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ABSTRACT

Studies on the seed germination and seedling groWitthonia diversifolia(Hemsl.)
A. Gray, the Mexican sunflower, was carried ouhisTinvolved the usage of some
dormancy-releasing methods and the effectof semeantrations of three herbicide
formulations on the young seedlings. Initial geration tests on fresh and stored
seeds revealed a low percentage germination ottess 30%. The seeds of the weed
exhibit dormancy. Subjecting the seeds to wet Re&0°C and 100C and light
treatment terminated dormancy both in the fresh atoded seeds. Light greatly
enhanced the germination percentage of hot wateeated fresh seeds by about
70%. There wasgradual increase in germinatiorcpetage with increase in storage
period in dormancy-eleased seeds. The mean LARf(Area Ratio), NAR (Net
Assimilation Rate) and RGR (Relative Growth Rateamparatively high in young
seedlings. Concentrations of 0.5 — 2.0% of Gram@ydrimextra and Galex are
toxic to 1-month-old seedlings. The physiologirasis of dormancy in the seeds of
this noxious weed species as revealed through-aftening and light requirements
by the embryo are discussed.

Key Words: - Tithonia diversifolia Mexcan sunflower, germination, weed,
dormancy, herbicide, seedings.

Introduction

Tithonia diversifolia (Hemsl.) A. Gray, Asteraceae (Compositae), commaoaled
Marigold, wild sunflower or Mexican sunflower, is @erennial noxious weed of field
crops, waste knd and road sides. The plant istebd m in height at full maturity
and reproduce from seeds and from vegetative rdigrofvbasal stem when cut. It is
native to Mexico and the Central Americas wherdnas been ntroduced into West
Africa as an ommamental plant (Akobundu and Agyaki®@a7).

Tithonia diversifolia 8 now prominent and fast growing in Nigeria, biiag the
rainbelt of the southem part of Nigeria. The wedsb occurs in the wet part of the
Guinean Savanna especially along the fringes ofrdire belt (Lattude 6°]). These
areas (Fig. 1) have an annual rainfall of more tha®@0 — 1250 mm with an optimum
temperature of 28-33 (Akobundu and Agyakwa 1987). The weed growsgaihe
fringes of highways and abandoned farmlands veogeclto highways. The heavy
deposits of seeds from the previous year's populatvhich have remaned dormant
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in the dry season (November-March) germinate atotiget of the early rain n Apri-
May. The seedings grow fast and attan matutitgnd the second ranfall peak of
July-August when they flower and seed heaviy (Akoln 1987). The plant dries up
before January of the following year yielding a @t litter, which is often destroyed
through bush buming in December-January (Agbob#98).

Fig.1.Map showing areas (shaded)Tahoniainfestation in Nigera. States with
infestation include: (2) Lagos, (3) Ogun, (4) Os{®),Ekiti, (6) Ondo, (7) Edo, (8)
Imo, (9) Anambra, (10) Delta, (11) Bayelsa, (12yeRs, (13) Akwa-lbom, (14) Abia,
(15)Enugu, (16) Ebonyi, (17) Cross River, (18) B=n(19) Kogi, (20) Oyo, (21)
Kwara.

In very recent timesT. diversifolia has now made an incursion into the farmland thus
becoming a nuisance to farmers. The weed prodaogs biomass which farmers do
not fuly utlize as green manure. In the highlaraisKenya, the plant is one of those
used as traditional hedges to demarcate both aktand internal boundaries of farms
and compounds. These hedges alko protect soilcemm as well as producing
fodder, green manure and mulch (Nyastal. 1997).

An infuson made fromTithonia leaves and buds is used as a medcine for
constipation, stomach pains, indigestion, sdheoat and Iver painsTithonia
diversifolia ash or solution of fermented extracts have beed s control termite
infestation N agroforestry programmes (Spore 1998)

The vgour and luxurance of the growth Bf diversifolia has stmulated research on
the aspects of its biology and the problem posedihisy weed in the envionment
(Smith and Anisu 1997). This study focuses on doey and germination of viable
seeds, growth performance and chemical controlooihg seedings. This is with a
view to contrbuting to the growing knowledge ore tecology and physilogy of this
weed for effective control.
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Mate rials and Methods

Survey ofTithonia infestation in Nigeria

A general survey of Nigeria was made for the spraadithonia infestation between

June and August, 1999. These months fal withén lariod of heavy rainfal n the

Southern areas and the beginning of ranfall in Nteethern areas of the country. The
journey took three routes each of which startedhfloagos in the southwest coastal
zone. The survey was made by travelng on kndbortifferent occasions i.e. twice

per route. The first route was along a wverticals axom Lagos in the southwest
through llorn, Mokwa, Kotangora, Zuru to Sokoto tiee northwest. The second was
a dagonal route through, Ife, Akure, Okene, Lqkdjhuja, Akwanga, Jos, Bauchi to
Maiduguri n the northeast, whie the thrd wasthie southeastern direction through
Benin, Onitsha, Owerrito Calabar.

Seed collection

Seed colection was made in January 2000 from dead dried stands ofT.
diversifolia plants on an abandoned farmland separating tlee fehthe University of
Agrcutture Abeokuta, Nigeria from the majr roadBecause of the closeness of the
stands, a devise for the collection of the seeds made. This involved clearing the
space in front of the first row of stands with &sfl and spreading a white cotton sheet
(2 mx 3 m)oni About two to three stands wereught together and shaken in
such a way that the black ‘seeds’ which are agttlad achenes (dry ndehiscent one-
seeded fruits characteristic of the Compositaepped on the white sheet. The seeds
were then gathered together by folding the shedt the dried leaves and branches
that dropped with them were removed. The ‘seedstewcolected and sun-dried
again for two to three days and later stored irtisn bottes with cork lids at room
temperature (28-30).

Initial germination tests

Germinaton tests were carried out on freshly etk seeds using some randomly
selected ones according to the methods of Etegwd Ajbola, (1980); Agboola
(1996; 1998). One hundred seeds were surfacdzetemwih 0.1% Mecuric chloride
soluton for 30 seconds and rinsed h several @dwmrg distlled water. The seeds
were then placed on moistened fiter papers plkore® cm Petri dshes. The set up
was maintained at 288D under a Ight intenskty of 2000 lux as given loprf2 m
Philip flourescent tubes. Some sets of Petriedistvere wrapped in aluminium foil
and hcubated n the dark. Each germination tlescrbed below in the dormancy
studies had five replicates. Germination countsewaade with the emergence of the
radice to a length of 2 cm after 8 days incubatidie mean values for the
percentage germnation were calculated.

Dormancy studies

Seed bts of 100 each were soaked nh concentraipbudc acid for 1 and 5 min.
The acid was poured away and the seeds rinsedvamasehanges of distiled water
before placing in Petri dishes for germination. m8oseed lots were alko immersed in
hot water between 8D -100C for 30 seconds and one minute before cooling timem
cod water. A total of 100 seeds from each teniperaregime were prepared for
germination in the laboratory and ncubated boththe light and dark. Untreated
seeds served as the contro. Mean values for #ieemtage germination were
calculated from germination counts from five reqtless. The treatment means were
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compared using the Analysis of Variance (ANOVA) Rt> 0.05 and the Least
Significance Difference (LSD) test.

Effect of storage period on seed germination

Pretreated seeds were sampled monthly from theisgrediottles where they have
been stored for germination both in the light aadk dor twele months (January to
December, 2000). The specimen bottles were caglkied each sampling.

Growth Analysis

One to three-month old seedlings of diversifolia were used for the growth analysis
in the green house. Dry weights of kaves and evkekedings were made monthly
for 3 months from June — August accordng to thethous of Beadle, (1982) and
Agbook, (1996). This involved drying the wholeargl in the electric oven at %D
for 3 days until a constant weght was obtaineche Teaf areas were also measured.
The mean values of these parameters from fivecatgli were used to calculate 3
components of growth analysis including the Net irAtsgion Rate (NAR), Leaf
Area Ratio (LAR) and Rehtive Growth Rate (RGR).

RGR is cakulated from the measured vales of themeights of plants (W& Wi)
at diferent time @& t1) using the formula:

RGR = bg Wo - |0geW1
1-1
The NAR was cakulted from the measured valuedealff area (A & Aq), dry

weights of values of plant (Y& W1) and tme (t2 & t1) applying the formula.

W; and W are intial and final dry weight measure at1 8nuionths respectvely.

t; and $ are the nital and final period of growth at th& 4nd ¥ month when the
measurements were taken.

NAR = W-W; log. A,-log A;
(A2 - Ay 1-1

The calculation of LAR was done from the formula:

LAR: (LA) (LAY
(LWy) = (LWo)

Using the measured values of leaf area(I8ALA ;) and dry weights of leaves (LW
& LW) the mean values from the calculations of NAR, LARI RGR were used for
the graphical nterpretation of these growth coraptsm over three months.

Effect of herbicides on seeds and young seedlings

Six concentrations (0.1, 0.3, 0.6, 0.9, 1 and 2%ti®g each of three commercialy
formulated herbicide solutons were prepared. Hegbicdes used include Gakx,
Gramoxone and Primextra. Hot water pre-treated &t® of 100 each were prepared

for germination in Petri dishes as earlier desdrbe The various herbicide
concentrations were used as soaking solutons widaleer served as the control.  Five

replicates of each set-up were made. Germinatmmis were made at two-day
interval for ten days. Mean percentage germinata@re recorded for each treatmernt.
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Five seedings off. diversifolia were raised in heat-steriized lbamy soils coathim
black poythene bags for one to three months. lBgedn each bag were thinned
down to one per bag. Seedings were dvided ioto fots for three herbicide higher
concentrations of 0.5, 1.0 and 2.0% and water. Fddous herbicide concentration
were tested on the young seedings by sprayingneoffdliage leaves using sprayer and
alowing to dry up. Phnts were left in the opan bbservaton. The experimental
design was a Complete Randomized Block Design witke age groups x three
herbicides x seven concentrations for the seedntess and three age groups x three
herbicides x four concentrations for the seedingData was also subjected to
Analysis of Variance (P> 0.05) to determine the signfiicant differenceswiesin the
control and herbcide treatments.

RESULTS

The results on the intial germination tests andm@mcy studies on seeds o
diversifolia are shown in Figs. 2, 3, 4 and 5. Inital gertwnaof fresh untreated
seeds, both in light and dark showed that the sdedsot germinate easily. Less than
30% germinaton was observed after 5 days of sowfingntreated seeds (Fig. 2). It
was however observed that germination of the feedsestarted 24h after sowing.
There was 10-16% and 20-25% germination in seegesed to the light and dark
respectively (Fig. 2). Seeds treated with conaeedr suphuric acid for 1 to 5 min.
and sown in light showed a germination percentefge@0do 32 after 5 to 7 days of

% Germination

Fig. 2: Germination of fre sh Tithania diversifolia se eds after 10 days incubation
underlight and dark. Each point is the me an offie re plicate s
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Fig. 3: Germination of Tithonia diversifolia seeds treated with conce ntrated
sulphuric acid and sown in the light.
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Fig. 4. Gemination of Tithonia diversifolia seeds treated with hot wate r and
sown under light. Each pointis the mean offive plicates.

pantng (Fig. 3). Sulphuric acid treatment therefdd not terminate the dormancy
in the seed of this weed species effectvely. ifgolvater treatment for 30 to 60
seconds at 80C to 100C gave 80 to 85% compared to 25% observed n th&oto

(Fig. 4). This gave a high significant effect abP.05.
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% Germination
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Fig. 5: Germination of hot water pretreated, and sbred seeds ofTithonia
diversifolia sown under light and dark re gimes control - non-gire d.

Germinaton percentage of 80 to 100% was obsemegreé-treated seeds &.
diversifolia stored for 8 to 12 months and lght-sown compaoe82 to 55% n the
dark-grown seeds. Light had a significant efféetX 0.05) on the germination of pre-
treated fresh seeds @t diversifolia. (Fig. 5). However, dark grown seeds had better
germination than light grown seeds in those seadwed for 12 months (Fig. 5).
There was a gradual increase n germination pergentvith increase in storage
period in pre-treated seeds (Fig. 5). The resutsthe growth analyss on 1 to 3
month-old seedings of. diversifolia are shown in Figs. 7, 8 and 9. The mean RGR
was 0.19-0.34 ggmonthl, mean LAR 243.68 - 420.24 égi and mean NAR 0.52 -
1.37 x 16" gen?! montht. It was generally observed that these mean s/ahiie
LAR, NAR and RGR are higher in the seedliings eajigcat early phase of growth.

Observatons on the effect of some concentrating, 0.3, 0.6, 0.9, 1 and 2%) of
three herbicide formulations on the germinationpoétreated seeds are as shown in
Fig. 6. Seeds in 0.1 and 0.3 - 20% Galex gave 2% 2 to 4% germination
respectively while those in 0.1 - 2% Primextra g@v#% germination (Fig. 6). The
effect of the herbicides most especially Gramoxare,l-month old seedings caused
their rapid death withn 4 days of appication. lgZaand Primextra at 0.5%
concentration was only effective after 3 days gbiegiion as compared to the other
whose effect was noticed within 24h of appicat@able 1). Statistical differences
among the three herbicides showed that 0.5 to ZI%moxone, 1 to 2% Galex and
Primextra had high signficant effect (P > 0.05)tioa weed seedlings
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Fig 6: Effe ct of diffe re nt conce ntrations of threeherbicides on the ge mination of
pretreated seeds oTithania diversifdia after four days of application.
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Table 1. Effect of some hemidde concentratonson young seedlings of . diversifolia.
(Values presented are means offive replicates).

Herbicide concentrations (%)

DAYS GRAMOXONE GALEX PRIMEXTRA
0 0.5 1.0 2.0 0.5 10 2.0 0.5 10 2.0
% of seedlings
alive
1 *0.0 *0.0 *0.0 90.0 +4.2 *0.0 *0.0 100 *0.0 *0.0
2 *0.0 *0.0 *0.0 82.0+34 0.0 *0.0 64.0+36 0.0 *0.0
3 *0.0 *0.0 *0.0 605 +2.1 *0.0 *0.0 *0.0 0.0 *0.0
4 *0.0 *0.0 *0.0 *0.0 *0.0 0.0 *0.0 0.0 *0.0

*

Significant at (P>0.05) LSD =246
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0.3 1
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Fig. 7. The Relative Growth Rate (RGR) of 1-3 montiold see dlings offithonia
diversifolia e ach pointis the mean offive replicates.
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Fig 8: The Net Assimilation Rate (NAR) of 1 — 3 moth-old seedlings ofTithonia
diversifalia. Each pointis the mean of five re plicates
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Fig. 9: The Leaf Area Ratio (LAR) of 1-3 month-oldseedlings ofTithonia
diversifalia. Each pointis the mean of five re plicates.

Discussion

The general survey of Nigeria f&. diversifolia infestation showed that almost one
third of the country has been inhabited by this dvetarting from the southwestern
coast. These areas enjoy moderate to heavy armo&lrwith a bimodal peak in

June and September. The survey was carried outgdthis wet period, hence the
luxuriant growth observed in the infested areas.

Intial germination test showed a bw germinatioergentage in seeds of.
diversifoliaaz.  The seeds exhibit dormancy and required prénterst for best
germination result. Etejere and Ajbola, (1990)d afAigboola, (1998) also observed
such situation in seeds &otboella cochinchinensis, Calapogonium mucunoides,
Cassia hirsutaand Cassia obtusifoliasome of which are serious weeds of wasteland
corn, cowpea and sorghum in Nigeria. Seed préited such as hot water
abolshed dormancy in their seeds. The pre-tregtmthat terminated dormancy in
seeds ofT. diversifolia in this study (i.e combination of heat, light astbrage)
showed that the seeds suffer from physiologicandocy. This is also true of seeds
of prickly sida, $da spinosa (Baskn and Baskn, 1984) and centfdentrosema
pubescens(Omokanye and Onifade 1993). Seeds from many vsgedies are
subject to dormancy of many kinds causing delayednigation of variable duration.
This is a strategy for the survival of weedy se¢i€olk 1979). Heat treatment n the
case ofT. diversifolia seeds had probably helped to cause some metabalimes
within the dormant seeds. The abilty of the embiy germinate appears ony when
seeds have undergone warm stratification (Nikola@980; Esenewo and Adebona
1990).

Light significanly enhanced the germination of -pemted fresh seeds of.

diversifolia. Seeds usualy germinate to a lightly higher pgege n ight than n the
dark (Liet. al 1999). Photoblstic seeds wil germinate bettehe open than under
the forest canopy (Olatoye 1965). In the operarschdiation comes unhindered.
Moreover associated wih this increase, is the amd soil temperature. This best
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explains the luxuriant growth of the seedlings Tof diversifolia in the open by the
road sdes especilly along the highways at thetanisthe rainy season (April - May)
in Nigeria.

Percentage germination increased wih increasetorage period in pre-treated seeds
than in the non-treated ones. The seedB. diversifolia probably require some after-
ripening period which alows for embryo maturatiorAccording to Liet al, (1999),
maturation seems to be a pre-requisite for seedssmond and germnate.

The mean LAR, NAR and RGR are hgh in the youngdiege of T. diversifolia.
This shows that the weed species is a fast grotypgs Smith and Anisu, (1997)
observed a rapid early vegetative growth espedialiglant height and leaf production
of T. diversifolia between 6 - 12 weeks. The growth rate of plaat® lbeen found to
be dependent on the effectiveness of the leaf afdds is not far-fetched as the leaf is
the major assimiitory surface (Hunt 1978; Black2)9

Gramoxone, Primextra and Gakx at 0.5 to 2.0% aBdt® 2% concentration were
effective in suppressing the germinaton and growdh seeds and seedings
respectively. Many herbicide formulations have rogded on some noxious weeds
including Chromolaena odoratumEupatorium odoratuip and there have been
apprecable success with low concentration of tleebidcides (Etejere and Ajibola
1980). Herbicides have been known to distruptetheyme systems thus affecting the
entire physiology (including respration, chiordbHprmation and photosynthesis) of
the living system (Akobundu 1987). A good approdachthe probem of eradication
of this noxious weed is to find useful applcat@uch as in Kenya wherd.
diversifolia is used as green manure and for medicinal purgdsgsimet. al 1997).

It is suggested that for eradication, the seedislgsuld be attacked at one month
stage. By this time all viable seeds that muste hagen naturaly heat-treated by
sunlight and bush fire during the dry season wbalde germinated.
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