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ABSTRACT

A study was conducted in Mkuranga District between October, 2005 and February,

2006 to investigate Dichapetalum plants infestation and effectiveness of selected

herbicides on these plants. Specifically, this study intended to identify species

prevalence and their coverage in this District. The study further aimed at determining

effectiveness of herbicides on the control of Dichapetalum plants. The Purposive

sampling was used to select farms for the study. The actual areas of infestation for

surveys in these farms were chosen on random basis so as to get representative

picture for whole area infested with these plants in the District. The survey conducted

using Scientific Quadrant Method, established presence of four Dichapetalum

species; Dichapetalum stuhlmanii, Dichapetalum mossambicence, Dichapetalum

ruhlandii and Dichapetalum arenarium, with percentage cover of 76%, 42%, 37%

and 27% respectively. The plants that were commonly in close association with

Dichapetalum plants were Deinbollia borbonica, Annona senegalensis, Xylotheca

tetensis and Milletia spp.

Dichapetalum plant sprouts were individually sprayed with 2,4-dichlorophenoxy

acetic acid (2,4-D), glyphosate (Round up®) and paraquat in the field, followed by

observation for responses to herbicides for 60 days. A number of phytotoxic effects

were recorded. The efficacies of selected herbicides were assessed in terms of killing

percentages. Killing percentages recorded at the end of study (Day 60) were analyzed

paraquat recorded the highest killing percentages (17.8 %) among the three tested

herbicides. This was followed by 2,4-D (16.3 %). Glyphosate recorded killing

by MSTAT-C. Overall killing percentage was 16.2 %. On individual herbicide,
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percent of 14.6 % which was the lowest in the study. Analysis of variance (ANOVA)

has shown that the degree of control on Dichapetalum plants is influenced by

concluded that Mkuranga District is heavily infested with Dichapetalum plants and

application of 2,4-D, Glyphosate and Paraquat in dry conditions gave poor herbicide

performance.

herbicide type, dosage rate, and interaction between herbicide and dose. It was
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CHAPTER ONE

1.0 INTRODUCTION

Plant poisoning is a worldwide problem and occurs frequently in animals and humans

(McKenzie, 2006). Poisonous plants have reduced grazing potential of affected areas

in Tanzania (Kidunda, 1996). The presence of poisonous plants in pasture land

affects animal performance (Rutgers, 2000). About a thousand species of plants are

known to be toxic to livestock and humans in Australia (McKenzie, 2006). Ruminant

livestock in developing countries are largely dependent on natural pastures and crop

residues for feed (Crowder and Chheda, 1982). The presence of poisonous plants,

therefore in pastoral land poses a challenge to animal health and productivity

(Ngomuo etal., 1995; Msami, 1999).

Poisonous plants have major economic effect on agricultural enterprises which

produce livestock by grazing native pastures. This makes the reduction of the effects

of plant poisoning on livestock one of the serious concerns of the pastoral industries

(McKenzie, 2006). Losses due to plant poisoning cases include mortality particularly

in ruminants, decreased productivity and control measure costs (Pfister, 1988). The

average annual range livestock death loss from poisonous plants is estimated at 2% to

5% in most rangelands in Tanzania (Kidunda, 1996). In the Western United States, it

has been estimated that yearly cattle and sheep death losses due to poisonous plants

In South Africa, high mortality of

livestock is caused annually by the plant, Dichapetalum cymosum (gifblaar) (Egyed

and Schultz, 1986). The toxic factor in Dichapetalum plant is monofluoroacetic acid.

are 1% and 3.5%, respectively (Pfister, 1988).
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This upon ingestion causes a condition called dichapetalosis responsible for livestock

losses (Watt and Breyer-Brandwijk, 1962; Vickery and Vickery, 1975).

Plants belonging to the genus Dichapetalum occur widely in East Africa and have

been responsible for livestock and human deaths (Verdcourt and Trump, 1969;

Ngomuo et al., 1995; Msami, 1999). Dichapetalum plants are small trees or shrubs,

erect or scandent, rarely undershrubs (Hutchinson, 1964). According to Breteler

(1990) Dichapetalum plants are lianas, lianescent shrubs, shrubs, or small trees with

sympodial growth. These plants are widespread in Tanzania, particularly in Coast

Region, Dar es Salaam, Lindi, Mtwara, some parts of Tabora region and in Morogoro

(Central Veterinary Laboratory, 1970). Millions of hectares of grazing land along the

coastal strip are infested by the Dichapetalum plants (Breteler, 1990; Meyer and Van

Rooyen, 1996). The growth of these plants in coastal areas is favoured by warm,

tropical climate and the sandy loamy soil type (Vickery and Vickery 1973).

Dichapetalum species reported to be found in Tanzania include: D. deflexum, D.

braunii, D. macrocarpum, , D. stuhlmannii, D. ruhlandii, D. edule, D. lindicum, D.

D. mossambicense. The first five of these listed species are known for their poisonous

properties (Verdcourt and Trump, 1969; Vickery and Vickery, 1973; Breteler, 1990;

Ngomuo et al., 1995; Msami, 1999 and Ngomuo, 2001).

Mkuranga district is heavily infested with Dichapetalum plants; infestation is

widespread in virtually all grazing areas of the district. However, majority of

livestock keepers in this district are not aware of presence of these plants in their

arenarium,. D. eickii, D. crassifolium, D. ugandense, D. zenkeri, D. barbosae, and
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localities due to lack of knowledge on poisonous plants (Ngomuo et al., 2003). The

production. To solve this problem, there is a need to eradicate the plants. However,

the work of eradicating Dichapetalum plants is difficult because they have an

extensive underground root and stem system, making it a hard-to-kill.

The total land area of Mkuranga District is 2 432 square kilometres with high

potential for livestock production; however widespread occurrence of Dichapetalum

plants is deterrent to livestock production. The records available at Disrtict

Agriculture/Livestock office for Mkuranga show that the current number of cattle,

goats and sheeps in this District is around 3 000, 8 000, and 1 200 respectively

(DALDO’s offfice, Personal communication, 2005) . These figures show that the

number of ruminant livestock is relatively small compared to other areas of Tanzania

with similar size. The widespread occurrence of these plants is most probably, the

ruminant livestock in this District is not proportional to its potential and area size.

A number of cases of animals have died of plant poisonings from several livestock

farms and have been reported to District Agriculture/livestock office (Mmbaga, S. R.

Personal communication, 2005). Most cases occur during dry season and are

accompanied with pasture shortages (Mmbaga, S. R. Personal communication, 2005).

Currently animals such as cattle, goats and sheep are being introduced to Mkuranga

District by several non-governmental organizations such as Heifer Project

International (HPI) and Village Oriented Development Programme (VODP).

reason for relatively small number of ruminant livestock. In fact, the number of

widespread nature of the plants has to a large extent hindered ruminant livestock



4

However, the efforts made by these non governmental organizations are hampered by

Dichapetahun plant poisonings (Mmbaga, S. R. Personal communication, 2005).

Previous studies on Dichapetahun plants have just hinted on widespread infestation

in the Mkuranga District. There is no quantification on the problem in terms of exact

species present and their densities, a situation that led to many livestock keepers

being unaware of the presence of these poisonous plants. The magnitude of

infestation is unclear. Consequently, it is difficult to put in place control programmes.

As poisonous properties of Dichapetahun species vary, knowing prevalent species

and their densities can assist on decision regarding where to direct control efforts, set

measurable objectives and assess how well those controls have worked.

According to Van Rijn (2000) herbicides might be necessary for controlling hard-to-

kill perennial weeds, which can not be removed practically by hand because of their

re-growth characteristics. Swarbrick et al (1995) reported best performance of

herbicides on sprouts. Rana and Singh (1999) eradicated L. camara in India by using

glyphosate sprayed on to regenerated growth, cut 4 months previously. Herbicides

such as Picloram (Tordon®), Glyphosate (Roundup®) and others have been used to

eradicate Dichapetahun species from pastures in Coast Region but there has been

variable success with this technique (Ngomuo et al., 2003). Variable success of

herbicides applied is possibly due to inappropriate application techniques and

application outside recommended period (Forbes et al., 1980; and Meyer and Van

Rooyen, 1996). Ngomuo et al. (2003) reported lack of information pertaining to

application methods, optimum dosages and effectiveness of herbicides against
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Dichapetalum plants. Keeler (1977) emphasized the importance of right method of

application in order to achieve good herbicide performance.

Generally speaking lack of information on scope and extent of Dichapetalum

main reasons behind poor control of the plants. This is substantially responsible for

unsatisfactory ruminant livestock production in the district. The ruminant livestock

production is the one primarily hampered as these animals depend on grazing directly

on natural pastures. In view of the aforesaid, there was a great need to conduct

research on these plants, so as to assess Dichapetalum infestation in this district with

a view to establish prevalent species and their coverage in infested areas which is an

important stage toward embarking on control programmes; and also doing assessment

effectiveness of chemical method, as attempts to control Dichapetalum plants by

manual methods proved unsatisfactory due to regrowth characteristics of the plants.

The general objective of this study was to understand scope and size of the

infestation, and establishing effectiveness of herbicides on Dichapetalum plants with

long term objective of improving ruminant livestock production through laying down

basic foundations for future control programmes in Mkuranga District of Tanzania. In

order to accomplish this goal, this study was conducted based on the following

specific objectives: (a) surveying sites infested by Dichapetalum plants by the

scientific quadrant method, (b) identifying of Dichapetalum plants in herbarium and

determination of percentage cover, (c) testing suitable method for herbicide

infestation and inappropriate method of herbicides application to these plants are

on how herbicides perform under field conditions in order to investigate the
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application and establishing optimum application rates (dosages) and (d) tracing out

phytotoxicity, assessing trend and overall killing percentage of tested herbicides.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Animal plant poisoning overview

2.1.1 Toxic plant constituents

Plants contain a large number of biologically active chemicals. Some of these have

been found to be extremely useful for treating various human and animal diseases

(e.g. digitoxin, colchicines and atropine). However, some plant constituents produce

adverse health effects following exposure (Tisserand and Balacs, 1995). The known

plant toxins are part of a group of chemicals known as secondary compounds or

metabolites because they are not essential to the basic biochemistry of the plants. The

presence of certain chemicals in plants is believed to confer some degree of

protection from plant predators such as insects and ruminants (Tisserand and Balacs,

1995).

2.1.2 Defensive mechanisms of animals against poisonous plants

Under normal circumstances, plant-eaters (including mammals and insects) have

developed ways of avoiding being poisoned. These mechanisms are through modified

behaviour and through chemical-based defences (Cheeke, 1998). Mammalian plant­

eaters generally use a wider range of plants and depend on taste, smell and learning to

avoid toxic species. They have more broadly-based chemical detoxication systems in

the chemical mechanisms of their livers and other organs and in the microbes in their

stomachs and intestines (Doll, 2006). Because plant-eaters are well adapted to their

natural environments, poisoning occurs only when those environments are seriously
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disturbed (for example by drought or human interference) and animals are forced to

leave their accustomed ecological niches to feed on dangerous plants (Pfister, 1988).

2.1.3 Predisposing factors for plant poisoning

likely to be poisoned

(Adaudi, 1975; Nwude and Parsons, 1977). According to Ngomuo (2001) factors that

predispose animals to plant poisoning include overgrazing of pastures that contain

poisonous plants, subjecting animals to hungry situations, improper harvesting of hay

may result in small quantities of toxic plants being fed to animals and poor storage of

pasture.

Poisonous plant occurrences are more frequent in dry years as droughts create

situations in which animals often graze plants they would otherwise not eat and

producers may harvest fields or plants that are not usually harvested due to pasture

shortage (Mac Dougall, 1996 and Doll, 2006). The accumulation of potentially toxic

concentrations of nitrate in forages most often occurs during periods of drought that

can lead to plant poisoning once ingested by animals (Pfister, 1988).

Weeds usually not considered toxic might become poisonous under certain

conditions. For example, weeds may become more palatable to livestock following

an herbicide application in a pasture or fencerow. This may result in animals eating

plants they would normally avoid consuming (Doll, 2006).

It is possible for animals to adapt to a potentially toxic plant if exposure is allowed to

occur over a period of time. For example, ruminants adapted to oxalate-containing

Animal unfamiliar with the plants in the new environment are
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plants such as Halogeton glomeratus can tolerate concentrations that are lethal to

non-adapted animals (Cheeke, 1998).

2.1.4 Factors determining effects of poisonous plants to animals

Severity of plant poisonings is greatly influenced by many factors, they include: the

chemical nature of the toxic constituent; amount and time period of the toxin eaten;

parts of the plant eaten; the general condition and stage of maturity of the plant;

environmental conditions in which the plant is growing. On the other hand, species,

age, size, sex and general condition of the animal influence severity of plant

poisoning (Pfister, 1988).

2.1.5 Diagnosis and treatment of plant poisoning

The diagnosis of plant poisonings can be difficult (Minnaar, 2000). Ingestion of

many plants produces non-specific clinical signs that must be differentiated from

other disease conditions. In addition, death due to toxic plant ingestion often does

not result in characteristic post-mortem lesions (Cheeke, 1998).

For proper diagnosis the history, clinical signs, and post-mortem lesions should be

investigated. In suspected plant poisoning, animals should be removed from

contaminated pastures as quickly as possible. For most cases, there is no effective

treatment; however symptomatic treatment maybe instituted (Ngomuo, 2001).

Long term control of poisonous plants involves eradication of them from pastures and

avoiding exposure of animals to area of infestation (Minnaar, 2000).
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2.2 Background information of Dichapetalum plants

2.2.1 Classification

Dichapetalum plants fall under phylum Spermatophyta and class Dicotyledons.

These plants belong to family Dichapetalaceae. The family was formerly known as

Chailettiaceae (Cornell University, 2006). The family comprises about 154 species

in 4 genera, and occurs in tropical regions (Hutchinson, 1964). The most interesting

morphological feature of this family is the frequent concrescence of the petiole and

the peduncle of the inflorescence, the latter then apparently arising from the base of

the leaf-blade (Mabberley, 1987).

The genera under family Dichapetalaceae are Dichapetalum, Stephanopodium, Falya,

and Tapura. The largest and most widely spread genus is Dichapetalum, which is

found in most parts of the tropics, particularly in Africa. There are about 100 species

under this genus, which occurs in tropics and subtropics (Hutchinson, 1964).

2.2.2 Toxic constituents of Dichapetalum plants

Monofluoroacetic acid is the toxic principle of Dichapetalum spp. Monofluoroacetic

acid is organofluoride compound. It belongs to fluoroacetic acid derivative group

include 2-fluoroacetic1949). acid,Its acide-(Chenoweth, synonyms

monofluoracetique, acido monofluoroacetico, Compound 1080, cymonic acid,

fluoroacetate, fluoracetato de sodium, fluoroacetic acid sodium salt, fluoroacetic acid,

fluoroethanoic acid, gifblaar poison, monofluorazijnzuur, onofluoressigsaure,

monofluoroacetic acid, sodium fluoroacetate,monofluoroacetate, sodium
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monofluoroacetate, sodium perfluoroacetate (Chenoweth, 1949; and Meyer et al.,

1992).

isolatedIn from

Dichapetalum cymosum, a South African plant, and was the first known example of a

naturally occurring organic fluoride (Chenoweth, 1949). Other plants that contain

these toxic constituents include Gastrolobium species such as Gastrolobium

grandiflorum and Acacia species such as Acacia georginae (McKenzie, 2006).

Some species are vulnerable to fluoroacetate, while others, particularly some

Australian and African varieties, produce the toxin and possess natural resistance

(Lien et al., 1978). According to Meyer et al. (1992) the plants contain fluoroacetyl-

CoA hydrolase enzyme which protects them from being poisoned by their production

of fluoroacetate.

Ingestion of cooked meat from 1080-poisoned animals is not thought to constitute a

human health hazard due to the low concentration of toxicant present in muscle

tissue, and degradation of fluoroacetate at cooking temperatures (Temple and

Edwards, 1984). Poisoned carcasses are a significant risk to dogs due to their

susceptibility and feeding habits (Gooneratne et al., 1995). Persistence of

fluoroacetate in carcasses is dependent on a number of factors such as temperature,

weather conditions and the size and amount of decomposition of the animal (Walker

and Lien, 1981).

1944, potassium monofluoroacetate (CHaFCOOK) was
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2.2.3 Fluoroacetate mode of action

Fluoroacetic acid is not toxic de novo, but when ingested it undergoes transformation

in the body to fluoroacetyl-CoA, thereby gaining entry to the citric acid cycle. Citrate

synthase then condenses fluoroacetate with oxaloacetate to form fluorocitrate, a

process dubbed as lethal synthesis (Buffa and Peters, 1950). The time taken for lethal

synthesis is on the order of 30 - 150 minutes, and symptoms will be exhibited at some

point after this latent period, depending on the species and dose (Egekeze and

Oehme, 1979). The toxic isomer (-)-erythro-2-fluorocitrate exerts its action mainly on

the citric acid cycle enzyme aconitase, where it is thought to act as a suicide substrate

at the sulphydryl-bearing active site of the enzyme, causing a blockade at this point

of the cycle (Clarke, 1991). ATP is rapidly depleted, disrupting energy-dependent

processes. The capacity of cells to restore inactivated aconitase and combat oxidative

damage is probably also hindered. Other enzymes affected include pyruvate

dehydrogenase kinase (Taylor et al., 1977), succinate dehydrogenase (Mehlman,

1967), phosphofructokinase (Godoy and del Carmen Villarruel, 1974), and possibly

ATP-citrate lyase (Rokita and Walsh, 1983). As a result of the blockade at aconitase,

citrate levels rise dramatically, causing chelation of divalent metal ions, especially

Ca2+. Depletion of these ions at a CNS site may be responsible for seizures in certain

species (Homfeldt and Larson, 1990). Serum citrate levels generally provide a

reliable biochemical marker of fluoroacetate intoxication (Bosakowski and Levin,

1986).



13

2.2.4 Fuoroacetate metabolism

Defluorination of fluoroacetate has been demonstrated in several species, with most

metabolism occurring in the liver (Mead et al., 1985). The development of tolerance

to increasing doses of fluoroacetate has been reported in rats and mice, whereby a

dose of 0.5 mg/kg protects rats against a dose of 5 mg/kg for a period of 48 hours

(Chenoweth et al., 1951). The mechanism of fluoroacetate resistance in certain

species is not well understood, but rate of defluorination does not appear to play a

significant role (Mead et al., 1985). In sheep, there was found to be a total excretion

of unchanged sodium fluoroacetate ranging from 7.5% to 33.9%, most of which

occurred in the urine within the first 48 hours (Eason et al., 1993). Rats dosed with

0.25 mg/kg 14C-labelled fluoroacetate excreted the following cumulative percentages

of radiolabel in the urine : 6% at 4 hours, 32% at 24 hours, and 45% at 72 hours.

After 72 hours various organs each contained between 0.5-1% of the total amount

labelled (Tecle and Casida, 1989).

2.2.5 Dichapetalum poisoning symptoms

There may be a latent period of up to 6 hours or more during which minor symptoms

are exhibited, including vomiting, tingling of nose and numbness of face. Carnivores

such as dogs appear to be more susceptible to CNS effects, while herbivores show

predominantly cardiac effects which evoke less prominent symptoms. Omnivores

such as humans show mixed symptomology (Norris, 2001).

Signs of Dichapetalum poisoning in ruminants include sudden death, dullness,

tachycardia, rapid and weak pulse, dyspnea, loss or decreased appetite, excessive

salivation, rumen hypomotility, blindness; trembling, chilling, inability to stand,
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incoordination, opisthotonus; hyperesthesia, grunt, decreased or absent milk

production; increased frequency of urination (Ngomuo et al.,1995; Minnaar, 2000 ).

Diagnosis is usually made on the basis of verified exposure, clinical signs, necropsy

findings and chemical analysis. Samples for analysis should include suspected baits,

vomitus, stomach contents, liver and kidney (Minnaar, 2000). Elevated citric acid

levels in kidney and serum is indicative of fluoroacetate (or fluorocitrate) poisoning

when correlated with clinical history (Bosakowski and Levin, 1986). Differential

diagnosis must be made amongst compounds such as strychnine, chlorinated

hydrocarbons, plant alkaloids and lead (Minnaar, 2000).

2.2.6 Dichapetalosis treatment

So far no therapeutic measures have been developed for the prevention. Acetamide

has demonstrable therapeutic value as an antidote for the prevention of experimental

gifblaar poisoning in sheep. Emesis, gastric lavage, and administration of adsorbents

such as activated charcoal have been tried to limit absorption of fluoroacetate in the

gastrointestinal tract (Egyed and Schultz, 1986).

2.3 Perspective of weed control in pastures

Weed control in pastures can be a very difficult challenge (Rutgers, 2006). In

pastures, the most undesirable traits a plant may have are that it is poisonous or not

consumed by animals (Salzer and Holen, 2006). Weeds can become a serious

reduce the longevity and nutritional value of a pasture stand (Rutgers, 2006). An

problem in pastures because they compete with desirable pasture species and can
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effective weed control program is essential to establish and maintain highly

productive pastures and animal performance (Salzer and Holen, 2006).

Chemical weed control can be a challenge because of its selective or nonselective

means of controlling specific plant species (Beck, 2004). Weeds can be satisfactorily

checked by integrated system of control methods, consisting of a combination of

some or all of cultural, ecological, manual, mechanical, chemical and biological

control (Van Rijn, 2000).

2.4 Scope of chemical weed control

Chemical control is simply the use of various herbicides to kill weeds. Herbicide is a

chemical compound used to kill or control plant growth or algae (Crafts and Robbins,

1962). Herbicides provide a more effective and economical means of weed control

than cultivation, hoeing, and hand pulling (Vallentine, 1971).

The first chemicals used in weed control were inorganic compounds such as brine,

salt and ashes. These were used by the Romans to sterilize the land as early as

biblical times (Ware, 2000). Chemical control of undesirable range plants by the use

of herbicides has developed rapidly in recent years and is now the mostly widely used

means of removing noxious shrubs and weeds from grazing lands (Vallentine, 1971).

Chemical weed control in pastures is much more prevalent in Central and South

America and South-East Asia than in Africa and South Asia (Swarbrick and Kent,

1982; Scanlan, 1984; Scanlan and Fossett, 1984).
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Studies carried out in the South African Kruger National Park by Erasmus et al.

(1993) showed that chemical control was cheaper and caused less disturbance

resulting in higher biodiversity than mechanical control.

However, disadvantages include: no chemical control has yet proven effective for

some species, cost of control may outweigh expected benefits on low-value range, the

careless use of chemicals is hazardous to cultivated crops and may contaminate water

supplies and herbicides may kill associated forbs shrubs important for grazing

(University of Minnesota, 2002).

A number of factors affect the effectiveness of the chemical treatment and they

include: plant size, time of application, mode of application, and the use of surfactant.

Use of herbicide in uncut stands may not be effective in preventing eventual

regrowth. In such cases combination of mechanical and chemical control may be the

best (University of Minnesota, 2002). The seasonal response of Lantana camara to

applications of fluroxypyr, metsulfuron-methyl, glyphosate and dichlorprop has

recently been reported by Hannan-Jones (1998).

Herbicides were found to be effective in control of a number of undesirable plants;

scattered infestations of Iniperata cylindrical in pastures, was successfully controlled

with repeated applications of glyphosate at 1.5-2 kg ai/ha. Imazapyr at 1 kg/ha is also

Terry, 1994). According to Swarbrick et al. (1995) Lantana camara can be

controlled by wetting foliage or cut stumps with 0.5 -1 % glyphosate or 0.5% 2,4-D

amine. Recommended rates for application of 2, 4-D for post-emergent control of

an effective herbicide. Both herbicides kill foliage and rhizomes (Brook, 1989 and
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weeds in most crops and pastures range from 0.28 to 2.2 kg/ha (Loos, 1975). For

poisonous plants, Picloram (Tordon®) is applied at a rate of 0.09-0.90 kg/acre

(Ghassemi et al., 1981).

The Australian experience in controlling L. camara indicates that some herbicides are

more effective on particular lantana forms. The most effective herbicides belong to

the phenoxy acid (2, 4-D, 2,4,5-T and dichloroprop ), benzoic acid (dicamba) and

pyridine groups. Glyphosat, sulfonylureas (metsulfuron methyl) and imidazolinones

(imazapyr) also show good activity. Photosynthetic herbicides (triazine and urea) are

not effective (Swarbrick et al., 1995). A single July application of Imazapyr

eradicated (100% control) common bermudagrass

{Cynodon dactylon (L.) Pers.} (Griffin et al., 1994)

2.5 Herbicides

2.5.1 Herbicide classification

Herbicides are classed as selective when they are used to kill weeds without harming

the crop and as nonselective when the purpose is to kill all vegetation. They are also

classified as contact or translocated (Crafts and Robbins, 1962).

Contact herbicides kill the plant parts to which the chemical is applied and are most

effective against annuals, those weeds that germinate from seeds and grow to

maturity each year. Complete coverage is essential in weed control with contact

materials (Weed Science Society of America, 1983).

(Arsenal®) at 1.1 kg ae ha’1
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Translocated herbicides are absorbed either by roots or above-ground parts of plants

and are then circulated within the plant system to distant tissues. Translocated

herbicides may be effective against all weed types; however, their greatest advantage

is in the control of established perennials, those weeds that continue their growth

from year to year. Uniform application is needed for the translocated materials,

whereas complete coverage is not required (Weed Science Society of America,

1983).

Another method of classification is the timing of herbicide application with regard to

the stage of crop or weed development. The three categories of timing are

preplanting, preemergence, and post emergence. Preplanting applications for control

of annual weeds are made to an area before the crop is planted, within a few days or

weeks of planting. Preemergence applications are completed prior to emergence of

the crop or weeds, depending on definition, after planting. Post emergence

applications are made after the crop or weed emerges from the soil (Weed Science

Society of America, 1983).

2.5.2 Herbicide Families and their injurious symptoms

Herbicide families are a convenient way of organizing herbicides that share a

Minnesota, 2002).

The growth regulators include the following herbicide families: phenoxy acetic acids,

benzoic acids, and the pyridines. Growth regulator herbicides can act at multiple sites

in a plant to disrupt hormone balance and protein synthesis and thereby cause a

common chemical structure and have similar herbicidal activity (University of
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variety of plant growth abnormalities. Growth regulator herbicides selectively kill

broadleaf weeds; however, they are capable of injuring grass crops. Herbicides in this

group can move in both the xylem and the phloem to areas of new plant growth. As a

result, many herbicides in this group are effective on perennial and annual broadleaf

weeds. Herbicide uptake is primarily through the foliage, but root uptake is possible.

Injury symptoms are most obvious on newly developing leaves (University of

Minnesota, 2002).

dinitroanilines, acetanilides, and thiocarbamates. Seedling growth inhibitors interfere

with new plant growth, thereby reducing the ability of seedlings to develop normally

in the soil (South African Sugar Association, 2004).

The amino acid synthesis inhibitors include the following herbicide families:

sulfonylureas, imidazolinones, sulfonamide, and amino acid derivatives. An example

of amino acid Derivatives is Glyphosate (Roundup®). Amino acid synthesis

inhibitors act on a specific enzyme to prevent the production of specific amino acids,

key building blocks for normal plant growth and development. In general, injury

symptoms are slow to develop (1 to 2 weeks) and include stunting or slowing of plant

growth and a slow plant death (South African Sugar Association, 2004).

aryloxyphenoxypropionates and cyclohexanediones. These herbicides prevent the

The seedling growth inhibitors include the following herbicide families:

The lipid synthesis inhibitors include the following herbicide families:
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formation of fatty acids, components essential for the production of plant lipids

(University of Minnesota, 2002).

The photosynthesis inhibitors include the following herbicide families: triazines,

phenylureas, uracils, benzothiadiazoles, and nitriles. Photosynthesis inhibitors shut

down the photosynthetic (food producing) process in susceptible plants by binding to

specific sites within the plant's chloroplasts (University of Minnesota, 2002).

The cell membrane disrupters include the diphenylether and bipyridylium herbicide

families. These herbicides are postemergence contact herbicides that are activated by

exposure to sunlight to form oxygen compounds such as hydrogen peroxide. These

oxygen compounds destroy plant tissue by rupturing plant cell membranes.

Destruction of cell membranes results in a rapid browning (necrosis) of plant tissue

(South African Sugar Association, 2004).

Pigment inhibitors prevent plants from forming photosynthetic pigments. As a result,

the affected plant parts become white to translucent. Herbicides falling under this

family include clomazone (Command®), and norflurazon (Zorial®) (University of

Minnesota, 2002).

2.5.3 Herbicide Sprays Formulation

mixed. The combination of formulation, rate of application and method of application

Formulation is the manner in which the toxicant, carrier and other ingredients are
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generally determine whether a recommended herbicide will be highly selective and

effective or not (Johnson, 2005).

For most hand-pump sprayers, the output can be controlled by adjusting the

concentration of the pesticide in the tank (Johnson, 2005). If the sprayer is not

accurately calibrated, too little or too much herbicide may be applied, resulting in

unsatisfactory weed control or damage or death of the seedlings (Norland and

Heiligmann, 2005).

The amount of herbicide required to provide adequate control varies greatly with kind

recommendations primarily consider optimum toxic effects; higher rates are rarely

more effective and may prove detrimental (Weed Science Society of America, 1983).

Many translocated herbicides may be reduced in effectiveness when high rate are

used because leaves may die so quickly that the toxicant is not absorbed. However,

reducing rates below recommended levels to save chemicals may sharply reduce

kills, particularly when less than ideal conditions are encountered (Johnson, 2005).

Herbicide mixtures have often resulted in no added benefits, and contact herbicides in

mixture with phenoxy herbicides are capable of interfering with their translocation

within the plant and reducing the permanent kill (Meyer et al., 1970).

of herbicide, plant species and method of application. Herbicide rate
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2.5.4 Methods of herbicides applications

In order to achieve good performance of herbicides, applications should be made

with recommended herbicide, at the most susceptible plant growth stage and with the

recommended form and rate of the herbicide (Keeler, 1977).

Herbicide application based on the area covered involves four categories: band,

broadcast, spot treatments, and directed spraying. A combination of broadcast

spraying followed by individual plant treatment is often the best method for such as

hard-to-kill chaparral plants (Paulsen and Miller, 1968).

Applying herbicides directly to the soil is another means of killing undesirable plants.

Soil-active herbicides are more commonly applied as dry granules or pellets. Soil

application is less dependent on the stage of growth than foliage sprays but does

require rainfall to dissolve and penetrate into the soil. In some areas excessive losses

may result from leaching or adsorption on soil colloids (Keeler, 1977).

2.5.5 Influence of environmental factors on herbicide performances

Environmental factors, principally climatic and edaphic (soil), materially influence

the effectiveness of herbicides. These factors principally affect herbicide penetration

or translocation or both (Coupland, 1986).

Cook (1963) reported unsatisfactory big sagebrush kills when soil moisture in the

upper two feet of silty clay loam soil was below 12 percentage owing to poor

translocation of herbicides. He came up with recommendation that translocated
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herbicides such as phenoxy herbicides should not be applied in areas with seasonal

or prolonged drought.

Rain four hours or more after foliar application of herbicide seldom reduces

herbicidal effects. However, rain shortly after application may wash herbicide off the

foliage and reduce control (Coupland, 1986).

Warm but not excessive air temperature promotes the entry and translocation of

herbicides, respiration, protoplasmic steaming and plant growth and thereby

herbicide effectiveness. Low temperatures during the preceding week tend to slow

plant growth and retard herbicide activity (Cook, 1963).

High relative humidity increases the effectiveness of most herbicide sprays by

reducing plant water stress, by delaying drying of droplets, favoring stomatai opening

and probably increasing the hydration and thus permeability of leaves to polar

substances. Low humidity effects can partially be overcome by using oil or oil-water

emulsions instead of water as diluent (Coupland, 1986).

Wind above minimum levels frequently causes improper distribution of sprays and

increases drift of herbicides onto susceptible crop. Aerial application of herbicides is

best in early morning and secondarily late evening because of typically reduced wind

velocities, higher humidity, and lower temperatures. Light generally promotes

herbicide penetration by stimulating stomatai opening and accentuates photosynthesis

and translocation (Currier and Dybing, 1959).
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2.5.6 Assessment of herbicide performance

The performance of herbicide treatments may be measured in a variety of ways and

may be concerned with the degree of the control of the weeds or with the response of

the crop to the treatment (Bioenergy, 2005). Measurements of average plant biomass

(fresh plant weight) are commonly used to help assess overall biological productivity.

This is done by cutting down herbage and measuring plant biomass (Bioenergy,

2005).

According to Dow AgroSciences (2006) determination on the level of performance

that a herbicide delivers can be done as follows; first of all, it is important to leave an

untreated area as a comparison to treated acres. To determine the level of control,

compare weed control in the treated area with the number of weeds in an untreated

area. The percentage of control can be determined as follows: Place a one-foot square

number of live weeds (i.e. weed escapes) in the square (Value A). Place the one-foot

square measure on the ground in a representative location of the untreated area and

count the number of live weeds in the square (Value B). Then, Determine the level of

control using the following formula: Percentage level of control = [ 1—(AZB)] x 100.

For example, if you counted 10 live weeds (weed escapes) in a square foot section of

the treated area and 82 live weeds in a square foot section of the untreated area, you

would have the following level of control: 10 weed escapes / 82 live weeds =

0.12195. (1 - 0.12195) x 100 = 87.8% control. Porterfield et al. (2001) assessed the

injury due to trifloxysulfuron in cotton leaves by visual rating.

measure on the ground in a representative treated area of the field, and count the
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2.6 Details of selected herbicides

2.6.1 Bipyridyliums: Paraquat

The three important herbicides under bipyridyliums are paraquat, diquat and

difenzoquat. In each of these compounds there are attachments of two pyridyl rings

(Syngenta, 2006). Paraquat has been available to farmers for over 40 years and is

currently one of the most widely used herbicides in the world. The herbicidal

properties of paraquat were discovered by Syngenta in 1955 and was introduced to

world markets in 1962 under the brand name Gramoxone® (Syngenta, 2006).

Paraquat (l,r-dimethyl-4,4'-bipyridylium) is a broad spectrum, non-selective

herbicide. It is very fast-acting, rain-fast within minutes of application, becomes

biologically inactive upon contact with soil (Weed Science Society of America,

1983).

Pure paraquat salts are white and the technical products, yellow. They are crystalline

solid, odorless, hygroscopic powders, melting and decomposing at 300°C. Paraquat is

extremely soluble in water slightly soluble in alcohol and practically insoluble in

formulations. Paraquat is formulated as the dichloride salt. It is corrosive to metals

and incompatible with alkylarylsulfonate wetting agents. It is stable in acid or neutral

solutions, but is readily hydrolysed by alkali (Weed Science Society of America,

1983).

organic solvents. Paraquat is non-explosive and non-flammable in aqueous
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2+

2crN+CHg

Figure 1: Molecular Structure of Paraquat Dichloride

Paraquat is a foliage-applied contact herbicide. It enters the plant through leaf and

green stem tissue and move little once absorbed. Very little translocation occurs so

thorough coverage is essential for greatest activity. After application, penetration

through the plant leaf surface occurs almost immediately. This absorption is

increased by high light intensity, humidity, non-ionic adjuvant in the formulation

which ensures good spray retention and wetting of target foliage (Crafts and Robbins,

1962). Herbicide molecules carry a strong positive charge and are tightly bound to

soil colloidal matter upon contact, resulting in no soil activity. They require the

presence of sunlight for activity and plants treated on cloudy days or in the dark will

not express symptoms until placed in the light (Crafts and Robbins, 1962).

The chloroplast is the site of action for paraquat. In the chloroplasts paraquat inhibit

the photosynthesis which causes total disruption of cell membranes. The chloroplasts

contain the photosynthetic systems of green plants, which absorb light energy that is

used to produce sugars. Paraquat is known to act on the photosynthetic membrane

system called photosystem I, which produces free electrons to drive photosynthesis.

CH3N+ k
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The free electrons from photosystem I react with the paraquat ion to give the free

radical form. Oxygen rapidly reconverts this free radical and in that process produces

super oxides. Chemically highly reactive, super oxides attack unsaturated membrane

fatty acids, rapidly opening up and disintegrating the cell membranes and tissues. As

contents leak and mix causing further destruction. It is the rupturing of the cell

membranes allowing water to escape from the plant material that leads to the rapid

desiccation of the foliage. Chloroplast membranes rupturing give the tissues their

frostbitten appearance. The paraquat ion/free radical process then recycles producing

further quantities of super oxide until the supply of free electrons ceases. The speed

of cell destruction is usually too rapid to allow any measurable translocation from the

treated leaf to occur (Syngenta, 2006).

Visible wilting of treated plants is apparent within hours under warm, bright

conditions but may take several days under dull, coo! conditions. This is quickly

followed by the appearance of brown, desiccated or chlorotic tissue (Syngenta, 2006).

As paraquat is not biologically active in the soil it has no adverse effects on soil

fauna. Provided spray deposits have dried, there is no health risk to domestic animals

entering fields sprayed with paraquat, or to livestock grazing on vegetation sprayed at

normal recommended dilutions. Paraquat binds tightly to plant tissues, so is not

easily absorbed. in animals. Any trace amounts are rapidly excreted (Satchel!, 1

a result of these dramatic chemical changes, membranes are destroyed, and cell
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2.6.2 Phenoxy acetic acids: 2, 4-D compounds

Phenoxys are a relatively old group of compounds that date back to the 1940s.

Several compounds belong to this class, of which 2, 4-D and 2,4,5-T are the most

commonly used . Others are 2, 4-DB, MCPA and silvex (Norris, 1981).

The first phenoxy herbicides to be introduced for commercial use was 2, 4-

dichlorophenoxy acetic acid (2, 4-D) in 1944. It has been sold under various trade

names, which include Agrotect®, Amoxone®, Chloroxone®, Crop Rider®, Weedar®

and Weedone® (Meister Publishing Company, 1981). The various commercial

formulations of 2, 4-D are generally either salt or ester formulations. Since its

introduction as selective weed killer in 1944, 2,4-D has become one of the most

widely used herbicides in the world (Meister Publishing Company, 1981). 2,4-D,

MCPA and 2,4,5-T have been used for years in very large volume worldwide with no

known adverse effects on human or animal health (Ware, 2006).

Cl o
OCH2COHCl

Figure 2: 2,4-dichlorophenoxy acetic acid (2,4-D)
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Phenoxy herbicides such as 2,4-D are particularly useful, since they are toxic to a

wide variety of broadleaved weeds but not to most species of the grass family (Loos,

1975). The mostly widely used herbicide for the herbaceous species is 2 4-D (Keeler,

1977).

Phenoxy herbicides are usually foliarly applied and are translocated within the food

stream of plants. In some cases, phenoxy herbicides applied at higher rates may also

exhibit soil activity on emerging broadleaf seedlings (Weed Science Society of

America, 1983). Uptake of 2,4-D by plants occur through leaves, stems, and roots.

Salts forms of 2,4-D are most readily absorbed through plant roots, whereas the ester

forms are readily absorbed through foliage. Both forms are readily translocated

within the plant where the herbicide tends to accumulate at the meristematic areas of

both shoots and roots (Loos, 1975 and Sassman et al., 1984).

Only minimal losses of 2,4-D activity occur due to photodegradation and, for most

formulations, due to volatilization (Weed Science Society of America, 1983). The

use of surfactants in 2,4-D formulations (acids and ester formulations) often leads to

increased efficacy as consequence of increased absorption of the herbicidal

compound as the surfactants tend to dissolve the surface waxes, loosen cuticular

structure, and in some case, interact with cuticular lipids (Loos, 1975).

Phenoxy herbicides have complex mechanisms of action resembling those of auxins

(growth hormones). They affect cellular division, activate phosphate metabolism, and
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modify nucleic acid metabolism. This result in excessive cellular growth with

symptoms appearing as abnormal growth of the plant (Crafts and Robbins, 1962).

The selectivity of 2,4-D is due to protoplasmic tolerance resulting from inherent

ability of certain plants to resist the toxic action of the chemical. Oxidative

destruction of 2,4-D in certain plant species may partially explain selectivity to this

chemical, but other mechanisms are undoubtedly involved (Luckwill and Lloyd-

Jones, 1960).

Application of 2,4-D to plants may result in several distinct responses. First, it causes

causes a thickening of leaves and sometimes stems, accompanied by increase in

turgor. Third and most important, there is a cessation of growth, followed by death of

tissues. This is followed by characteristic browning and drying of stems and leaves

and often by decay of roots in the soil (Crafts and Robbins, 1962; Weed Science

Society of America, 1983).

2.6.3 Phosphono Amino Acids: Glyphosate (Roundup®).

The best known of this group is glyphosate (Roundup®). Others are glufosinate

fosamine (Krenite®),ammonium and glyphosate trimesium(Ignite®),

(Touchdown®) (Weed Science Society of America, 1983). Glyphosate [N-

(Phosphonomethyl) glycine] (Figure 3) is a nonselective, nonresidual, postemergence

material. They are more effective against grasses than broadleaf weeds. They

a twisting or bending of the stems and leaves of some sensitive plants. Second, it
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penetrate rather slowly, thus rainfall shortly after application can reduce effectiveness

(Crafts and Robbins, 1962).

Glyphosate is a white, odourless solid with

glyphosate has a density of 0.5 g/cm3. At 25°C glyphosate has solubility in water of

1.2 percent (12,000 ppm) but is not soluble in other solvents. The active ingredient of

glyphosate is N-(Phosphonomethyl)glycine (Weed Science Society of America,

1983).

00

OH—c—CH2—NH—CH2

OH

Figure 3: Glyphosate

In general control of perennials require rates of 1.1 to 4.5 kg/ha and for annuals, the

rate is 0.3 to 1.1 kg/ha to achieve control (Weed Science Society of America, 1983).

Roundup® offered the best long-term control of Poa annua (cool-seasonal annual

weeds) in Dormant Bermudagrass Turf (Menn et al., 1999). In India, eradication of

effective and economical using glyphosate sprayed on to regenerated growth, cut 4

months previously (Rana and Singh, 1999). Glyphosate has been the primary

—OH• —»■ p

L. camara from sub-watersheds in the Markanda catchment, Himal Pradesh, was

a melting point of 200°C. Pure
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herbicide for control of common bermudagrass since its introduction in the early

1970s (Dickens and Turner, 1984).

Glyphosate is taken up by plant primarily through the foliage and is then translocated

through the plant to roots and other structures. However minimal amounts of material

may be taken up by roots under soil conditions that minimize glyphosate adsorption

to soil particles (Gottrup et al., 1976). Foliar absorption is greatly increased by

increased humidity and by the presence of surfactant in the formulation (Ghassemi et

al., 1981).

Glyphosate is readily translocated to underground plant structures and is a strong

inhibitor of sprouting in perennial species (Gottrup et al., 1976). Glyphosate is not

metabolized in plants, although complete and rapid degradation occurs in both soil

and water by microbiological activity but not by chemical activity (Rueppel et al.,

1977; Ghassemi et al., 1981).

Its mechanism of action appears to be the inhibition of aromatic amino acid synthesis,

which results in the inhibition of nucleic acid metabolism and protein synthesis

(Crafts and Robbins, 1962). These herbicides inhibit enzymes critical to the

production of certain amino acids. Amino acids are important building blocks in the

production of proteins. Proteins are important structural components, constituents of

cell membranes and as enzymes are regulators of metabolic processes. When amino

acid production stops, plant growth decreases and finally is stopped (Weed Science

Society of America, 1983).
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Because so many plant processes are affected, many symptoms can be produced

including stunting, chlorosis, reddening, and distortion of terminal growth. Treated

plants stop growing, wilt, become chlorotic and then necrotic. This is a slow process

and may require 10 to 14 days. Trees and shrubs treated with sublethal doses may

initiate new leaves which are twisted, curled, or generally malformed (Crafts and

Robbins, 1962; Weed Science Society of America, 1983).

2.7 Weed resistances to herbicides

2.7.1 Meaning and history of weed resistance

Herbicide resistance refers to the inherited ability of a weed or crop biotype (A

biotype is a group of plants within a species that has biological traits that are not

common to the population as a whole) to survive a herbicide application to which the

original population was susceptible. In Australia a biotype of annual ryegrass is

resistant to at least five different herbicide groups. This is called multiple resistance

(Mallory-Smith et al., 2006). Howat (1987) reported resistance of ryegrass (Lolium

rigidum) to many different herbicides, including diclofop-methyl, fluazifop-methyl,

chlorsulfuron, simazine and trifluralin. Lantana camara is resistant to triclopyr, a

widely used herbicide for woody weed control (Goodall and Naude, 1998).

The first identified herbicide-resistant weed, spreading dayflower (Commelina

diffusa'), which is resistant to 2, 4-D, was identified in 1957 in a sugarcane field in

Hawaii. Since then, more than 200 weeds resistant to one or more herbicides have

been identified worldwide (Weed Science, 2006). Resistance of weeds to chemical
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herbicides is a problem of rapidly growing importance in agriculture (Gorddard et al.,

1995; Gunsolus, 1999).

2.7.2 Herbicide resistance mechanisms

an

alteration of the herbicide site of action, metabolism of the herbicide, and removal of

the herbicide from the target site (sequestration) (Gorddard et al., 1995). Repeated

use of a product for more than two years could develop a herbicide resistance

problem (Gunsolus, 1999).

2.7.3 Diagnosis of herbicide resistance

Initial suspicion of resistance usually results from unsatisfactory weed control

following a herbicide application. However, resistance should not be assumed to be

the cause and other reasons should be investigated first (Iowa State University, 2005).

Indicators for a rise of herbicide resistance include the presence of living plants

adjacent to dead individuals and a gradual decline in control over a period of years

(Vitolo, 1999).

2.7.4 Control measures of herbicide resistant weeds

Once herbicide resistance has been diagnosed, the next is to develop a comprehensive

weed control program to manage the problem. According to Vitolo (1999) the

strategies for avoiding and managing problems with herbicide resistant weed biotypes

include Using herbicides only when necessary, herbicide rotation, using short­

residual herbicides, rotating crops, particularly those with different life cycles.

Currently, the three known resistance mechanisms that plants employ are:



35

Combine, where feasible, mechanical weed control practices such as rotary hoeing

and cultivation with herbicide treatments. Clean tillage and harvest equipment before

moving from fields infested with resistant weeds to those that are not.

2.8 Herbicide tolerant plants

2.8.1 Background information on herbicide tolerance of plants

Herbicide tolerance (HT) is the ability of a plant to survive the application of a

specific herbicide. In these plants, a gene is present in these plants that make them

tolerant of a particular herbicide or group of herbicides (Cooperative Research

Centre, 2006).

Some plants are naturally tolerant to a specific herbicide, while others develop this

tolerance in the evolutionary process of adapting to their environment (sometimes

plants develop a tolerance to a specific herbicide because the herbicide was not used

properly for weed management). Other herbicide-tolerant plants were developed

through biotechnology (Moss and Cussans, 1991). Herbicide-tolerant weed species

appeared before the adoption of agricultural biotechnology, mainly due to poor

agronomic practices (Cooperative Research Centre, 2006).

2.8.2 Biotechnology in developing herbicide-tolerant crops

tolerant to herbicides (Crawley et al., 1993). Simazine-resistant groundsel Senecio

vulgaris, was discovered in 1978 (Heap, 1997). This was the first herbicide-tolerant

weed to arise in agriculture through natural selection (Ryan, 1970). Hall et al. (2000)

reported on a triple tolerant canola, recovered from a fanner’s field in northern

Plant breeders and researchers are working to produce crops that are resistant or
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Alberta. Studies have shown that herbicide tolerant plants are no more invasive of

cultivated or natural habitats than their herbicide susceptible counterparts, unless the

relevant herbicide is used exclusively to eliminate competing vegetation (Downey,

1999). An imidazolinone-tolerant wheat (Triticum aestivum ) mutant in the winter has

been identified and characterized. The mutant was isolated from a population derived

through seed mutagenesis of the variety with an aqueous solution containing sodium

azide (Newhouse et al., 1992).

There are four ways to create herbicide tolerant plants: Herbicide tolerance created by

natural selection, herbicide tolerance created using naturally occurring genes. On the

other hand herbicide tolerant plants can be created by mutagenesis and traditional

cross breeding (Biotechnologyonline, 2006).

2.8.3 Management of herbicide-tolerant weeds

Farmers have traditionally used a number of methods to manage weeds that have

become herbicide-tolerant, whether naturally or through genetic modification. For

example, they may use a different herbicide to control the weeds, till the land

immediately before they plant their seed, use herbicide mixtures to treat fields, rotate

the herbicides they use, use non-chemical weed control methods such as silage and

green manure, rotate the crops planted in a field, swath at the optimum crop stage

(Hall et al., 2000; Canadian Food Inspection Agency, 2006).
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2.9 Study for the structure and composition of plant communities.

2.9.1 Sampling for survey research

Survey research is based on sampling, which involves getting information from only

some members of the population. Samples can be drawn in several different ways,

such as probability samples, quota samples, purposive samples, and volunteer

samples (Greig-Smith, 1983).

Purposive sampling is a sampling method in which elements are chosen based on

representative sample without sampling at random. Purposive sampling may involve

studying the entire population of some limited group

(Fowler, 1993). One of the commonest uses of purposive sampling is in selecting a

group of geographical areas to represent a larger area; it involves making a planned

selection of specific cases (List, 2005). Purposive sampling is very convenient in that

it doesn’t require much time and resources, however the sample might not be actual

representative of the population, and this method is largely limited to exploratory

research (Babbie, 1973).

2.9.2 Description of plant communities

The description of vegetation, with or without concurrent recording of factors of the

environment, has played a major part in the development of plant ecology and

continues to be important (Greig-Smith, 1983).

or a subset of a population

purpose of the study. In this kind of sampling a surveyor tries to create a
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Two methods of community description predominated in the past and are still used to

some extent (Greig-Smith, 1983). The first involves the making of a complete list of

species present in a community with assignment of‘frequency symbols’ or numerical

ratings by inspection. This developed from the subjective assessment of species as

rare, occasional, common etc in floras and represents an essentially similar process

applied to much smaller area and more closely defined area. The second method

depends on the recording of presence or absence of species in small samples of the

community under investigation (Raunkiaer, 1934).

2.9.3 Percentage cover as a measure of plant communities

In making detailed studies of sample areas, various measures are available for

conveying information about plant communities. One of simplest techniques is to list

species in sample quadrants at intervals along a line transect (really a row of point

quadrants); the frequency being equal to the proportion of the total number of

quadrants in which the species occurs (Greig-Smith, 1983).

Density is a measure of the number of individuals per unit area. The other measure is

percentage cover which measure the proportion of the area covered by any species,

and is usually expressed as a percentage (Greig-Smith, 1983).

Percentage cover is defined as the proportion of ground occupied by perpendicular

projection on to it of the aerial parts of individuals of the species under consideration.

Cover is usually expressed as a percentage. It is a convenient measure in short
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impossible (Smith, 1944).

Cover may be either estimated or measured. Measurement of cover may be made by

the point quadrant method, which depends on recording the presence or absence of a

species vertically above a number of points in the community being described The

percentage of points above which the species is present represents the percentage

cover (Smith, 1944). Percentage cover can be measured using any sampling

technique and quadrant of any size. The point quadrant technique is both rapid and

accurate for short grassland communities (Smith, 1944).

2.9.4 Quadrant method for study of plant communities

A quadrant is the main basis of the study for the structure and composition of plant

communities (Greig-Smith, 1983).

A quadrant is the sampling unit. It is a square, or less commonly a rectangle or a

circle, of defined area, which may be placed either at random or in some regular

relatively low figure for standard deviation and thus increase accuracy of

information. Accuracy varies with the number of individual counted rather than the

(Greig-Smith, 1983).

area sampled, so that more quadrants are needed for sparse than for abundant species

grassland communities where determination of density would be very laborious or

manner. The number of quadrants that we use must be sufficiently large to give a
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Point quadrant is a technique that provides rapid and potentially accurate method of

estimating percentage cover (Ashby, 1961). In principle it depends on recording the

presence or absence of a species in a large number of very small quadrants. In

practice, then all that is necessary is to down a number of pin-points at random on the

vegetation, and record the number of hits and misses on the species we are

considering. If the sample is large enough, the proportion of hits to the total of hits

and misses together will give a reasonably accurate assessment of the percentage

cover of that species (Ashby, 1961).

In dense scrub vegetation, where the use of quadrants would be difficult, cover can be

estimated reasonably well by using a number of parallel line transects (Greig-Smith,

1983).
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Description of the study area

3.1.1 Location of the study site: Mkuranga District

Tanzania is located in the equatorial zone of East Africa at latitude 1°S and 12 °S ;

and longitudes 30°E and 39 °E. Total area is 945 000 km2. According to Kidunda et

al. (1990) grazing land in Tanzania covers about 51% of the total land area. This

research work was conducted in Mkuranga district, which is about 40 km south of

Dar es Salaam.

Mkuranga is one of six districts in the Coast Region of Eastern Tanzania. Mkuranga

is situated between 38°50/ to 39°28z longitudes east and 06°70z to 07°33z latitudes

south. Administratively, it is divided into 4 divisions, 15 wards and 101 villages.

Mkuranga district has a total area of 2 432 square kilometres with high potential for

livestock production in terms of abundant grazing land.
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Figure 4: Map of Tanzania and Mkuranga District, the study area.
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3.1.2 Climatic condition

Mkuranga has a typical coastal climate, the average temperature is 32°C. There are

two rainy seasons per year. The first season includes rains between October and

January, while the second begins in March and ends in June. The average rainfall

ranges from 80 mm to 12 000 mm per annum (Department of Fund for International

Development, 2005).

3.2 Sampling procedure and sample size

Geographical areas in Mkuranga District for this study were selected using Purposive

Sampling Method as described by Babbie (1973), Fowler (1993) and List (2005).

Purposive sampling was employed as Dichapetalum plants are naturally found in

investigate on Dichapetalum plants, some geographical areas of Mkuranga District

affected with these plants were purposively selected to represent the whole area

infested with these plants in the district. Due to budgetary limitations, time

constraints and nature of distribution of Dichapetalum plants, five neighbouring

farms were selected for survey. The neighbouring farms were selected in order to cut

down travel costs. The sampling of infested areas for closer studies in each

purposively selected farm was done on random basis and therefore the farms

surveyed were enough to give representative picture of whole area infested in this

District. In each farm, several areas infested with these poisonous plants were visited

and studies to assess the infestation in terms of Dichapetalum species prevalent and

size of infested area occupied by identified species were made. Out of several

some areas, and not uniformly distributed. Under this sampling procedure, samples

are chosen based on purpose of the study. As the purpose of this study was to
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infested areas surveyed, one site with relatively large numbers of sprouting

Dichapetalum plants was selected for field assessment of selected herbicides in order

to establish suitable application methods, optimum dosages and general effectiveness

against Dichapetalum plants.

3.3 Surveying of infested areas for sample collection

As it was convenient to conduct survey in neighbouring farms, farms in Mkuranga,

Tengelea, Magoza, Kiparang’anda and Mwanambaya were selected for survey.

Neighbourhood of these farms and road accessibility were main criteria considered

when Purposive Sampling was employed in selection of these farms. The two criteria

for selection reduced travel expenses without affecting accuracy of results obtained.

In these farms several areas infested by these plants were visited and collection of

Dichapetalum plants was done using point quadrant method. Under point quadrant

method each area with these plants was evenly divided into small size more or less

square areas of land; these land divisions are called quadrants. In the study, quadrants

sparsely populated areas than in areas densely infested. A big number of quadrants

random numbers as reported by Snedecor (1946), for detailed examination of

Dichapetalum plants they contained. Observation was also done to find out other

plants growing in association with Dichapetalum plants. In each selected quadrant,

Dichapetalum plants and associated plants were critically examined and photographs

were of different sizes depending on area of infestation. The number of quadrants in

one area depended on abundance of plants. The number of quadrants was more in

was created; however only 100 quadrants were chosen randomly using a table of
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of some plants in quadrants were taken. Sample plants were collected in a special

instrument called press from all 100 quadrants investigated and sent to herbarium for

identification.

3.4 Botanical identification and percentage cover determination

The identification of collected plant samples was carried out at the Herbarium of

Botany Department of the University of Dar Es Salaam (UDSM). Botanical

identification of Dichapetalum plants to species level was done using keys described

by Polhill (1988). The voucher specimens were kept at herbarium for future

reference. The collected associated plants were also identified using appropriate

botanical identification keys for them.

After identification, records in terms of presence or absence of identified species in

each quadrant were taken for the case of Dichapetalum plants. These records were

used to determine percentage cover of each Dichapetalum species identified. The

percentage cover represents proportion at which one species occurred in all quadrants

examined. This was calculated as a ratio of number of quadrants with a particular

species to total number of quadrants examined (100). This measure of vegetation is

important as it indicates proportion of area covered by a particular species.
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3.5 Efficacy study of herbicides

3.5.1 Site of study and experimental design

The site with Geographical Positioning System (GPS) coordinates of S07*09.355',

E039* 10.574' at altitude of 391 feet was used for efficacy assessment of selected

randomized complete block with four repetitions. The chosen site was divided into

four replications (plots).In each replication each selected herbicide was sprayed to 60

plants (six doses of each herbicide were used and each dose was tested to ten plants).

This means for each replication 180 plants were used as three herbicides were tested.

There were four replications for entire study and therefore, a total of 720 plants were

treated with herbicides. These herbicides were applied using a 5-litre knapsack hand

sprayer with single nozzle (Figure 5). This is a pressure sprayer that has been

manufactured by P.T. Plasindo Bhama Prasasta. Apart from spraying herbicides, it

identified using tags. The stage of Dichapetalum plants sprayed is shown in Figure 6.

University of Minnesota (2002) recommended employing combination of mechanical

and chemical control for plants with sprouting tendency in order to prevent eventual

regrowth. Basing on this recommendation by University of Minnesota (2002) and

studies by Keeler (1977), Swarbrick et al. (1995), Rana and Singh (1999); and Van

Rijn (2000) a suitable method thought to be effective for these plants was picked up

for testing herbicide effectiveness. The study aimed at testing performance of

herbicides in sprouts following cutting of Dichapetalum plants. However, due to

time limitation and period of time to access site given by landowner, the actual stage

herbicides. It had sprouting Dichapetalum plants. The experimental design was a

can also be used for watering and spraying insecticides. Sprayed plants were



47

of cutting and waiting for sprouting was not practiced in the present study, but

instead this study made use of already established Dichapetalum sprouts which were

8 weeks old as stated by the landowner. Cutting was done by owners of land in the

process of preparing their farms for crop raising. Individual plant spraying was

employed as suggested by Paulsen and Miller (1968).

Three herbicides; paraquat, 2, 4-D and glyphosate (Round up®) were selected for

testing to demonstrate efficacy of the herbicides on Dichapetalum plants. Paraquat

used for assessment was manufactured by Gap Chemicals of South Africa and

distributed by Balton Tanzania LTD of Arusha, Tanzania. It contained 200 g of

paraquat dichloride in one litre. This herbicide was approved by TPRI of Arusha with

registration number: HE-0113. Round up® used was manufactured by Monsanto

Kenya Limited, Nairobi. It contained 480 g/1 IPA salt of N-phosphonomethylglycine

equivalent to 360 g/1 glyphosate. It is a water soluble formulation. This was approved

by the TPRI with registration number HE 0055 and Ugc/94/00014/He/R for Tanzania

and Uganda respectively. 2, 4-D tested was manufactured by ATUL LIMITED of

Gujarat, India. It was distributed by Twiga Chemical Industries (T) of Dar es salaam,

Tanzania. Its concentration was 720 g/1. It contained active ingredient dimethylamine

salt of 2, 4 dichlorophenoxyacetic acid at 86.4% w/v, and co-formulants and inerts at

13.6%; all these add up to 100%. It was approved by TPRI, with registration number

of HE/0144. All the three herbicides assessed are shown in Figure 7.

Due to lack of labeled field application rates for Dichapetalum plants; the dosages

tested were based on efficacy studies conducted on plants closely related to
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Dichapetahun plants (Loos, 1975; Ghassemi el al., 1981; Swarbrick et al., 1995;

Hannan-Jones, 1998; and Rana and Singh, 1999). In order to get full information on

response of these plants,

conventional dosages as suggested by previous works to excessive dosages to rule out

unsatisfactory performance attributed to underdosages. At each replication, each

herbicide was tested at six different doses (0.5, 1.0, 1.5, 5, 10, 15 kg/ha) and each

dose was tested on ten plants. The amount of herbicide in spray volume to be

delivered to plants depended on dose and herbicide concentration. The three

herbicides tested were water soluble and therefore water was used as diluent. Before

determinations of quantity of herbicide, estimations on area to be covered by a plant

and quantity of water required for total wetting of a plant were made. One plant was

estimated to occupy an area of 0.25 m2 and therefore the total area to be covered by

ten plants is 2.5 m2. The quantity of water for each plant was estimated to be 0.5 litre,

which amounted to 5 litres for ten plants. Thereafter calculations were made to

determine the quantity of herbicide required to spray in an area of 2.5 m2. Taking an

(10,000 m2) required I kg of Round up®, therefore an area of 2.5 m2 required 0.25 g

of Round up®. The stock solution in bottle contained Round up® at concentration of

360 g/1; therefore to get 0.25 g of this herbicide, 0.69 ml was taken. This amount was

mixed with 5 litres of water in knapsack hand sprayer giving concentration of 0.005%

w/v. The herbicide at this concentration in the hand sprayer was sprayed on ten

plants. The calculations of this kind were also done to determine the amount of

herbicides at different doses (0.5, 1.0, 1.5, 5, 10, 15 kg/ha) to be sprayed to other

a range of dosages were applied. These ranged from

example of Round up® calculations were as follows: at a dose of 1 kg/ha, 1 ha
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plants. Table 1 below shows concentrations and volume of herbicides sprayed for

every ten plants.

3.5.2 Phytotoxicity observation

Observations on tagged plants in the field were made to trace out phytotoxicity and

killing percentages of herbicides. The total number of leaves for each plant at the

time of herbicide application was recorded. The field observations were made on the

following days after spraying (DAS): 2, 5, 7, 10, 12, 14, 17, 21, 25, 28, 30, 35, 38,

40, 42, 45, 49, 55, 57 and 60. A total of twenty observations were made, with an

average of observation at three days interval for the entire study period. During

observations injurious symptoms in plants were recorded, special attention was paid

to the number of leaves killed in each plant. The trend in killing percentages (KP) and

KP at the end of study were recorded for all three tested herbicides. KP for each plant

was calculated as a ratio of number of killed leaves to number of leaves at spraying

time i.e. KP = Killed leaves following herbicide application/Total number of leaves

at the time of herbicide application. This ratio is useful as it indicates degree of the

control of herbicide on Dichapetalum plants.

3.5.3 Rainfall data collection

Rainfall data was also collected in order to understand the rainfall trend during the

study period. Rainfall data for Mkuranga District as recorded by Kongowe Forest

Weather Station were collected at TMA (TMA Headquarter weather records, 2006).

The focus was on rainfall trend during field efficacy studies. Three categories of
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rainfall data were collected; rainfall data at time of present study (October, 2005 to

February, 2006); at period of excessive rains, in 1997/98 heavy rains occurred and

therefore data in that year was chosen to represent that scenario. The third category

was data on mean rainfall trend for that particular period in the Mkuranga District.

Figure 5: Knapsack hand sprayer
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Figure 6: The sprayed Dichapetalum plant sprouts

Figure 7: Herbicides used for field assessment
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Spraying volumes (ml) at dosage rates (kg/ha)

Herbicide Concentration (g/1)
0.50 1.50 5.00 15.001.00 10.00

2, 4-D 720.00 0.17 0.35 0.52 1.74 3.47 5.21

360.00 0.35 0.69 1.04 3.47 6.94 10.42Roundup®

1.88 6.25 12.50 18.75200.00 0.63 1.25Paraquat

3.6 Data analysis

The overall killing percents recorded at end of the study (day 60), which represents

maximum control effect of tested herbicides (2, 4-D, Roundup® and Paraquat)

against Dichapetalum were, analyzed by MSTAT-C, a statistical procedure

developed by Michigan State University (1993). Analysis was done using

Randomized Complete Block Design for Factor A (Herbicides), with Factor B

(Dosage rates) a split-plot on A.

Table 1: Spraying volumes (ml) for three herbicides for every ten plants in area

of 2.5m2
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CHAPTER FOUR

4.0 RESULTS

4.1 Prevalence of Dichapetalum spp. in Mkuranga District

The botanical survey using Point Quadrant Method carried out in this study

established the presence of four Dichapetalum species in Mkuranga district. The

species identified in the survey were: Dichapetalum stuhlmanii, D. mossambicence ,

D. ruhlandii and D. arenarium. The plants that were identified to be in close

senegalensis, Xylotheca tetensis and Milletia spp.

The occurrence of Dichapetalum species in 100 quadrants examined and percentage

cover calculated using Point Quadrant Method for the four species is shown in Table

2. From this table percentage cover for Dichapetalum stuhlmanii, Dichapetalum

mossambicence, Dichapetalum ruhlandii, Dichapetalum arenarium is 76%, 42%,

37%, and 27% respectively. These observations of percentage cover are presented in

terms of frequency distribution in Figure 8. Some photographs of Dichapetalum

plants taken during the survey are shown in Figures 9 and 10.

association with Dichapetalum plants are Deinbollia borbonica, Annona
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Table 2: Point Quadrant results for determination of percentage cover for

Dichapetalum plants

Number of quadrants recorded presence of species in quadrant group

ruhlandii D. arenariumD.D. mossambicencestuhlmaniiD.

[□ Percentage cover

41

Figure 8: Frequency distribution of percentage cover of identified Dichapetalum 

species
1= D. stuhlmanii 2= D. mossambicence 3= D. ruhlandii 4. D. arenarium

2 3
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Quadrant 
group
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Figure 9: Dichapetalum mossambicence

Figure 10: Dichapetalum stuhlmanii
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4.2 Observations for phytotoxic effects on sprayed plants

4.2.1 General trend of injurious symptoms and leaf killing per cent

Botanical observations on sprayed plants for sixty days after spraying have revealed

variable responses to herbicide treatments. However, for most herbicides noticeable

changes started in the second week after spraying. Changes observed included

discoloration, cuts and holes in leaves, scorching (desiccation), leaf wrinkling, and

leaf death (necrosis).

Trend of leaf killing percentages throughout the study period at different dosage

rates tested for all three tested herbicides is indicated in Tables 3, 4, 5, 6, 7, and 8.

The figures for killing percentages shown in these tables represent average values for

every ten plants. This trend is presented graphically in Figures 11, 12, 13, 14, 15 and

16. A close look on these tables reveals insignificant killing percent in the first three

weeks of observation for Roundup®, at all doses. The trend also shows that 2,4-D

and paraquat showed appreciable killing percent just in the first week of the study at

all rates tested.

4.2.2 2,4-D treated plants

Significant changes for 2, 4-D treated plants started in the second week; leaves were

discolored. Qualitative assessment revealed destruction of leaves in terms of cuts,

holes, mild wrinkling and total leaf death. The young leaves at the growing tips

(newly developing leaves) were mostly affected; these leaves were destroyed and

transformed into dark masses (necrosis); however at doses 5 kg/ha and above old

leaves also were destroyed.



57

4.2.3 Roundup® treated plants

Qualitative assessment for leaves sprayed with Roundup® revealed very slow

development of changes; after two weeks leaves showed discolorations, developed

cuts and holes. Treated leaves were observed to be stunted. Some leaves had black

spots which indicate leaf necrosis. Scorched areas were observed; scorching was

prominent at doses 5 kg/ha and above. Roundup® primarily destroyed old leaves,

which were transformed into black masses and patches. In all doses tested leaf

destruction was prominent in the fourth week of spraying.

4.2.4 Paraquat treated plants

Paraquat produced relatively quick effects; just on second day, scorched areas in

leaves dominated especially on leaves treated with dose 5 kg/ha and above. Visual

assessment revealed black patches development indicating leaf necrosis in majority

of leaves. Discoloration was observed, some leaves developed yellowish coloration,

while others had grey and black patches. Some leaves were curled. Paraquat had

effect primarily on old leaves in which necrosis of treated leaves dominated.

Herbicide 7 14 21 28 35 42 49 60

5.50 5.70 6.676.34 7.10 7.25 7.50 7.77
8.30 8.90 10.989.11 11.6811.54 11.97 12.03
0.54 0.98 1.601.20 5.56 6.66 7.00 7.24

Paraquat

2, 4-D

Round up®

Table 3: Trend of leaf killing percentages at a dosage rate of 0.5 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days
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Herbicide 49 6014 427 21 28 35

8.61 8.99 9.12 9.886.90 7.10 7.89 8.45Paraquat

10.77 11.99 12.95 13.767.20 7.63 8.76 9.152,4-D

9.916.56 8.267.88Round up® 1.98 4.341.11 1.23

49 6035 42Herbicide 2821147

18.00 18.67 18.97 19.6217.9015.5413.6711.20Paraquat

13.09 13.9512.68 14.2811.3510.338.76 9.112,4-D

13.0511.69 12.23 13.6710.217.055.78Round up® 3.45

42 49Herbicide 21 28 35 60147

18.65 19.10 19.5613.46 15.70 17.07 18.08 20.94Paraquat

12.04 13.56 14.118.00 9.15 11.97 13.24 14.912,4-D

14.885.68 6.00 7.34 11.08 13.45Round up® 12.33 15.64

Table 5: Trend of leaf killing percentages at dosage rate 1.5 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days

Table 6: Trend of leaf killing percentages at a dosage rate of 5 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days

Table 4: Trend of leaf killing percentages at a dosage rate of 1.0 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days
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Herbicide 4921 28 607 14 35 42

21.86 22.10Paraquat 18.19 18.67 19.86 20.65 21.00 21.43

13.56 13.78 14.94 15.242,4-D 9.04 10.46 11.23 14.57

16.96Round up® 11.67 13.45 15.99 17.758.40 8.567.99

49Herbicide 42 6028 3521147

24.68 25.90 26.1922.70 23.4122.0021.420.20Paraquat

26.8025.61 27.22 27.5723.6020.1815.7812.332,4-D

11.60 18.34 20.60 21.18 23.114.103.80Round up® 2.10

Table 8: Trend of leaf killing percentages at a dosage rate of 15 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days

Table 7: Trend of leaf killing percentages at a dosage rate of 10 kg/ha for three 

tested herbicides in sixty days of observation

Killing percentages in days
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Figure 12: Graphs of trend of leaf killing percentages at a dosage rate of 1.0 
kg/ha for three tested herbicides in sixty days of observation

Figure 11: Graphs of trend of leaf killing percentages at a dosage rate of 0. 5 
kg/ha for three tested herbicides in sixty days of observation
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Figure 14: Graphs of trend of leaf killing percentages at a dosage rate of 5 kg/ha 

for three tested herbicides in sixty days of observation

Figure 13: Graphs of trend of leaf killing percentages at a dosage rate of 1.5 

kg/ha for three tested herbicides in sixty days of observation
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Figure 16: Graphs of trend of leaf killing percentages at a dosage rate of 15 

kg/ha for three tested herbicides in sixty days of observation

Figure 15: Graphs of trend of leaf killing percentages at a dosage rate of 10 

kg/ha for three tested herbicides in sixty days of observation
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4.3 Evaluation of herbicides efficacy

16.2 % (Appendix 1). Analysis of variance (ANOVA) in Table 9 has shown

herbicides, application rates and interaction of herbicide and rate were highly

(P<0.001) significant sources of variations in percentage control of Dichapetalum

plants.

Mean separation for herbicide treatments revealed that among the three tested

herbicides, paraquat performed somewhat better than the other two. According to

results; 2, 4-D was followed by Paraquat in terms of extent of control against

Dichapetalum plants. Of the three, Round up® had the lowest killing percentage

(Table 10).

Mean separation was applied to dosage rates without taking into consideration

herbicide types, killing percentage was found to increase with increased dosage rates

as indicated in Table 11. The highest dose of 15 kg/ha had greatest degree of control,

smallest dose tested in field experiment.

Mean separation for dosage rates in individual herbicide was done to find out trend in

killing percentages of dosage rates in each herbicide. The observations showed that in

case of Round up® and paraquat killing per cents increased with an increase in doses.

However, this was not the case with 2, 4-D. Means separation in 2, 4-D has revealed

that killing percentages at dosage rates of 10 kg/ha and 5 kg/ha are not significantly

on the other hand smallest killing per cent was recorded with 0.5 kg/ha which was

MSTAT-C analysis results have shown that overall killing percentage was
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different. The other dosage rates which produced killing percentages not significantly

different in 2,4-D are; dosage rates of 1.5 kg/ha and 5 kg/ha; dosage rates of 1 kg/ha

and 1.5 kg/ha (Table 12).

Interactions of herbicide type and dosage rate played a role in killing percents; this

was closely studied to find out the exact effect of each interaction and results are

shown in Table 13 below. There were a total of 18 interactions; the highest killing

percentage was recorded in interaction of 2,4-D at dose 15 kg/ha. The two

interactions: Round up® at 0.5 kg/ha and Paraquat at the same dosage rate produced

lowest killing percents in this experiment. Analysis on mean separation has also

revealed that some interactions were not significantly different; interactions of 2,4-D

at 1 kg/ha and Round up at 1.5 kg/ha; Round up® at 1 kg/ha and Paraquat at 1 kg/ha.

Other interactions which were statistically not different are; Round up® at 5 kg/ha

and 2,4-D at 10 kg/ha; 2, 4-D at 10 kg/ha and at 5 kg/ha; 2,4-D at 1.5 kg/ha and at 5

kg/ha.

The general observation for all herbicides is that the effect of interactions increased

with an increase in dosage rates. The example for this is with 2,4-D; interaction of

this herbicide at 0.5 kg/ha was 12.0 % while at 15 kg/ha, killing percentage was 27.6

However, there are some exceptions to this general observation.

Frequency distributions on herbicides performance are shown in Figures 17, 18, 19,

20 and 21.
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1997/1998, 2005/2006 and Mean Rainfall conditions for Mkuranga District is as

shown in Appendix 2. These data are represented graphically in Figure 22.

Source of variation F value

Note: xxx = Highly significant difference (p<0.001).

Table 10: Mean killing percentages between herbicides

Table 9: Analysis of Variance (ANOVA) for Herbicide treatments, Dosage 

rates and their Interactions on Killing Percentages.

4.4 Rainfall trend observations
Data on rainfall trend for the period between October and February for year

Note: Means followed by the same letter do not differ significantly at P<0.05 according to 
Duncan’s New Multiple Range Test (DNMRT).
CV = Coefficient of variation
se = Standard error

Herbicide types (A) 
Error (a)
Dosage rates (B)
Interactions (AB)
Error(ab)
Total

Degree of 
freedom (df)

2
6
5

10
45
71

61.46
0.26

411.37
28.24

0.21

122.93
1.57

2056.84
282.38

9.60 
2474.09

Mean
Square

(MS)

Sum
Squares

(SS)

235.29xxx

Herbicide types 
2,4-D 
Round up ® 
Paraquat 
Mean 
CV (%) 
se ±

Killing percentages 
16.30b 
14.55c 
17.75“ 
16.20 

3.15 
0.10

1927.5 8XXX
132.32xxx
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Table 11: Mean killing percentages of different dosage rates

Table 12: Mean killing percentages of dosage rates in three herbicides.

Paraquat 
TT? 
9.88c 

19.62d 
20.94c 
22.10b 
26.19a 
17.75

Dosage rates (kg/ha) Killing percentages
05 9.01*
1.0 11.18C
1.5 15.85d
5 17.16c
10 18.36b
15 25.63“
Mean 16.20
CV(%) 2.85
se ±________________________________________________________ 0.13
Note: Means followed by the same letter do not differ significantly at P<0.05 according to

Duncan’s New Multiple Range Test (DNMRT). 
CV = Coefficient of variation 
se = Standard error

Herbicides
Round up® 

72? 
9.91e 

13.67d 
15.64c 
17.75b 
23.11“ 
14.55 
2.85 
0.13

2,4-D 
12.03c 
13.76d 

14.28cd 
14.91bc 
15.24b 
27.57“ 
16.29

Dosage rates 
05 
1.0 
1.5 
5 
10 
15 
Mean = 
CV(%) 

se±____________
Note: Means followed by the same letter do not differ significantly at P<0.05 according to 

Duncan’s New Multiple Range Test (DNMRT).
CV = Coefficient of variation 
se = Standard error
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Serial no. Treatment (dosage rates are at kg/ha)

Table 13: Mean killing percentages of interactions between herbicide type and 

dosage rates

2,4-D at 0.50 
2,4-D at 1.00 
2,4-D at 1.50 
2,4-D at 5.00 
2,4-D at 10.00 
2,4-D at 15.00 
Round up at 0.50 
Round up at 1.00 
Round up at 1.50 
Round up at 5.00 
Round up at 10.00 
Round up at 15.00 
Paraquat at 0.50 
Paraquat at 1.00 
Paraquat at 1.50 
Paraquat at 5.00 
Paraquat at 10.00 
Paraquat at 15.00

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
CV(%) 
se ±

Mean killing 
percentages 

12.031 
13.76k 
14.28jk 
14.9 lij 
15.24hi 
27.57a 
7.24” 
9.91m 
13.67k 
15.64h 
17.75s 
23.1 lc 
7.77n 
9.88m 
19.62f 
20.94e 
22.10d 
26.19b 
16.20 

2.85 
0.23

Note: Means followed by the same letter do not differ significantly at P<0.05 according to 
Duncan’s New Multiple Range Test (DNMRT).
CV = Coefficient of variation
se = Standard error
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Figure 18: Frequency distribution of killing percentages of dosage rates

1=0.5 kg/ha 2=1.0 kg/ha 3=1.5 kg/ha 4= 5 kg/ha 5=10 kg/ha 6=15 kg/ha

Figure 17: Frequency distribution of killing percentages of herbicides
1=2,4-D 2= Round up ® 3= Paraquat

20
w 
<D 
S’15 
c 
CD o 
o 10- 
Q.
CT

£

30 -i 
CO 

S) 25 - 
CO 

c 20 o 
£15
SlO 
c 
= 5

0

2 3

Herbicides



69

r —— --------------

I  Killing percentages

1 2 3 4 5 6

Application rates of 2,4-D

1=0.5 kg/ha 2=1.0 kg/ha 3=1.5 kg/ha 4=5 kg/ha 5=10 kg/ha 6=15 kg/ha

25 n

20 -

 Killing percentages
10

5

0 ■

61

Figure 20: Frequency distribution of killing percentages of dosage rates for

Round up®
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I □ Killing percentages
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Figure 21: Frequency distribution of killing percentages of dosage rates for

Paraquat
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Figure 22: Graph of Trend of Rainfall between October, 2005 and February, 

2006 in Mkuranga District.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Discussion on plant prevalence

The present study has given valuable information on scope and size of the

The survey carried out has shown and confirmedDichapetalum infestation.

widespread infestation of Dichapetahun plants in Mkuranga district, Coast Region.

These findings are in agreement with report by Central Veterinary Laboratory (1970).

In that annual report by Central Veterinary Laboratory it was reported that

Dichapetalum plants are widespread in Tanzania, particularly in Coast Region.

According to Breteler (1990); Meyer and Van Rooyen (1996) millions of hectares of

grazing land along the coastal strip are infested by the Dichapetalwn plants and this

affects grazing of animals. The study conducted in 2001 revealed that Mkuranga and

Kisarawe Districts were heavily infested with deadly plants belonging to the genus

Dichapetalwn (Ngomuo el al., 2003). According to Vickery and Vickery (1973) the

growth of Dichapetalum in Coastal strip is favoured by warm and tropical climate,

temperatures averaging 26.7°C, rainfall ranging from 1016 to 1930mm, and the sandy

loamy soil type. Mkuranga District has similar climatic conditions as reported by

Department of Fund for International Development (2005). It is therefore, speculated

that climate in this district plays a crucial role on growth of these plants.

Dichapetalum species identified in this study are in agreement with findings of

Verdcourt and Trump (1969); Vickery and Vickery (1973); Breteler (1990); Ngomuo

et al. (1995); Msami (1999) and Ngomuo (2001).
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The plants that were found to be in close association with Dichapetalum plants

(Deinbollia borbonica, Annona senegalensis, Xylotheca tetensis, Milletia spp.) can

give an indication of presence of Dichapetalum plants in areas they occur.

This study has also provided information on percentage cover of identified species.

This measure of vegetation gives estimation on proportion of area occupied by

particular species. In the present study, it has been revealed that greatest proportion

of area infested in Mkuranga Distrct is occupied by D. stuhlmannii. This indicates

that D. stuhlmannii is widespread in the district. D. stuhlmannii occupies 10% of

total area in Rufiji district, it is highly toxic to animals and has totally or partially

inhibited ruminant animal production in areas with widespread distribution (Ngomuo

et al., 2003). The present study has shown that next in terms of percentage cover in

Mkuranga district is D. mossambicence. The toxicity of this species is not well

stated, there is conflicting information on toxicity, some reports claim it is non

poisonous, while others claim the plants to be toxic to animals. Further research

should be done to ascertain toxicity of this species. D. ruhlandii identified in survey

is a highly poisonous plant. In Tanzania this species has been found in Lunguza

Forest reserve in Lushoto District, Kiwanda in Tanga District, Turian and Kimboza

Forest reserve in Morogoro District and Lindi (UDSM herbarium specimens,

personal communication, 2006). Small proportion of Dichapetalum infested area in

the district is occupied by D. arenarium. This occurs as a climbing shrub; it is

poisonous to animals (Ngomuo, 2001). The quantification of problem made in this

study is valuable as it has provided a clue on the extent of the problem and

troublesome species present in this district. The photographs of Dichapetalum plants
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taken during this study are instrumental in assisting all those involved in livestock

activities to be familiar with these plants. According to Kidunda (1996), 2-5% of all

mortalities in Rangeland in Tanzania are due to exposure to poisonous plants. The

findings of the study create awareness and have positive impact to livestock keepers

as reported losses due to exposure to these plants can be avoided by avoiding

exposure of animals to poisonous plants. In addition, if control measures are

instituted after successful identification of poisonous plants a large part of grazing

land which is now restricted for grazing, can be used as the deterrent would have

been removed. This will lead to increase in number of animals in the district, in

particular ruminant animals. This is supported in report by Mlay (2001) who reported

that a steady rise in the cattle population in Tanzania is due to presence of

uninhabited savannah plains and advances in chemoprophylaxis of tsetse-borne

diseases. In view of the above, successful control of Dichapetalum plants will

districtlivestock production in thisruminantdefinitely promote as

chemoprophylaxis for tsetse-borne diseases are already in place; what is now

grazing land free of these poisonous plants and measures to avoid or atrequired is

least minimize animal exposure to them. This view is in agreement with the statement

pointed out that because Dichapetalum plants are difficult to eliminate, the best

control measure is to prevent access of animals to infested areas. On the other hand,

Minnaar (2000) stated that the long term control of poisonous plants involves

eradication of them from pastures and avoiding exposure of animals to area of

infestation.

on best control measures of Dichapetalum plants by Ngomuo et al. (2003) who
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5.2 Discussion on botanical changes of sprayed plants

The effects of 2, 4-D and Roundup® were apparent in the second week whereas those

of paraquat treated plants were observed only after two days of treatment. These

findings tend to agree with what was reported in the literature. Paraquat is a foliage-

applied contact which is a very fast-acting herbicide. After application, penetration

through the plant leaf surface occurs almost immediately and this lead to its rapid

effects (Syngenta, 2006). Roundup® and 2, 4- D are translocated herbicides; these

after application are absorbed through leaf and readily translocated within plants to

their sites of action. 2, 4-D tends to accumulate at the meristematic areas of both

shoots and roots. This process requires a long duration of time resulting into

relatively delayed effects (Sassman et al., 1984). Glyphosate is taken up by plant,

primarily through the foliage and is then translocated through the plant to roots and

other structures. Glyphosate and sulfosate move readily in the phloem tissue with

photosynthate or mobilized storage products. Its mechanism of action appears to be

the inhibition of aromatic amino acid synthesis. This is a slow process and may

require 10 to 14 days and thus its prominent effects are mostly observed after two

weeks (Weed Science Society of America, 1983). According to Hager and Sprague

(2000) application of translocated herbicides may cause leaf cupping or puckering.

Explanation behind this observation is that translocated herbicides move into the

apical meristem, the location of hormonal control, and disrupt the hormone balance

of the plant. Following the disruption of hormonal balance, the plant exhibits some

response such as leaf cupping or puckering.
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Porterfield et al. (2001) conducted field studies in 1998 and 1999 to evaluate the

response of seven cotton cultivars to CGA-362622 (common name: trifloxysulfuron,

2-

trifluoroethoxy)-pyridin-2-sulfonamide sodium salt) applied postemergence at 7.5

and 15 g ai/ha to three- to five-leaf cotton. Cotton injury symptoms included

chlorosis and minor stunting. At 3 to 4 week after treatment (WAT), injury from

CGA-362622 at 7.5 and 15 g/ha was 2 to 6% and 7 to 9% by visual rating

respectively.

The bending of leaves sprayed with 2, 4-D is in agreement with observation by Crafts

and Robbins (1962). Newly developing leaves were mostly affected in 2, 4-D treated

plants, this finding agrees with reports by Crafts and Robbins (1962); Sassman et al

(1984); and Weed Science Society of America (1983). All the investigations stated

that 2, 4-D affect primarily areas of active growth as observed in present study. Owen

and Hartzler (2002) observed leaf cupping and malformation in soybean, the

symptoms seemed to be caused by exposure to plant growth regulator herbicides such

as 2, 4-D and dicamba.

The key observations on plants sprayed with Roundup® were slow development and

stunting of leaves. This might be explained by the fact Round up® impairs protein

synthesis which is an important process for plant growth (Weed Science Society of

America, 1983). In general, injury symptoms of amino acids synthesis inhibitors are

slow to develop (1 to 2 weeks) and include stunting or slowing of plant growth and a

slow plant death (South African Sugar Association, 2004). As a group, these

chemical name: 7V-[(4, 6-dimethoxy-2-pyrimidinyl) carbamoyl]-3-(2, 2,
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compounds are more effective on grasses than broadleaf weeds but they are generally

considered to be nonselective foliar herbicides with little or no soil activity.

Penetration is fairly slow, so rainfall too soon after application may reduce control

(Weed Science Society of America, 1983).

Necrosis dominated in leaves treated with paraquat. This is caused by action of

paraquat on photosystem I resulting in production of chemically highly reactive,

super oxides which attack unsaturated membrane fatty acids, rapidly opening up and

disintegrating the cell membranes and tissues. As a result of these dramatic chemical

changes, membranes are destroyed, and cell contents leak and mix causing further

destruction which lead to gross necrosis of plants. Areas of desiccation observed in

this study are also due to chloroplast membranes rupturing allowing water to escape

from the plant material that leads to the rapid desiccation of the foliage (Syngenta,

2006).

5.3 Field efficacy evaluation of herbicides on Dichapetalum plants control.

A number of studies have been conducted on efficacy of herbicides on plants and

findings on this research area have been reported (Hull et al., 1952; Bentley, 1967;

Muzik, 1976; Keeler et al. 1977; Forbes et al. 1980; Oswald, 1980; Gerber et al.,

1983; Kudsk and Kristensen, 1992; and Carsky et al., 1994).

In the present study, the observations from field experiments on efficacy evaluations

showed that plants sprayed with Roundup® did not show very apparent response to

treatment. This is in agreement with report of Weed Science Society of America
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(1983), that Roundup® is more effective against grasses than broadleaf weeds. The

response of plants to 2, 4-D and Paraquat was relatively noticeable. This can be

explained by the fact that action of Paraquat was not very much affected by prevailed

drought conditions and stage of plant growth as this is not translocated herbicide, it

acts upon coming into contact with plant tissues. Dichapetalum plants have broad

leaves. According to Loos (1975) phenoxyacetic acids such as 2, 4-D are very

effective against broadleaf weeds. Therefore application of 2, 4-D gave somehow

satisfactory response despite the dry conditions and advanced stage of plant growth

which affected translocation of herbicide within plant.

The findings have also shown that interaction of herbicide and dosage rate has

significant effect on the degree of control. Means separation has revealed that some

interactions are not statistically significantly different; for example interactions of 2,

4-D at Ikg/ha and Round up at 1.5 kg/ha. It is advised to use the herbicide that

produced that degree of control at lower doses. However, current market price and

availability of those herbicides should be critically analyzed before making decision.

Lower doses are preferred in order to minimize costs and hazardous effects to the

environment.

A notable finding is with 2,4-D in which lower doses led to relatively large killing

percentages. However the increase in doses did not produce expected increase in

killing percentages as shown in Table 12. At a dose of 0.5 kg/ha killing percents for

2,4-D, Round up® and Paraquat were 12.0, 7.2, and 7.8 respectively. The rise in

killing percent from dose 1.5 kg/h to 10 kg/ha for 2,4-D, Round up® and paraquat
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was 1.0, 4.0, and 2.5 respectively. This is in agreement with the report of Meyer et al.

(1970) who observed that translocated herbicides such as 2,4-D may be reduced in

effectiveness when high rates are used because leaves may die so quickly that the

toxicant is not absorbed.

A similar study in northern Cameroon showed that 2,4-D applied at a dose of 2000 g

active ingredient per hectare significantly reduced the number of emerged Striga

sorghum grain yield increases (Carsky et al., 1994). Hull et al. (1952) found that the

percentage of sagebrush kill varied from 58 to 97 percentage using 1 to 2 lb per acre

of 2,4,5-T applied in three to five gallons of diesel oil.

A series of case studies revealed that spraying outside the recommended period and

bad spraying techniques were the principal causes of poor control of Senecio

jacobaea. Sometimes cause of variability in control of Senecio jacobaea lies in short­

term changes taking place in the plants within a population rather than in differences

between populations on different sites (Forbes et al., 1980).

Studies have shown that 100% control is rarely achieved with single herbicide

application and therefore sometimes there is a need for additional control strategies.

The work of Oswald (1980) suggested that sequential application of herbicides is a

compared to single application.

hennonthica (a parasitic weed in sorghum crop) plants, resulting in significant

potentially effective method of controlling Poa trivialis in ryegrass seed crops



79

unsatisfactory. It is very difficult to explain the poor performance of herbicides as it

might be caused by many factors (Iowa State University, 2005). However, in the

probable factors for unsatisfactory performance of the herbicides. The spraying of

herbicides in the present study was done in December, 2005. Basing on Rainfall data

collected by TMA, the quantity of rainfall was zero mm (nothing was recorded) for

the whole month in which herbicide spraying was done (Figure 22 and Appendix 2).

Even in subsequent months of study, in January and February; rainfall data collected

by Kongowe Forest Weather Station showed rainfall recorded was below mean

rainfall conditions. This appears to be a very irregular rainfall trend because during

this period, Mkuranga District is usually under first rainy season (Department of

Fund for International Development, 2005). This might be responsible for poor

herbicide performance observed in the present study. According to Kudsk and

Kristensen (1992) environmental conditions significantly affect the activity and effect

of foliage applied herbicides. These factors principally affect herbicide penetration or

translocation or both. Plants under moisture stress do not readily translocate

herbicides. According to Iowa State University (2005) variation in weather

conditions affected herbicide performance more than weed growth; therefore the

oversimplification. However, the limited understanding of how weeds adapt to

environmental fluctuations restrict how we can use weather information to optimize

herbicide application (Iowa State University, 2005). Cook (1963) reported

unsatisfactory big sagebrush kills when soil moisture in the upper two feet of silty

present study drought conditions and advanced growth stages of treated plants are

statement that small weeds are easier to kill than large weeds may be an

In the present study, the herbicide effects in terms of killing percent are
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clay loam soil was below 12 percent. Plants in water logged sites have also been

found more resistant to herbicides than plants of the same species on well drained

sites. Plants grown under low humidity and/or soil water deficit tend to have smaller

leaves with thicker cuticles, more epicuticular wax and pubescence than unstressed

plants, and this might retard interception, retention and penetration of the herbicide

(Muzik, 1976; Caseley, 1989; Wanamarta and Penner, 1989). Herbicide retention,

uptake and translocation are affected by climatic conditions (Gerber et al., 1983).

Drought conditions which happened in the present study, impaired growth which had

negative impact on performance of herbicides. The importance of weed growth for

the positive herbicide effect has been stressed but not quantified by Hammerton

(1967), Muzik (1976), Davies et al. (1983), Gerber et al. (1983), Legg (1983),

Coupland (1986; 1989) and Wills and McWhorter (1988). Herbicide effects in the

field may, therefore be expected to increase with increased growth rate of the

seedlings and hence, be increased by all weather and soil factors combinations that

would promote growth rate. Results from studies in controlled environments have

confirmed that conditions which promote growth rate, such as optimal temperature

(Devine, 1989; Wanamarta and Penner, 1989), high relative humidity (Nalewaja and

Woznica,1985; Caseley, 1989; Kudsk et al., 1990) and optimum water supply

(Caseley, 1989) enhance the activity of many foliage-applied herbicides. Weed plants

growing vigorously will probably absorb a herbicide more readily (Legg, 1983),

resulting in a rapid movement of the herbicide along with the photosynthates away

from the leaf. This will maintain the gradient in herbicide concentration between the

inside and the outside of the leaf, which is necessary for rapid penetration (Muzik,
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1976). A high growth rate will probably also enhance the metabolic process induced

by herbicides, such as phenoxy-acetic acids (Muzik, 1976) and sulfonylureas. The

former herbicide group stimulates the weed plant to abnormal growth, while the latter

group retards the proteins synthesis and thereby inhibits cell elongation and cell

division (Cobb, 1992).

The stage of plant growth has influence on performance of herbicides. In the present

study Dichapetahun sprouts were sprayed at 8-week old, this might be too advanced

stage for good response of herbicides, resulting in low killing percentages. Maximum

rate of translocation rate is generally toward the end of rapid growth. Paulsen and

Miller (1968) found that 0.90 kg of 2,4-D ae per acre killed 82 percentage of the

plants when the new shoots were three to six inches long, only 65 percentage up to

three inches long. Bentley (1967) found that sprout in chaparral species allowed to

reach thirty six inches high become less susceptible hormone herbicides. Third-year

sprouts of chaparral species are generally too old for effective kill.

On the other hand, poor performance of herbicides in this experiment might be due to

Dichapetahim plants being naturally resistant to herbicide treatments. Resistance of

weeds to chemical herbicides is a problem of rapidly growing importance in

agriculture (Gorddard et al., 1995). Howat (1987) reported resistance of ryegrass

(Lolium rigidum) to many different herbicides, including diclofop-methyl, fluazifop-

methyl, chlorsulfuron, simazine and trifluralin. Owen (1998) reported an infestation

of common waterhemp that has not been controlled by three applications of Roundup

Ultra®. Interestingly, there are some plants that have been killed, some that are
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injured and may or may not recover, and some that are seemingly not affected. The

reason for the lack of control does not appear to be the result of misapplication, rate

selection, or environmental conditions. Lantana camara was found to be resistant to

triclopyr, a widely used herbicide for woody weed control (Goodall and Naude,

1998). According to Iowa State University (2005) resistance should be considered as

a possible cause when other factors have been eliminated. In the present study, it is

unlikely that these plants were resistant to herbicides as there was no history of

herbicides applications against them in the area. The recommended management

strategies for herbicide-resistant weed populations include an integrated system of

crop rotation and rotation of herbicide with different modes of action (Vitolo, 1999).

Tolerance of Dichapetalum plants might be responsible for poor performance; it is

suspected that these plants can tolerate herbicide treatment. The tolerance is probably

conferred by a gene present in them. Hall et al. (2000) reported triple tolerance of

Canola. These plants had tolerance to three herbicides, imidazolinone (Pursuit®),

glyphosate (Roundup®), and glufosinate (Liberty®).
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The findings from this study showed that Mkuranga is heavily infested with

Dichapetalum plants. Dichapetalum stuhlmanii which is highly toxic to animals was

found to have widespread distribution. On the other hand, herbicides tested for

efficacy gave unsatisfactory performance probably due to drought conditions which

prevailed when the experiment was conducted and advanced growth stages of

sprayed plants. Spraying herbicides in dry conditions has resulted in poor

performance; farmers are therefore advised to avoid spraying in drought conditions.

Generally, it can be concluded that the findings obtained in this study will be of great

use towards designing proper control measures for Dichapetalum plants. In addition,

the findings will add to our basic knowledge and understanding of these plants.

6.2 RECOMMENDATIONS

The findings on herbicide performance assessment seem to propose that a follow-up

study should be done. The study should be directed especially towards clearing

doubts whether drought conditions and stage of growth are reasons behind

unsatisfactory performance of herbicides observed in the present study. It is proposed

that the three tested herbicides should be assessed for efficacy in non-drought

conditions and early growth stage of Dichapetalum plant sprouts so as to see

disparity in herbicides performance between these two different situations. It will be
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also useful to conduct studies so as to understand effects of environmental changes

on response of Dichapetalum plants to herbicides treatment.

As application of herbicides in drought conditions gave unsatisfactory performance,

fanners are advised to avoid applications at this time. Farmers are hereby counseled

to consider a number of criteria before deciding on herbicide to use rather than basing

only on field performance of herbicides. The other criteria to be considered include;

market availability, current price and effects on environment.

As identification is one step toward proper control measures of these plants, it is

recommended that special training programmes be put in place focusing mainly on

identification skills so as to provide livestock keepers skills on identification of these

plants. This will enable livestock keepers avoid exposure of animals to Dichapetalum

plants. This should be followed by proper control programmes for eradication of

plants from grazing areas.
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APPENDICES

Appendix 1: Data on Rainfall Trend in Mkuranga District

10

20

31
November

10

Month 
October

2005/06
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0_
_____ 0_
_____ 0_
_____ 0^
_____ 0.
_____ 0^
_____ 0.
_____ 0_
_____ 0_
_____ 0_
_____ 0_

0

1997/98
_____ 0
_____ 0
_____ 0
_____ 0
_____ 3

20.5
132

10.5
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
_____ 0
____ 50
____ 17

40.3
7.1

_____ 0.
_____ 0^
_____ 0
_____ 0
_____ 0
___ 1

10.5
14.2

___ 28
____ 0_
____ 11
_____ 0^
____32

2.5
_____0_
_____0_
_____0_
_____ 0_
_____0_

0

mean
__ 0.7
__0.8
__0.4
__ 0.3
__ 0.3
__ 1.3
__ 6.2

2.3
__0.8
__0.8
__ 1.7
__ 0.3
__ 0.3

0.0
__ 1.3

3.4
0.3
2.5
2.5
4,1
2.7
0.5
0.0

__ 1.7
2.6
2,5
3.8
2.8
2.7
1.9
3.3
2.7
0.9
3.4
1.7
1.6
0.9
2.5
1.3
2.1
1.9

Day of 
month

1
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20

30
December

10

20

0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
0 
0 
0 
0 

3.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

__ 0
2.8

__ 0
__ 0
24,2
__ 0
__ 0
__ 0
__ 0
__ 0
__ 4
__ 0^
__ 0_ 1
__ 0^

3.7
0

__ 5_
__ 0_
__ 6_

7.4
__ 0_
__ 0_

16
2.6
15

__ 0_
22.7
__ 0_

19
__ 0_
28.1
_jp._ o_
__ 0_
32

__ 0_
10

__ 0_
__ 0_
1.9

__0_
__0_
12.2_ g_
__0_
__0__ g_o

1.8 
0.8 
2,8 
2.8
4.7
2.1
2.9
3.9 
0.7 
3.4 
3.5
1.3
4,6
2.2
4.8
4.1
2.2
2.7 
0.9 
0.5 
3.0
1.9
3.7
3.4
5.1
2.1
4.8 
2.0
2.4 
2.0 
4.8
2.5
3.7
2.6
7.2
4.6
2.3
1.1
1.6
1.1
3.2
1.7
2.6
2.2
1.0
5.1 
2.0
2.2
3.4
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31
January

10

20

31
February

10

___0 
___0

5.1 
22.2
4,3 

___0 
___0 
___0 
___0 
___0 
__ 0_ 
__ 0^ 
__ 0_ 
__ 0_ 
__ (L 
__ 0_ 
__ o_

2.4 
43 

__ 0_ 
__g_ 
__ 0_

22 
__ 0_ 
__ 0_ 
__ 0_ 
__g_ 
__ 0_ 
__ 0_ 
42.1 
__ 0_ 
__ 0^ 
__ 0_ 
__ 0_ 
__ 0_
__ 0_ 
__ 0_ 
__ 0_ 
__ 0_ 
__ 0_ 
__ 0_ 
__ 0 
__ 0_ 
__ 0_ 
__ 0_ 
__ 0_ 
_ g_

40 
0

__ 0 
__ 0

0 
0 

__ 0
0 

__ 0
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.2
0 
0 
0 
0 
0 
0 
0 

8.1
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 
0 
0 
0 
0 
0 
0 

7,8
0 
0 
0 
0

4.4
1.5 
1.8 
1.2 
1.8 
0.6
2.0 
2.2 
0.2 
3.5 
4.9
5.2
3.1
2.5
3.1
1.8
2.1
2.7 
3.3 
1.6 
2.1 
2.3
1.9
1.2 
0.2 
0.4 
2.5 
0.2
1.5
3.2 
3.4 
1.0 
4.3 
2.7
1.5 
0.1 
1.3 
3.2 
2.5
0.5 
1.0 
1.9 
2.1 
0.7
3.0
1.2
1.1
3.4
1.4
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20

28

Source: TMA, weather records (2006).

___0
20

___0
___0
__ 0
__ 0
__ 0
__ 0
__ 0
__ 0 
__ 0 
44.6

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8.5
0

1.1
5.7
0.7
1.4
2.0
1.5
1.9
0.1
1.6
2.7
2.3
3.3
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Appendix 2: Data analysis results from MSTAT-C

Datafile: NASSA

Title: EFFECTS OF HERBICIDES, DOSAGES AND THEIR

INTERACTIONS ON KILLING PER CENTS

Function: FACTOR

Experiment Model Number 9:

Randomized Complete Block Design for Factor A, with

Factor B a Split Plot on A

Data case no. 1 to 72.

Factorial ANOVA for the factors:

Replication (Var 1: REPLICATIONS) with values from 1 to 4

Factor A (Var 2: HERBICIDES) with values from 1 to 3

Factor B (Var 3: DOSAGE RATES) with values from 1 to 6

Variable 4: KILLING PERCENTAGES

Grand Mean = 16.200 Grand Sum = 1166.410 Total Count = 72
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A. TABLE OF MEANS

2 31 4 Total

* *1 16.027 288.480

2 * * 16.299 293.390

*3 * 16.246 292.430

* * 16.2284 292.110

16.297 391.120* *1

349.290* * 14.5542

426.000* 17.750* 3

108.1509.013* * 1

134.19011.183* 2*

190.26015.855* * 3

205.95017.163* * 4

220.35018.362* * 5

307.5106 25.626* *

48.12012.030* 11

55.020* 13.7551 2

14.278 57.110* 1 3

* 14.910 59.6401 4

* 15.237 60.9501 5
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* 1 6 27.570 110.280
* 2 1 7.237 28.950
* 2 2 9.912 39.650
* 2 3 13.668 54.670
* 2 4 15.640 62.560
* 2 5 17.752 71.010
* 2 6 23.113 92.450
* 7.770 31.0803 1
* 9.880 39.5203 2
* 78.4803 3 19.620

20.938 83.750* 3 4
88.39022.097* 3 5
104.78026.195* 3 6
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B. ANALYSIS OF VARIANCE TABLE

Source Prob

0.0000

Total 2474.0971

Number of Observations: 180.12

Number of Observations: 240.10

Number of Observations: 120.13

Number of Observations: 40.23

C. MEAN SEPARATION

1. MEAN SEPARATION FOR HERBICIDES

Case Range: 79-81 HERBICIDES

Variable 4: KILLING PERCENTAGE

Function: RANGE

Error Mean Square = 0.26

Error Degrees of Freedom = 6

No. of observations to calculate a mean = 24

Duncan's Multiple Range Test

LSD value = 0.36

1
2

-3
4
6

-7

Degrees of 
Freedom

3
2
6
5
10
45

0.77
122.93

1.57
2056.84
282.38

9.60

Sum of 
Squares

Mean
Square

0.26
61.46

0.26
411.37
28.24

0.21

1927.58
132.32

0.98
235.29

0.0000
0.0000

K
Value

Replication 
Factor A 
Error 
Factor B 
AB 
Error

F
Value

Coefficient of Variation: 2.85% 
s_ for means group 1: 
y 

s_ for means group 2: 
y 

s_ for means group 4: 
y 

s_ for means group 6: 
y
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s =0.1043 at alpha = 0.050

x

Original Order Ranked Order

Mean 1 = 16.30 B Mean 3 = 17.75 A

Mean 2 = C14.55 Mean 16.30 B1 =

Mean 3 = 17.75 A Mean 2 = C14.55

2. MEAN SEPARATION FOR DOSAGE RATES (IRRESPECTIVE OF

HERBICIDES CONSIDERATION)

Case Range: 84 - 89 DOSAGE

Variable 4: KILLING PERCENTAGE

Function: RANGE

Error Mean Square = 0.21

Error Degrees of Freedom = 45

No. of observations to calculate a mean = 12

Duncan's Multiple Range Test

LSD value = 0.38

at alpha = 0.050s =0.13

x

Ranked OrderOriginal Order

F Mean 6= 25.63 AMean 9.011 =

18.36 BMean 2 = 11.18 E Mean 5 =

Mean D 17.16 C3 = 15.85 Mean 4 =

Mean 4 = 17.16 C 15.85Mean 3 = D
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Mean 5 = 18.36 B Mean 2 = 11.18 E

Mean 6 = 25.63 A Mean 1 = 9.01 F

3. MEAN SEPARATION FOR DOSAGE RATES IN 2,4-D

Case Range : 92 - 97

Variable 4 : KILLING PERCENTAGE

Function : RANGE

Error Mean Square = 0.21

Error Degrees of Freedom = 45

No. of observations to calculate a mean = 4

Duncan's Multiple Range Test

LSD value = 0.66

at alpha = 0.050s =0.23

x

Ranked OrderOriginal Order

Mean 6 = 27.57 AE12.03Mean 1 =

15.24 BMean 5 =13.76 DMean 2 =

14.91 BCMean 4 =CD14.283 =Mean

CD14.28Mean 3 =14.91 BCMean 4 =

13.76 DMean 2 =15.24 BMean 5 =

12.03 E1 =27.57 A MeanMean 6 =

i
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4. MEAN SEPARATION FOR DOSAGE RATES IN ROUND UP

Case Range: 98-103

Variable 4: KILLING PERCENTAGES

Function: RANGE

Error Mean Square = 0.21

Error Degrees of Freedom = 45

No. of observations to calculate a mean = 4

Duncan's Multiple Range Test

LSD value = 0.66

at alpha = 0.050s =0.23

x

□
Ranked OrderOriginal Order

6= 23.11 AMeanF7.241 =Mean

17.75 BMean 5 =E9.912 =Mean

C15.644 =MeanD13.67Mean 3 =

D13.673 =15.64 C MeanMean 4 =

E9.912 =Mean17.75 B5 =Mean

F7.241 =Mean23.11 AMean 6 =
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5. MEAN SEPARATION FOR DOSAGE RATES IN PARAQUAT

Case Range: 104 - 109

Variable 4: KILLING PERCENTAGES

Function: RANGE

Error Mean Square = 0.2130

Error Degrees of Freedom = 45

No. of observations to calculate a mean = 4

Duncan's Multiple Range Test

LSD value = 0.66

at alpha = 0.050s =0.23

x

□
Ranked OrderOriginal Order

26.19 A6 =F Mean7.771 =Mean

22.10 B5 =9.88 E Mean2 =Mean

20.94 C19.62 D Mean 4 =Mean 3 =

C 19.6220.94 Mean 3 = D4 =Mean

22.10 B 9.88Mean 2 = EMean 5 =

26.19 A6 =Mean Mean 7.77 F1 =

□
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6. MEAN SEPARATION INTERACTIONS OF HERBICIDES AND DOSAGE

RATES

Case Range: 92- 109 INTERACTIONS OF HERBICIDES AND DOSAGE RATES

Variable 4: KILLING PERCENTAGES

Function: RANGE

Error Mean Square = 0.21

Error Degrees of Freedom = 45

No. of observations to calculate a mean = 4

Duncan's Multiple Range Test

LSD value = 0.66

at alpha = 0.050s =0.23

x

Ranked OrderOriginal Order

A

K

C

B

1 =
2 =
3 -
4 =
5 »
6 - 
1 -
8 —
9 =

10 =
11 -
12 -
13 =
14 =
15 -
16 -
17 =
18 =

12.03 
13.76 
14.28 
14.91 
15.24 
27.57 
7.238 
9.913 
13.67 
15.64
17.75 
23.11 
7.770 
9.880 
19.62 
20.94 
22.10
26.19

N
M

Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean

6 
18 
12 
17 
16 
15 
11 
10
5
4 
3 
2 
9 
1 
8

14 
13
7

27.57 
26.19 
23.11 
22.10 
20.94 
19.62 
17.75
15.64 
15.24 
14.91 
14.28 
13.76 
13.67 
12.03 
9.913 
9.880 
7.770 
7.238

Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean 
Mean
□

N 
M

H 
G

F 
E 

D

A
B
C
D
E
F
G
H
HI
IJ
JK
K
K
L
M
M
N
N

L
K 

JK 
IJ 

HI


