in mud and debris.
In general, parthenium, like any other weeds, can be dispersed easily by water, farm
machinery, vehicles, movement of livestock, animal dung and grain seeds. Appropriate
handling of the farm equipment after use, sowing of uncontaminated seed and a short-term
quarantine of livestock in parthenium infested area will reduce the risk of spreading the weed
(Tamado, 2001). Therefore, seed dispersal mechanism of Parthenium hysterophorous via

various agents needs special attention in new areas of invansion.
2.3 Allelopathic effects of Parthenium hysterophorus on plants

Msafiri et al. (2013) defined allelopathy as a biological occurrence where one plant inhibits
the growth of another plant through the release of allelochemicals. The idea of allelopathy
was studied broadly for the first time in the forestry ecosystems, where initially it was
revealed that most of the forestry species surveyed had unwanted allelopathic effects on food
and fodder crops (Jalali et al., 2013; Msafiri et al., 2013) pondered both beneficial and
harmful allelochemicals influences by defining allelopathy as the capability of the plant to
hinder or stimulate growth of other plants in the surrounding by exuding chemicals. Based on
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this definition, it is apparent that the oppressive nature of P. hysterophorus carrot weed is
associated with it is allelopathic effects caused by sesquiterpene lactones, parthenin, and
coronopilin (Singh and Arora, 2002) as presented in Fig. 1. These allelochemical groups act
synergistically and significantly reduces seed germination and delayed growth of other crops
(Singh and Kohli, 2003). Also, it was reported that allelochemicals such as tannis, saponins,
cardiac glycosides, terpenoids, and steroids are founder on the upper parts of Parthenium
(Neeraja and Vikas, 2010). All these chemicals have an effects on crops and animals. The
leaves and inflorescence contain a higher level of allelochemicals than the stem and roots.
These allelochemicals affects other plants either directly by leaching, root exudation, and
residue decay (Chippendale and Panetta, 1994) or indirectly leading to the loss of native

flora.

Kumar (2014) reported that the weed can degrade the natural ecosystem due to its high
capacity of invasiveness and its potential allelopathic properties which disrupt any natural
ecosystem. Nevertheless, the weed was reported to cause a decline undesirably the
herbaceous components of vegetation up to 90% due to its destructive nature of competition
and allelopathic effect (Kapoor, 2012; Mahadevappa and Kumar, 2001) It is reported to
cause great change of native habitat in grassland, open woodland, floodplains and rivers
(Riaz and Javaid, 2011; Shabbir et al., 2012; Adkins, 2012; Wakjira and Tulu, 2009).
Therefore, studies on plant species with allelopathic effects to this noxious weed are urgently
needed. Further, studies on the chemistry of the plant to elucidate information on chemical
composition from different parts of the plant are required for proper management of the weed

in Africa.



CH, CH,

OH

Parthenin Coronopilin sesquiterpene lactones

Figure 1: Structures of allelochemical groups of P. hysterophorous

2.4 Impacts of P. hysterophorous on growth and yield of crops

Parthenium hysterophorus has been reported to result in food insecurity (Fig. 2) due to
decline in agricultural yields of crops and domestic animals to levels of up to 40% to 90%
(Maharjan and Jha, 2007; Tamado and Milberg, 2002). It is also reported to reduce the
carrying capacity of pasture crops of up to 90% (Khosla and Sobti, 1981; Fessehaie et al.,
2005; Hailegeorgis, 2005; Nath, 1988). The laboratory experiment and field studies by
Wakjira et al. (2009) shows that all plant parts of the carrot weed (shoot, root, inflorescence,
and seed) are toxic to other plants. This brings changes in the physical and chemical
characteristics of the soil such as soil pH, soil organic matter, phosphorus, and others
(Bhowmik et al., 2007; Yaduraju, 2007). Although numerous information exists on the
effects of this noxious weed, still there is lack of information on how it affects and induces

changes to soil pH and structure. This calls further urgent investigation.
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Figure 2: Relationship between carrot-weed and food insecurity

2.5 Impacts of Parthenium hysterophorus on Animals

Parthenium hysterophorus produces toxic substance such as parthenin as described earlier
which is harmful to animals when feed on it or coming into contact, causing both dermatitis
with distinct skin lesions on various animals including horses and cattle’s (Singh et al.,
2003). Once eaten by animals, it can cause mouth ulcers with excessive starvation (Aneja,
and Sharma, 1991; Narasimhan, 1977) reported that carrot —weed causes anorexia, pruritus,
alopecia, diarrhea, and eye irritation in animals such as dogs and acute illness, bitter milk and
tainted meat in animals such as buffaloes, goat, and cows (Yadav et al., 2010). Also,
experimental work reported that the plant weakens the immune system by reducing the
number of white blood cells (WBC) in rats (Yadav et al., 2010). Further, the weed lowers
forage productivity by 90%, reduce land fertility weakens the land and make it infertile and
hence lowers the quality weakens the quality of the grazing land. All these cause poor animal
health both domesticated and the wildlife since most of them feed on the grasses (Fessehaie

et al., 2005). Regardless of the information provided on the impacts of this weed on animals,
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still there is a need for more research on how this weed exactly affect the animals once feed

on them.
2.6 Impact of Parthenium hysterophorus on Human

Parthenium hysterophorus has been reported to cause human health problem such as asthma,
bronchitis, dermatitis, hay fever when exposed to it (Kololgi, 1997; Sriramarao et al., 1991;
Rao, 1991), and allergic eczematous and mental depression (Sharma et al., 2005).
Furthermore, carrot-weed lead to general illness, annoyances of skin and pustules on
handballs, extending and furious of skin and stomach pains on humans (Wiesner et al., 2007).
Human contact with carrot-weed followed with exposure to sun results to health effects such
as violaceous papulae, as well as a plaque on exposed parts such ears, forehead, cheek and
upper chest. Nevertheless, health effects like hyperkeratotic papule and prurigo nodules have
been associated with exposure to carrot-weed (Jayaramiah et al., 2017). On other hands, Patel
(2011) further showed that dermatitis health effects are due to the presence of a cytotoxic
compound sesquiterpene lactone Parthenin. Apart from that, exposure to carrot-weed was
further correlated with diarrhea, breathlessness, and chocking as well as erythematous
eruptions (Patel, 2011). Allergic bronchitis was also associated with exposure to carrot-weed,
however, no signs of mutagenicity and genotoxicity have been observed. In addition,
exposure to carrot weed has shown positive reactions to mAb-2 as well as cytokines (Patel,
2011). In general, these effects are classified into four categories: airborne contact dermatitis
(ABCD), chronic actinic dermatitis (CAD) and the combination of ABCD and CAD and
lastly exposure to the sun (photosensitive lichenoid) (Jayaramiah et al., 2017). Therefore
there is a need of more research to know exactly the compounds present in the pollen of this
weed which is responsible for the health problems to a human being to make easy
management with precaution during physical control practice.

2.7 Impacts on Biodiversity

According to McConnachie et al. (2011) Parthenium is among of harmful invasive species
in the World and an increasing problem in Africa. Its invasion results into the degradation of
the natural ecosystem and biodiversity due to its high invasion capacity (Kapoor, 2012).
Further, it has been reported that the allelopathic properties of this weed are potential for
disrupting the growth and distribution of natural vegetation which in turn affect the diversity

of animals (Ayele, 2007). Also, the weed is capable of causing the decline of the species
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richness and abundance in the natural system as it inhibits the physiological processes of

other weed species (Nguyen and Adkins, 2010).

In some countries such as Australia, the weed is reported to cause changes in the entire
habitat in Australia grassland, open and woodlands, and river banks (Chippendale and
Panetta, 1994; McFadyen, 1992). Furthermore, Kohli et al. (2004) reported that Parthenium
weed has a negative impact on the structural composition on dynamic and diversity of the
plant and animals in India. It also affects not only the species diversity of native areas but
also their ecological integrity. It has been shown that Parthenium residues are toxic to
aquatic flora and fauna (Kanchan and Chandra, 1980). Table 1 Summarizes the general

impacts of carrot-weed on crops, animals, and biodiversity in general.
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Table 1: Some of the reported impacts of carrot-weed (P. hysterophorus)

Categories

Mode of action

Effects

References

Crops (legumes

The release of

Reduced crop yield as

Khosla and Sobti,

&cereals). phytotoxic well as carrying capacity  (1981); Tamado et al.
compounds of pastures. (2002); Fessehaie et
al. (2005) and Aneja
etal. (1991)
Wild animals/ Weakens the Skin lesions, mouth Narasimhan, 1977,

livestock

immune system
by reducing the
number of WBC

ulcers, anorexia, pruritus,
alopecia, diarrhea, eye

irritation.

Patel, 2011; Singh et
al. (2003) and Yadav
et al. (2010)

Human health

Induction of

cytotoxicity also

Allergic, bronchitis, skin

inflammation, asthma,

Sharma et al. (2005)

and Sriramarao et al.

reacts with blisters, hay fever, (1991).
cytokines. erythematous eruption
Soil Utilizing soil Soil infertility (Fessehaie et al.
nutrients (2005) and Yadav et
al. (2010).
Vegetation/landscape Disrupt the Degradation of natural Kanchan and Chandra

composition

structure of the
natural
ecosystem and
displace
numerous native
plant species.
Shrinking of

biodiversity

ecosystem and
biodiversity, allelopathic
effects, toxic to flora and
fauna, reduced species

richness.

(1980) and Nguyen et
al. (2010)

2.8 Management and or Control

The use of biocontrol agents such as (Insects and fungal pathogens) and use of competitive

plants (allelopathy) is suggested as the greatest cost-effective and practical way of managing

Parthenium (Kohli et al., 1997; Kumar, 1997). However, the management of the weed has

not been well developed below the edge level and the weed continues to threaten biodiversity
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by posing ill problems to humans and animals. Therefore several methods, for example,
physical, mechanical, chemical and use of allelopathic plants are being practiced to manage

this weed around the globe.
2.8.1 Physical and mechanical methods

These are the most common methods used in the management of carrot-weed in many
countries. The methods are widely used as they are cheaper, easy to apply and are cost
effective. Farmers manage the weed by hand uprooting or using a hoe in their fields, collect
and burn before flowering time. Despite, the success of this method, it is faced with many

challenges including the frequent growth of the weed (Gnanavel and Natarajan, 2013).
2.8.2 Chemical control

Management of Parthenium hysterophorus by using chemical method seems to be popular in
most developed countries such as India where the weed has spread in large areas. This
method mostly used to remove the weed from the area in time, therefore the issue of time is
very important for this type of management. Application of the chemicals should be done at
the early stages to prevent flowering and seed setting. The spraying of the herbicides which
are not harmful to other plants which are growing nearby the weed is mostly recommended to
reduce the infestation. Despite the fact that chemical control is the most common method
employed, it is reported to be less effective due to the development of resistance (Culliney,
2005). Although the use of chemical seems to be most applicable in many countries in the
management of Parthenium, yet the method has been reported to have many negative impacts

in the environment (Commare et al., 2002).
2.8.3 Biological control.

The bio-control strategy is the most applicable way used in managing the weed by
manipulating natural enemies to control others. The biological control method is less cost,
environmentally friendly and ecologically practicable method. Several insects and pathogens
have been used in the control of this weed. For instance, leaf feeding (Zygogramma
bicolorata) and stem-galling moth (Epiblema strenuana) have been used to control this weed
and have shown efficacy in reducing the number of seeds and leaves especially at the young
stage (Ray and Gour, 2012; Stamps, 2011). Also, the use of fungus is now regarded as a bio-

control strategy of Parthenium among others, example; Fusarium pallidoroseum, Puccinia
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melampodii and Oidium parthenii (Florentine and Dhileepan, 2002). Studies conducted by
Alavanja and Kamel (2004) shows that the use of microorganisms as a biological agent as a
strategy for controlling this weed control it has many advantages such as higher selectivity,
their capacity to inhibit plant growth, the lower potential to resist, lower production costs.

Therefore, there is a need of using botanicals and microorganisms in controlling this weed
because they are environmentally friendly, easy to apply and such resources are readily

available in our environment.
2.8.4 Use of suppressive plants as a Management Strategy

Competition is one of the several types of interference among species or population. When
competition occurs among the population means one must interfere the performance of the
other. Interference can be positive or negative interactions between species. Within the
population the interference can involve physical factors like space, light, moisture, nutrients,
and atmosphere. It may also be a type of chemical interaction (Monaco et al., 2001).
Competition between weeds and crops are generally associated with negative interference.
Such a competition involves physical factors that decrease growth in both type of plant due to
the absence of an insufficient supply of a necessary growth factor. Competition can be either
within the same species (intra), that is when two or more plants of the same species co-exist
in time and space or between different species (inter), that is when two or more different
species co-exist. For example, allelopathy is a negative type of interference between plants
that occurs in the form of chemical influence (Monaco et al., 2001).

Biological control methods, such as use of plants with allelopathic effect is an important
component of biological control of Parthenium. In this method it involves two approaches
which are control of parthenium using Bio-agent and the other one is through planting of the
selected plants species in a target areas (Wahab, 2005). A study of botanical survey across
India has shown that species such as Cassia sericea, Cassia tora, Cassia auriculata, Croton
bonplandianum, Amaranthus spinosus, Tephrosia purpurea, Hyptis suaveolens, Sida spinosa,
and Mirabilis jalapa are capable in reducing the Parthenium weed infestation in natural
habitats (Wahab, 2005). Another study in India revealed that Cassia sericea reduces the
accumulation of Parthenium by 70% and its population by 52.5% (Kandasamy and Sankaran,

1997). Aqueous extracts from Imperata cylindrical, Desmastachya bipinnata, Otcantium
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annulatum, and Sorghum halepense markedly suppressed seedling growth and germination of

Parthenium (Anjum and Bajwa, 2005).

Furthermore in USA, there are a large number of plants that compete with Parthenuim for
resource and space. Studies confirmed that parthenium could be a weak competitor in the
face of othernative and non-native plants such as Johnson grass (Sorghum halepense),
Congongrass (Imperata cylindrica), barnyardgrass (Echinochloa crusgalli), Senna
obtusifolia, etc (Bryson, 2003). The occurrence of allelopathy has been widely reported in
grasses like Desmostachya bipinnata, Imperata cylindrica, Eragrostis poaioides, Cenchrus
ciliaris, Panicum antidotale (Bajwa et al., 1998; Hussain and Abidi, 1991). Many other
grasses have also been reported toexhibit allelloapathic to preclude the associated species
through reducing their regeneration growth and yield. A survey in Pakistan revealed that in
Parthenium infested areas there was a marked reduction in the density of Parthenium,
particularly at Imperata cylindrical and Desmostachya bipinnata dominated localities, when
compared to the infested nearby grasses. The conclusion drawn from the study was that this
low density of parthenium could be due to allelopathic nature of these grasses (Anjum and
Bajwa, 2005). In similar manner, agreenhouse study in Australia indicated that grasses like
Bothriochloa insculpta, Dichanthium aristatum and Cenchrus ciliaris out compete
parthenium and that among the legumes that were tested butterfly pea (Clitoria ternatea)

competed strongly with parthenium (O’Donnel and Adkins, 2005).
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Table 2: Summarizing the Management approaches for P. hysterophorus

Methods How was applied Items used Results References

Physical control ~ the burning of the  Tagetes sp and Fire Reduce McConnachie
surface part and infestation and etal. (2011)
seeds near the spreads. and Stamps,
surface and crop (2011)
rotation

Chemical control ~ Many chemical Glyphosate (1to 1.5 Control Dhanaraj and

pesticides applied
both in cropped
and non-cropped

kg/ha) diquat 0.5
kg/ha in 500 liters,

Parthenium in all

stages. But only

Mittra (1976)
and Kumar,
(2015).

condition kills the target
population
Biological control Through the Microbial pathogens Reduce flowers Ray and Gour,

introduction of
control agents in
the affected
fields. Spraying

of foliar extracts

(like Fusarium
pallidoroseum,
Puccinia melampodii
and Oidiumparthenii),
Insects: (Zyogramma
bicolorata,
Bucculatrix
parthenica (leaf-
mining moth),
Smicronyx
lutulentus,) Fungil
(Fusarium
pallidoroseum,
Puccinia melampodii

and Oidium parthenii)

and seed
production,
Inhibit

germination

(2012),
Stamps,
(2011),
Dhileepan,
(2003),
Dhileepan,
(2001),
Dhileepan and
Wilmot
Senaratne,
(2009)
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Experimental sites

The experiments were conducted at the Nelson Mandela African Institution of Science and
Technology (NM- AIST) and Tropical Pesticides Research Institution (TPRI) in Arusha,
Tanzania from March to November 2018. The seed-seed interaction experiment was
conducted in the laboratory at NM-AIST and the plant—plant interaction was hosted by TPRI.
Experiments were conducted to determine the suppressive/bio-herbicidal effects of leaf and
(Tagetes flowers) aqueous extracts of A. indica, T. erictus S. bicolor and A. spinous on seed
germination, fresh biomass, dry biomass and shoot and root elongation Parthenium
hysterophorus. Extracts preparation was conducted at NM-AIST while screen house
experiments and part of laboratory work was conducted at (TPRI). The experiments were
conducted in two different seasons, the first in May-August 2018 and the second in

September-November 2018 following complete randomized block design (CRBD).
3.2 Plant species and plant materials used in the interaction experiments

Five plants species namely Tagetes erictus, Amaranthus spinous, Cassia tora, Sorghum
bicolor and Sorghum arundinaceum were used as suppressive plants. Seeds from mature
plants were collected from different fields at Nambala village in Arusha, region, Tanzania
due to their availability in this site. For each plant, 0.25 kg of seeds was collected and
properly labelled and stored at -4 °C at NM-AIST, laboratory until used. For each plant about
0.25 kg of seeds were collected viability test was done and properly labeled and stored at -4
degrees at Nelson Mandela Laboratory until used. Materials used were seeds, leafs for T.
erictus, A. spinous, and A. Indica, flower for T. erictus, Distilled water, Petri dish, ruler,
weight balance, envelopes, pencil, pen, pots, screen house nets, nails wood, coolant, plastic

bottles , makers, cloves sprayer and Masks.
3.4 Seed-seed and plant—plant interaction experimental design

The experimental design for both laboratory and pot were established using a randomized
block design. The treatments included seeds of a) P. hysterophorous grown alone; b) T.

erictus + P. hysterophorous; c¢) A. spinosus + P. hysterophorous; d) C. tora + P.
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hysterophorous; €) S. bicolor + P. hysterophorous, and f) S. arundinaceum + P.
hysterophorous. In petri dish experiment, germination was performed based on international
seed testing standards (1ST2014) in which seed subsamples were placed on blotters in petri
dish. For P. hysterophorous grown alone, 200 seeds were planted in the petri dishes (20
seeds/petri dish). For treatments including a combination of species (A. spinosus, C. tora, S.
bicolor, and S. arundinaceum) with P. hysterophorous, each petri dish was planted with 20
seeds of each species and 20 seeds of P. hysterophorous. These treatments were replicated
four times. Before starting germination test all seeds were sterilized using sodium
hypochlorite (5%) to remove any possible contaminations and then the seeds were washed
thoroughly 4 times with distilled water. After planting, each treatment in petri dishes were
irrigated with 3 mL of distilled water equally in the interval of four days to maintain
moisture. The same treatments above were also planted in plastic pots containing six
kilograms of sterile soils with a ratio of 1:3 sand and forest soils. These were replicated eight
times. The pots were exposed to direct rain, and no fertilizer neither watering was used. All
other plants/weeds that germinated other than those selected species sown and P.
hysterophorus were removed manually. The petri dish (Laboratory experiment) and four
replications of the pot experiments were kept for 21 days. Other four replications of the pot
experiments were evaluated for three months to determine the suppressive effects between

plants.

During the 21 days of germination test, the percentage germination was rated as normal,
subnormal and dead seeds. In this experiment, only percentage of normal seeds was
considered. Percentages of inhibition/stimulation effect on seed germination over control
(T1) were calculated using the formula proposed by Singh and Chaudhary (2011). Inhibition
(-) or stimulation (+) = [(Germinated seeds in association - Germinated seed in

control)/Geminated seeds in control] x 100.

For pot experiments that were evaluated for three months to determine the suppressive effects
between plants, the growth parameters such as plant height and root length were determined
by selecting five plants randomly, uprooting them from each of the replicated pots. All
samples were separated from P. hysterophorus or test species, then dried for 72 h at 70 °C,

and weighed for dry plant biomass.
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3.5 Preparation of plant extracts

Leaves of A. indica, A. spinous, T. erictus and flowers from T. erictus plants were collected
from the fields in Kikwe village, Arusha (3°426345N 36 °827934E) and air-dried at room
temperature (25°C) for 20 days. The dried leaves and flowers were grinded separately to
powder using laboratory blender. Distilled water was used as extraction solvent whereby 100
g of powdered flowers/leaves were prepared and soaked in 1000 mL of distilled water. The
mixture was kept in a conical flask with its top closed and stored in dark room for 72 hours at
room temperature and, thereafter, filtered using muslin cloth to obtain a stock solution of 0.1
g/mL concentration (Shafique, 2011). The stock solution was diluted in three different
concentrations of 25, 50 and 100% and named as T2, T3, and T4, respectively. Distilled
water was used as a control (T1).

3.5.1 Laboratory bioassays

Extracts were evaluated on Parthenium seeds germination using concentrations of 25%, 50%
and 100%. Twenty seeds of Parthenium were placed in a 7 cm diameter Petri dish plate lined
with Whatman No. 1 filter papers moistened with 3 mL of separate concentration of each
extract. The control treatments received the same quantities of distilled water. Each treatment
was replicated three times. Plates were incubated in the growth chamber under 12 hours light
periods daily. Germinated seeds were counted manually for 14 days with an interval of 2 days

and the experiment last for 21 days.
3.5.2 Foliar spray bioassays

Seeds of P. hysterophorus were sown in pots of 10 cm diameter and 30 cm deep each
containing 400 g of soil. Initially 20 seeds were sown in each pot which was thinned to 5
uniform seedlings at the time of harvest. The freshly prepared extracts of A. spinous, A.
indica, S. bicolor and T. erictus (leaf and flower) were sprayed on the surface of 4 and 8
weeks old P. hysterophorus plants. Two consecutive sprays were carried out with 5 days
intervals each. Control plants were similarly sprayed with distilled water. Plants were

harvested 20 days after spraying.
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3.5.3 Determination of shoot length, root length, fresh biomass and Dry Biomass for the

extracts

Measurements of parameters were taken at the tenth week of growth of species in the pot
experiment. Roots and shoots for Parthenium in each replicate were measured using a ruler.
Fresh biomass was measured using weighing balance thereafter the plants were placed in a
labeled envelop and oven dried at 70°C for 3 days. The dry biomass of plants were recorded

and the data obtained were analyzed using statistica Software.
3.6 Germination inhibition/stimulation

Percentages of inhibition/stimulation effect on seed germination over control (T1) were

calculated using the formula proposed by Singh and Chaudhary (2011).

Inhibition (—)or stimulation (+)

Germinated seeds in intercroped — Germinated seeds in control 100
= X
Germinated seeds in control.

This for the seed-seed and plant-plant interaction.

Inhibition (-) or stimulation (+) = [(Germinated seeds in extracts - Germinated seed in
control)/Geminated seeds in control] x 100. This for the evaluation of efficacy of plant

extracts on seed germination and seedling development of P. hysterophorus
3.7 Statistical analysis

The effects of treatments on different parameters such as percent germination, plant height,
root length and dry biomass were assessed using one way Analysis of Variance (ANOVA).
The analysis were done using STATISTICA package Version 8. The significant means were

compared at p=0.05 according to Fischer’s least significant different test.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results

Results on suppressive effects of the tested plant species on seed germination and seedling

growth of Parthenium are presented below

4.1.1 Suppressive effects of selected plant species on seed germination and seedling

growth of Parthenium
(1)  Seed-seed interaction

The results indicate that P. hysterophorus germination was significantly decreased when
grown in association with S. bicolor, T. erictus, S. arundinaceum and A. spinous (Table 3).
The highest germination percentage was 97.5% in the control treatment as compared with
other treatments. The germination percentage was lowered from 97.5% to 22.8, 21.3, 17.5,
11.3 and 10 for C. tora, S. arundinaceum, A. spinous, T. erictus and S. bicolor, respectively
(Table 3). Furthermore, numerically, S. bicolor showed highest inhibition effects on
germination of P. hysterophorus. Seeds to seeds interaction showed highest inhibition
percentage value -89.5%, (equivalent to 10.0% germination) for S. bicolor compared with
lowest inhibition percentage of -74.9% (equivalent to 22.8% germination) for C. tora.

Table 3: Effects of seed-seed interaction

Plant Name % Germination % Inhibition
P. hysterophorus 97.5+4.33a

P. hysterophorus+A. spinous 17.5 +2.50b -81.8 + 4.76a
P. hysterophorus+T. erictus 11.3 +£1.25b -88.5+2.37a
P. hysterophorus +S. bicolor 10.0 +2.04b -89.5 +2.39%
P. hysterophorus+S. arundinaceum 21.3 + 7.18b -78.2 = 7.17a
P. hysterophorus+ C. tora 22.8 +8.98b -74.9 +9.43a
F- STATISTICS 41.8***

Values presented are meanst SE. Values with the same letter in the column are not statistical
different (p=0.05).
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(i)  Plant —Plant interaction

The pot experiments from all the plant species showed a significant suppressive effects on
germination of P. hysterophorus expect Cassia tora (Table 4). The highest germination
percentage was 91.3% in the control as compared with other treatments. The germination was
lowered from 91.3% to 62.5%, 18.8% 16.3%, 16.3% and 12.5% for C. tora, S.
arundinaceum, T. erictus, A. spinous and S. bicolor respectively. Numerically, S. bicolor
showed stronger inhibition effect compared with other treatments. Inhibition percentage
increased significantly (p<0.001) from -37.5%, -81.5%, -82.4%, -83.8% and -87.5% for C.
tora, S. arundinaceum, T. erictus, A. spinous and S. bicolor respectively. Furthermore, this
study showed that plant height, root length and dry biomass were significantly lowered when
P. hysterophorus was grown in association with S. bicolor, T. erictus, S. arundinaceum, A.
spinous (Table 4). However, sowing P. hysterophorus with C. tora had no significant effects

on plant height, root length and dry biomass yield.

Table 4: Suppressive effect of selected plants on growth of Parthenium hysterophorus in

pots
Germination Plant height Root Length

Plant Name (%) Inhibition % (cm) (cm) Biomass (g)
P. hysterophorus 91.3+8.75¢ - 4.25+0.51b 250+ 0.11b 4,05+ 0.21b
P. hysreophorus + A.
spinous 16.3 + 6.88a -83.8 + 6.88a 1.09 +0.26a 1.02+ 0.49a 1.50 £ 0.29a
P. hysterophorus+ T.
erictus 16.3+4.73a -824 + 4.3la 1.10 £0.34a 0.86 £ 0.15a 1.50 £0.29a
P. hysterophorus +
S. bicolar 12.5 +1.44a -87.5 + 1.44a 1.05+0.19a 0.89 +0.09a 1.03+ 0.39a
P. hysterophorus +
S. arundinaceum 18.8 + 54.27a -81.3+ 4.27a 1.42+0.03a 1.24 +0.34a 1.13+0.13a
P. hysterophorus +
C.tora 62.5 +13.62b -37.5 + 13.62b  3.63+0.70b 2.69 +0.41b 3.45+0.33b
F-Statistic 18.35*** 11.95%**  7.38*** 16.56***

Values presented are means + SE. Values with the same letter in the column are not
statistical different (p=0.05).
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4.1.2 Effects of aqueous extracts of different plant species used in this study on

germination and seedling growth of P. hysterophorus

The results show that plant extracts from different plant species used in this study
significantly (p < 0.001) inhibited germination and seedling growth of P. hysterophorus. Root
and shoot length, fresh and dry biomass as well as percentage germination of P.

hysterophorous in control were significantly higher than in the plant extracts treatments.

Results presented in Table 5-7 indicate that seed germination of P.hysterophorus was
significantly inhibited by the aqueous extracts of A. spinous, A. indica, T. erictus (leaf and
flower) and S. bicolor. The inhibitory effect on seed germination trends of P. hysterophorus
was concentration reliant whereby, increased plant aqueous extracts concentration led to
increased inhibitory effect on the germination of P. hysterophorus. The highest germination
percentages were 95.5% and 93.33% in control treatment for T. erictus flower extracts and
the leaf extracts respectively. Inhibition percentage increased significantly (p < 0.001) from -
30%, -38%,-40%, -44.25% to -80.% at 25% concentration and from -66.67, -70%, -80%, -
83.33% to -95.0% at 100% concentration for A. indica, T. erictus leafs, T. erictus flower, A.
spinous, and S. bicolor extracts respectively (Table 5-7). Among the plant extracts used,
maximum inhibition was observed with S. bicolor where 5.0% seeds germinated followed by
A.spinous (16.67%). Comparatively, T. erictus (flower), T. erictus and A. indica leaves, also
significantly reduced the germination percentage by 20%, 30% and 33.33% respectively
compared with the control treatment Table 5-7.

Results presented in Table 5 and 8 revealed that aqueous leaf extract of A. spinous
significantly (p < 0.001) reduced dry and fresh biomass of the P. hysterophorus. The highest
values of fresh and dry biomass were 19.17 g and 9.50 g and 87.33g and 24.67 g for
measurements taken at four and eight weeks of growth respectively. In the control
treatment, the lowest values of fresh and dry biomass of P. hysterophorus were 0.83 g, 0.012
g, and 20.33 g and 0.43 g for four and eight weeks respectively recorded at thel00%
concentration. These results suggest that fresh biomass of P. hysterophorus decreases
significantly (p < 0.001) as the concentration level were increased (Table 5, 6, 7, 8 and 9).
Further, the results revealed that the control (0%) concentration was observed to have high
root and shoot length (9.67 c¢cm, 10.73 cm, 8.36 cm and 8.82 cm, respectively) when
compared with high concentration 100%. Moreover, high inhibition rate was observed on A.
indica extracts on root and shoot length, fresh biomass and dry biomass with values of 2.64
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cm, 3.48 cm, 2.94 cm, 2.95 cm, 1.33 g, 28.00 g and 0.25 g and 2.50 g, respectively and eight
weeks respectively, as compared with control which had the values 9.68 cm, 11.40 cm, and
7.93 cm 8.32 cm, 84.6 g, 24 g, 19.67 g and 9.50 g for root, shoot, fresh biomass and dry

biomass, respectively (Table 5 and 8).

Results presented in Table 6 and 9 show significant (p < 0.001) bio herbicidal effects of T.
erictus leaf agueous extract on roots and shoot length of P. hysterophorus. The effect on root
and shoot length reduction was observed for both four and eight weeks for Parthenium
treated with plant extracts, whereby the highest values were recorded in the control, which
were 9.67 cm and 6.68 cm in roots and 11.00 cm 8.71 c¢cm in shoots, respectively. The lowest
root and shoot length were 2.03 cm and 2.94 cm and 2.17 cm and 2.38 cm, respectively
(Tables 6 and 9). Additionally, results also showed significant reduction in both fresh and dry
biomass (Tables 6 and 9). Furthermore the effects of aqueous flower extracts of T. erictus on
the, root, shoot length and fresh and dry biomass on P. hysterophorus was also studied and
the results are as presented on Table 4 and 7. Both fresh and dry biomass of P. hysterophorus
were reduced compared with the control treatment. The highest fresh biomass values
observed in control treatments were 19.67 g and 74.67 g for the four and eight weeks
respectively, while the lowest values were 2.17 g and 18.67 g observed for four and eight
weeks, respectively, recorded at 100% concentration. The similar inhibition effects was
observed in dry biomass whereby the highest biomass values were 9.50 g and 27.67 g in the
control treatment while the lowest values were 0.27 g and 0.37 g recorded in a treatment
with 100% concentration of aqueous flower extracts of T. erictus. The lowest root length
(1.63 cm and 3.50 cm) and shoot length (1.80 cm and 3.40 cm) of P. hysterophorus were in
found in pots treated with 100% (Tables 6 and 9).

Results in Table 7 also showed that Sorghum bicolor extracts exhibited strong inhibition on
root length, shoot length, fresh biomass and dry biomass of Parthenium (Table 7).The highest
root and shoot length values were observed in the control treatments which were 7.93 cm and
11.00 cm respectively while the lowest values were observed at the concentration of 100%.
The same observations were recorded on the fresh and dry biomass where the highest values

were observed in the control treatments and the lowest in 100% concentration
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Table 5: The effects of aqueous extracts of the of A. spinous and A. indica on germination and growth of P. hysterophorus sprayed at 4t
week of growth and harvested 20 days after spraying

A. spinous (Leaves) A. indica (Leaves)
Treatments % Germ++. % Inh Root Shoot FBM DBM %Germ++ %Inh Root Shoot FBM DBM
T1 (0%) 93.33.3.33a 9.67+0.63a  10.73+0.78a 19.17 +3.84a 9.50 +2.08a 93.33+3.33a 9.68 +0.63a 11.40 £0.77a  19.67 +3.35a 9.50 +2.08a
T2 (25%) 51.67 +4.41a -44.25+6.26a 4.33 +0.37b 3.67£0.03b  5.50 +1.25b 2.00 +0.29b 70.00 £10.00a -30.00 £1.67a 4.32 £0.12b 4.16 £0.22b 4.83 £0.60b 2.17 £0.33b
T3(50%) 40.00 +5.00a -57.41+3.70a 2.97 +0.12c ~ 3.43+0.21bc 2.33+0.44b  0.60+0.45b  36.33+1.67a -36.67 +1.67a 3.03+0.20b  3.28+0.07b  2.00 +0.29b 1.17 +0.33b
T4 (100%) 16.67 +1.67b -83.33+1.67b 2.10+0.15c =~ 2.50+0.17c 0.83+0.17b  0.12+0.07b  33.33+6.0lb -66.67 +6.01b 2.64+0.11c  2.94+0.17b  1.33%0.17b 0.25 +0.14b
F 70.65%** 79.88*** 86.44*** 16.89%** 16.52%** 91.97*** 94.08*** 91.97*** 94.08*** 25.39*** 15.62%**

Values presented are means + SE. *** = significance at P =0.001 T1, T2, T3, and T4 are levels of concentrations. Means followed by different
letters in the same column are significantly different from each other at P = 0.05 based on Fishers Least Significant Difference test.
Germ=%Germination, Inh=%Inhibition, FBM=Fresh biomass and DBM=Dry biomass represent fresh biomass, dry biomass, and germination

rate and inhibition percent respectively. ++ = Germination test conducted in petri dishes in the laboratory
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Table 6: The effects of aqueous leaf and flower extracts of T. erictus on germination and seedling growth of P. hysterophorus sprayed at
4™ week of growth and harvested 20 days after spraying

T. erictus (leaves) T. erictus (Flower)
Treatments % Germ++. % Inh Root Shoot FBM DBM %Germ++ %Ilnh Root Shoot FBM DBM
T1 (0%) 93.33+£3.33a 9.67 +0.63a  11.40+0.75a 19.67 +3.35a  9.50+2.08a  95.00 +2.89%a 9.67+0.63a  11.40+0.75a  19.67 £3.84a 9.50 +2.08a
T2 (25%) 61.67+11.67a -38 +11.67b  3.00+0.29b  3.70 +0.26b 4.53 £0.29b 2.33+0.17b  60.00+5.77b  -4045.77c 3.73+0.22b  3.7510.22b 5.17 +0.73b 2.00 £0.29b
T3 (50%) 35.00 +2.89%a -65 +2.89%a 2.88+0.23b  2.93+0.09bc  2.17 +0.17b 0.83+0.33b  40.00 +5.00b  -60 +8.66b  2.70+0.06bc  2.67 £0.03bc  3.67 +0.17b 1.67 +0.17b

T4 (100%) 30.00+10.00b  -70+17.32a 2.03+0.34b  2.17 +0.13c 1.33+0.44b 0.28+012b  20.00+2.88c -80+2.89a 1.63+0.17c  1.80+0.10c 2.17 +0.80b 0.27 +0.13b

F 13.24*** 77.04*** 110.06*** 25.73*** 16.21*%** 54.68*** 106.56*** 125.44*** el 15.54%**

Values presented are means + SE. *** = significance at P = 0.001. T1, T2, T3, and T4 are levels of concentrations. Means followed by different
letters in the same column are significantly different from each other at P = 0.05 based on Fishers Least Significant Difference test.
Germ=%Germination, Inh=%Inhibition, FBM=Fresh biomass and DBM=Dry biomass represent fresh biomass, dry biomass, and germination
rate and inhibition percent respectively. ++ = Germination test conducted in petri dishes in the laboratory
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Table 7: The effects of aqueous extracts of the of S. bicolor on germination and growth of P. hysterophorus sprayed at 4" week of growth
and harvested 20 days after spraying

Sorghum bicolor (Leaves)

Treatments % Germ-++. % Inh Root Shoot FBM DBM

T1 (0%) 93.33+ 3.33a 7.93+0.29 11.00 + 1.37a 14.67 +2.80a 7.17 £ 1.76a
T2 (25%) 20.00+ 2.88b -80+ 2.88b 490+ 0.35b 457 +0.35b 6.00 +0.58b 1.83 £0.33b
T3 (50%) 11.67+ 1.67bc -88+ 1.67b 3.07+£0.27c 3.23+0.12bc 3.33 £0.44b 0.72 £0.40b
T4 (100%) 5.00+ 2.89c -95+ 2.89c 2.03+0.23c 1.77 £ 0.09c 1.83 +0.88b 0.21 +0.14b
F-Statistics 220.24*** 79.55%** 32.35%** 14.36*** 11.99%**

Values presented are means + SE. *** = significance at P = 0.001. T1, T2, T3, and T4 are levels of concentrations. Means followed by different
letters in the same column are significantly different from each other at P = 0.05 based on Fishers Least Significant Difference test. Germ=
%Germination, Inh =%Inhibition, FBM=Fresh biomass and DBM =Dry biomass represent fresh respectively. ++ = Germination test conducted

in petri dishes in the laboratory

28



Table 8: The effects of aqueous leafs of A. spinous and A. indica on seedling growth of P. hysterophorus sprayed at 8™ week of growth
and harvested 20 days after spraying

A .spinous (Leaves) A. Indica (Leaves)
Treatments Root Shoot FBM DBM Root Shoot FBM DBM
T1 (0%) 8.36 +0.80a 8.82 +0.76a 87.33 £7.75a 24.67 +4.91a 7.93+0.87a 8.31+0.86a 84.67+7.69a  24.08+5.86a
T2 (25%) 5.20 £0.23b 5.03+0.34ab  39.67 £1.33ab  4.30 £0.57b 5.12+0.36b 4.60+0.44b 52.67+9.17b  10.67+2.19b
T3 (50%0) 4.37 £0.13bc 5.40 +0.06b 34.67 +4.37b 1.83 +0.44b 4.28+0.11bc 3.82+0.28b 43.67+1.85bc 5.67+0.42b
T4 (100%0) 3.53+0.23c 3.93 +0.28c 20.33 £1.20b 0.43 £0.03b 3.48+0.19c 2.95+0.24c  28.00+6.11c  2.50+0.29b
F 23.21%** 22.77*** 40.99*** 20.93*** 15.88*** 20.75%** 13.70%** 9.13***

Values presented are means + SE. *** = significance at P = 0.001. T1, T2, T3, and T4 are levels of concentrations. Means followed by different
letters in the same column are significantly different from each other at P = 0.05 based on Fishers Least Significant Difference test. FBM=Fresh

biomass and DBM=Dry biomass and represent fresh biomass and dry biomass, respectively
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Table 9: The effects of aqueous leaf and flower extracts of T. erictus on seedling growth of P. hysterophorus sprayed at 8" week of

growth and harvested 20 days after spraying

T. erictus (leaves)

T. erictus (Flower)

Treatments DBM Root Shoot FBM DBM

T1 (0%) 75.33+2.90a 26.33x4.48b  6.55+0.41a 7.83+0.87a 74.67+39%4a 27.67+5.04b
T2 (25%) 47.00+4.56b 7.73+£0.54a 5.10+0.51b 4.33+0.17b 29.67+3.94b 1.83+0.73a
T3 (50%) 3.53+ 0.42bc 38.33+5.04bc  3.23+0.65a 4.07+0.32bc  4.20+0.15b 27.00+3.94b 1.20+0.90a
T4 (100%) 26.00+4.04c 1.17+0.44a 3.50+0.06¢ 3.40+0.11b 18.67+3.94b 0.37+0.09a
F 25.07*** 19.01%** 41.02%** 26.33*** 26.33***

Values presented are means + SE. *** = significance at P = 0.001 respectively. T1, T2, T3, and T4 are levels of concentrations. Means followed

by different letters in the same column are significantly different from each other at P = 0.05 based on Fishers Least Significant Difference test.

FBM=Fresh biomass and DBM=Dry biomass and represent fresh biomass and dry biomass, respectively
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4.2 Discussion

This study aimed at assessing seed to seed interaction of different plant in the management of

P. hysterophorous. Detailed discussion is given below.
4.2.1 Seed-seed interaction

Plants are known to produce metabolites which can affect the growth and development of
other plants (Kim, 2005). The extracts of plants have been considered in the past for
management of P. hysterophorous due to their inhibition potentials (Javid and Adrees, 2009;
Yarnia et al., 2015), the same trend was observed in this experiment. Herein, we have
assessed the seed to seed interaction of different plant to manage the growth of P.
hysterophorous. We found that different seeds (S. bicolor, T. erictus, S. arundinaceum and
A. spinous) showed suppressive effect on the measured growth parameters. Other studies
have also reported the use of biological agents to manage weeds. For example, the use of
phytopathogenic fungi extracts were reported to strongly supress the growth of
P.hysterophorus and hence manage its spread in Pakistan (Javaid and Adrees, 2009).
Furthermore, Yarnia et al. (2015) reported that extracts of different parts of Sorghum showed
significance reduction on the germination of Amaranthus refroflexus weed. In a similar way,
our findings on the tested plants showed suppressive inhibition on P. hysterophorus seed
germination. This suggests that allelochemicals present in S. bicolor, T. erictus, S.
arundinaceum and A. spinous have suppression effects to the germination of other crops.
Findings from this study suggest that both tested plants could be used in management of
Parthenium weed as they exhibited growth and germination inhibition.  These results,
indicate that the suppressive effects contributed is by allelochemicals present in the tested
plant species which have strong inhibition property and competes with the P. hysterophorus

for nutrition and growth.

4.2.2 Plant-plant interaction of S. bicolor, T. erictus, S. arundinaceum, A. spinous on the

growth of P. hysterophorus

These findings suggest that, S. bicolor, T. erictus, S. arundinaceum, A. spinous had
significant suppressive effects on the growth of P. hysterophorus, whereas, C. tora was not
effective in inhibiting the growth of P. hysterophorus. The effectiveness of S. bicolor, T.
erictus, S. arundinaceum and A. spinous in reducing growth of P. hysterophorus could be

attributed by the presence of active metabolites/allelochemicals which resulted in the
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suppression effects. For instance, it has been shown that, compounds such as organic and
amino acids, phenolics, cyanogenic glycosite, sorgoleone, benzoquinone, alpha-terthienyl
produced by A. spinous, S. bicolor, S. arundinaceum and T. erictus affects the growth of
other plants by suppressing growth (Ali and Khan, 2017).

Furthermore, Sorghum almun was previously reported to suppress P. hysterophorus by Khan
et al. (2013) in Australia and Pakstani. In their study, they found that S. almun reduced the
height of P. hysterophorus up to 73%. Such findings are similar to our present study where S.
bicolor, reduced the height of P. hysterophorus by 4-folds. Our finding suggests that different
species of sorghum can be used to reduce infestation of P. hysterophorus in the ecosystems.
In a study by Ali and Khan (2017), it is reported that sorghum species reduced biomass of P.
hysterophorus up to 84%. Likewise, in our present study we observed that S. bicolor reduce
P. hysterophorus biomass by nearly 4-folds. Furthermore, in our study we have found that A.
spinous inhibited shoot height of P. hysterophorus. Our findings are similar to those reported
by Thapar and Singh (2005) who found that leaves of A. spinous produces metabolites such
as amino acids and organic acids which accumulates in the leaves of P. hysterophorus and
hence affects its respiration. Similarly, it is possible that inhibition of A. spinous in our study
could have resulted from the accumulation of the amino and organic acid metabolites which
eventually affected the respiration system of the plant and impaired its growth. It has also
been reported that, T. erictus extracts inhibited growth of P. hysterophorus, reduced shoots,
root length and biomass (Shafique 2011). Aerial leaf extracts of T. erictus are known to
reduce the growth of shoot and root length and biomass of P. hysterophorous due to
allelochemicals which is in agreements with the present study. Such compounds could have
contributed to the suppression effects on the growth P. hysterophorus observed in our study.
This plant could be further tested in large scale and for other weeds.

4.2.3 Effects of Aqueous extracts on seed germination and seedling growth of P.

hysterophorus

The aim of this study was to evaluate the bio herbicidal effects of selected plant extracts on
the growth of P. hysterophorus. All plant extracts applied showed significance suppression
of P. hysterophorus seedling growth in pot trials. Four weeks seedling were found to be
more susceptible compared with eight weeks seedlings. Results showed that the aqueous leaf
extracts of A. indica, T. erictus, S. bicolor, A. spinous and T. erictus as well as flower extracts

of T. erictus showed significant effects on seeds germination, reduction in shoot and root
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length as well as reduced dry and fresh biomass production. Findings obtained in our study
are similar with those of Ngodya et al. (2016) who reported that germination inhibition, root
and shoot length reduction and fresh and dry biomass were decreasing with the increase of
concentration of Desmodium species extracts. Furthermore, Gholami (2011) report that
inhibitory effects in roots and shoots were contributed by reduction in cell division. This
suggests that bioactive (bio-herbicidal) obtained from aqueous extracts of the investigated

plants has a negative effects cell division of P. hysterophorus.

Plant extracts have been reported to have inhibitory effects on the growth and development of
other plants. For example Siddiqui et al. (2009) reported that the aqueous leaf extract of
mesquite (Prosiposis julifora) at different concentrations cause pronounced inhibitory effects
on seed germination and root length on wheat (Triticum aestivum). Similarly, Elisante et al.
(2013) reported the inhibitory effects of Datura stramonium extracts on Cenchrus ciliaris and
Neonotania wightii with their increasing concentration. Generally, germination is the results
of continuation of metabolic activities and growth of seed tissues which start with absorption
of water through diffusion and osmosis hence cause activation of enzymes and increase
metabolic activities. In our experiments, seeds of P. hysterophorus supplied with aqueous
extracts of A. indica, T. erictus, A. spinous and S. bicolor affected their germination
compared with those supplied with water. This might be to the reasons that plant extracts had
metabolic compounds with inhibition effects. This findings are similar to the recently study
conducted by Ramachandran (2018) who reported that the germination of P. hysterophorus
was inhibited due to imbalance of enzymes due to application of aqueous extracts of Datural
metel, Mangifera indica, A. indica, T. erictus and S. bicolor and Heliantus annuus which all

showed inhibitory effects on the germination.

In this study, we have found strong reduction of P. hysterophorus biomass by 33.33% using
extracts from A. indica. This reduction is due to the bioactive compounds found in A. indica
which has bio-herbicides that suppress the growth of P. hysterophorus. Behl et al. (2004)
reported the presence of bioactive compound such as Nimbin, Azadirone, Azadirachtins and
Salanin in A. indica. These bioactive compounds have strong bio-herbicidal properties and
might have caused the suppressive effects in the Parthenium growth parameters. This
findings suggests that aqueous extracts of A. indica could be effective in controlling and

managing P. hysterophorous.
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Extracts from A. spinous showed significant effects on the growth of P. hysterophorus
parameters (Table 1). For example, at 50 percent concentration of A. spinous, the root length
was reduced by nearly 2-folds, while the dry biomass was reduced nearly by 20-folds (Table
2). This could be contributed by the bio-herbicidal present in A. spinous. Our results are in
agreements with a similar study by Thapar and Singh (2005) who reported that the leaf
extracts of A. spinous reduced the growth of P. hysterophorus. In their study, the suppressive
effects of growth were associated with the presences of organic compounds such as amino
acids. Another study Thapar (2005) has reported that the bio-herbicidal present in the leaves
of A. spinous stimulated lignin biosynthesis which increased the rigidity of the cell wall and
limited the cell growth.

The effects of aqueous leaf and flower extracts of T. erictus on seeds germination and growth
of P. hysterophorus was investigated. Our findings showed that both extracts inhibited the
growth of P. hysterophorus nearly by 3-folds at the 100% concentration. These findings are
in agreements with the study conducted by Shafique (2011) whose results revealed that the
increase of concentration of aqueous extracts of T. erictus reduced the root length, shoot
length, fresh and dry biomass of P. hysterophorus and this was attributed to the concentration
of the extract and presence of herbicidal properties found in T. erictus. Furthermore,
Guzman (1988) revealed that intensity of inhibitory effects of different parts of plants may be
due to presence of different phytotoxic compounds such as phenolics, sesquiterpenes and
lactones from plant parts. In this study more inhibition on roots, shoots, and germination,
fresh and dry biomass was observed when the flower extracts were applied as compared with
the leaf extracts. This suggests that flowers of T. erictus released stronger bioactive

compounds which inhibited the growth parameters compared with leaves.

Sorghum bicolor plant extracts also significantly inhibited the germination and the growth of
P. hysterophorus root, shoot, fresh and dry biomass and germination as a function of
concentration increase. Our findings suggests that, S. bicolor has a great potential to control
and manage P. hysterophorus.  The present results are in agreement with findings of
Randhawa et al. (2002) who reported that sorghum water extracts at high concentration

significantly reduced the germination, root, and shoot length of Trianthema portulacastrum.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

In this study, management of Parthenium hysterophorous by using suppressive plants species
has been studied and their effects established. Growth parameters of P. hysterophorous such
as germination rate, root length, shoot length, fresh and dry biomass were obtained as
discussed in chapter four. The growth parameters (germination rate, root length, shoot length,
fresh and dry biomass) were decreased as when they were interfered with the plant extracts
and competition experiment. The effects of plant extracts were seen when P. hysterophorus
grown in association with the selected plant species. Further the effects also was seen when
the plant extracts were used in both germination and foliar spray. Tested plant species
showed suppression effects on seed germination, growth, root length, and dry biomass on
Parthenium. Degree of suppression differed significantly with C. tora showing minimum
suppressive effects. This study provide basis for parthenium management. Further we
conclude from this study that aqueous leaf and flower extracts of S. bicolor, A. spinous, T.
erictus (leafs and flower) and A. indica have bio-herbicidal effects on root and shoot length,
fresh and dry weight and germination of P. hysterophorus in the laboratory and pot
experiments. The results shows that all the applied plant extracts have potential in the

management of P. hysterophorus when applied at higher concentrations.
5.2 Recommendations

Although this study has fulfilled its objectives, there are limitations encountered. These

should be utilized as a new areas for further research opportunities.

Q) The promising plants are recommended for large scale testing in areas where the weed

Is increasingly becoming a problem.

(i) Further studies should be conducted under field conditions to ascertain the
effectiveness of S. bicolor, A. spinous, T. erictus and A. indica in controlling P.

hysterophorus.

(iii)  Further research on biological management by using other botanicals are needed to

come up with proper solution for this noxious weed.
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(iv)

(V)

(vi)

(vii)

(viii)

Molecular characterization of plant species used in this study in order to come up

with best way of managing Parthenium at molecular level.

Soil analysis is also needed especially in the place where P. hysterophorus are grown
so that to know the amount of seeds present in the seed bank to assist the effort of

managing this weed.

Similar study could be conducted on extracts preparation by using other solvents

instead of water to see if the suppression will be more effective.

Further study of the effects of plant extracts on the parthenium metabolism such as
compositions of sugar, amino acids, lipids and organic acid is needed in order to
know how the effective of the extracts are and to recommend the appropriate plants

since alteration of the plant metabolism can lead to suppression effects.

More work is recommended to come up with the bioactive compounds to know which

one work best especially for the species found in Tanzania.
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ABSTRACT

Aims: The present study investigated the suppressive effects of Sorghum bicolor, Sorghum
arundinacewm, Amaranthus spinous, Tagetes erictus and Cassia ftora on the management of P.
hy=terophorus.

Study Design: A randomized block design was used to assess the suppressive effects of Sorghum
bicolor, Tagetes encius, Amaranthas spinous, Sorghum anmdinacewm and C fora in laboratory and
pot experiments. The treatmenis were replicated four times.

Place and Duration of Sbudy: Experiments were conducied at the Tropical Pesticides Research
Institute (TPRI) and Nelson Mandela Institution of Science and Technology (MM-AIST) for three
maonths from March to June, 2018.

Methedolegy: Plant to plant and seed to seed interactions were used to study the growth parameters
behavior of tested plants both in pots and in laboratory settings. The germination of each plants in
both laboratory and screen house was recorded soon after germination for 14 days at the interval of
two days. Additionally, for pot studies, plant height, root length and biomass yield were assessed
after a pericd of 3 months during the termination of the study
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spinous, Sorghum arundinaceumn were effective

Results: Results showed that Sorghum bicolor, Tagetes enctus, Amaranthus spinous and
arundinaceum demonstrated strong suppression on germination inhibition and plant height and root
length as well as reduced biomass of P.hysterophorus. However, Cassia fora exhibited weak
suppression effects in both laboratory and pot experiments.

Conclusion: Findings from this study suggest that Sorghum bicolor, Tagetes erictus, Amaranthus

bases towards developing an effective alternative to manage P. hysterophorous.

um

in affecting P.hysterophorus. Our finding provides

Keywords: Parthenium; management; suppression; allelloapathic.

1. INTRODUCTION

Parthenium hysterophorus L. (Carrot-weed) is &
noxious herbaceous plant originating from the
subtropical region of North and South America [1].
In Africa, the weed is recently reported to invade
different countries such as Ethiopia, Somalia,
Kenya, Madagascar, Mozambique, South Africa,
Swaziland, Zimbabwe and Tanzania [2] & [3]:[4].
Parthenium is considered as a weed of global
significance because of its negative impacts
including skin dermatitis, asthma, and bronchitis
to human and animals and, effect on agricultural
crops incited by its allelopathic dominance [1];
[51L; [6]: [71: [8): [9]: [10]: [11]. P. hysterophorus is
characterized by strong tolerance to a wide range
of soil and environmental conditions, high seed
production and seed persistence in soil banks,
rapid germination, seedling growth and short life
cycle [12]: [13]. Furthermore this weed produces
phytotoxic substance/chemicals which inhibit
germination of other plant species around it [14]:
[15]. Different control methods for the weed have
been reported so far. One of the mostly reported
methods is the use of other organisms (biological
management) to control the weed. Biological
management of P. hysterophorus has been
practiced in different countries in the world. For
example, in Australia the use of insects and rust
pathogen to control the weed have been practiced
[16]: [17]. It has been shown that, the use of
Epiblema stenuana Walker and Zygogramma
bicolorata Pallister in the war against P.
hysterophorus has shown success, though with
some limitations. The organisms do not induce full
suppression of the weed [18]. Similar observation
on Parthenium control using the same organisms
was recently reported in Tanzania. Zygogramma
has emerged as an alternative biological control
of the weed, the approach deals only with parts of
the plant such as leaves. Moreover, number of
chemical methods have been used in the
management of this weed but the results shows
that the chemicals kil only the existing
P.hysterophorus weed population found in the
area, but cannot prevent the entry of new seeds

that are brought in by wind, water or other
dissemination agents [19].

Despite of all the efforts applied in the
management of P. hysterophorusin in Tanzania,
the weed is still spreading rapidly. Due to its
harmful effects, there is a need to investigate
other management strategies such as
suppressive potential from different plants. The
use of suppressive plants have been done in
countries such as India using guinea grass
(Panicum maximum Jacq.) tanner's cassia
(Cassia aunculata L) and Fedogoso (Cassia
occidentalis L) [20], Ethiopia using; Sorghum
(Sorghum bicolor L, Moench); [21] and in South
Africa using African Lovegrass ( Eragrostis curvula
Nox: [22].

Although several reports have shown suppressive
effect from plants such as A. spinous, T. erictus
and C. tora on the management of P.
hysteropharus in different parts of the world, the
suppressive effects of the same plants in the
management of P. hysterophorus in Tanzania is
not documented. Therefore, this study aimed at
investigating the suppressive effects of the
selected plants species on the management of P.
hysteropharus. Seed to seed and plant to plant
interaction approaches were used in the

management of weed.
2. MATERIALS AND METHODS

2.1 Experimental Sites

The experiments were conducted at The Nelson
Mandela African Institution of Science and
Technology (NM-AIST) Laboratory and at the
Tanzania Pesticides Research Institute (TPRI)
Arusha-Tanzania.

2.2 Plant Material Used in the Study
Five plants species namely Tagefes erictus,

Amaranthus spinous, Cassia tora, Sorghum
bicolor and Sorghum arundinaceum were used as
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suppressive plants. Seeds from mature plants
were collected from different fields at Nambala
village in Arusha, region, Tanzania. For each
plant, 0.25 kg of seeds was collected and properly
labeled and stored at -4 °C at NM-AIST, laboratory
until used.

2.3 Seed-seed and Plant—plant Interaction
Experiments

The experimental design for both laboratory and
pot were established using a randomized block
design. The treatments included seeds of 1) P.
hysterophorous grown alone; 2) T. enctus + P;
hysterophorous; 3) A. spinosus + P.
hysterophorous; 4) C. tora + P. hysterophorous;
5) S. bicolor + P. hysterophorous, and 6) S.
arundinaceum + P. hysterophorous. In petri dish
experiment, germination was performed based on
international seed testing standards (IST2014) in
which seed subsamples were placed on blotters
in petri dish. For P. hysterophorous grown alone,
200 seeds were planted in the petri dishes (20
seeds/petri dish). For treatments including a
combination of species (A. spinosus, C. tora, S.
bicolor, and S. arundinaceum) with P.
hysterophorous, each petri dish was planted with
20 seeds of each species and 20 seeds of P.
hysterophorous. These treatments were
replicated four times. Before starting germination
test all seeds were sterilized using sodium
hypochlorite (5%) to remove any possible
contaminations and then the seeds were washed
thoroughly 4 times with distilled water. After
planting, each treatment in petri dishes were
irmigated with 3 mL of distiled water equally in the
interval of four days to maintain moisture. The
same freatments above were also planted in
plastic pots containing six kilograms of sterile soils
with a ratio of 1:3 sand and forest soils. These
were replicated eight times. The plots were
exposed to direct rain, and no fertilizer neither
watering was used. All plants that germinated
other than those selected species sown and P.
hysterophorus were removed manually. The petri
dish (Laboratory experiment) and four replications
of the pot experiments were kept for 21 days.
Other four replications of the pot experiments
were evaluated for three months to determine the
suppressive effects between plants.

During the 21 days of germination test, the
percentage germination was rated as normal,
subnormal and dead seeds. In this experiment,
only percentage of normal seeds was considered.
Percentages of inhibition/stimulation effect on
seed germination over control (T1) were
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calculated using the formula proposed by [23]
Inhibition (-) or stimulation (+) = [(Germinated
seeds in association - Gemminated seed in
control YGeminated seeds in control] x 100.

For pot experiments that were evaluated for three
months to determine the suppressive effects
between plants, the growth parameters such as
plant height and root length were determined by
selecting five plants randomly, uprooting them
from each of the replicated pots. All samples were
separated from P. hysterophorus or test species,
then dried for 72 h at 70 °C, and weighed for dry
plant biomass.

2.4 Statistical Analysis

The effects of treatments on different parameters
such as percent germination, plant height, root
length and dry biomass were assessed using one
way Analysis of Variance (ANOVA). The analysis
were done using STATISTICA package Version 8.
The significant means were compared at p=0.05
according to Fischer's least significant different
test

3. RESULTS AND DISCUSSION

3.1 Laboratory Tests to Evaluate Effect of
Seeds of A. spinous, S. bicolor, S.
arundinaceum, T. erictus and C. tora
on Germination of Parthenium

hysterophorus

Laboratory germination results indicate that P.
hysterophorus germination was significantly
decreased when grown in association with S.
bicolor, T.erictus, S. arundinaceun and A
spinous (Table 1). The highest germination
percentage was 97.5% in the control treatment as
compared with other treatments. The germination
percentage was lowered from 97.5% to 22.8,
213, 175, 113 and 10 for C. fora, S.
arundinaceum, A. spinous, T. erictus and S.
bicolor, respectively (Table 1). Furthermore,
numerically, S. bicolor showed highest inhibition
effects on germination of P.hysterophorus. Seeds
to seeds interaction showed highest inhibition
percentage value -89.5%, (equivalent to 10.0%
germination) for S. bicolor compared with lowest
inhibition percentage of -74.9% (equivalent to
22.8% germination) for C. tora.

Plants are known to produce metabolites which
can affect the growth and development of other
plants [24]. The extracts of plants have been
considered in the past for management of P.
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hysterophorous due to their inhibition potentials
[25]; [26], the trend also observed in this
experiment. Herein, we have assessed the seed
to seed interaction of different plant to manage the
growth of P. hysterophorous. We found that
different seeds (S. bicolor, T. erictus, S.
arundinaceum and A. spinous) showed
suppressive effect on the measured growth
parameters. Other studies have also reported the
use of biological agents to manage weeds. For
example, the use of phytopathogenic fungi
extracts were reported to strongly suppress the
growth of P. hysterophorous and hence manage
its spread in Pakistan [25]. Furthermore, [26]
reported that extracts of different parts of
Sorghum showed significance reduction on the
germination of Amaranthus refrofifexus weed. In a
similar way, our findings on the tested plants
showed suppressive inhibiton on P
hysterophorus seed germination. This suggests
that allelochemicals present in S. bicofor, T.
ernictus, S. arundinaceum and A.spinous have
suppression effects to the germination of other
crops. Findings from this study suggest that both
tested plants could be used in management of the
weed as they exhibited growth and germination
inhibition. From these results, we conclude that
the suppressive effects contributed by
allelochemicals present in the tested plant species
which have strong inhibition property and
competes with the P. hysterophorus for nutrition
and growth.

3.2 Suppressive Effects of Selected Plant
Species on the Growth of Parthenium

The pot experiments from all the plant species
showed a significant suppressive effects on

germination of P.hysterophorus expect Cassia
tora (Table 2). The highest germination
percentage was 91.3% in the control as compared
with other treatments. The germination was
lowered from 91.3% to 62.5%, 18.8% 16.3%,
16.3% and 12.5% for C. tora, S arundinaceum, T.
erictus, A. spinous and S. bicolor respectively
-Numerically, S. bicolor showed stronger inhibition
effect compared with other treatments. Inhibition
percentage increased significantly (p<0.001) from
-37.5%, -81.5%, -82.4%, -83.8% and -87.5% for
C. tora, S. arundinaceum, T. erictus, A. spinous
and S. bicolor respectively. Furthermore, this
study showed that plant height, root length and dry
biomass were significantly lowered when P.
hysterophorus was grown in association with S.
bicolor, T. erictus, S. arundinaceum, A. spinous
(Table 2). However, sowing P. hysterophorus with
C. tora had no significant effects on plant height,
root length and dry biomass yield.

These findings suggest that, S. bicolor, T. erictus,
S. arundinaceum, A. spinous had significant
suppressive effects on the growth of P.
hysterophorus, whereas C. tora was not effective
in inhibiting the growth of P. hysterophorus. The
effectiveness of S. bicolor, T. erictus, S
arundinaceum and A. spinous in reducing growth
of P. hysterophorus could be attributed by the
presence of active metabolites/allelochemicals
which resulted in the suppression effects. For
instance, it has been shown that, compounds
such as organic and amino acids, phenolics,
cyanogenic glycosite, sorgoleone, benzoquinone,
alpha-terthienyl produced by A. spinous, S.
bicolor, S. arundinaceum, and T. erictus affects
the growth

Table 1. Effects of seed-seed interaction

Plant name % Germination % Inhibition
P. hysterophorous 975+433a

P. hysterophorus+ A. spinous 175 +2.50b -81.8+4.76a
P. hysterophorus+ T. erictus 113 £1.25 -885+237a
P. hysterophorus + S. bicolor 100 +2.04b -80.5 +230a
P. hysterophorus + S. arundinaceum 213 = 7.18b -782 £ 7T.17a
P. hysterophorus+ C. tora 228 +898b -749 +0943a
F- STATISTICS 418

Values presented are means: SE. Values with the same leffer i1 the column are not statistical different (0=0.0%.

Table 2. Suppressive effect of different plants on growth of Parthenium hysterophorus in pots

Plant name Germination Inhibition %  Plant height Root length Biomass (g)
(%) (cm) )

P. hysterophorus 0132875 - 42520510 250: 0.11b 4.05:% 021b

P_hysreophorus + A. spinous  16.3+6.88a -838:+688a 1.091026a 1.02: 04% 1501029
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P._ hysterophorus+ T. enctus 163+473a -8241+431a 1.10:034a 08620158 1501020a
P. hysterophorus + S. bicolor 125 t144a -875 t144a 105:0.19a 089 +000a 1.03:0.3%
P._ hysterophorus + S. 188+5427a -813+427a 142:003a 124 +034a 1.13:0.13a
arundinaceum

P. hysterophorus + C. tora 625 £1362b -37.5+1362b 3.63:0.70b 260 +041b 3.45:033b
F-Statistic 18.35*"* 11.95' 7.38 16.56""*

Vaives presented are means + SE. Values with the same latter in the column are not statistical cWerent (p=0.05)

of other plants by suppressing growth
[27;[28]:{29]:[30]. Such compounds could have
contributed to the suppression effects on the
growth P. hysterophorous observed in our study.
This plants could be further tested in large scale
and for other weeds.

4. CONCLUSION

The motivation of the present study was to
investigate the suppressive effects of effects of S.
bicolor, T. erictus, S. arundinaceum, A. spinous
and C. tora in the management of germination and
growth of P. hysterophorus. Tested plant species
showed suppression effects on seed germination,
growth, root length, and dry biomass on
parthenium. Degree of suppression differed
significantly with C. fora showing minimum
suppressive effects. The study provide basis for
parthenium management. The promising plants
are recommended for large scale testing in areas
where the weed is increasingly becoming &
problem.
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Abstract

Carrot-weed ( Parthenivm bysteropdorows L) 15 a flowening plant of the As-
teraceae family (iribe: Heliantheae). The weed became famous due to its no-
torious mvasive role in the environment and agricultural fields. The plant has
arisen as the seventh most disturbing weed globally. In Africa, the weed 15
spreading very fast and information on its biology, impact, and management
is scarce. Therefore, this review provides general information about the carrot
weed's current distribution status and its impact on agricultural crops, ani-
mals and human health in Africa. The review also highlights areas for re-
search in managing this noxeous weed in the African habitats.

Keywords

Invasive Species. Biodiversity. Parthen i fysteropbonos, Carrot-Weed.
Allelopathy

1. Introduction

Carrot-weed | Parthenivm hysterophorows L), also known as “bitter weed™ or
“broom bush™ or “congress grass” (in India) or “whitetop™ or “feverfew” (im the
Caribbean) or “false ragweed” or “ragweed parthenium” (in the USA) is 8 mem-
ber of the family Asteracese [1]. It 5 a noxious well-known weed that disrupts
biodiversity in many parts of the world [2]. Carrot weed derved its Latin name
Partherium hysterophorous from three terms namely “parthenice™ (Lating and
15 the reference to the plant known as Tanacerwm partheniuns (L) and Greek
word hystera { Womb) and phoros (bearing), referring to the prolific sceding ha-
bat of the plant [3] [4]. It originated from the region adjacent to the Gulf of
Mexico, which includes Southern USA. or in central South America [5]. The
plant grows in both humid and sub-humid tropics and s favored by weightier
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fertile soil, such as black, alkaline clay loam, but has ability to grow on a wide
vartety of soil types from sea level up to 1800 m [6] [7]. The plant also grows
mostly in places with summer ramfall greater than 500 mm per annum [8]. Car-
rot-weed seed germinates at temperatures between 8°C and 30°C [9]. The plant
has the ability to colonize new habitats rapidly by producing a large number of
sceds, which are eventually wadely dispersed through vehicles. water, animals,
farm machinery and wind, and grows in distressed arcas around buildings and
fallow agricultural land where inter-specific competition is very low [10]. Car-
rot-weed 1s recorded in the global invasive specics database and has been reported
to mvade about 30 countrics worldwide [11]. The weed 1s widespread in North
and South America, Caribbean, Lesser Antilles, Australia. India, and Africa [12].
In Africa, the plant was first recorded in southern parts of Africa i 1880s [13].
There exists no clear documentation on how this weed entered Africa; however,
some assumptions arc that it was possibly introduced to Ethiopia through food
gramn contaminants in a food aid programme [14]. Currently, the plant is present
in many countrics of Africa (Figure 1) [15] [16] [17]. Carrot weed is known to
compete with indigenous grasses and herbaccous plants used for grazing world-
wide [ 18] thereby. reducing forage productivity by 90%. Furthermore, carrot weed
is heavy feeder plant utilizing most of the soil nutrients which ultimately leads to
soil infertility, henee resulting to poor crop and animal health [19] [20] [21]. In
human. carrot weed has been reported to cause health problems such as asthma,
bronchitis, dermatitis and hay fever once it comes into contact with the body [ 14].

Despite the fact that this weed s very harmful. limited literature is available
on the biology and impacts on the biodiversity in Africa. Thus this review pro-
vides general information of the carrot weed's current distribution status and its
impact on agricultural crops, animals and human health in Africa,

2. Biology of Carrot-Weed
Carrot-weed 1s an annual, erect herb with the height of 1.0 to more than 20 m. It

® Areas infected by Carrot-weed

Figure 1. Distribution of carrot-weed in Africa (CAB 2018),
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has a taproot system with a number of sccondary and tertiary roots [22]. The
plant is fast maturing and has dark green leaves which are rhomboidal, dissected
and alternately arranged on the stem [23]. It has white or yellow flowers based
on race type cach of which produces four to five black wedge-shaped sceds that
arc 2 mm long with thin white scales and difficult to see by the naked eye [23].
The lcaves and stems have small hair-like outgrowths called trichomes. Its inflo-
rescence is capitulum with cypscla fruits and they produce thousands of sceds
which are dark brown and very light in weight [23].

Once the weed dominates an arca becomes aggressive. destructive and op-
pressive to other plant specics [20] [24] [25]. The weed spreads very fast duc to
its ability to produce a greater amount of sceds up to 25,000 seeds/plant which
results into a significant amount of sced bank in the soil [23]. This morphologi-
cal feature of the carrot weed seed enables it to be dispersed in multiple ways in-
cluding short distance wind dispersal. or water surface, runoff in natural streams
and rivers, in wrigation and drainage channcls and irrigation water from the
ponds. [15] [26] [27] Furthermore, seeds of this weed can be stored in fresh wa-
ter for about five years and still can germinate [28]. Under favorable moist envi-
ronment, the seeds can germinate within a week. Generally the life cycle of this
weed completed within 180 - 240 days [29]. Carrot weed has two races namely
south race and north race. The south race occurs in Southern America while
north race occurs in North America and distributed worldwide [30]. These races
differ in morphology and biochemical properties where the South America race
has hymenin as a dominant scsquiterpenc lactone and pathenin for North
America race. The North America race produces white flowers while that of
South American race are yellow [31].

Regardless of the availabk information, still there is a need to study the cnvi-
ronmental factors which can affect the biology of this weed. This will be helpful
since it will provide a way forward on how to control it by using the natural
methods which are environmentally friendly that cannot affect the existence of
other nearby plants henee improving the biodiversity.

Picture of carrot-weed

DOk 10.4230/"**.2019.*****

3 American Journal of Plant Sciences

60



N. C. Mtenga et af.

3. Allelopathic Effects of Carrot-Weed on Plants

[32] defined aliclopathy as a biological occurrence where once plant mhibits the
growth of another plant through the release of allelochemicals. The idea of al-
klopathy was studicd broadly for the first time in the forestry ccosystems, where
initially it was revealed that most of the forestry species surveyed had unwanted
allelopathic effects on food and fodder crops [32] [33] pondered both beneficial
and harmful allelochemicals influences by defining allclopathy as the capability
of the plant to hinder or stimulate growth of other plants in the surrounding by
exuding chemicals. Based on this definition, it's apparent that the oppressive
nature of carrot weed is associated with its alldopathic effects caused by ses-
quiterpence lactones, parthenin, and coronopilin, [34] (Figure 2). These al-
klochemical groups act synergistically and significantly reduces seed germina-
tion and delayed growth of other crops [35]. Also. it was rcported that al-
klochemicals such as tannis. saponins. cardiac glycosides, terpenoids, and ster-
oids arc founder on the upper parts of Parthenium, [36]. All these chemicals
have an effects on crops and animals. The leaves and inflorescence contam a
higher level of allelochemicals than the stem and roots. These allelochemicals af-
fects other plants cither directly by leaching, root exudation. and residuc decay.
[37] or indircctly leading to the loss of native flora.

According to [38], the weed can degrade the natural ecosystem duc to its high
capacity of invasivencss and its potential allclopathic propertics which disrupt
any natural ecosystem. Nevertheless, the weed was reported to cause a decline
undesirably the herbaccous components of vegetation up to 90% due to its de-
structive nature of competition and allclopathic cffect [39] [40]. It is reported to
cause great change of native habitat in grassland. open woodland, floodplains
and rivers [41] [42] [43]. Thercfore. studics on plant species with allelopathic ef-
fects to this noxious weed are urgently needed. Further, studics on the chemistry
of the plant to clucidate information on chemical composition from different
parts of the plant are required for proper management of the weed in Africa.

4. Impacts on Growth and Yield of Crops
Carrot-weed has been reported to result in food insceurity (Figure 3) duc to decline

Parthenin Coronopilin sesquiterpene lactones
Figure 2. Shows allelochemical groups found in Carrot-weed namely: parthenm, coronopoilin
and sesquiterpene lactones.
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Figure 3. Relatsonship between carrot-weed and food msecurity.

in agricultural yiclds of crops and domestic animals to levels of up to 40% to
90% [44] [45]. It is also reported to reduce the carrying capacity of pasture crops
of up to 90% [46] [47] [48]. The laboratory experiment and field studics by [43]
shows that all plant parts of the carrot weed (shoot, root, inflorescence. and
sced) are toxic to other plants. This brings changes in the physical and chemical
characteristics of the soil such as soil pH, soil organic matter. phosphorus, and
others. [49]. Although numcrous information cxists on the cffects of this nox-
1ous weed, still there 1s lack of mformation on how it affects and induces changes
to soil pH and structure. This calls further urgent mvestigation.

5. Impacts of Carrot-Weed on Animals

Carrot-weed produces toxic substance such as parthenin as described carlier
which s harmful to animals when feed on it or coming into contact, causing
both dermatitis with distinct skin lesions on various animals including horses
and cattle's [35]. Once caten by animals, it can cause mouth ulcers with excessive
starvation [50] [51] reported that carrot ~weed causes anorexia, pruritus, alope-
cia, diarrhea, and cyc irritation in animals such as dogs and acute iliness, bitter
milk and tainted meat in animals such as buffalocs, goat. and cows [52]. Also,
experimental work reported that the plant weakens the immune system by re-
ducing the number of white blood cells (WBC) in rats [52]. Further. the weed
lowers forage productivity by 90%, reduce land fertility weakens the land and
make it infertile and hence lowers the quality weakens the quality of the grazing
land. All these cause poor animal health both domesticated and the wildlife since
most of them feed on the grasses [48]. Regardless of the mformation provided
on the impacts of this weed on animals. still there 1s a need for more rescarch on
how this weed exactly affect the animals once feed on them.
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6. Impact of Carrot-Weed on Human

Carrot-weed has been reported to cause human health problem such as asthma,
bronchitis, dermatitis. hay fever when exposed to it [53] [54], allergic cczema-
tous and mental depression [55]. Furthermore, carrot-weed lead to general ill-
ness, annoyances of skin and pustules on handballs. extending and furious of
skin and stomach pains on humans [56]. Human contact with carrot-weed
followed with exposure to sun results to health cffects such as violaccous
papulac, as well as a plaque on exposed parts such cars, forchead, check and
upper chest. Nevertheless, health effects like hyperkeratotic papule and prurigo
nodules have been associated with exposure to carrot-weed [57]. On other
hands. [58] further showed that dermatitis health cffects are duce to the pres-
ence of a cytotoxic compound sesquiterpene lactone Parthenin. Apart from
that. exposure to carrot-weed was further corrclated with diarrhea. breathless-
ness. and chocking as well as erythematous cruptions [58]. Allergic bronchitis
was also associated with exposure to carrot-weed, however, no signs of mutage-
nicity and genotoxicity have been observed [38]. In addition, exposure to carrot
weed has shown positive reactions to mAb-2 as well as cytokines [38]. In gen-
cral, these effects are classified into four categories: airborne contact dermatitis
(ABCD). chronic actinic dermatitis (CAD) and the combination of ABCD and
CAD and lastly exposure to the sun (photosensitive lichenoid) [57]. Therefore
there is a need of more rescarch to know exactly the compounds present in the
pollen of this weed which is responsible for the health problems to a human
being to make casy management with precaution during physical control prac-
tice.

7. Impacts of Carrot-Weed on Biodiversity

According to [13] carrot-weed 1s on of harmful invasive species in the World
and an increasing problem in Africa. Its invasion results into the degradation of
the natural ccosystem and biodiversity duc to its high mvasion capacity [39].
Further. it has been reported that the allclopathic properties of this weed are po-
tential for disrupting the growth and distribution of natural vegetation which in
turn affect the diversity of animal [19]. Also, the weed is capable of causing the
decline of the species richness and abundance in the natural system as it inhibits
the physiological processes of other weed species [59].

In some countrics such as Australia. the weed is reported to cause changes in
the entire habitat in Australia grassland. open and woodlands, and river banks
[37] [60]. Furthermore, [24] reported that Parthenium weed has a negative im-
pact on the structural composition on dynamic and diversity of the plant and
animals in India. It also affects not only the species diversity of native arcas but
also their ccological integrity. It has been shown that Parthensum residucs are
toxic to aquatic flora and fauna [61]. Table 1 summarizes the general impacts of
carrot-weed on crops, animals, and biodiversity in general.
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Table 1. Some of the reported impacts of carrot-weed (2. Aysterophorous).

Categaries
Crops { legumes &cereals).
Wild animals/ vestock
Human health

Soil

Mode of action Effects References

The relomse of phytotaxic compounds.  omced crop yield as well as currying capacity 1y g ragy

of pastures.
Weakens the snmune system by reducing the  Skin Jesions, mouth alcers, anoresia, pruritus,  [35][50] [S1]
number of WBC alopecia, dimrrhea. eye irritation. [52][58]
Induction of cytotoxiity also reacts with ~ Allergic, bronchits, skin infl won, asthma, 3118
cytokines. blisters. hay fever. enthematous eruption 1531 55}
Utilizing soil nutrients Soil infertiity [4%] 152].
Degrad of natural and

4

Vegetation lindscape Disrupt the structure of the natural ecosystem b‘ndi\r’ . allclopathic cffects, foxic o flors  [59] [61]

composition and displace numerous native plint species. wid e vocdaied Sy
Shrinking of biodiversity
8. Management and Control

The use of biocontrol agents such as (Insects and fungal pathogens) and use of
competitive plants (allelopathy) is suggested as the greatest cost-effective and
practical way of managing Parthenivm [62]. However, the management of the
weed has not been well developed below the edge level and the weed continues
to threaten biodiversity by posing ill problems to humans and animals. There-
fore several methods, for exampk. physical, mechanical, chemical and use of al-
klopathic plants are being practiced to manage this weed around the globe,

9. Physical and Mechanical Methods

These are the most common methods used in the management of carrot-weed in
many countrics. The methods are widely used as they are cheaper, casy to apply
and are cost cffective. Farmers manage the weed by hand uprooting or using a
hoc in their ficlds, collect and burn before flowering time. Despite, the success of
this method. it is faced with many challenges including the frequent growth of
the weed [29].

10. Chemical Control

Management of carrot-weed by using chemical method seems to be popular in
most developed countries such as India where the weed has spread in large ar-
cas. This method mostly used to remove the weed from the arca m time, there-
fore the 1ssuc of time is very important for this type of management. Application
of the chemicals should be donc at the carly stages to prevent flowening and sced
setting. The spraying of the herbicides which are not harmful to other plants
which arc growing nearby the weed is mostly recommended to reduce the infes-
tation. Despite the fact that chemical control is the most common method em-
ployed. it is reported to be less effective due to the development of resistance
[63]. Therefore, there is a need for developing bio-management strategics for
management of this weed rather than the use of chemicals which are no more
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rchiable and sometimes harmful to the environment.

11. Biological Control

Although the use of chemical seems to be most applicable in many countries in
the management of Parthenium, yet the method has been reported to have many
negative impacts in the environment [64]. The bio-control strategy is the most
applicable way used in managing the weed by manipulating natural enemics to
control others. The biological control method is less cost. cavironmentally
fricndly and ccologically practicable method. Several insccts and pathogens have
been used in the control of this weed. For instance, leaf feeding (Zygogramma
bicolorats) and stem-galling moth ( Epiblema strenuana) have been used to con-
trol this weed and have shown cfficacy in reducing the number of sceds and
kaves especially at the young stage [65] [66]. Also. the use of fungus is now re-
garded as a bio-control strategy of Parthenium among others, example: Fusa-
rium pallidoroseum, Puccinia melampodii and Oidium parthenii [67]. Studies
conducted by [68] shows that the use of microorganisms as a biological agent as
a strategy for controlling this weed control has many advantages such as higher
sclectivity, their capacity to inhibit plant growth, the lower potential to resist,
lower production costs.

Therefore, there is a need of using botanicals and microorganisms in control-
ling this weed because they are environmentally friendly. casy to apply and such
resources are readily available in our environment.

12. Use of Suppressive Plants as a Management Strategy

Different literature shows that there arc some plants'weeds which have been
used to manage this weed and become successful. According to [69]. the herbi-
cidal extracts from Tageves erfcrus obtained from roots, shoots, and flowers re-
duced root and shoot length of carrot-weed. Also, another study by [70] re-
ported extracts from the roots and shoots of sorghum had significant impacts on
the growth of the carrot-weed. Morcover [71] reported that the extracts and
residucs of Amaranthus spinosus significantly reduced the growth of car-
rot-weed by mhibiting the height of the plant. length of leaves and number of
branches. capitula, and the sced of the plant.

Despite of the above rescarch cfforts of using suppressive plants which has im-
pacts on growth and germination of Carrot-weed. yet more rescarch is needed to
know the chemical contents of the suppressive plants used so that to build a more
scientific management approach of managing this weed by using suppressive plants.

13. Current Research Gaps

Several management approaches such as physical, chemical herbicide and bio-
logical control have been tricd to control this weed only herbicides approach
scem to be preferred by farmers in many parts of the world including Africa
(Kumar; 2009) (Table 2). Nevertheless. chemical herbicides are no longer reliable
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Table 2. Summarizing the management approaches for carrot-weed.

Methods How was applied Items used Rasults Reaferences
the burning of the surface Reduce infestats
Physical control  part and seeds near the Tagetes sp. and Fire mu‘kmund [13] [66}
surface and crop rotation e
Many chemical pesticides Control
X applicd both in cropped  Glyphosate (1 to 1.5 kg'ha) diquat 05 Parthemium in afl stages. But 0
Cheoimloomnt . et kg'ha im SO0 fiters, only kills the target m2m
condition populition
Microbial pathogens (like Fusarium
palhd Paccinia melam podii
T:xsr:::::d:‘:n P 7"‘ Oud-n:?a'\hmnl;‘lux-u: R Reduce Sowers aad seed
Biological control fFected fickds. S of parthenica (lenf. mining moth), pmcbm:.m. lnhhn [65] [66] [74] [75] [76]
foliar extracts Smicroayx htukentus.) Fangil JR——
(Fasarium pallidoroseum, Puccinia
meampodii and Oidmm parthenis)
Ad ages and Disad of different hods used in of Carrot-weed
Metbods Advantages Disadvantages
Mechanical Methods Cheap, ssmple, easy to practice Time consuming. high risk of being affected if the weed reaches
flowering stape, Energy comsuming methods. Also once involve
burnmng it may kills some useful pants.
Chemical Method Effective method in the ab of natural bes, -Itisenvi | hazard
Prevent any emerging of weeds in the area where it -Develop of some agamst herbicid
sprayed, Camse complete kill of the weed. - Damage flora and fauna
-(iround water contam mation
-Reduce soil quality
~Very costly in term of money
Suppressive plints -Reduce seed germination -Tmme consuming
-Suppress carly seedling growth -Difficult to its degroe of supp
Biological Method -Less cost -May cause damage to zeted pop
-1t is enviroamental friendly -Need expertise
-Lower production cost -Time consuming.

-High capacity of inhibiting the growth of the weed

duc to the cost and increasing weed resistance to polyphosphate, atrazines, 4-D,
and Metribuzin (Vila-Aiub er al, 2008). Need for other options including de-
velopment of eco-friendly approaches such as plant-based biopesticides and or
agro-ccological principles based on weed-weed completion are currently receiv-
ing great attention as a vital pest control strategy worldwide (Marcias er o/, 2004;
Vasilakoglou er 2/, 2005; Dhima e 2/, 2006; Javaid er 2/, 2008). Thus and simi-
larly for the African setting. there is need to develop eco-friendly weed manage-
ment strategy involving but not limited to biopesticides for managing carrot
weed. Plants such Azadirachta indica. Eucalyptus tereticornis, Tageles erictus.
Sorghum spp. Cassia tora and Amaranthus spinous can be targeted as potential
competitors in weed-weed completion or in testing their extracts against carrot
weed based on report by Kaur (2014).
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14. Conclusion

Although many efforts have been exercised to reduce the spread of carrot weed
in many countrics, its colonization onto the African habitats 1s alrcady noxious.
impacting the Biodiversity. Of the preferred weed control options, chemical her-
bicides scem to be popular despite its harmful effects to the environment and
human health. In addition, a chemical herbicide application is constrained by
development of resistance by the weed. Therefore, beside showing how noxious
carrot-weed is to the African Biodiversity, this review has also indicate the gaps
of knowledge that needs to be addressed most of which besides knowledge of the
weed biology highlights a need for exploration sustainable weed management
techniques such use of botanical herbicides as these are believed to be environ-
mentally friendly and cost-cffective.
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Output 2: Poster Presentation

DEVELOPING AN ECO-FRIENDLY
AND BIO-MANAGMENT STRATERGY

AGAINST Parthenium hysterophorus ;’/"“’
(L.) IN ARUSHA, TANZANIA . WY

TN

Neema C. Mtenga!, Thadeo T. Mokiti!, Patrick A. Ndakidemi', Ernest R. Mbega'
'School of Life Science and Bioengeering,NM-AIST, P.O.Box 447, Arusha, Tanzania.

Abstract |

This study aimed at studying the suppressive effects of
on Sorghum bicolor, Tagetes erictus Amaranthus spinous
and Sorghum arundinaceum and Cassia tora on germina-
tion and development of carrot weed Parthenium hystero-
porus L. under controlled experiments from March 2018 to
November 2018 in Arusha Tanzania. Two experiments in-
volving seed-seed interaction and effects of plant extract on
carrot weed were established. Results showed that seeds
of Sorghum bicolor, Tagetes erictus Amaranthus spinous
and Sorghum arundinaceum showed strong inhibition ef-
fects (pj0.001) on Parthenium seed germination, biomass,
and plant height and root length. Similarly, the results from
the plant extracts at 25% to 100% (v/v) concentration of
A. Indica, T. erictus, A. spinous and S. bicolor inhibited
germination rate, shoot and root length elongation, fresh
and dry biomass of Parthenium weed. These finding pro-
vides bases towards developing an effective alternative bio-
herbicide for managing Parthenium weed in Tanzania.

1. Introduction I

Parthenium hysterophorous (Carrot weed) is a flowering
plant of the Asteraceae family, locally called gugu karoti is
from tropical regions of Central America, Mexico and then
spread to various part of Africa (Picmanet al 1984). In Tan-
zania, carrot weed was first reported in Arusha 2010. Since
then the weed has spread to Kilimanjaro, Manyara and Ky-
erwa (Kilewa 2014). Parthenium has accidentally spread to
many countries and become a major invasive pest. Since
its occurrence report, carrot-weed has become a serious
threat to biodiversity through degradation of natural ecosys-
tems in Tanzania ( Msafiri et al., 2013). Thus, findings from
this study will help to identify possible eco-friendly biopes-
ticides approaches that will suppress the growth of carrot
weed.

2. Methods |

Figure 2: This study used a randomised experimental study
design.

3. Results & Discussion I
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Effects of plants extracts on Carrot weed.

Figure 3: Parameters (root and shoot length measurement
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Figure 4: Plant extracts significantly inhibited germination
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Figure 5: Effects of extracts on fresh biomass
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Figure 6: Effects of extracts on dry biomass.
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Figure 7: Root growth inhibition by extracts
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Figure 8: Shoot growth inhibited by plant extracts

| 4. Conclusion& future work |

The promising plants are recommended for large scale test-
ing in areas where the weed is increasingly becoming a
problem. More research is needed to study the molecu-
lar characterization of plant species used in this study in
order to come up with best way of managing Parthenium at
molecular level.
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