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Abstract

Two experiments were conducted to study resistance of Hkknx. pthsu to paraquat. A
resistant and susceptible biotypes ofthe weed were used The first experiment looked at the
effect of paraquat application rate on control of the H. pilosa biotypes at different stages of
growth Paraquat (Gramoxone 20%) was applied at rates of 13,5,7. and 9 litres per
hectare The growth stages comprised 2.4. 6 and 8 weeks alter emergence Assessments of
the survival rate were done at three and twenty one days alter each herbicide application
episode Results showed tliat the injurious effects of the herbicide increased with increasing
application rale Conversely, li. pilosa resistance to the Itcrbicidc mcieased with delayed
application so that application of the herbicide nhi late phonological stages effected less
control than early application In all application talcs and growth stage, the Itcrbicidc bad
less effect on the resistant biotype than the susceptible one

The second experiment examined the relative growth fitness of the two biolypes in a
replacement series experiment The two biotypes were grown together in different planting
ratios ofthe 75% Bl 25% B2. 50% Bl 50% B2, 25% Bl 75% B2 Plant height, leaf
area and number of leaves were determined three weeks aHer emergence and at flowering

In addition, number of inflorescence, fresh weight and dty weight were measured at

flowering
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m plants out-fitted B2 plants in the caity stage of the growth in terms of plant height

and number of leaves At flowering stage 111 plants produced larger number of branches

than B2 plants and consequently produced larger number of inflorescences

It is suggested that plants population dynamics would favour the susceptible biotype

ova the resistant one ifno Ix-tbrcidc is used On tl»xcotha lurid, use of the herbicide which

controls the susceptible biotype would favour dominance by lltc resistant one
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Through the millions of years of life on earth, a continuous process of mutual
evolution Iras taken place between plant and animal species and the various organisms that
feed on them The host plants or animals have evolved defensive mechanisms, including
chemical repellents and toxins, exploiting weakness in attacking organisms In turn the
attacking organisms have evolved mechanisms that enable them to detoxify or otherwise
resist the defensive chemicals of their hosts or prey [I'nis, it appears that the gene pool of
most of our pest species already contains genes that enable the pests to degrade
enzymatically or otherwise circumvent the toxic effect of many types of chemicals that we
have developed as modern pesticides I'hese genes may have been retained at various
frequencies as |>ait o f the genetic memory ofthe species (Gcorghion, 1986)

There are many factors affecting the development of resistance, among them. age.
growth rate, morphology, physiology, biophysical process, brodrcmical process and genetic
inheritance d eny, 1984)

Young plants have liighcr proportion of mcristcmatic tissue than older plants and
arc often more susceptible to herbicides at tliis stage Species with a last growth late have
higher mcristcmatic activity and tlus tends to nuke than more susceptible to some
herbicide

Hie morphology ofa plant has a ptofound effect on the ability of certain herbicides
to be retained or absorbed The leaves, roots and growing points of weeds are aieas of

greatest morphological significance detamining icsistancc



Foliar-applied licrbicides must be first retained on the leaf surface if they arc to Ik-
effective Upright, namnv leaves allow less retention of herbicides than horizontal, broad
leaves Retention is also reduced if leaves have surfaces that arc waxy, pleated or hairy and
this reduces the effectiveness ofa licrbicidc (lerry. 1-8%)

The location of growing point is also important in determining the susceptibility,
because it is very susceptible to hcibiudcs Most brood-leaved have exposed growing
points at tltc top of shoots and in leafaxil In grasses it is located at the base of the plant
where it is protected from contact with post emergence herbicides

Hie physiology of a plant determines bow much herbicide is absorbed and
translocated Properties of leafand stem surfaces can afreet penetration and absorption of
lieibicides The rate ami amount of translocation also vary widely with different plants and
herbicides Constituents of plant cell may absoib some herbicides before they reach their
site of action within the plant Absence of this deactivating property can make plants
susceptible to herbicides Some chemical reactions, within a plant can protect it from
herbicide damage or. in some eases, increase the plant susceptibility Lastly the tolerance of
a plant to herbicide is largely affected by its genetically inherited characters which determine
the physiological, biochemical and biophysical processes (lerry. 14X4)

I lie idea of weeds resistant to heibicides is not new Warning about the possibility
ol weeds evolving resistance were issued soon afrei the phenoxy herbicides were
introduced (Abd. 1954), however, as no confirmed eases of resistance to phenoxy
Ixrihicidcs occur, the warning was ignored even afret the first triazinc icsistant weeds In

Europe and tlic United States more tlian 45 weed species are lesistant to triazinc (Gicssel.



1980) Thirteen weed species arc resistant to paraquat am! other herbicides All evolved

from sensitive biotypes in agricultural situations (I etlist and Vaughn. 1990)

1.1. Justifications and objci-fiscx.

Irregular weed control performances were fust reported in coffee plantation in
middle 1980's at Coffee Research Foundation, where paraquat had been used for ovei 20
years Observation made by Njoioge J M (1991), from January 1987 to January 1990 at
Coffee Research Foundation reported tolerance otB. pilaw to paraquat

Tolerance to a herbicide could arise from variation in rate of application and could
also be influenced by the phonological stage of lire weed Resistance to a herbicide could be
Physiological resistance which involves the resistance in the presence of the of the control
agent on or in the organism or Hchavariostic resistance which is resistance because o f some
hchavariostic factor which decrease the probability of contact between the weed the
control agent Therefore the true resistance * which is defined hv the FAO as a decreased
response of a population ofanimal or plant species to a pesticide or control agent as a result
ol their application” should be clearly distinguished from the physiological and hchavariostic
resistance

Herbicide treatment may fail for a variety of reasons, hut genetic resistance cannot
be distinguisltcd from oilier causes unless comparative studies ate conducted under
controlled conditions (Casdey et al, 1991)

In the fust cxpciimeni the responses of H (hlomi accessions to various rates

applied in different stages will be studied with the objectives of:



1 To distinguish tlie true resistance which is genetic resistance from the resistance o!
other causes like physiological and Muivniiostic resistance
2 To assess the diircrential tolerance of th»c two R /hlomi accessions M2 ( exposed to
paraguat) and Bl (Not exposed to paraquat) by varying the rale of application in
different weed growth stages
Theoretical models developed to predict the rate of resistance evolution in weed
population include the relative fitness of resistant and susceptible biotypes as an important
parameter In the absence of a herbicide, biotype with reduced fitness will be expected to
decrease over time relative to those with greater fitness A number of biological factors
contribute to lire reproductive output ofa plant and hence to its fitness, such as the relative
growth rate and total biomass production
No studies related to the competition or fitness of R pilasa resistant and the
susceptible biotype were previously carried out. therefore the second experiment will study
the growth fitness in B pilosa biotypes under unstressed conditions with tlie objectives ol
Confirming the already detected resistance in R pilosa by the 1st experiment in terms of
growth fitness of tlie resistant and susceptible biotypes by monitoring growth parameters in

a replacement series experiment without application of the hcibicide
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7 t RtfeiLspilosa

Hiikm pilosa L is an annual, erect herb growing to 150cm, stems and brandies marked
with parallel biolypes or ridges. smooth, green or with brown stii|H.s. types found in some
regions may have small, inconspicuous, white hairs on the stem, leaves op|x>aitc, petiole*!,
pinnate, (arising on opposite sides of the midribs of fisc leal) usually with three (sometimes
five) ovate, acute leaflets, the upper leaflet usually large, upto 9cm long. 3cm broad,
margins sharply serrate, sparsely hairy to smooth on dill'ercnt green colours. Inflorescence a
capitulum (congested head of flowers), yellow, terminal. 7mm in diameter, on peduncles
5cm long, outer involucral bracts (rings of the bracts at the base of the flower licad) oblong
ot more or less spoon shaped, ciliate. sliorter than florets. Fnnts (advene ) blackish about
Ilmm long, narrow, ribbed, sparsely bristled to smooth, pappus a ring of awns (two to
four) with recurved barbs. 3mm long < eyKoy ct al. 1977)

The bristles have played an important part in its spread It is troublesome in both field and
plantation crops and is icported to a weed of 31crops in more than 40 countries (I eyKoy
cl al 1977). In South Africa the early spring in growth the leaves arc sometimes eaten by

humans, but has low nutritive value It has pungent essential oil that may taint milk

(Waterhouse. 1994).

2.1.1. Distribution and Biology.

Hitkns pilavi 15an annual weed which originated in tropical America but is now-

spread throughout the warm regions of the world The weed is easily recognised by the



elongated burlikc fruits which bear recurved or hooked bristles The generic name tiuk’ns
tefeis to the baths of the fruit, suggesting "two-toothed “ This weed belongs to a group
which is often spoken of as the beggar ticks, stick tights. OL Spanish needles (Appendix 1G)
The plant is in the Asteraccac (fompositae), the largest family of the flowering plants, and
which include many ofthe weedy species widely distributed in the world 1hc spread and e
colonisation of the areas by these species can be attributed in pail to its very effective
pollination arrangements and to s|>ceial adaptation which allow the distribution of its liuits
by workers, animals, wind and water Several liidcns species (Appendix 17) arc found fai
north in the temperate zone but Rukn\ /uloui prefers the warm regions It can usually be
seen at all seasons in lire tropics but it grows most actively in the warmer ami wetter pans
of the seasons Ihc weed is found in gardens, on cultivated land, in open waste places, and
along roadside It mixes easily with annuals ami perennial in different types of plant
communities It is reported in crops at increasing elevations in several countries but the final
altitude at which it can grow, depends of course, on the climate of the regions
Bkkns is easily recognised in the out-of-doois by its collection of black,
barbed hurts radiating in all directions from common receptacle Very young plants have
snap shaped cotyledons and purple-tinged hypocotyl Single plant (rave yielded 3,000 to
0O.0tX) seeds Many of the seeds germinate readily at maturity This makes it possible to
vc three or lour generations per year, in some areas light and good aeration are required
fee germination In one experiment test 35% of the weed germinated one week after

k*r\Ve*t '~*crcas i"l another there, was @% germination Seeds which are 3 to 5 years old

may give 80% germination (Rochccoustc and Vaughn. 1959)



2 |.2. IVonomic Importance

fiukns pitusu is a principal weed of sugar-cane in Brazil and Mexico; corn in
Mexico and Mozambique, coflee in Brazil and Mexico, tea in India, cotton in Peru and
Swaziland, potatoes in Colombia. Mexico and Mozambique, and citrus in Mexico and
Venezuela It isa seiious weed of sorghum m Hawaii, and a principal weed of vegetables in
Brazil and Venezuela and of bananas and beans in Mexico In addition, it is a common
weed in coflcc and pyrethmm in t'anzania Latin America and Last Africa have reported
the most serious infestation of IS pitosn. It is a principle weed in the aiable land of Hast
Africa tinienspilosa is known to lie associated with the coflcc for a long time It is found
in all tire coflee ecological zones in Kenya It is a very common weed species in Last Africa
and occurs in all areas as one of the most unpoitant annual weeds (hens, 1980) In
plantation crops in which licrhicidc have been used to remove perennial grasses, tlus weed

oflen return to become dominant (LeyRoy ct al. 1977)

2.2. Pnrauuat:

Paraquat normally employed as us dichloride salt. (Appendix H) is the bipyridilium
herbicides finding most widespread use It is none-selective contact herbicide with rapid
desiccant action (Harvey and Harper. 1982) In cropping systems it is applied before
Paroling annual crops, during dormant stage of perennial crops, or as spray directed away
from growing crops (Feurst Vaughn. 1990)

Paraquat dichloridc forms colourless crystals decomposing around MI T  with

*POur pressure at room tcmpeiature It is very soluble in watei. slightly soluble



in short chain alcohols, insoluble in hydrocarbons Ibis salt is stable in neutral and acid
media but arc oxidised under alkaline conditions Clay and organic matter rapidly and
strongly adsorb paraquat, typically strong adsorption capacity vary from 20-3000 mg/Kg
soil depending on the clay and organic matter content The herbicide is incompatible with
anionic surface active agents

In sunlight, however, some photochemical breakdown occurs for paraguat which
remains on the outside of treated plants The product ofthis breakdown under conditions of
high light intensity is isonictonic acid and methvlaminc (both of which have low mammalian
toxicitics)

Since plants aie killed rapidly in bright sunlight significant quantities of breakdown
of products arc formed onlv on the surface of dead tissue and there is no movement of the
substances from dead tissue to other parts of the plants Using "C labelled paraquat leu
potatoes, all the “C which occurs as the residue from tubers of sprayed plants can be
accounted Ibr as unchanged paraquat (Beste, 1983) Repeated use of bipyridilium
herbicides in perennial crops lias led to the development of tolerant weed biotvpes of 13
species (LeBaion. 1991.)

2.2.1 Chemistry anti Behaviour
2.2.2. Mode of aetion

Bipyridilium type herbicide (paraquat and diquat) cause wilting and rapid
defecation of the foliage to which they arc applied, often within a lew hoots High light

mcrea« the rate of development of phytotoxic symptoms, hit arc not essential

herbicide action Beat results in the field have often been obtained by late afternoon.



rather than morning or mid day application Tins appears to allow some internal transport
during the night, before development o facute pliytotoxicity induced by light, which could
hmit movement

Translocation, following a foliai application, appears to be almost solely via the
apo-plastic system (Baldwin. 1963; Slade and Bell. 1966) However alter the loss of
membrane integrity, induced bv both herbicides, they do move into untreated leaves,
presumably along with the flow of Other cellular contents They arc poorly translocated
from roots (Darnonakis ct nl. 1970) because thev are tightly bound to cellular components

These herbicides are not degtaded in higher plants in the usual sense However,
they arc reversibly converted from the ion form to free-radical form

This interconversion is cyclic and requires light, molecular oxygen, water, and the
photosvnthetic apparatus During auto-oxidation of the paraquat free radical to llk- ion.
four by-products are formed' (1) Hydrogen peroxide (2) Superoxide radical (3) hydroxyl
radical and (4) Singlet oxygen Ashton and Crafts. 1981) (Appendix 14) Kadi by-pioducts
IS potentially phytotoxic However recent research suggests tliat the hydroxyl radical are

responsible for phylotoxic symptoms

2-2-2- Mechanism of Panmuat Resistance.

The mechanism of paraquat action involves the I’holosystcm one (PSI) mediated
Wifctdion of the paraquat di-cation radical (Appendix 15) This mono-cation radical
Oj to Oi, the superoxide anion radical, resulting in the regeneration of the

paraquat di-cation. Subsequently. HjOj and (OH) may be produced by a variety of
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reactions (Dodge, 1982 n,ul 1983) Hydroxyl radicals me known to cause per-oxidalion of
unuituratcd fatty acids This oppmcntly is a cause of the obscived loss of membrane
integrity ( Harris and Dodge. 1972, Hutchinson. 1979. Dodge. 1983)

In addition to the formation of reactive forms of Oj, the presence of paraguat
causes the diversion of electrons which normally reduce NADI* and the icduced state of
alplra tocopherol. glutathione, ami ascorbate which function in cellular protection
mechanisms The action of superoxide dismutnsc, catalase, ami peroxidase would
presumably remain unaffected by this electron diversion (Femsl et al, 1985)

The superoxide radical, hydroxyl radical, hydrogen peroxide, and possibly singlet
oxygen arc rapidly detoxified enzymatically in the resistant biotype (Fours! and Vaughn.
1990) According to this hypothesis, enhanced activity of superoxide disnuilase. catalase,
peroxidase, glutathione reductase, ascorbate peroxidase, ami |K«ssibly dehydioascorbatc
reductase detoxify the various toxic forms of oxygen and thus prevent lipul peroxidative
reactions rhese enzymes will be referred to collectively as the "prtficctiw enzymes”
Superoxide dismuta.se. ascorbate peroxidase, glutathione reductase, and ddiydro-ascoibatc
reductase arc present in chloroplast. and this detoxification pathway has been referred to as

Haliiwdl-Asada system™ (Shaaltiel ct al. 1988) Catalase and peroxidase arc absent in the
cliloroplast Activities of superoxide dismutasc. catalase and peroxidase were therefore
compared in untreated leaves of 11 normal varieties and four tolerant biotypes of perennial
rye gi.iss Mean activities of supeioxide dismutasc (SOD), catalase, and peroxidase were
reHHvUve,y 5" /* 12 90- 35% higlicr than in rye-grass of paraquat tolerant biorypes than

#3®B °Anonml susceptible varieties Although supeioxide dismutase activity in the

cWoroplast of tolerant plants may be adequate to convert all additional supeioxide ion to
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hydrogen peroxide, lire elevated activity of catalase and peroxidase arc not located within
tlic organelle (Harper and Harvey, 1>78> Therefore, either hydrogen peroxide diffuses out
ofthe chloroplaxt to Ik*detoxified by tl»e enhanced extra chloroplastic activities of catalase
and peroxidase, or. more probably the chloroplaxt have effective endogenous systems for
detoxification of hydrogen peroxide, such as those involving ascorbate and glutathione
(Foyerand lIlalliwdl. 1976, Gotden and Beck. 1979)

An initial study of paraquat resistance in hairy tlcabanc found that the resistant
Notype had a 100% increase in the enzyme superoxide dismutase (Vaughn et al, 1989)
Three enzymes (superoxide disniutase, glutathione reductase, and ascorbate peroxidase)
were increased in the resistant biotype chloroplast and tI>e increase in these proteins was the
reason for the resistance (Shaaltiel and Gresscl, 1986)

By auto-radiography and the lack of chlorophyll lluoiesecncc suppression in ilk-
resistant biotype, it was demonstrated that herbicidal effective level of paraquat supplied to
the leaf did not even reach the chloroplast in the resistant biotype (Feurst et al. 1985)
Ihcse data indicate that paraquat is sequestiatcd in resistant biotype at a site other than the
chloioplaM. such as the cdl walls (I-eurst et al. 19XS. Shaaltiel and Gressel. 1986) The
differences observed between resistant and susceptible biotype indicates that the major
taunt in icsistancc is compartmentalisation, not enzymatic protection (Vaughn et al. 1989)

Since paraquat is a divalent cation, it can be adsorbed to cellular component by
°n*c B*tr*ct’on Anod»ct possible hypothesis for the compartmentalisation is that the

u actively transported into a membtanc-enclosed organelle, possible the vacuole
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? | Hipvntlilium Kesislnnce in Weeds

Tolerance to a herbicide* could arise as a result of reduced uptake by the plant
However, experiments using I4-methyl labelled paraquat applied to the leaf surface or
supplied to tire cut ends of excised leaves have demonstrated that uptake is similar in
tolerant biotypes and normal susceptible varieties (Harvey o« al. 1978). lienee tolerance
would not appear to be due to greater absorption of the Itctbicidc in the free space |Jptake.
translocation, and metabolic stability of paraquat appear similar in tolerant and normal plant
varieties Thus the resistance probably arises from fundamental key diflcrcnces related to
the mode ofaction of the herbicides (Feurst and Vaughn, 1990)

Genotypes resistant to paraquat have been icpoited in horse-weed (ljiyatm
aincxkmixx L), Philadelphia flcabanc (Lngervn //hihkfe/fhlaix 1.). obacchincjuku
(Fjiyt'mn Mimatratisix Ret/ ) Asiatic Hawksbcard (Tonngiu/a/mnno I. Dc.) from Japan,
capeweed (Arcfotlicht calendula I. Levyns), wall barley (Honkum ylaiuimi Staid). baic-
bariey (Honkum kpunnuun Link.) from Australia, perennial rye-grass [hilium perauic
I-). annual blue-grass (/V#» amnia |.) from United Kingdom. (criUo/trerix rnhan/n
Hrogn. American black night-shade (Solatium amaUtumm) from U S A . hairy flcabanc
(( onyza hanariensis I Cong) from Egypt; and horse-weed (('o/rysa avkk/enus L Crong)

from Hungary All tlic resistant eases reported, paraquat was applied several times |>er year

tor more than live years (leurst et al. 1985)
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2.3.1. Papulation of (Genetics.

The appearance of resistance depends on characteristics of the different weeds and
herbicides, which can be matlicmatically integrated into models It a gene or genes for
resistance do not exist at some low licqucncy in the population, resistance will never appear
in that species When resistant hiotypc are grown in competition with susceptible (Wild-
tvpe) biotype o fthe same species without heibicides. then seed yield is ollen about one-half
that of the wild tyj>e (Rodoscvich and Holt, 1982) This ditTcience in fitness will decrease
the late of cnncliment for resistance when non-persistent herbicides are used ((Jicssel.
1986)

PcrmstciKc of licibieide interrelates not only with fitness but also dormancy
characteristics tliat separate weeds from crops ami from other pests Weeds germinate not
only throughout the season, but also over many seasons Susceptible weeds can germinate
after a rapidly degraded herbicide has disappcaied, they then produce more seeds befoic
the season is over, considerably lowering the effective selection ptcssuic Selection pressure
is a result of 'effective kill" which is not the same as the "knock down" after herbicide
treatment lllcctivc kill is a measure of the surviving seeds or piopagules at the end of a
reason not after treatment (Gresscl. 1986)

Kvcry time wc enrich for resistant individuals by using a herbicide the resistant
ecods are diluted by a seed bank of a susceptible seeds from previous years These seeds
* * * puffering effect and the appearance of resistance Hie interaction of selection
PNMfcttVIMrtfade persistence, and seed bank on the rates of enrichment for resistance can

be modelled to visualise how each parameter affects the rate at which the resistance should

appear (Radoscvich an Holt. 1982)
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2 3.2. niffemicc in Tolerance To Hitniiililium Herbicides.

2 3.2.1. Interspecific differences.

Although annual plants are usually higltly susceptible to paraquat herbicide,
differences between annual species have been
recorded The effect of resistance may have merely involved differences ni spiay retention
as determined by leal' inoipltology or leal' surface characters, such as cpicuticular wax
(LeBaron and Gresscl. 1982)

Tlte extent of adsorption of paraquat on lire leaf surface may also be important in
determining the amount of herbicide available foi uptake into the cytoplasm Brian (1967)
has defined three phases of uptake ofbipyridilium herbicides An initial lapid adsorption at
or near the leaf surface lasting about 30 set is followed by adsorption into less accessible
Dorman free space, which continues up to 2 lus Finally there is slow accumulation,
presumed to be within cdl membrane Adsorbed Bipyridilium herbicides arc not readily
desorbed and hence differences between species in the surface adsorption capacity can
influence the amount of herbicide available for uptake into tlte cytoplasm

Ligniticd or tannin containing tissue can strongly adsorb Bipyridilium ions, thus
greater ligmlication may reduce the susceptibility of species to these herbicides The total

anon ol paraquat on application to mature barks allows the herbicide to be used for

'seed controls in tree plantations and orchards (Gresscl et al .1982)

23 2 2 liUrainefitlij- .nrr>rn|rr

FHFxHE o1 * 8Hxen *POC'CS may differ in susceptibility to bipyridilium herbicides

«m" 10)crakC A A IM m  |nihe ah® ce ofnny
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selection pressure Tor development oftolerance to bipyiidilium herbicides, varieties of both
Italian and perennial rye-grass exhibit difference in susceptibility to paraquat Four fold
differences were also found when 280 varieties o f wheat were screened A tolerant line of
Ptxia/itMO has arisen under unusually strong selective pressure as a result continued use of
paraquat as the sole method of controlling annual weeds in a market garden Normal /.
iHHHta is killed by O | to 0 2 Kg/ha of pniaquat. but more than O S Kg/lia is requited to kill
the tolerant strain Paraquat tolerance has also arisen under strong selection pressure in
perennial rye-grass and has been exploited in the development for agricultural purposes of
paiaquat-tolerant lines of perennial rye-grass These lines exhibit tolerance ai all stages of
the life cycle hut the degree of tolerance is dependent on growth stage, growth conditions,
and method of herbicide treatment (LcBamn and Gressel. 1>82)

Furthermore chloroplast isolated fiom paraquat-tolerant lines and normal varieties
of perennial rye-grass display equal sensitivity to the Itcibicidc. tolerant and normal
genotypes did not differ in tlicir interaction of paraquat with photo-system | (Gressel ct al.
1982)

rhe nutritional status of the plants of the same genotype can cause variation in the
susceptibility to bipyndilium herbicides Increasing the supply of nitrogen increased the
macc*H Wy °f Agrvpyrm repens to paraquat This was attributed to greater spray

interception by the expanded area of foliage and increased spray retention due to greater

altered leafsurface characters (Lutinan ad Sugar. 1975)



16

m tl M S ANI) METHODS.

Two experiments weic conducted in the glass-house at the University of Nairobi's
Kabete Bcki station in 1994 ami 199% Llhe site is located on latitude 1**15 S and longitude
36*44'H and altitude of 1800m The first experiment examined the dlccl of paraquat
herbicide rates and plant growth stages on the resistance of li. hlosa Ihe second
experiment examined the Growth fitness of the Resistant and the Susceptible hiolypes in a

replacement series under unstressed condition

Experiment |

3.1. Ihe Effect of I'arammt Herbicide Kales on Plant (inwlh Manes on

IhIRffistancejifli. pilosa

The experiment 6 X 4 X 2 factorial structure was laid out ns a split plot Design by
assigning the combination of paiaquat rates and growth stages into tin* main plot und
accessions into the subplot lire treatments comprised of six levels oftales 0. 1.3. 5. 7. 9
hha of paraquat, four levels of li /ulomigrowth stages 2. 4. 6, 8 weeks after emergence and
two levels o| accessions Bl (susceptible) and 132 (resistant) The total treatments were 48
replicated three times The seeds of B2 were collected from codec fields in Coflee
Nsearch foundation (CRI) where after using paraquat for over 20 years irregular li

,Mlusu weed conlroJ of paraquat were observed (Njoroge, 1991> while Bl were collected

from tlie areas surrounding the Coffee Research Foundation where paraquat had not

extensively used



17

The experiment was earned out in 27.5cm diameter pots at the depth of 25cm
Approximately 10 seeds of H /n/omi were planted in each |K*t A week after the cmcrgcttcc

litc plants were thinned to * o falmost uniform plants in growth per pot
Soil A mixture of forest soils, manure, gravel, coflcc husk mid animal blood was used as a

growing medium at the ratio of 3:1.1 1.1 The mixture was sterilized in an oven at a

temperature of 125"C for two hours to kill almost every seed already existing in the soil

m3.1.1. Snraving ami assessments

Spraying of paraquat was started as pre scheduled 2 weeks after emergence At all
the four levels of the growth stages (2. 4. 6. X weeks after emergence), the plants were
sprayed with 5 different rates 4. 12. 20. 2X 36 ml of paraquat respectively which were each
mixed with one litre of water lliese rates are equivalent to I. 3. 5. 7. 0 hha respectively,
when mixed with 250 | of water lhe recommended rate for weed control in coffee
plantation is 2V/lur diluted with 250 litres of water

A small liand sprayer of 1 litre capacity was used Enough piessuie was applied to
produce small droplets Each plant was sprayed with just enough quantity of the lieibicide
to fully wet all the leaves
Visual assessments of the herbicide damage were done at 3 and 21 davs alter treatments A

#jp3ive scoreofO - Rwas used for the visual assessment done at 3 days after treatment

0 Completely dead

1* all the leases killed but the main stem and the branches are still green
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2 mail leaves killed except the pnmordia and Ilie most young leaves
3 *> 90*/*ofthe leaves killed
4 61-90% of,l,c leave™ killed
57 31-60% of ll*c leaves killed
6 W< 30% ofthe leaves killed
7 - Spaisdy burned spots spread all over the leaves
K Indistinguishable from (lie control
For the visual assessment at 21 days alter emergence, a subjective score of0-0 was

used
0~ Compleldv dead
1= Moribund but not all tissue dead
2 Alive with some green tissue, but unlikely to make much flirther growth
3 : Very stunted but still making some growth
4 = Readily distinguishable inhibition ofgrowth

Some detectable adverse effects as compared with control, colour difference,
morphology or very slight reduction in growth

(' - Indistinguishable from the control

Data analysis

Analysis ot variance (ANOVA) was computed in respect of the visual assessment
3 and 21 days after herbicide applications and the mean separation were done

U' n8 1x854 Slkni,'cance Difference Test by Steel and Torric (1985)
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x > growth fitness in li. h/oui Hiotvnes I nder I'nstrcssc<l Conditions
In this experiment the growth characteristics of both biotvpes Ml (susceptible) and

B2 (resistant) were studied

3.2.1 Kxncrimental Design and Treatment

The experiment was laid out in a Completely Randomised Design (CRD) The
treatments comprised of four levels of planting ratio 75 25. 50 50. 25 75 of Ml and Mg,
respectively, and pure stands for each accessions and 2 levels of accessions (susceptible and
resistant |
The B2 seeds were collected from tin- plants which survived tire higlier rates of paraquat
applications in experiment | above 5 Mia Bl seeds remains the same as used in experiment
I Die total treatments were 5. replicated three link's Moth biotypes (Ml & M2) were
planted according to the layout made and monitored their giowlh with the layout till the
time ofdata recording reached (which is \ weeks alter transplanting)

The experiment was carried out in pots placed in glass Ikhisc where only the higher
temperatures above 31V was controlled by an automatic ventilator

Seeds of both accessions were planted at high density in separately marked pots of
27 5cm in diameter and ilk* depth of 25cm Alter one week a total of 30 of almost uniform
plants in growth were iiimsplantcd into trays 0f38 X 76 cm into their respective planting
***** The plants were spaced at 5 X 5 cm . and arranged in such a way that each plant

one accession was almost surrounded by the plant of'the other accession.
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Soil A mixture of forest soils, manure, gravel, luisk and animal blood was used as a

growing medium The mixture was sterilized in an oven at a temperature of 125"( tor two

hotirs to kill almost every seed alieadv existing ui the soil

3 2.2 Measurements and observations.

Hie parameters measured included. Leaf area, plant height, biomass, number of
branches, number of leaves and number of flowers
Three weeks alter Itansolautine | ive plants from each accession were randomly selected
and lagged for data lecording at three weeks aflet tiansplanting The first measurement was
done at 3 weeks alter transplanting. |lie plant height, number ofleaves, and leal area of the

second leaffrom top were taken 3 weeks after tiansplHfitmg

At flowering slaee

A week aftet S0% llowcring date, plant height, numbci of leaves, number of
branches, number of inllorcscence and Leaf area of lire second leaf from top were
measured The Leaf area was measured using leaf Area Meter (Li-Cor model 3100, LI-
Tor Inc .Lincoln. Nebraska )

The 5 plants from each accession wlucli were alieadv lalrellcd for the data

ion, were cut from the bottom (aboveground shoot), chopped Ahl weighed tin fresh

"wght and dried for 48 hours inlire o\ o at 80T then dry weight was taken
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3.2.3. Data analysis:

Analysis |1 variance was computed m respect of each parameter, and tin” mean

separations were done, using least Significance Difference |est by Steel and Tome (I<>80)
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4 1 i ffccl Or Paranual Herbicide Rate and Plant (Growth Statics on tin-

n.Mistniice of If. nilosa

4.1.1. Assessment done J clays after treatment

Thctc was higlily significance difference in survival score at the significance level of
1% between the control and the treatments sprayed with paraquat B2 accession showed
higher survival score than Bl plants at tl»e significance level of 1% (Fig 1)

In 111 accession, the survival score of the plants treated with 3. 5. 7 Ilia was not
significantly different from each other but there was marked difference between tin- plants
treated with O I/ha in which no plants survived and plants treated with 1. 3 litres pei ha Ihc
plants treated with 3 I/ha. a rate slightly higlier tluui the recommended rate 2 kha. showed
significance difference from the plants treated with | I/ha. a rate one unit lower than the
recommended rate, but showed no significance difference from the higher rates except
wlien ticatcd with 9 Il/lia (Fig In) In H2 accession, plants treated with | Ilia showed
significantly different in the survival score than the plants treated with 1 and S I/ha which
were not different from each other Plants treated with 7 and 9 I/ha had shown significantly
tlic lowest survival score and significantly from the plants treated with the icst of rates
Appoidtx 18) Fot B2 accession, the trend of the survival score followed the same as the

Bl accession, which is reduction of the survival score as the rale increases, but the

reduction rote was much lower than the one of Bl accession (Fig. Ib)
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The survival score of the two accessions (Bl & M2) treated in four different stages
had shown great difference between the stages of 2, | and 6. X weeks after emergence at
the significance level of 1%. but among the groups there was no significance difference For
both accessions although B2 plants scored significantly higher points in all the stages
treated, their survival scores followed the same trend, which is as the plants grow older live
resistance increases The degrees of the resistance developed were different from each
other BI plants started to develop significantly more resistance at the sixth week of the
growth than those treated at the 2nd an fourth week of growth, while B2 plants treated at
the fourth week of the growth, these are tire plants of one week older than the
recommended stage, showed significance difference from the plants treated at the second
week of growth At the sixth week of growth plants treated sliowcd no significance
difference from those treated at the eighth week of growth (Appendix 18) The most
sensitive plants observed in both accessions are those treated at the second of tin; growth,

tlwse are live plants o fone week younger than the recommended stage (Apjicndix IX)
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I'lteurc | Survival Differences ofthe two accessions [Bl (a) & U2 (b)) applied with

1% rales of Gramoxone (1,3.5,7,9,1/ha) and the control, treated in four stages (2.4.6,8
weeks) at 3 days after treatment
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4 ].2. Assessment done 21 davs after treatment

There was Inghlv significant difference in survival score at the significance level of
5% between the control and the treatments sprayed with paraquat B2 accession showed
higher survival score than Bl plants (Fig 2)

In B1 accession, the suivival score of the plants treated with 3. and 5 I/ha was not
significantly different from each other, but significantly different from those treated with 7
and 9 I/ha which in turn were not different from each other In Ml plants, there was a
dramatic reduction of ll»e survival score as the rate increases up to the point where no
plants survived at R5 (7 I'Jia) (Fig 2a) But in B2 accession, there was no rate where all the
plants are killed (Appendix 19) In B2 accession, plants treated with | I/ha showed
significantly different in survival score than those treated with all the other rates Plants
treated with 3 and 5 I/ha. which were different from each oilier, showed significance
difference in flic survival score than those treated with 7 and 9 |/ha which in turn not
different from each other (Appendix 19) For B2 accession, the trend of the survival score
followed the same as the B1 accession which is a ieduction of the survival score its the rate
increases, but tin; reduction rate was much lower than the one of Bl accession (Fig 2b)

In B1 accession plants develop'd significantly more resistance at 6th week of
growth while in B2 accession, they started developing more resistance afrer the 2n week of
the growth In B2 accession, those treated at 6th week of growth developed significantly
Sf'WHtei resistance than those treated at the 4th week of the growth which in turn were
mWfcwUy different from those treated at the 2nd week of the growth Ihe correlation

between the uue and the o . .
esistance was observed significantly in the 11?. accession plants

(Appendix 19).
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Hgurc 2 Survival Differences of the two accessions [MI (a) * B2 <b)j applied with

<t,unoxone (».W .9.Mui) and the control, treated in lour stages (2.4,(>.8
weeks) at 21 days after treatment
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4.2. (.nmtli filings in liiilc'iis pilosa Hiotvpes Under Ins tressed

In the early stage of the growth plants of'B1 biotype grew taller plants than the 1)2
plants in all the planting ratio except P2 (25% 1)1  75% 1)2) which had the lowest
proportion ofB 1 plants P4 (75% Bl 25% 1)2) planting ratio resulted in tallest plants
while P2 (25% 1)1 75% 1)2) the shortest (Fig ) and Appendix 20) The planting ratio
which had the lowest 1) | proportion grew shortest plants P4 planting ratio which had l»c
highest Bl planting proportion grew significantly the tallest plants from Ilie rest of the
planting ratios (Pl. P2. P.) ) which showed no significance difleience from each otlier
i Appendix 20)

At flowering stage Bl plants still maintained their superiority in height, but this time
in all the planting ratios (Fig 4). No signilicancc ditlerence was observed among the
planting ratio (Appendix 2 1)

Bl plants developed significantly larger numlixrr of leaves than 1)2 plants in all the
planting talio except P2 (25% Bl 75% B2) at tlte early stage of growth (Appendix 22).
but later at flowering stage 1)2 plants compensated the diHerencc and there was no
significance (Appendix 23)

Leafarea showed no significance at both stages (Appendix 24 and 25)

Significantly higher number ofbranches were produced b\ Bl plants than 1)2 plants
in all the planting ratio (Appendix 26). and in consequences number of inflorescence were

*0 be significantly diflcicnt among the two biotypes and the planting ratio 1)1 plants

produced larger number of inflorescence than 1)2 plants in all the planting latio
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except 1*2(25% HI  75% B2) (lig I1) Inall the planting ratio only purextarn! wax found
10 be significantly diU'ercnt from Pt (50% Bl 50% B2) and 1’4 (75% HI 25% B2) IIns
data shows that higher number of inflorescence were produced when two biotypes (HI &
B2) arc grown in competition rather than when they are grown separately Bl plants
produced significantly larger number of flowers tlran B2 plants Surprisingly the 1*2 planting
ratio which liad tin.' lowest Bl planting piopotlion produced more flowers than the
puiestands of horh biotypes Only 1*3 planting ratio produced significantly more flowers
than I’l and P2 but not P4 which had the highest proportion of Bl plants Bl plants in It
planting ratio got more opportunity than all the plants in all lire other planting ratios,
because each BI plant in P3 planting ratio is surrounded by four plant of B2 which are out-
fa (Appendix 27)

Neither early nor late detected dill'crcnce contributed to either to the fresh weight

or dry weight (Appendix 2S and 29)
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Hk 3: Plant height diftcrcnccs of the two biolypes (Bl & B2) planted in four difletent
ratios p| (purcstond), P2 (25% Bl 75% B2). Pt (50% Bl 50% B2). and P4{75% BI

25% B2) at 3 weeks after transplanting
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Planting ialin%

Hg 4: Plant height differences of the two biotypes (HI & B2) planted in four different
tatios PI (purestand). P2 (25% HI  75% 112). Pl (50% Bl 50% »2). and P4 7S% 111

25% U2) at flowering stage
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I'lltnling Mlins

Ki« 5: Differences of the number of leaves of tire two biotypes <BI & B2) planted in four
dilfcient ialios I*1 (puresiand). 1*2 (25% 131 75% 132). P3 (50% 131 50% 132). and P4

(75« Bl 25% B2) at 3 weeks aller transplanting
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[>L-11Itin£ iIIIOS

Fig 6: Dift'crcnces of number of leaves of the two biotypes (Ml & 132) planted in four
diffcicnt ratios 'M (purestand). 12 (25% Bl 75% M2). P3 (50% MI 50% B2); and 14

(75" oMl 25% B2) at flowering stage



33

1575

PI %2 PI P4
I’Unlin)' ratios

*>K7:Leafaica differences of the two biotypes (131& B2) planted in four different ratios PlI
(purestand), P2 (25% HI ; 75% B2). P3 (5<% HI  50% H2). and P4 (75% Bl 25% H2)

at 1 weeks nflet transplanting.



34

PI P? P3 P4
Rnnting ratio»

Rtf 8 Leafarea differences of the two biotypes (HI & H2) planted in four dilTetent ratios
Pl (purcstand), P2 (25% 1)1 75% B2), P3 (50% Bl 50% B2), and P4 (75% HI 25%

B2) at (lowering stage
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Plimllii# mint*

F*  Differences of number of blanches of tlie two biotypcs (Bl & M2) planted in lour
different ratios I»l (purestand), P2 (25% HI 75% B2). IM (50% MI 50% B2). ami IM

(75% B1 25% B2) at Doweling stage
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Fig: 10 Differences of number of inlloicstcnccs of the two biotypes (Bl & B2)pln»ted in
four difTereiii ratios Pl (purestand). P2 25% HI 75% M2). P3 (50% Bl 50% B2), nnd

P4 (75% Bl 25% B2)at flowermu stage
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(tinting ratio*

Fir: 11 Differences of fresh weight o f the two I>iolvpcs(HI & B2) planted in four different
ratios Pl (purestand). P2 (25% 111 75% 112). PJ (50%B1 :50% B2); and P-1(75% 111

25% B2) at Doweling stage
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Hinting ratios
Fig: 12 Differences of dty weight oflhe two biotypes (Ml & B2) planted in four different
ratios FI (puresland); 12 (25% Ml 75% M2). Ft (50% Bl 50% M2), and ™4 (75% M

25% M_2) a week allei flowering date
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5. DISCUSSIONS

Irregular H pilosa control performance were first reported in codec plantations in
middle 1980’sat Coffee Research Foundation, where paraquat has been used for over 20
years (Njoroge, 1991) It is envisaged that continued application of a herbicide to
populations with very low frequencies of resistant biotypes would exert greater selection
pressure favouring these plants, leading rapidly to a relatively resistant population Since
there is no previous database, it is very Irard to sav that this resistance is from an existing
population of the Hidem pilosa weed previously resistant to the paraquat Studies of the
resistance and growth fitness were carried out

Results of 1st experiment sltowcd that 132 (Resistant) plants showed higher surv ival
score than Ul (susceptible) plants under non-selective environment In the early stage of the
growth, both accessions were less resistant to paraquat than at the later stages of the
growth Ihis shows that there is increasing resistance with the plant maturity. 1lie increase
of the resistance aiming the two accessions was not die same Plants of B2 accession
showed mniked resistance immediately after the 2nd week of giowth. while 131 accession
took 8 weeks to slrow the same degree of resistance This indicates that the degree of the
resistance developed by the resistant plants grows much faster with the age of the plant
than the susceptible plants [his could be attributed either to the resistant plants developing
*0mc morphological structures capable of excluding the entry of the herbicide into the
Ang part of the plant or. most probably, the resistant plants to develop increasingly

Protective enzymes as the plant glows older
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rhe first plant structures tliat encounter herbicides are non living and include those
associated with the leaf, stein and root surfaces Movement ofa herbicide across these non-
living structures is complex and depends on the nature of the herbicide applied (including
the formulation and ingredients), the physical properties of the cuticle (epicuticular wax.
cuticulnr wax, cutin, pectin fibres, cell walls, and thccuticular "peg"” between cell walls), the
species and age of the plant, and the environment (Devine cl al. IW3 a,b) Resistance
developed by Hukns pilasti at tlic later stage of the growth could be attributed to the
development of some morphological siiuctures in which the movement of the herbicide is
limited as observed in other case of lieibicide movement in Lrigervn />hihk/c/p/mns
(Tanaka et al, I8(>) Marked din'ctcncc of the degicc of icsistance was observed in the
resistant biotype ns the plants grows older than the susceptible biolype. In another study
carried (Hit by Ye and Gressci. 1994 concluded that the protective enzymatic activity Itad
higher concentration rates from the age ofO weeks of growth in paraquat resistant biotype
of('oityzu bonamnsis
Results of the 2nd experiment showed that in tlic early stages of the growth (t
'veeks after transplanting) Bl plants grew significantly taller than B2 biotype in all the
planting ratios except P2 planting ratio where Fi2 was grown in tlic piopoition of 0 75
0 25 with BI respectively But in the later stage of growth Bl grew significantly taller
plants than B2 plants in all the planting ratios This could he explained that the competition
between the resistant and the susceptible biotypes is fierce at the seedling stage Since the
Anpctilion level (0 75 B2 m0.25 B1) is approaching to the puiestand of the icsistant (B2)
"\HH behave almost the same as the purestaixl. and compensate the little

® ~**aon caused by the presence of small number of the out-fit biotype 25% in the early
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stage of the giouih When the wild-type (in tlus case susceptible) and the selected type (in
this ease resistant) aic grown separately, there may be no significance difference between
them in yield per unit aiea (Cresset ct al. 1982)

Among the planting ratios P | grew significantly the taller plants and P2 the shortest
early in the season, but later at flowering stage no significant difference was observed

Susceptible plants developed greater number of leaves at tlie seedling stage titan
resistant plants, hut measurements done at flowering stage showed that resistant plants
recovered or most probably plants from the same biotype (susceptible) started competing
and suppressing each other Data of another experiment carried out bv Comard and
Rodcsevich. 1982 indicated tliat the resistant biolype is more affected by the competition
from the susceptible biotype ofthe same species than hy the competition with itself

ronipetition ability observed in tlie resistant biotype of li. pilosa could not be
attributed to the lealarea since no significance difference was detected I>eiween tlie resistant
an tlie susceptible biotypes at the seedling and at flowering stage This did not support
those of an earlier experiments in which the susceptible biotype of Solatium nigrum
exhibited significantly higher growth parameter values (plant height, leafhrea and number of
leaves as well as root, stem and leaf dry weight) (Dominguez cl al. 1994)leaf area
differences was not detected both at the seedling and at the flowering stage

Susceptible plants showed great difference of number of brandies than resistant

P*«U in only [*3 and P4 planting lall0OS ~ mp, a,,j 2 ,pulcsalan(] alul 025 Bl 075

r*qm«lvety), Bj maintained the lugltest value Accoidmglv susceptible plants pioduccd
lughcr number o f,nflo, i . . . .
c*cnvc than resistant plants Raiiosevich and Iloll. 1I'*SJ icpotied

the proportionoflotal,
"“"put by the M,sce| tibU- plants was always higher than the
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proportion of total seed output by the resistant plants present at any levd of competition
lhough seed number data was not counted. | assumed that since the number of
inlloresccneces produced by the susceptible is significantly higher than (Ik*resistant one. the
seeds of the susceptible biotype would out-number than the resistant one Data of other
studies done by Donungues ct al. 1994 showed that the values of seed numbers and 100
seed weight of the resistant biotype of Solatium niger were significantly lugher than the
values o fthe susceptible biotype

No significance difference of fresh weight and dry weight were observed Contrary
to the findings that even under non-competitive conditions, the drv matter production per
plant of resistant S. wly<ui\ and Amarauihus  was 25 and 40% less, respectively than
that ofsusceptible plants (Cornaid ami Radosevich. 1979).

It is important to note that Il (susceptible) biotype was a better competitor than
112 (resistant) biotype in terms of plant height (at the early stage of growth), number of
leaves, number of branches, number of inflorescences, hut all these never contributed
neither to fresh weight nor dry weight compared to lire tcsistant biotype Review don by
Holt, loot reported that the competition fitness between the resistant and the susceptible
biotypes of different weeds behave differently Paiaqua! resistance of (‘ottysa caiunkusts
""as less vigorous than the susceptible biotype in the absence of paraquat field studies with
resistant and susceptible biotypes of Hordeum gkmeum, Hordeum k/Mwinum, and
ArcifH/h’ca calendula in Australia demonstrated a slight reduction in competitiveness of
P=**=*n| biotype of Honkum ylaucum relative to susceptible biotype whereas resistant and

«“~mble biotypes of Hordeum kponnum were equally competitive
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When the two biotypes arc grown separately iltcie was significance difference
detected in all the parameters measured |It1 (susceptible) was found to Ix; having
significantly higher values than B2 (resistant) in all the paiamctcrs measured This dkees not
agree with the classical ease wliich says “ when the wild-type and the selected type ate
grown separately, there may Ix; no diircrcnce between litem in yield pet unit area (Gressd
ctal. 1082)

The susceptible biotype can be more fit than the icsistant biotype, as observed with
other studies, at any giowlh stage in the life cycle because of the following factors
1) The proportion of the seeds gci initiating at a given time 2) The rate of germination t)
Success in establishment following self thinning 1) Any of physiological clvuactors
resulting in difference in growth rate 5) Parkinsonia plasticity (> The seed size and yield
per flower and per plant (Gressd ct al. 1982)

In conclusions the results of both experiments sltowcd that there is picscncc of a
resistance to H pilosii | and that the resistant hiotype is less competitive (Ism the
susceptible one attributed mainly to the average higher scores attained during lire
assessment of the survival score and the subsetjuent growth fitness observations that the
susceptible out-compclcs than the resistant biotype under unstressed conditions As Gressd

d 1982 noted . when pressure is brought to bear on a wild population to select for a

gwven trait, the sdected individuals arc less "fit" This has been described as Ihe “cost" of

selection
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6. COM LIWONS AND RECOMMENDATIONS

I lie study of resistance assessment expeiintent lias shown that there is an evidence
of resistance in HiJetts pilaw | 112 accession has shown higher tolerance than BI
accession Tolerance increases as B. pilaw matures especially after fourth week of growth

Growth studies experiments on the biotypes of BtJetts ptloxi showed that Bl
biotype out-fitted 112 line in terms of plant height, number of leaves, number of branches

and number of inflorescences

fuk'im uslldiks on me i0i.l.oWing aresuggested

1 Study ofthe mechanism ofthe resistance should be done

2 llicie isalso gieatci need foi studies on itopulation biology in agriculture [his would
give a follow-up studies to catch changing patterns of resistance as cailv warning
system foi research, extension, fanncis and industry

3. Explore viability of using higher paraquat application tales and alternate use of
combination of herbicide to preclude development of economic weed resistance to any
one herbicide

4 Study on inotphological characteristics of the two biotypes

RECOMMENDATIONS

It Lsnot easy for farmer to shift to another herbicide which sometimes is not easily available,

but where it is economical it is rcconuncndahlc to rotate the herbicide with diftcrcnl sites of

action to reduce the selection pressure for the evolution of resistant biotypes Resistance

odin also Ik; avoided by understanding an analysing the interacting factors involved in

cttn8ing a sensitive weed population into a resistant one
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Alternative methods of weed control should be cutoutaged. eg Animal glueing in perennial
crops, culturnl weed management which includes (Hand weeding, mechanical, tillage,
burning, flooding, mulching (non-living material, crop rotation and etc.), introducing
natural enemies of Ilidcns pilosa as a biological control B Pilosa is known to be a

particulaily promising target for biological control
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8. APPENDICES

Appendix | ANOVA tabic for the survival score of the assessment done 3 days aftei
treatment

ANALYSIS 01- VARIANCTFI AL
k Degrees of Sum of Mean F
Value Source Freedom Squares Squaic Value
Kale 5 970 754 194 |51 70X 5163 e+
4  Stage 3 lix 7X7 3X 429 41 2782
6 Rale x Singe 15 85.862 5724 6 14X5. 7"
-7 Error IX 44 ¢, X7 0.931
X Bioivpe 1 100.668 100.668 1S3.9524 e«
11 Rale x Mmivpc 5 28.460 X69? X 7048
17 Singe x Hiolvpc p 16.359 5 4X1 X 3393
14 RatcX SatgeXBioi 1S 37 957 2 197 3 3601
-1* Krmr 4X 31 387
final m 1126 420
CV 78 37*%,

Appendix 2 ANOVA table for the survival score of the assessment done 21 days after
treatment

ANALYSIS OF VARIANCE TABLE

K Degree* «f Sum of Mean F
Value  Source Ficcdom Squares Square Value
7 Rate 5 626 (XI9 125.202 186 8295 ®®®
4 Slagc 3 16.977 5.659 X 4447

6  Rale x Slagc 15 29 512 1% 7 2 9359 o
-7 Error 4x 32.167 0670

X Bioiypc 1 X 252 5 252 X5000 4
10 Rale x Stage S 1259 0 X52 n 8920 ns
12 Stage x itintype 3 0.519 0 173 0.1812 ns
14 RaicXSiageXBiorvpc 15 1762 0.317 0 3325 us
-15  Enoi 4x 45.833 11955

Total 143 765 290

CV r,i os%

* m Significant at 5% significance level

** o Significant at 1%significance level
*xk * Sigmficanl al 0 5% significance level
n** DMsignificant
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Appendix 3 ANOVA table for the plant height of the two biotypes (HI & B2) at 3
weeks after transplanting

Source SS df MS F
Main Effects
biotype 12 042 1 12 042 11 496 **
population IS 710 3 5237 4999 *
Interaction
biotype x population «1 848 3 1616 1543 ns
Error 16 760 16 1048
Total 40 360 23
CV 9S7%

Appendix 4 ANOVA table for the number of leaves of the two biotypes (HI it B2
3 weeks after transplanting

Source SS df MS F
Main Effects

biotype Il 760 1 11 760 7007 *
population 6 893 3 2 298 1369 ns
Interaction

biotvpc x population 3 107 3 1036 0.617 ns
Error 26 853 16 1678
Total 48 613 23

C.V 16.26%
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Appendix 5 ANOVA table for the Icafaiea of the two biotypes (Bl & B2) at | weeks
after transplanting

Source SS df MS P
Main Effects
biotype 1180 1 1-180 0 217 ns
population 11025 3 4 142 0 636 ns
Interaction
biotype x population 45.077 3 15026 2.201 ns
Error 109 2*15 16 6.828
Total 168 827 23
CV 20 11%

* = Significant at 5% significance level
*e  Significant at 1%:significance level
ns = Not significant

Appendix 6 ANOVA table for the plant height of the two biotypes (Bl k B2> at
(lowering stage

Source SS df MS F
Mam Effects
biotvpe 159.135 1 159 115 6 749 *
population 10.778 1 3593 0 152 ns
Interaction
biotvpe x population 15 592 3 5.197 0 220 ns
Error 377.253 16 23 578
Total 562 758 23

CV Il 19%
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Appendix 7 ANOVA table for the number of leaves of the two biotypes (131 & 112) at
flowering stage

Source SS df MS F

Main LfTects

biotype 8 882 1 8 882 t 063 ns
population 15 178 3 5059 1745 ns
Interaction
biotype x population 10818 3 5006 193 tns
F.rror 40 4(H) 10 2 900
Total 87 278 23
C V 1301%

Appendix 8 ANOVA table for the number of branches of the two biotypes (fit & 132)
at flowering stage

Source SS df MS F
Main Lflecls
biotype 34 082 1 34 082 15.215 **
population 0 872 3 0 291 0 130 ns
Interaction
biotype x population 4 165 3 1388 0 020 ns
F.rror 35 840 16 2.240
Total 74 958 23
CV 3281%

* - significant at 5% of significance level
**  Significant at 1% ofsignificance level
ns = not significant
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Appendix 9 ANOVA table for the leaf area of the two biotypes (Bl & B2> at
Howeting stage

Source SS df MS F

Main FfTects

biotype 94 685 1 94 685 0 525 ns
population 262 458 3 87 486 0485 ns
Interaction
biotype x population 603 313 3 201 104 1115 ns
1nor 2885 19S 16 ISO 325
Total 3845 653 23
fv 34 38®,

Appendix 10 ANOVA table for the number of inflorescence of the two bioty|»cs (Bl
& B2) at flowering stage

Source SS df MS F
Mam FfTects
biotype 20 027 1 20 927 19 841 e
population 13 713 3 4 571 3031 ns
Interaction
biotype x population 5980 3 1993 1322 ns
Error 24 133 16 1508
Total 73 753 23

C.V 22 39%
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Appendix 11 ANOVA table lor the liesh weight of the two biotypes (Bl A B2) at
flowering Mage

Source SS df MS 1
Main Hflccts
biotype K319 1 8 319 0870 ns
population jo v>o 3 10.197 1066 ns
Interaction
biotype x population 11 124 1 4 441 0 464 ns
Fttor 153 009 16 9 563
Total 205 242 23
CV 12 5%
*"  Significant at 0 s% of significance level

ns  Not significant

Appendix 12 ANOVA table foi the dry weight of the two biotypes (Ml & B2) at
flowering stage

Source 4 df MS F
Main HfTecis
biotype 0 167 1 0 167 1226 ns
population 0.566 3 0 180 I 188 ns
Interaction
biotype x population 0 118 1 0 111 0 829 ns
F.rror 2 176 16 0 136
Total 3 247 23

CV 12 49%

ns = Not significant
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Appendix 13 Paraquat chemical formula (leitaron and Urcsscl. 1>82)

Appendix 14 Free radical foimation from paraquat ion and auto-oxidation of free radical
yielding IFO. (Hydrogen peroxide) and O.. (Superoxide radical), and .subsequently,
Ol I (Hydroxyl radical)and Oj(Singlet Oxygen) (Ashton and CraOs, 1°>8|)

NITH A AW < .H ) = g N A

Paraquat ion [2X] Paraquat [X)
Free radical
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Appendix 15 Reduction of paraquat cation in photoxyntlietic electro transport Q. primary
electron acceptor of PSII. PQ. plaxio-quinonc. cyt, cytocluomc. PC. pla-stocyanin,
Z. Primary electron acceptor of plrolosystcrn I. Fd. ferredoxin (LeBaron and
Orciwd. 1982)

PSII
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Appendix 16 Common names of/6«/em/w/o.*/(Alembi 1993)

L'nglish

Portuguese

French

Polynesian names

Philipinc names
Australia
South Africa
Zibabwe

Hast Afiica

1laiiy beggar ticks
Black jack
Spaiuush needle
Black fellows
Cobblers peg
Farmers friend

Picao-preto
Picao do campo
Pico picho

Somct

Fisiuli
Kofc Tonge - Niue

Pisan pisau, Nguad. Purikct (Bon)
Black fellows
Gcwone knapsekeiel

Nyamarad/o

Black jack (H). Iida (Atcsa), Ekamogantogia (likagusii). Hnyabarashana (Runyankore.
Ruktga), Kichoina mguu (Kiswahili). labika (Acholi), Muceege (Kikuyu). Murashe
(Runyankore), Nyabaraasana (Luloro. l.unyoro), Nyanyick-mom (l.uol. Onorol (Lango),
Ssere (I -Uganda). Olukuye(l uliya)

Ulluopia

Sierra 1.cone
Liberia
Upper volta
Ivoiy Coast
Gliana
Nigeria

Cltigogot, chibu. yesitana nuerfe. Abare, /agogo

Dada

Niani (Kni-Guue)
Nanguadian-Manding
Sololc(Dan)

Aseduia (Asante)
Abere (Yoruba)
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Appendix 17 Plant species relative of B. ptlosa (LeyRoy el al, 1>77)

Kancrkitluhio Cass

Kemena lelragona Moench
Bukin swkkvcus Brume

Bulan suhaltavam IK'

Bulan t/ikKktinyuliirls 1K

Bulan islytHH/nh (Shcrff)

Bitkns ntotoionatnn (Shcrff)
Bitkin Nlcnuihi(Lour) Men

B ukin UKumhcns (Sherff)

Bulan u lwiiffri Sch Bip

Bitkin I mailti (Shcrff)

Bukin supabo (Sherff)

Bukin nic/>fK'lli (Sch Bip) Shcrff
Bukin ii*tiikkinn Sherff

Bukin annual (O Hoffm) Sherff
Bitkns kt/imunJsthtinai (() Hoffin) Sherff
Bukin ptm tii (Oliv ) Sherff
Bukin yniiiiu (Oliv ) Sherff
Bitkin iri/kirniti L

Bukin hilemaia L

Bulan step/>ui Sherff
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Appendix 18 Means of the survival score of the accessions (Bl & B2) applied with six

dift'cicnt rates (0. I, 3, 5. 7. 0 IMn) at four dilTcrent stages (2. 4. 6. 8 weeks alter

emergence) at 3 days after treatment

» | B2

RS SI S2 S3 A Mean | S2 S3 A Mean

KI X000 X000 X000 X000 8000° X000 X000 X000 X000 XO000*
R2 0000 1167 sX<3 5167 3.042" 2667 4633 7500 7667 5617"
R3 0000 0333 0333 1667 05X3 1500 1333 3833 1667 2 X33
R4 0000 1167 0333 0667 0 0X33 0X33 5667 3667 2750
R5 0.000 0.000 0000 <1667 0167 0000 2,000 1667 2667 1583’

R6 0000 0000 O(HO 0.000 0.0000 0000 0000 1500 3833 13334

Mean 1333. 1611, 2417, 2604, 2014 2167, 2X00 4.694, 50X3, 36X6

LSDno5= 0 792

SC for rale 0 1970
SK for stage 0 1608
SF. for biotype - 0 0953

Within the column means followed by the same suprsenpt. and within the rows
means followed by the same subscript arc not significant dtHcrenl at 5% level of

significance according to the Least Significance Difference Test
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Appendix 19 Mogijiiis of the survival score of two accessions (Ul A 112) applied
with six diircrenl rates (0. 1. 3. 5, 7. 9 PJia ) at four different surges (2, 4. 0. K

weeks after emergence) at 21 days after treatment

HI H2

KS Si S2 S3 S4  Mean Sl S2 S3 Sl Mean

R1 6000 60IM 6.000 6.000 6000* 6000 6(< 6000 6<M0 6000’
R2 0000 0833 2667 3000 1625" 1167 3000 3167 33M 2708*
R3 0000 0000 0667 1000 0.117 0000 O 167 0X33 2000 O 750
R4 0000 0000 1333 0.333 0417 0500 0000 2167 0667 0833
RS 0ooo 0000 0.000 OOK) 0000 0000 0X33 0000 O0SM 0 333*

R6 0.000 0000 0000 0000 o0.0000 DMV) 0.000 0.000 0.000 O I25*

Mean 1000, I 139, | 77X%1 722, 1410 17?27X. 1667, 2028. 2194, |1 70>

LSDooj- 0 673
SE for rate 0 167
SI- for stage 0 1364
SE for biotype ” 0 1152
Within the column, means followed by the same suprsenpt, are not significantly
dillerent at 5% level of significance, and within the lows means followed by the same

subscript are not significant dilVercnt at 5% level of significance according to the Least

Significance Difference Test
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Appendix 20: Huienspllo\n plant height differences of the two biotype* (Hi & B.) P'anlcd
in four different ratios Pi (purestand). P-(25% B| 75% B>). P» (50% B( 50% B>). and I°,
(75% Bi 25% 1).) nt 3 weeks after transplanting

Biotype
Population RI B2 Total Mean
Pl 163 980 21 43 10 715a
P2 9 80 993 1973 9 865«
P3 I 17 927 20 44 1022a
Pl 1277 1097 2374 11 87b
Mean 11 343x 9 993y 10668

Biotype ISIW 0 512; I.SDooi  1057. SF - 0.362
Population 1.SfX) o« ~ 1085; I.SDimi = 1496. SE =0 512

Within the column, means followed by the same tetters <a.b ) and within the towv
means followed by the same letters (x. y) are not significantly different at 5% level of
significance according to Least Significant Difference lest
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Appendix 21 Plan! height differences of the two biolypes (Bi & B.) planted in four
different ratios P, (purestand), P<(2S% R, 75% R;), P, (50% R, 50% B > and Pi (75%
Bi 25% R.)at flowering Mage

Biotype
Population BI B2 Total Mean
Pl 46 20 080 21 43 10715
P2 4173 <193 1973 9 865
Pl 46 20 927 2044 10 220
Pl 47 71 1007 23 74 11 870
Mean 45 %5x 40 781y 43 174

Biotype: I-SDooj 3640.1m ,n  5.015. SE = 1.717

Within the columns means followed by the same letter of x. y. are not Significantlv
different at 5% level of significance according to the Least Significant Difference |est
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Appendix 22: DiiTcienccs ul'numbef of leaves of the two biotypes (Bi & Bj) planted ni
four different ratios I*t (purestand) P. 25% Bi 75% B;), P. (50% Bi 50*0 B<). and I’i

(75% B| :25°0 B.) at 3 weeks after transplanting

Biotype
Population Bl B2 Total Mean
Pl 8 53 6 20 14.73 7 365
P2 8 67 793 17 31 8670
P3 973 773 19 46 9 730
Pl 787 6 53 14 40 7 200
Mean 8 70.x 7 098y 7 899

Biotype LSD,k» 09|7. LSD,,m 1338.SI 04SK

Within tire columns means followed by the same letter of x, v. are not significantly
different at 5% level ofsignificance according to tire Least Significant Difference lest
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Appendix 23: Differences of number of leaves of the Iwo bintvpes (If & B*) planted in
four different ratios P| (purestand) Pj 25% B| 75% If). Pj (50% If 50% If), and If
(75% Bi 25% B.) at llowering stage

Biotype
Population Bl B2 Total Mean
Pl 13 33 Il 80 25 13 12 565
P2 11 60 |1 00 24 60 12 300
P3 13 87 12 40 26 27 13 135
Pl 16 00 1273 28 73 14 365

Mean 1370 12-180 now
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Appendix 24: DifTeicnees in leafurea of two H. pllasa biotype* (U. & Uj) planted in four
difTerent ratios Pi (purestand) P» 25% Bi 75% B>); Pt (50°0Bi 50% Bj); and P, (75"0
It, 25% It;) at 3 weeks allcr Uansplanting

Biotype
Population m B2 Total Mean
Pl 12 53 Il 78 24 31 12 150
P2 395 I 79 25 74 12 870
P3 10 77 14 70 25 56 12 780
P4 1575 1202 2X 35 14 175

.Mean 13 243 12 745 12 005
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Appendix 25: Differences in Icafaica oftire two If. pUosa biotypes (Bt & Bi) planted in
four different ratios Pj (purcstand) P225% Bt
(75% Bi 25°0B ¢ at Dowering stage

Population

Pl

P2
F3
M

Mean

02

g
2650

38 383

Biotypc

755 B>), Hi (50% B

1430
168
448
1625

V) 743

Total

7401
63

0B
A

50% B>). and Pt

Mean

3700
B 10
446138
16 175

39 063
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Appendix 26: Differences in number of branches of ihe two biotypes (B, & B>) planted in
foui different ratios Pt (putesinnd) P- 25% Bi 75% B;); P? (50% B| 50% 13/); and P«
(75% Bi 25% B.) at flowering stage

Biotypc
Population BI B2 Total Mean
I 5200 3331 8 533 4 267
P2 5 467 4 133 9000 4 800
Pl 6 331 2 867 200 4600
P4 6 K¥ 3133 9 133 4 567
Mean 5 750x 3367y 4 557

Biotype 1.SDbnx  1122; LSIXhi 1545. SH =0 529

Witbm the columns means followed by the same letter of x. y. are not significantly
different at 5% level of significance according to the Least Significant Diffcience Test
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Appendix 27: Difl'cienccs in number ofinflorescences [>cr plant of the two biotypes (Bi &
Bj) planted in foot different ratios I, (puicstand) I*. 25% Hi 75% B;). Pi (50% Bi 50“«
B,), and I'4(75% B| 25% Bj) at flowering stage

Biotype
Population Bl B2 Total Mean
Pl 5.73 367 040 4 7<Xb
P2 520 4 17 067 4 835a
P3 827 4 80 1307 6 535a
P» 720 451 I 73 5 865ab
Mean 6 60x 4 367y 5.484

Biotype 1.SIX.0s - 0 020; L.SfXim 1268, Sli ~0.434
Population LSDo,* 1100,1.SIXioi = 1793; SE 0614

Within the column, means followed by the same letters <a,b. >and within the rows,
means followed by tl»c same letters (X. y) are not significantly different at 5% level of
significance according to l-east Significant Diflcrence |est
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Appendix 28: Differences in fresh weigh! of the two H [ulomi biotypes (Bi  B;) planted
in four different ratios I’i (purcstimd) P* 25% Bi 75% B;), P» (50°/* Bi  50% B»). and P»
(75% B| . 25% B ) a week after flowering

Biotype
Population BI B2 Total Mean
PI 851 9 17 1771 8 855
P2 926 8 74 18 00 9 000
IM 11 19 974 22 93 11405
Pt 942 8.06 17 48 8 740

Mean 10 103 8 927 9515
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Appendix 29: Diflcrcnccs in diy weight of the two H. fHloxci biotypes (B| & Bj) planted in
four different ratios P| (puicstand) Fj 25% B| 75% B>), Pj (50% B| 50% B<), and I't
(75% B| :25% B.) a week aftci flowering

Biotype
Population Bl B2 Total Mean
Pl 0% 1 00 1% 0980
P2 101 107 208 1.037
P» 1.64 112 276 1383
P4 125 101 2 26 1127

Mean I 215 I 05 I 133



