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ABSTRACT
Investigation for possible chemical interactions among some of
the common grass species that grow in and around Addis Ababa was undertaken.

The species ueed were -the grasses Andropogon abyssinicus R. Br. ex Frasen,

Hyparrhenia arrhenobasis (Hochst., ex. Steud;)'Stapf, Pennigetum glabrum

Steud., Snowdenia polystachya (Fressn) Pilgér, Eleusine jasgeri Pilger,

Eragrostis tenuifolia (A. Rich) Steud. and a legume, Medicago polymorpha L.

The effects of the extracts of the seven species on the seed
germination and plumuls and radicle growth of the same seven spscies showed
that A. abyssinicus and 8. polystachya were the most inhibitory followsd by

H. arrhenobasis and B. jmegeri in that order. Extracts fromE. tenuifolia,

M. polymorphe end P. glabrum shovwed less inhibitory effects than the above
species.
Bee.d germination inhibition effect was greatest on 8. polystachya

and P. glabrum and that on B, jesegeri and H. arrhencbasis was the least.

Auto-inhibition was found to be as high as allo-inhibition, Extracts
from all the specles except E. tenuifolia showed auto-inhibitory effects on

germination and plumule growth and/or radicle growth.

Different eiﬁerimants were carrisd Qut to detect the vay of release
of the inhibitory chemical{se) in A. abyssinicus. The results obtained from
these experiments indicate that A. abyssinicus inhibits other species when
decomposition of its dead remains takss place and that the live plant does

not relaaéa any allelopathlic svbstance into the soil medium,




1.  INTRODUCTION
. " Bthiopia is an agricultural and‘pqstoral country. The preservation
of the grass constituents in a vigorous state of productivity is of
fundamental imporitance for countries lika Ethiopiavhich rely on their
natural vegetation to provide year long sustenance for livestock whether in

the form of grazing or harvested and stored hay or silage.

Due to its rugged topography, moet of Ethiopia is- threatensd by
hazards of erosion, Grasses are known to be good soll builders and effective
soll stabillzers. 1In both agricultural and pastoral areas over utiliza-
tion and abuse have resultsd in the loss of vast quantities of top soll
by the action of wind and water, It is known that a perennial grass cover
provides the best means of chscking surface soil losz and rebuilding

depisted soll.

From the ecological point of view, grasslands develop as a dirsct
expression of climate or other enviromental conditions vwhen those
conditions are unfavorable to the growth of irees. A secondary or derived

grassland way also develop as a result of biotic influences (McIldryy. 1962).

Grasgslands of'tsn contain a number of communities some of which may
have resulted from edaphic variations or from differences in aspsct,
while others may represent various stages in the succession as a result

of biotic influwences ( Rattray, 1962). .

The rate of succession and the actual species of plant found depend

naturally upon & larges number of factors one being allelopathy.

Simple observations on grass communities growing in the University

O wmpus and in and around Addis Ababa show that some of the commonest
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gpecies, e.g. Andropogon abyssinicus R, Br ex Fresen , Hyparrhenia

arrhenobasis (Hochst., ex Steud) Stapf andSnowdenia polystachya (Fresen)

Pilger are found in patches of more or less pure stands., The pregence of
these spscies in more or less purs stands may not be only due %o compstitive
and edaphic factors but may also bs due to chemical interactions awong the

members of the communities,

Thess conditions lead to the suspicion that if abyssinicus and those
grasses that behave like it may exude certain chemical substances that
stunt or reduce the growth of certain plants or prevent their establishuwent,
Unrave lling such phenomena would lead to better understanding of plant

communities and indirectly to conservation of vegetation and sell.
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2. LITMRATURE REVIEY

Allélopathy

The question of the existence of substances, éecreted by plants,
that inhibited the growth of other plants was first raldsd < by Te
Canaolle. He believed that such substances exist and that they are
important factoré in plant ecology. His theories were based larpgely
on field observations (D: Candolle cited in Bonner, 1950). Wolisch
was the first to use the term allelopathy to refer to biochemical
interactions batwsen all types of planis including micro-organisms,
His discussion indicated that he meant the ierm to cover both
detrimental and bensficial reciproecal biochemioai,interactions

(Molisch cited in Rice, 1974).

Several investigators have ussd ths term allelopathy to refer
to the deleterious effect that one higher plant has on another
through the production of chemiocals that escaps into the enviroment.
Aﬁcordingly Borner {1960) has classified the influence of plants
on one another into four categories, the action of micggnorganisms
upén | micro-organisus by antibiotics (antibiosis), the amction of

higher plants upon micro—orgaﬁisms by phytoncides, ths action of

‘micro—~organisms upon higher plants by marasminss, and the action of

higher plants upon higher plants‘by alle lopathica (allslopathy).

But Rice (1974) referring to Molisch feels that the term
allelopathy should include any direct or indirect harmful sffect
by one plant (including micro—organisms).on another through the

production of chemical compounds that escape into the enviroment.

A very important point oconczrning allslopathy is that its
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effect depends on & chemical compound added to ths enviroment. Tt

is thus separated from competition which involves the removal or
reduction from the enviroment of soms factor which is required by
some other plant sharing the habitat., PFactors that may be reduced
include waten minerals, food and light. To avoid complications, the
term interference is used to refer to the overall influence of ons
plant on another. Intsrfersnce would thus encompass both allelopathy

and competition (Rice 1979).

Allelopathy in Higher Plants

Allelopathy, the inhibition of growth of ons plant by chemicals
relesased from another, occurs widely in plant communities and may
regulate the density and distribution of species (Putman and Duke,
1974), Many plant families have a member that is known or suspected

to produce allelopathic substance (Wood, 1960),

Allelopathic effects have been reported for agricultural and wild
species of moet varied growth forms and kinds of communities from

rainforest trees to desert shrubs (Whittaker and Feeny, 1971),

Many plants have been shown to preduce substances inhibitory to
seed germination and growth of other plants and these substances have
been found in all plant parts (Garb, 1961). They are found in stems,
leaves, roots, floweré: fruits and sseda. leaves ssem to be the
most consistent scurces of inhibitors, and most investigators have
tested them at least in combination with some other parts. Roots
have germerally been found to contain fewer and generally less potent
or at least smaller amounts of inhibitors thasn lgaves, but this is

sometimes reversed (Rice, 1974).
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Substancespotentially involved in allelopathy are relsassd in
four different ways: 1, by rain wash or by condensation during mists
causing drips from leaf surfaéa and glands, 2, by excretion or
exudation from roots 3%, by volatilization from leaves and 4, by
decay of above ground or beslow ground plant parts, or both (Tukey,

1969; whittaker and Feeny, 1971),

Alle lopathy occuring wiéely, may consequently be of videspread
significance in plant communities., In plant succession a dominant
species may, by allelopathic suppression, spread its iunvasion of a
precesding community and delay its replacement by othser specles., In
both successional and climax commurities strongly domiunated by a
single speocies, chemical effects of that species on the soil may
limit the number of other spscies able to occur with it (Whittaker
and Feeny, 1971).

Auto-toxicity or self inhibition has been reported for a numbsr
of successional species (McNaughton, 1968; Rice, 1274) and agriocult-
ural plants (Borner, 1960), for Eucalyptus (Florence andCrocker, 1962)
and for one climax rain forest tree (Web cited in Whittaker and
Feany, 1971). S8elf toxicity is an evolutionary paradox. One
supposas thal some selective advantage from production of toxiec
compounds outwsighs the disadvantage of self-inhibition (Whittaker

and Feeny 1971).

The known agents of allelopathy belong to a few major groups
of compounds among the secondary plant substancss,including phenolic
acids, flavonolds and other aromatic compounds and organic cyanides.
In general allelopathic compounds (and other secondary substances)

occur in plants in ways that protect the plant against their effects.
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Many of these compounds occur as glycosides, Other sscondary
substances occcur as polymers (tannins, lignins, resins and rubbers)

or as crystals (calcium oxalate raphides) (Whittaker and Peeny, 1971),

Many of the substances are deposited outside living cells in the
dsad heart wood; in dead cells or spaces bstween cells, in ducts or in
glandular hairs found on the surfaces of many plants. Some substances
are finally discharged from the living plant by lsaching from the legaf
surface, exudation from the roots or volatilization, The secondary
substances are thus treated like toxic wastes to be inactivated in,

or excreted from, the plant or both (Whitteksr and Feeny, 1971),

Allelopathy In Grasses

Allelopathy undoutedly existe as a function in the grassland
ecosystem and may well have caused many results reported in literature
as being dus to competition (Risser, 1969). A number of studies have
dealt with grassland species and have supplied sufficisnt evidsnce that
the production of inhibitory substances is quite widesprsad. There
is also strong evidence that these inhibitory substances play a
part in vegetational pattern, spscies diversity and succession in

grassland ecosystems,

Patterning and species diversity due to gllelopathic effects of grasses

In his review, Rice (1979) has intensively discussed that many
grasses produce mllslopathic substances that have patiterning effscts

on the vegetation. Imperata cylindrica (L.) Beauv. is a perennial

" grass which is a pernicious weed in many parts of the world., It was

found that water extracts of the lesaves coutained scolopin, secopoletin,

chloregenic acid and isochlorogenic acid , all of which are known

‘prytotoxing,
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¥iscanthus floridulus (Labill) Varb.,sa dominant grase in the

mountains of Taiwan, shows a unique pattern of herb exclusion from

its stands.. It was found that leaf leachates resulting from artificial
rain or foliar crowns of Miscanthus significantly inhibited seed
germination and radicle growth of lettuce. 8even phytotoxins,

all . phanolic ncidsy, were isolated and identified from leaf
extracts, It was concluded, therefore, that allelopathy is important
in the exclusion of herbs from Miscanthus stands. (Chou and Chung,

cited in Rice, 1979). .

4 survey of 12 species of subtrovical grassss by Chou and Young
for the presence of phytotoxins showed that agueous extracts of the
leaves of sach of the apscies inhibitod ssed germination and radicle

growth of lettuce.. Acrocerss macrum Stapf., Chloris gayana Kunth.,

Digitaria decumbans Stent and Panicum maximum Jacq. vwere the most

inhibitory and Cortaderia gelloana (Schult.) Ashers and Graben.
extract was the least.. 81x phenolic acids were idsntified in o ther
extracts of the 12 species, and they were differentially distributed

in the grassss, (Chou and Young cited in Rice 1979).

Newman and Rovira (19?5) selected eight species from a psrmanent.
neutral British grassland which gave no partloular indication from
field observations that they were intolved in allelopathic inter-

actions, Four were grasses - Anthoxanthum odoratum L., Cynosurus

oristatys I,y Holecus lanatus 1., and Lolium psrenne L. and four

weed forbs, Hypochosris radicata L., Plantago lanceolata L., Rumex

acetosa L., and Trifolium repensl,:. leachates of donor pots of each

speciés wore tostsd against sach of the eight speciss in receiver

pots.. Four of the species, L. perenuns, H. radicata, P, lanceolata
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and T. repensg vere inhibited more by pot leachates of their own
gpecies than lsachates of other spsciss, All tﬁe other species,
except R. acstosa showed the opbositerresponse. R. acctosa showed
an intermediato response to its own leachate. Subssquent fisld
obeservations indicated that the most auto-inhibitsd spescies were
normally found as isolated individuals, or as a fow individusls in a
group, not gg pure stand. The three species which were allo-
inhibited are all capable of dominating a permanent grasslaﬁd. The
authors concluded that the effects of auto-inhibitory exudates may
turn out to be a key process in controlling species diversity in

grassland,

Bokhari (1978) investigated the allelopathic effects of four
kinds of short grass prairia litter and thres kinds of extracts from

llVlng plants of Boutaloua grq01lis (H B. K ) Lag and Agropyron smithii

Rydb, on the ssed permlnatlon of B. gra01119, A. smithil and Buchloe

dactyloides (Nutr.) Englem, The extracts were made from three
distinect phenolog1cal stqges of grovth., The extracts mande at the
earlier phenological stages vwere found £o be mors 1nhibitory than
those made at the advanced stage. Both B. gracilis and A, smithii.
exhibited autotoxicity and Bokhari reported that botk appesar to

-+

grow better in a mixture with other species.

Sone time s poor correiation bs twesn bioassay results and field
distribution or succession have been fqund. Stowe (1979)
investigated the influence of the seven most abundant species in an
Illiois old field upon each other. the tests were done in four
qualitétively different bionssays aﬁd the results of these biocasgsays

vwere compared with the spatial distribution of species in the fisld..
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The seven most abundani species wsre the grasses Agropyron repens

(L.) Beauv., Bromus insrmis leyss., Dactylis glomeratal., Pestuca

olator L., Phleum pratense L., Poa compressa L., and the legume

Coronilla varia L., Though the species had shown allelopathic effects

tovards each other, statistical tests comapring the germination
and growth of plants with indices of association in the field were
not significant, It was then concluded that biocassay results may not

represent the actual chemical interactions in the field,

Roles of Allelopathy in 0ld-field Succassion

The role of inhibitors in old-field succession has been fairly
wall studied. In somse areas succession dogs not occur as rapidly as
might be expocted and this is evidence that some species of the early
stages persist by excluding later species or by maintaining,
unfavourable conditions for spsciles belonging to later succeesional

stages {Risser, 1969).

Booth has described old field succession in Central Oklahoma
and South East Kansagas proceeding through four stages:
1. wsed staps - lasting 2-% years including

. Helianthus annuus, Erigeron canadensis, Digitaria sanguinalis

and Croton glandulosis;

2, The annual grass stage lasting for 9~13% years dominated by

Aristida oligantha;

%, The perennial bungh grass stage lasting an undeterminsd langth of

time dominated by Andropogon scoparius;

4, The climax prairie dominated by A, scopariug, A, geradi and

Panicum virgatum (Booth'cited in Risser, 1969),
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E xperimontal evidences gathered by different workers suggests
that the rapid disappsarance of the pioneer wesd stage in infertile
revegetating old fields in central Oklashoma is due to the allelopathic
interaction of the pioneer'wséds. Ia other words they eliminate

themas lvesthrough the production of toxins., Aristida oligantha, the

dominant of the second sitage, is generally not inhibited by the

same toxins and is able to grow in still infertile soils that would
not suppori spscies that invade in the later stages of succession,
Thargfofe,wé: oligantha invadss the plonser community and starts the

socond of the seraml successions (Rice, 1974).

Rice (1964) found that certain épecies of the first and sscond
stnges produce phenolic compounds that inhibit nitrogeq fixing
bacteria, nitrifying bacteria and nodulation of legumes, Consequsntly,
the soils that are very low in nitropgen at the time of abandonment
remain low in nitrogen for a prolongsd period: Thersfore, thoss
plants that have higher nitrogen requirements are not able to compete
in the ihfbrtilé solls with the low;nitrogen fequiring carly invaderss
This results in the slowing of succe ssion during the intermedinte
stéggs; Eventually,‘conditidns improve for later invaders{ and, once
they are able to invade, é} oligantha is not able to'compeﬁa with
the moré robust subelimax and climax-speéies and is thus eliminated

(Rice, 1974}

lghibition of Nitrification in (limax Grasslands

Many workers have reported that in grassland soils the level of

ammonium nitropren 1's zeveral times rreater than tha lawal -~ i
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ﬁye et al, in revigvwing many'ifrican arens and vegetation typed
reported tﬁat irrespective ‘of the O/N ratio of the so¥l, its pH
and moisture regime, very little, if any, nfitrate nitrogen is
found in the soil while the dominant vegetative cover is a grass

(Nye cited in Rice, 1974).

- Nume rous investigators have reported that nitrification under
severnl specios of grasses in Africa is inhibited by phytotoxins
produced by the grasres. Boughey reported that two Bpecies of Hypdr£~
henia grasses abundant in the Rhodesian high~veld davana, secrete a
toxin that suppresses the growth of nitrifying bacterias (Boughey cited
in Rice, 1974). Root extracts from several c¢limax species from the
Rhodesiﬁn high-veld were found to be more inhibitory to nitrification

than seral gpecies investigated (Munro cited in Rice, 1974)

In a series of experiments using numrous grass spscies important
in old-fie ld succession and a climax ecosystem, Rice and Pancholy
(1972, 1973 and 1974) found thét inhibition of nitrification
ineressss with the progress of succession towards the climax and is
particularly strong in climax ecosystems, They found that the amount
of ammoniuwm nitrogen was lowest in the first successional stnge,
intermediate in the sscond successional stage and highest in the climax
atage. The opposite was found for the amount of nitrate in the

respactlﬁe stages.

The ammonium ion baing positively chafged ig adsorbed by the
nogntivel&rohnrge colloidal micelles and is thus hardly leached by
perdolating watexs On the other hand the negntively charged nitrate
ions are repslled EQIthe colloidal micelles in the scil and thus are

oasily leached. It vould appear from these facts that inhibition
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of nitrification would help to conserve nitrogen (Rice 1974),

It also appears likely that the greater inhibition of nitrifica-
ion in the later stages of old-field succession aids in the build up
of available nitrogen in the form of smmonium nitrogen, which
finally enables the higher nitrogen-requiring climax species to

invade (Rice, 19?9)1
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B MA’IERI&.I'S AND VE THOTS
Plant parts (shoots and roots) were gathered from the field in June
1981 for seven of the most common species that grow in and around Addis
Ababa. Their see@s were collected partly in June and partly in September
1981,

The species used in the expsriment were Andropogon abyssinicus R. Pr sx

Fresen, Hyparrhenia arrhenobasis (Hochst. ex Steud.) Stapf, Penniestum

glabrum Steud., Snowdenia polystachya (Frasen) Pilger, €lesusine jsegeri

Pilger, Eragrostis tenuifolias {(A. Rich) Steud . and Médicago polymorpha L.

Soms common grasses, e,g. Cynodon dactylon (hL.) Pers. and Sporobolus

africanus (Poir) Robyns and.Tburnﬁ-Were not included because of difficulties
in seed germination., Germinstion problem with seeds of Ef.polymorphi Was

overcomed by scarifying the sseds with sand.,

The sxperiments carriedlout ¢an bs divided into two categories:

1. Extract trentment experiment -~ This expefiment tested the effocts of
extracts from each of the seven specles on the germination, plumule
growth and radicls growth of all the seﬁen svecies,.

24 ?Experimgnts with A. abyssinicus - In this, different experiments were
carried out to deteoé ways by which A ébyséinicus influences other

plants,

3els. Bxtract Treatment Expsriment

The collected plant parts were dried at room temperature and then
ground.. Tho ground material was soaked in distilled water for 48 hr at
2 %o §OG.. A ratio of 10 gram of dried palnt material to 100" ml of
distilled.Water was ussd, Aftsr soaking the solution was filtered

through Whatman No. 1 filter papsr and the filtrate was kept
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refrigerated until uss,

Twenty five sseds of each test species except for E. tenuifolia,
for which 100 sseds were used, were spread in petri dishes contain-
ing filter paper ; The Tilter paper was moistened with 5 ml of an
extract or distilled water in the ocase of the control. Each treatment
vwas replicated twice and the ssmme was done for the control, At tﬁe end of
-a 10 day psriod the frequendy of germination was da'berﬁa:{nsd and %the
plumule and radicle lengths of the germinaied seeds were measured and
recorded, In cases whare the germination frequéncy vas more than 10,
mean plumule and radicle lengths were measured for the longest ten only.
If the germination frequency was tan or less, the wean plumule and

radicle lengths were taken from all of the germinated seeds.

342+ Experiments with A. abyssinicus

Different experiments were desigrned to detect ways by which

A. abyssinicus may release chemical substances into the surrounding.

5.2.1;' Shoot and Root Extraot Treatments
Shoots and roots of 4. abyssihicus were obtained from plants that

had been grown in ’ “ipots in the green house for six months. The shoots
and roois were dried at room tempsrature, Thoy Were then ground.
ssperately and 10 gm of each shoot and rool powder were sosked in
100 ml of distilled water sach for 48 hours at 2 to 3 G. Extracts
were then made by filtration and ussd to treat seeds of thr:_ae te st
apecies in pstri dishes containing filter papsr.. The test species
used were A. abyssinicus itself, §. polystachya and p. glabrum.
These spscies were the ones most inhibited by extract from A, abyssinicus
in the i‘irs_‘b experiment., A

-
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After 10 days, the mumber of seeds which germinated wag counted

and plumule and radlcle lengths meosured.

Ileaf Isachats Experiment

The possibility that rain can leach phytotoxins ffom live intact
shoots was tested in this experiment. FPFourty i. abyésinious plants
grown in the green houss for four months were sprayed with a fine mist
of distilled watsr. The émount of watser used fof spraying was two
liters. The_séﬁe water was sprayed %0 times i.e. 10 times in the
morning,;lo times at mid-day and 10 times in the gvening., The amount
of water or lsachate collected at the end was about 800 ml. The
leachate was then filtered and tosted in petri dishes containing
filter papers for its effects on the germination ahd plunule and

radicle elongation of the test spscies,

Growth Performance of Test Specios Grown with A, abyssinicus

Pive sesdlings of 4. abygsinlcus were planted with five sgedlings
of each test species in pots containingX kgs of quartz sand which had
previously been thoroughly washed with tsp water. TFor contrel the test
blants were grown in the absence of i. abyssinicus., The pots were of
19 cm depth, 19 om top and 4.5 em bottom diameter. All the pots
were provided with  draining holes at the bottom. Both control

and test pots vere replicated three times and all were rdndomiZed.

~ Each pot received an initial watering of 100 ml of half
stroangth Hoaglands nutrient solution but this was increansed as the
plants grew larger finally reaching 150 wl per day. The plants were

grown for 40 days fromw . January 23, to March 44,1982, after which

¥
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height measurements were taken and the plants harvested, Dry weights

were obtained after oven drying at 6000 for five days.

%.2.4, Living Root Isachats Zxperiment

Five seedlings of the three test species were grown separately
in ﬁots containing quartz sand. Ieachate from pots having 1. abyssinicus
plants was applied to these. The 4. abyssinicus plants were grown
in pots each with a hole drilled in the bottom to which a glass
tube was fixed fto drain leachats to a beaker placsd undsrneath. The
sand in the pot held about 900 ml of water and a further 300-400 ml
was added which run through the hole at the bottom into the beaker,
The leachates collected from the 9 pots were .pooled and equally
applied to the pots containing test species. Pots used as controls
vere supplisd withvnutrient golution only. dOdontrols and treatments

vere replicated three times. The pots were randomized within blocks.

The plants Were grown for 40 days from January 23 to March h,
1982, and finally height measurements were taksn after vhich the

plants were clipped to ke oven dried and waighad,

This experiment and the growth psrformance experiment were carried
out in the gr.en house with natural day-light length and average
tempasrature ranging from 28 t0_5200, The nutrient solution used in
experiments was Hoagland's nutrient solution No. 1 as described in

Howitt (1966).

5¢2.5. Experiments with Tscomposing . A. abyssinicus Plant Material

One possible means by which one plant could influsnce the growth

of another is by docomposition of its dead remains. Therefore, in order
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to find out the effect of A, abyssinicus residues on the test species

air dried plant parts vere crushed and incorporated into the soil.

D;termination of A, abyssinicus dry welght per kilogram of soil
wag done as follows, An area of one meter by ons meter was randomly
chosen from a place where A. abyssinicus plants were growing. The
area was protected until the Al abyssinicus plants were fully grown.
All the A. abyssinicus plants were then uprootsd, dried and veighed.

The waight was found to be 680 grams,

Using the accepted figure of 224 kg/m2 (2,000,000 lb/acre) as
the weight of soil to the depth of plowing, (Rice 19725 this
amounted to 3.035 gm of 4. abyssinicus dry plant material per kilo-
gram of soils Pots were filled with 3 kg of soil into which dried
plant material of 1. abyésinlcus was incorpornted at the calculated

rate of 5,035 gm/kg of soil,

For cach of the sevet t§s£ ébecies 4 pots-wara assigned out of
which two contained soils with the A.abyssinious astraw incorporated,
and the other two contained only soil, The pots were allowed to stay
for 1% days in the green housas for the decomposition of the
As abyésinicus to start, In the, moanwhile, water vwas being added -at
intervals of 3 days. Seeds of test plants wers then sown in slight

_exce%s. In some cases sesdlings were transplanted. Sesdlings of test
plants grown in the pots containing soil free from A. abyssinicus
straw were used as control, The pdts were randomized within blocks.
After 10 days the seedlings were £hinned to five per pot and were

allowed to grow for €0 days from Dbcember 22, 1981 to Webruary 20, 1982,
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They were grown in the green house with conditiong similar to thoss

of the preceding experiments, Finally height measurements were taken

after which the plants were clipped to be oven dried and wolghed,

Statistical Treatment of Data

1,

3

The chi-square test was used to deteot significant differences in
germination frequency between controls and treatments,

The least significant diffewence (L,S.D.) (Snedecor and Gochran
1968) wae used for testing significant differences in plumule and
radicle elongations. A pooled variance was claculatod for each of
the test spscies, This allowed a least significant difference to
be caloulated. Any mean which deviated from the control by an
amount greater than the L.S.D, was taken to be slgnificantly differ-
ent from the control,

The "t% test was used to test the significance Of 4L Pforenco s for
height and dry wsight measursments from the experiments with

A+ abyssinicus.,
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4, FESULTS

4,1, Extract Tfantment,Experiment

Extracts from all the spscies used in the experiment were each

found to inhibit seed gormination, plumule growth and/or radicle

grovwth of the tast species,’

h,1,1, The Effeoct of Extracts On Seed Gorminntion of Test Species

(Table 1)

é.

=

M.

‘abyssinicus was inhibited by extracts of g} arrhenobasies and

iteself at 0.5% level of significance,

arrhenobasis was inhibited by the exbtract of §. polystachyn

at 5% level of significance.

glabrum was inhibited by the extracts of A, abyssinicus,

E, arrbenobasis, S.polystachya, E, jsegeri and itself at
0.5% level of significance.

polystachya was inhibited by all extracts including that of
its ovin at 0.5% level of significance,

jaegeri was not inhibited by any of the extracts,
tenﬁifolia vias gignificantly inhibited by extracts of

A+ abyssinicus and 8. polystachya at 1% and 0.5% levels of
significance rospectively but was stinmulated by extracts

of H. arrhenobasis and M, polymorpha st F% level of

significanca.

polymorpha was inhibited by extracts of A, abyssinicus,

'§. polystachya, E. Jasgeri and itge 1 at;o,ﬁ% level of

significance,




PTABLE 1: Germination frequency and percentage of control of seven specles treated with extracts

from the same seven species. Key for species (A) = A. abyssinicus, (H) = H. arrhenobasis,
(P} = P. glabrum, (S) = S. polystachya (Er) = E. tenuifoiia, (El) = E. jaegeri,
(M) = Mo polymorpha

. Seeds Germinated
f No. of Treatﬁgpts using extract from
Test species 1 seeds - control A 'H ' P
§ used No No % of No % of No % of
1 1 2 1 2 control 1 2 control 1 2 control
S _ 3
1 ‘gg'abvssinicus‘ 25 | 12 15 7 &6 46,4%"* 4 3 25,07 19 17 128,86
H. arrhenobasis 25 18 195 17 18 | 94.6 18 16 91.9 22 21 § 116,2
P. glabrum 25 18 18| 5 6 | 30.6%* | @& 4| 22,2%%% § 10 10 | 55.6%%"
ts. polystachya { 25 20 23 3 2 Vaiievss | 9 -7 | 37,200 6 -7 | 32,6%¢%
E. jaegeri 25 | 11 10 i 7 7 |66.7 14 12 | 123.8 | 7 6 | 61.9
E. tenuifoliz 100 ] o 1175 2 jiasrox= |48 15 | 165.0° 6 8 | 70,0
M. polymoroha 25 1 23 20f 13 11 |'ssce*ss 20 15 | 0.7 16 15 | 81.4
-y - '; 7 . !

* gignificantly different from control (P=0.05): using Chisguare test
ok oo ) o AN | (P‘:Oo.O'l) " -1 it
T ) " o gt (E=0.005) " " "



PABLE 1: {Cont?d)

=

Seeds germinated

Treatments using extracts from

Test species "EL Er
_ No. .o of " No ’ o of No % of. No % of

] . 1 2 control 1 2 control 1 2 control |1 2 control
' la. ebyssinicus |10 12| 78,6 12 13 | 89.3 17 15 |114.0 16 15 | 110,7
% |E. acchenovasis| 12 13 |67.60 17 15 | 86.5 18 17 | 94.6 18 18 | 97,3

P. glabrum 75 |33.3vee | 9 7 |agcaees| 15 16 | e6.t 45 17 | 8849

's. polystacrwa | 4 3 | 16.3*%+ | 10 11 | as.g%ee | 14 15 | 67.2%%% |10 14 | 55.8ve

E. jaegeri 6 7 |61.9 o ud 95,2 10 9 | 90,5 9 11 | 95.2

E. tenuifoliz 2 3 }25,0%* | 10 ii_ ©105.0 10 12 | 110 16 20 | 180°

M. polymorona 3 3 [43.90e0 713 12 |ezegese | 13 15 | es.1ves L4212 | ss.zeee

 significantly different

Lo

o
Er R )

1

1

from control (P=0.0%) using Chisquare

K5

"

1

test
L4 (P=0901) " : 1] 7
" (PCOQBOS) 1® T 17
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4,1,2, The Effect of Exiracts on Plumule Growth of Test Species

(Table 2 and 2.1)
d. abyssinicus was inhibited by extracts of 8. polystachya
and iteslf at 1% level of significance.

He arrhenobasis was inhibited by extracts of 8., polystachya

and itself at 1% level of significance and was
significantly stimulated by the extracts of P. glabrum
and M, polymorpha at % and 1% levels of significance
respectively,

P. glabrum was inhibited by extracts of A. abyssinicus,

He arrhenobasis, §, polystachys and itself at 1% level

!of significance."
S+ polystnchya was inhibited by extracts of i+ abyssinicus
and itself at 1% level of significance and by extract of
P, glabrum at 5% level of significance.
E. jsegeri was not inhibiked by any of the extracts,
MQJ tenuifolia was inhibited by A. abyssinicus aﬁd S
polystachya at 5 and 1% levels of significance respectively.

M. polymorpha was inhibited by A. abyssinicus, E« jaegeri

and itself at 5% level of significance and by extracts of

S. polystachya at 1% level of significancs.
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TABLE 2: Mezn plumule lengths for each replicate in mm + standard error (Lj;SE) of each of

seven specles treated with extracts from the same seven species. (n) = No. of

seedlings measured,

For abbrevations refer to table 1.

Test species

Treatment using extracts from =

Control A H
1 ‘ 2 1 2 1 2
A. sbyssinicus { LiSE | 39.9+7.2 | 4240+8.1 | 27.3#5.3 | 25.044.9 | 37.0:6.1 | 42.0:5.1
n 10 10 7 6 4 3
E. arrhencbasis LisE 30.4+4.3 32.0+3.8 31.9+4.1 3004+404 20,48+3,9 20.4+248
n 10 10 10 10 10 10
jP. glabrum | L4SE | 20.7+3.3 | 22.0%2.9 | 11.241.8 | 12.5+2.1 | 19.642.7 | 17.9+2.4
n 10 0 5 6 4 4
S. polystachya | L#SE | 26.5+4el | 27.1#3.5 | 23.043.2 | 24,0+4.3 | 25.3+3.1 | 27.03.9
n 10 10 3 2 R B
E. jaegeri L+SE | 19.1+42.7 | 2054+1.6 | 18.6+2.0 | 19,242.8 | 20,5+3.6. | 20,1302
n 10 10 7 7 10 ' 10
E. tenuifoiia - L+SE 14.6+1a7 15.042.0 | 1le4+1.5: 12, 6+1.2 14, 74261 15024201
.| 10 10 5 2 10 10
M. polymorpha "ﬁiﬁE '31.3:§.1 33;1:&.2 28,7437 28,8+3.8 33604269 ; 34ait3e2
n 10 10 10 10 0 1 10
i i
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Table 2: (contid)

Treatments using extracts from

Test epecies
1 2 1 2 1 z

A. abyssinicus L+SE 41.9+6.3 | 38.6+5.7 11.4+4.1 | 12°3i§°? 3974722 . 33,8468 -
n 10 10 10 10 $ 10 10

E. arrhencbasis -LISE 33.1%4.1 35.9+4.5 18.4+3.1 17o3i?oé 31024367 - 21094400
n 10 10° 10° 10 10 10

P. glabrum LySE | 184423.1 | 18.8+3.3 | 12.542.5 | 11.542e1 | 21.6+3.4 | 20.6£6,0
n 10 10 7 5 -9 7

Sc polystachya L+SE 24.942.8 24.3+3.2 2301+2,9 24e7+2e7 26;313;3‘ --26,0i§¢8
n & 8 4 3 .10 10

E. jaegeri L+SE | 19.6+2.1 | 20.6+1.8 | 19.6+3.3 | 20,142.9 | 20.942.9 | 20.453.¢
A 7 6 - | 5 7 5 * 40

E. tenuifolia L+SE | 13.241.8 | 13.6+2.5 | 8.0+1.1 | 5.0+1.5 1401+1.9 * | 15.0+2.3
n 6 8 2 3 10 4o

M. polymorpha L+SE | 32032404 [ 29.743.7 | 18.2+2.9 | 15.9+3.4 | 29.144.2 | 28,6+3.7
A 10 10~ o3 3 10 10
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Table 2: (cont'd)

Test species

Treatments using extrachts from

Exr M -
1 2 1 1.
A, abyssinicus ‘| L+SE. | .39.846.7 | 37.1s7.2 | 40.3:7.4 ?39,2g§.0 )
n 10 1 4 . 10 10
H. arrhenobasis | L+SE | 31.244.5 | 33.1+4.6 | 40.835.1 | 4007+3.8
3 10 10 10 10
Po glabrum L+SE 20694243 | 21.8+3.1 | 2005421 | 21.343,2
'n 10 10- 1w 10
'|S. polystachya L+SE 25,8+3.5 2643+4,0 és.sig°7_ 25,843.3
n 10 o} . 10 10 10 .
E. jaegari L+SE 20012146 | 20.743.0 | 20.721.7 | 20.5:2.3
o n 10 9 9 0
Fo tenuifolia L+SE 14,9+2.1 | 14.6+2.5 | 16.5:3.7 | 16.1+2.8
n 10 10 .10 10
{ M. polymorpha LiSE 7| .26,%43.2 | 29.143.5 . | 29.144.3 | 28,343.5
| n 100 10 10 1 10 |



PABLE 2.1. Mean plumule lengths in mm (from the replicates in table 2).

Abbrevations the same as in table 1.

Heah plnmuie “Léngth in mm. i
! St ... .L.8.D..
Test schies Control ‘Treatmén#%”usingTextraﬁts from - - P(0.05) P(C.81)
A = o o 21 Er v T a
A. abyssinicus- |- 40.45 | 26.15%* | 39.50 40.25 11.85%** | 35,85 |{38.45 41,10 | 5.4k 8.62
{E. arrhenobasis| 31.28 | 31.15 20.60f* 34450 17.85* 31455 32.15 40.75*f 2.44 7 3,53
: P. glabruii - |- 21.35 Tr.35%r | 18,75 | 18.60%* 1 11.50** | 21480 | 21,35 §20.90 1.53 2.23
i: S. pblystachya '] 26.80 | 23.50** | 26,15 ok 60** | 23.50%%] 26.15 26.05 | 26.15 1.71  2.49
E. jaegeri 19.75 | 18.90 | 20.30 .| 19.9¢ ~| 19885 | 20.15 |20.40 |20.6C 1.07  1.57
E. tenuifolia | +1k.80 | 12.0% 14,95 13450 6.50* | 14,55 | 14,75 | 16,30 1.99  2.90
M. polymorpha 32,20 | 28.75* | 33.55 | 30.95 17.05** §© 28.85* | 29.40 28,70 2.67  3.88
* singnificantly different from the control at 5§Lleme1.
o A 1] 1 it i " -1 "
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41,3, The Effect of extracts on radicle growth of test species

(Tables 5 and 3.1)

A+ abyssinicus was inhibited by extracts of H. arrhenobasis,

P. glabrum, §. polystachya, and itsslf at 1% level of
significance,

H. arrhencbasis was inhibitedby extracts of §. polystachya

and iteslf at 1% level of plgnificnace and was significantly
stimulated {p=0.01) by the extracts of P. glabrum and
M. polymorpha. |

P, glabrum was inhibited by extracts of A, abyssinicus, .

He arrhenobasis, §. polystachya, E. jasgeri and itself at

1% level of slgaificance and was significantly stimulated
(P=0,05) by the extract of ¥. polymorpha,
S;'polystachya wag inhibited by the extract of each test
specles at 1% level of significance..
@;W jacgeri was inhibited by extracts of Ae abyssinicus,
P, glabrum, 8. -polystachya and itselant 1% level of
significancs. |
B tenuifolia was inhibited by extracts of A. abyssiniocus
and §. polystachya at 5% and 1% lovelsof significance
respactively.
M polymorpha was inhibited By extracts of S. polystachya,

@}{jgegeri} E:'tenuifolia and itself at 1% level of

significance,’

T




TABLE 3: Mean radicle lengths for each replicate in mm + standard error (L+SE) of each of

seven species treated with extracts of the same seven species. (n) = No. of

seedlings measured,

FPor abbreviations fefer to table 1.

Treatménté using exfracts from
Test specles Control A . H
| 1 2 1 2
A. abvssinicus | LiSE | 28.925.3 | 26.1+4.3 | 13.3+4.5 | 12.7#3.3 | 46.5:2.7 | 15,0430
n 10 10. | 7 6 4 3
H. arrhenobasis | LSE | 23.243,4 | 23.523.2 | 22.6+3.2 | 22.122.8 | 10.452e1 | 1148+2.4
h n T 10, 10 10 0
P. glabrum L+SE | 23,1+2.2 | 140243.2 | 10048921 | 1006424 | 10.322.0 | 10.021.9
o n 10 10 5 . 6 4 a
S. polystachva | L#SE | 25.043.5 | 240744l | 10.5+2.3 | 11064108 | 168.043,1 | 28024201
| n 10 10 3 2 5 7
E. jaegeri L+SE | 24.6+4¢1 | 23.3+3.1 | 18,7+2.3 | 2003+2.0 [ 22.4%3.1 | 24.5:3.9
‘ n 10 10 7 7 4o 10
E. tenuifoclia L+SE 8044147 '941+1.5 6.420.9 7004103 5ii¢7ij¢sn. 1001+2,0
n o I 1w | s | 2 .10} 107
M. polymorpha | L#SE | 31.1#6.7 | 30.04541 | 21.744.2 | 20.3s4e4 | 31.644.8 | 32.044,3
P . n 10 .10 0 20 ! 10 1 10
N T |
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Table 3: (cont?d)

Treatments using extracts from

10

Test species E1

1 2 1 2 1 2

£ abyﬁsfnicus L+SE 34.2+5.8 35.3+4.9 | 12474367 § 12024209 | . 26424345 25044303
n 10 10 BT | 10 10 10

i H. arrhenobasis | L+SE 37014301 38.2+3.5 12.542.5 § 12.7+2.0 § 24.5+3.3 | 23»352»9
| n 10 10 10 10 - .10 10

P. glabrum L+SE § 11.6+2.1 | 1143+1.8 | 10064340 | 10.942,7 | 1240434 | 11.3+1,9
n 10 20 |7 5 9 7

S. polystachva L+SE 19.0+42.7 18.1+3.1 {. 20.4+2.0 | 20684272 13e3+1.1 1564+1.8
| n 6 8 4 3 10 0

E. jaegeri L+SE | 19.342.0 |129.742.3 | 19.441.9 | 20.142.3 | 19.543.1 | 19.142.8
| n 7 6 -6 7 9 10

E. tenuifolia | LiSE |  9.5#1.8 | 8.3#1.2 [ 3.440.7 [ 4,109 8074108 | 9434201
n 6 N 2 3 10 10

M. polymorpha | LySE | 24.6+3.7; |23:8+3.3 | 8.621.9 10.6+2.1 | 23.2:3.4 | 19,6423
| n ' 1 10 3 3 0 "l 40
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Table 3: (cont'd)

; ] ,i Tfea%ments.using extracté from
} Test species | Ep M
1 2 1 2
A. sbyssinicus | LsSE 28,7+4.3 | 27.243.9 | 28.142.8 | 26.413.1
f n 10 0§ 10 10
| Ho arrhencbasis | L:SE' | 22.611.9 | 22.0s2.2 | 31.1:3.4 | 31,5:2.8
: n 10 10 0 ;1 10
1Po glabrum | L#SE | 13.7#3.1 | 12.5+2.4 | 15.5:3.3 | 14.642.6
" ) S 10 10 10 10
Se polystachya | L+SE | 20.542.7 | -21.552.3 | 18,7+2.6 | 20.142.1
: n ; 10 10 10 10
E. jaegeri |  L#SE { 23.123.8 | 23.323.2 |.23.1+3e5 | 2843+3.3
n 10 9 9 T 10
E. temuifolia L+SE 9.041.5 | 9.4r1.8 | 11,1420 11.842.3 -
n 0 10 0. [ 10
M. polymorpha | L+SE 22504401 | 19.943.8 | 17.1+249 . | 16.5+2.4
' n .10 o ! 20- | w0




TABLE 3,1, Mean radicle lengthsin mm {(from the replicates in table 3)a~

Abbreviations the same as in table 1.

Mean radicle length in mn

Test species control treatments using extracts from LoS.De
A H p | 1 E1 Er M P(Co05) P{0,01)
A, abyssinicus | 27.50 —13,6-* k 15.75;-' { 34.75%+ | 12.45** | 25.80 27.95 27,25 2027 3,31
;\\ Ho. arrhencbasis | 23.35 22435 11..104' 37.65%* 1. 12,60** } 23.90 22,30  }31.30"* 1.35 5.72
* | p. glabrum 13.65 10.50%* | 10.15** 11.45"- 10.75%* | 11.15°* | 13.10 [15.05* 1,09 1.60
Se. polystachya 24;.85 1 11.05%+ | 18.10%¢ .18.55.‘“ 20,60"; 14,35 21,20%% [19,40*" 1,71 2,49
B. jaegeri 23.95 19,50 | 23,45 | 19.50% %2 49,75%% | 19.30%* | 23,20 23,45 2,00 2,91
E. tenuifolia - 8,75 6. 70" 10.90* " 8.90" 3.75% 9.0 9.20 }11.45% 1,67 2,43
M. polymorpha 30,55 2.1.0‘;= ] 31.8 | 24,2053’ 9.60%* | 21,40%" | 20°9§=$ 16.80%* 2,92 4,25

l 1 ! .

* significantly different from the control at 5% level
W @ 1 w ™ ™ ” 1% I-l' .
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4,2, BExperiments with A. abyssinicus
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4,2,1, Effects of A, abyssinicus Shoot and Root FExtracts

ho2.2,

Both shoot and root extracts of A. nbyssinicus
significnntly inhibited (P¢0.005) the germination of the thiee

tost species used in the experiment, (Table 4).

Plurule growth of each test svecies was significantly
inhibitod by the shoot extract but was not affected by root

extract (Table 4,1.),

Both shoot and root extracts have significantly inhibited
the radicle growth of each of tho test species (Table 4.2,).
Radicle lengths of A. abyssinicus and P. glabrum in the
treatments were significantly different from those in the control
at 1% level of significance, The radicle length of
S. polystacuya in the treatments was significantly different

from that in the control at 5% level of significance. .

Isaf leachats E xperiment

The live lenf lenchate of A. abyssinicus was found to
have no significnnt inhibiting or stimulating effest on any

of the germination, plumuls growth or radicle growth of the

tost species (Table 5 to 5.2.)
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TABLE 4: Germination frequency and percentage of control of three test

species treated with A. abyssinicus shoot and root extracts.

-Shoot extract treatment

Root extract treatment

Test species Control - —— —n

l 1 2 1 2 % of control 1 2 % of control
Ao 2byssinicus { 19 19 7 .6 34,2 9 10 50.0
S. polystachya | 18 17 |2 3  14.3 7 9 45.7
P+ glabrum 15 17 6 4 31,3 6 7 4046

All treatment were found teo be significantly different from the control

(P<0.,005) using Chi-square test.
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TABLE 4e.7e Mean plumule lengths {mm) of three test species treated with Ao abyssinicus

shoot ané root extracts. (n) = Nos of s8edlings measured,

o e

treatment
Test species Centrol Shoot extract Reot extract
: 1 2 Doa 2 1 _ 2
_ = , — ; -
A. abyssinicus {L+SE '3842+6,5 40.,2+843 2648+5.3 | 29.1-6.3 34.1+5.1 37464704
n 10 10 7 6 S 10
S. polystachya |L+SE 28.7+3.6 28,0+3.1 | 26.942.8 25,7418 | 27.5+4.1 | 28.1x3.4
n 10 . 10 2 3 ' 7 8
{ P. glabrum L+SE | 22.2+4243 | 2002423  [86.343.8 | 15.1+1,9 | 23.042.8 | 20.6+2.4
' n 10 10 6 4 &6 | 7
Mean plumule length (mm) of replicates :
i treatments
Test species control LoSeDo -
Shoot extract Root extract P(0.03) P{0,01)
| A. abyssinicus 39.20 27,95%% 35,85 6 o0 11,02
S. Eolxgtachya'" _ 28,35 T T26,25% 0 v e e, 27,80 .8 3647
>, glabrus i . ] 5.70% 21.65 4,36 7499
P, glabrunm ] 21.20 ] 1

*Significgntly ‘diffarent from control at 5% level
it m ki

L. "

-
4] 1{ ﬂ "
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Table « Mean radicle lengths (mm) of three test species treated with

A, abyssinicus shoot and root extracts. .n) = No of seedlings

measured - -

o . treatment
Test species control ; Shoot extract Root extract
1 2 - C1 2 j 1 2
A. abyssinicus 1+SE | 27.9+4.1 26.5+3.8 | 14.7+3.2 : 15.04365 2104442 ‘ 2024269
n 10 10 7 6 9 10
S. polvstacha L+SE 25,043.7 | 23,1+2.8 | 29.0+1.4 - 19%‘.013,5‘- | 20e5+3.3 2904+le2
. n 16 10 L2 3 7 S
B. glabrum L+SE | 14,082.4 | 15424249 | 8.721.6. | 9.5:104 | 12.6+2.1 | 15.4+3.2
| n 0 10 - 6 4 6 .7

Mean radiciéﬂiength (mm) of replicates
Test species control treatmend. s L LeSeDa
| Shoot extract | Root extract P(0,05) P(0,01)
: : 1 b
1A. abyssinicus | 27.20 ; 14.85%* " 20.60*" .- 2.77 3,24
1S. polystachya , 24,05 19.0* ] 20,78 2,86 5,25
}P° glabrum ] 14,60 ' 9.1 g 15.0%% 2014 03T

IV
T

* gignificantly different from control at 5% level
o N 2 " e " " 1% . "
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Table 5 - Germination frequency of test species treated with

Ao abyssinicuas leaf leachate

No. of No. of seeds germinated Germination %

‘Test species seeds Control Treatment of control
used 1 2 1 2

‘A. abyssinicus 25 13 14 |15 1 10704

H. arrhenobasis 25 20 20 | 20 20 10040

Pe glabrum- 25 15 16 17 16 10865

S. polystachya 25 19 20 20 20 102.6

E. jaegeri 25 1 10 . 10 10 ' 9502

| Zo fenuifolia | - 100 11 0 ] 10 ET 1048

| ¥ polymorpha | 25 {23 24 1 23 24 1 10060

! i ; ' :

PP

No significant difference was found using chi-square test,



TABLE 5.1e

A. abyssinicus, leaf leachate

Plumule lengths (mm) of test species treated with

control .

ekt

P

Test species treatment.
1 2 Mean + SE 1 2 Mean + SE

&. sbyssinicus 38.6 | 37.3 é§;9sip.92 38,3 | 38,2 | 38.25+0.07

E. arrhencbasis | 31.2 | 30.0 8] 30.6+0.85 31.2 | 30,1 | 30.65+0.78

P. glabrum 20.7 20.1 20.4¢p.42 20.5 20,8 | 20065+0.21

S. polystachya 28.7 .| 28.1 28,4+0.42 29.4 | 28,0 | 28.70:0.98
'E. Jeegeri 17,9; ‘1609 17;4ip°71 16,3 | 18.8 | 17.55+1.77
! E. temuifolia 14,5 | 13,5 | 14,010,710 | 13.6 1 13.9 | 13.7550.21
! M. polymoroha 33.1 | 34.4 % 3307540492 34,2 ] 3403 34425+0.07

!

Bach figure in the replicates represent

No significantdifference was foumd using

[ PRSP S

a mean from 10 seedlings,

"tY test comparisons of means




TABLE 5.2. Rg&iclé leﬁétks (mm) of test species treated with

A, abyssinicus, ¥eaf leachate.

treatment

control
Test species T
1 2 Mean + SE 1 2 Mean + SE
Ae abyssinicus 26.5 26.0 26,25+0.35 2603 28.3 27.30+1.41
1 He arrhenobasis 23.0; 2440 23.50+0.71 25.2 23,2 24420+1.41
;{. P. glabrum- 14.5 13,2; 13,85+0,92 | 15,0 1444 | 14.7040.42
S. polystachya 23,9 | 24.1 | 24.0:0,14 24,6 | 23,5 | 24.05+0.78
E. jaegeri 23,2 | 23.5 | 23.35:0.21 | 23.3" | 28.5 | 25.50+3.67
Eo tenuifolia 5.0 7.0 ] 6.0+0.14 706 4,7 6.15+2,05
M. polymorpha 39.2 4004 1.39.8+0.85. | 39,6 | 41,9 400754163 .

i

!
:

:
i
:

'
f

[ S

~ Each figure in the replicates represents & mean from 10 seedlings.. .

~ No significant difference was found using tt" test comparisons of means.
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4,2,%, Grovwth Performance of Test Species Grown with A, abyssinicus

h,2.4,

4,25,

Shoot heights and dry weightse of test species grown with
A, abyssinicus were not significantly different from those
of control (Tables 6 and 7). MNeithsr was any significant
difference found among the heights and dry welghts of

A. abyssinicus grown with the different test species (Table 8).

Root Isachate B xperiment

The root leachate of A. abyssinicus had no significant
effect on the shoot heights and dry weights of the ftest species

(Tables 9 and 10),

Experiment with Docomposing A, abyssiniocus Plant Material

Shoot height differences between controls and treatments were
found to be significant at 5% lsvel for P, glabrum and
E. tenuifolia and at 1% level for S. polystachya and E. jaegeri

(Pable 11).

Dry weight differcnces were also found to be significant
at 5% level for 8. polystachya, at 1% level for §. jaegeri

and E. tenuifolia and st 0.1% for P. glabrum (Table 12),



iy
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Table 6: Shoot heights incm of test species grown with A. abyssinicus in sand

culture.

height measurements in cm

control " freatment

1 2 3 Mean + SE | 1 2 b3 Mean + SE

H. arrhenobasis |27.8 | 28.86 | 25.18 | 27.28+1.89 |25.78 27'.,18 28,70 | 27,22+1.46

'g. glabrum 25,82 | 26,80 | 27.07 | 26.5640,66 |25.06 |27.74 |25.98 | 26,26+1.35
‘_ S. polystachva | 36.61 36.10 35.04 '] 35.9240.80 | 36,30 | 34,20 |36.80 | 35,77+1.38
E. jeegeri 16,58 | 17.22 | 16.56 16,7940438 | 17,53 | 16,80 | 15,88 |.16.7410.83

E. _‘g_@_x}}_l_m 13,46 | 13.17 14.30 13.64+0.59 | 13.95 ;::'.149_54 13.10 | 13.8610.72

{ M. polymorpha - 0.6 11.08 12,00 | 10.8951.24 13,44 11,08 9.66 | 11.39+1.91

No significant differences were found using T tegt comparisons of means
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Table 73 Dry weights in grams of test species grown with A. abyssinicus in sand

culture

Dry weight in grams

Test species control treatment

; 1 2 3 Mean + SE 1 2 3 Mean + SE
H. arrhenobasis | 0.832 }0.835 { 0.885 | 0.85140.029 {0.882 10,820 | 0,848 | 0.848+0.031
P. glabrun 0,785 j0.780 | 0.768 | 0.778+0.009 {0.858 {0,782 |0u.757 | 0.757+0.117
S. polystachya 1,887 {1.662 | 1.860 | 1.803+0.123 [14662 | 14926 [1.775 | 1.775+0.136
E. jacgeri. 0.801 {0.979 | 0.917 10.899+0.09 {0.841 |0.907 -{0.893 | 0.89340.047
E. tenuifclia 0.633 | 0,614 | 0,571 |0.606+0.032 {0,668 | 0.592 |0.592 | 0.611£0,05
M. polymorpha 0.815 ]0.817 | 0.819 |0.817+0.002 [0.816 | 0,827 |0.827 [.0.827+0,014

{ - 4 ‘

d % 4

No significant differences were found using "t" test comparisons of meansa.
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Table 8: Shoot heights and dry weightsof A, abyssinicus grown with six

test species in sand culture, Key' to species the same as in

table 1.

A, abyssinicus

height in cm

dry weight in grams

29214047

test s;ecies 1 2 3 . Mean i;éE 1 2 3““ Mean + SE
(A) control 28.6; 29.7 27,5 28.6+1.1 0.784 | 0.982 | 0,683 | 0.81640.152
A+ H 3§;£ 1 27.0 2601 - | 27474241 0.967 | 0.739 | 0,718 | 0.808+0.138
A+ P 29,7 :—-28.4 ; 25.8 ' | 27.9+1.9 0.860 | 0.828 | 0.688 0.79539.091
Aot S 28,1 26,3 27.4 27034049 0.788 | 0,765 | 0,778 | 0.777+0.012
A+ EL 28.5 ] 29.1 | 27.9 | 28.540.6 0.878 | 0,913 | 0,673 | 0,821+0.130
A + Er 27.2 29,5 27.6 28.121.2 0.774 | 0,869 | 02785 .| 0.809£0.052
A+ M 29.6 29.4 28,3 0.994 | 0.987 0;859

0.947+0.076

Ho significant differences were found using "t" test comparisons of means.




Table S Shoot heightsin cm of three test specles treated with

—

A. abyssinicus root leachate.

Test species

-

height measurements in Cm.

control

- 46 -

treatment
1 2 3 Mean + SE 1 2 3 Mean + SE
P. glabrum 24020 | 23.50 | 24,10 | 23.90+0,38 24.44 25,40 | 23,40 24.41i}o0
S. polystachya 37.50 | 36,76 [ 35.20 36,492+1.17 | 36.0 38,70 | 36,08 | 36491+1.55
E. jaegerd 16.30 | 16.18 | 15.84 | 16.11+0.24 14.50 | 17.22 | 18.50 16.74+2004

Nc significant differences were found using "t™ test comparisonsof means,
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Pable 410: Dry weightsin grams of three test specles treated with

A. abyssinicus root leachate.

Dry weight in grams

treatmenk

Test species control

1 2 3 Mean + SE 1 2 3 Mean + SE
P. glabrun ] 0.729 | 0.782 | 0,777 | 0,763£0.029 | 0.777 |0.70% [ 0,739 | 0.73940.039
S. polystachyas | 1.894 | 1.873 | 1.839 | 1.869+0.028 | 1.816 |1.663 | 1.988 | 1.837+0.164
E. jaegeri 0.862 | 0.877 | 0.826 | 0.855+0.026| 0.846 [0.884 | 0.799 | 0.84330.043

No significane differences were found using "t" test comparisons cof means,




TABLE 11: Shoot heightsin cm of test species grown in soils containing decomposing

A. abyssinicus plant material.

Height measurements in cCme

Test species control treatment

1 2 Mean + SE 1 2 Mean # SE

Ao abyssinicus 37.20 36.50 36.85+0.49 35.70 32,50 34,10+2.3

He arrhenobasis |31.36 [ 29.82 | 30.59+1.08 29430 [ 33,50 | 3%.40+2,96

- 48 -

?. glabrum 31.56 | 29.82 [.30.65s1.23 | 22:30 |22,50 | 224404014

S. polystachya |27.82 | 26,50 | 27.36+0.65 | 22.30 122,50 | 22,40:0.14%*

E. jaegeri 50.96 | 48.86 | 49.90+1.48 31,14 | 32,30 § 31,72+0.81**
E. tenuifolia 37.04 | 38,92 | 37.98+1.33 28,90 | 28,58 | 28,74+0.23
i ; #
N A . 1
M. polymorpha i24.60 | 23.64 | 24.12+0.68 24,41 ] 22,74 | 23,57+1.17

i

i Al m e iy A

a4

!
I
b ;

P
M

LI

"t test, * significantly different from control at 5% level

L .oon 1 Lo " " 1% 3]
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TABLE 12: Dry weights in grams of test species grown in soils containing

decomposingrﬁr abyssinicus plant materials,

Drynweighf in grams- -

1

Test species ) tont:ol treatment
s A A | Mean + SE -: 1 2 4 Mean i SE.
A. sbyssinicus | 2.2 i 2.4 érg.ao;§;14 | 2.1 i 1.8 19540021
Ho arrhenaﬁégis; 3.8 : 3.7 | 5.75;§,07 _' 3.7 | 3.9 1 3.80+0.14
P. labrum 3.8 | 3.7 | 3,75£p;o7 2.1 | 2.1 2ed507 %"
S. polystachya § 1.9 1.8 - _i;85190Q7 1 1.1 102 1-15i§~07‘
E. jaegeri 3.6 3.6 ; 3.6040 1 1.3 1.5 ; 1.40+0.14%*
E. tenuifolia 2.5 | 2.5 | 25040 P a1 {100 | 1.05:0.1400
] M, polymorpha 3.2 .:.;qi ff 3-15:O~07 i 3.3 ] 3.2 :j 3025+0,.14
| . ‘ 3 i "

ngn test, *

L

significantly different from control at 5% level
._’Fv : R n o " g 9

L '" ‘." o 1 001% 311
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5. DISCUSSION AND CONCLUSION
Allelopathy is a widely distributed phenomsnon among plant
communitics (&venari, 1949; Putman and Duke, 1974; Voods, '1960).
This fact can be seen clsarly from the results of the ervtract treat-
mente, The extract from each test specles was found to be inhibitory

in at least one case (Tables 1 to 3.1).

Autotoxicity was as high as allotoxicity. all, except

H. arrhenobasis, E. jasgeri, and E. tenuifolia significantly inhibited
their own seed germination. The extract of each of the specles except
E. tenuifolia signifidantly inhibited radicle growth of thelr own

soedlings. The only species that did not exihibit autotoxicity for

either germination or radicle growth vas K. tenuifolia.

Extracte of A, abyssinicus and §. polystachya were found to be

the most inhibitory followed by those of H, arrhenobasis and E. jaegeri

in that order. Ths extracts of E. tenuifolia, M. polymorpha and

P. glabrum were velatively iess inhibitory. The extract of A, avbyssinicus
was found to inhibit seed germination of P. glabrum, S,.polystachya,

E. tenuifolin, M. polymorpha and itself, significantly at 1% level

or less (Table 1), It sipnificantly inhibited radicle growth of

P. glabrum, 5, polystachya, E, jaegeri, M. polymorpha and that of

1tself at 1% lovel and that of E. tenuifolia at 5% level (fable 3.1)

The extract of 8, polystachya was found to inhibit significantly

ssed gormination of P, glabrum, E., tenuifolia, M. polymorpha and

itself at 0.5 level and that of H. arrhenobasis at 5% level,
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Radicle elongation of all test spscies was also significantly inhibited

(P<0,007) (ables 1 and 3.1)

Of all test spsciss, 5. polystachya and P, glabrum were the most
susceptible fto inhibition. Seed germination and radicle prowth of
8. polstachyaIWere significantly inhibited by extracts of all the
species at either 0.5% or 1% levels of significtnce., B xtracts from
all test species, excepi those of B, tenuifolia and M. polymorvha,

significantly inhibited seed germination of P. glabrum (Fig. 1 to 3).

The demosntration of allelopathy in the laboratory does not prove
that it operates . in field conditions. In the field, the activities of
the allelopathic substances are influenced by many factors such as
soil dynamics, soil temperature, soil meisture, soil microorganisms
etc} (Ne wman énd Rovira, 1975; Stove, 19?9). This does not mean that
allelopathy is not operating in the field, Laboratory results can have
many correlations with the fleld distribution of plants in a given

community.

One of the striking results of the extract treatment in this

" experiment is that of §. polystescnya, The seed germination and radicle
growth of §, polystachya was found to be severoly inhibited by extracts
from all test spscies 1ncluding itsslf. On the other hand, its
extracts have shown significant inhibition on the germination of five
and radicle slongation of all test speciesf ‘Waturally two species
which are- inhibitory %o each other might be expscted to avoid each

Othel’:"o
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Bimple obssrvations in the field show that S. polyetachya is
hardly ever seen in association with the test species and the othsr
grasses that grow with them. It is observed to grow in pure stands,
in soils that seem to have high humus incerporated, with animal dung
and organic debris. The exclusion of 8, polystachya from the grass
community that include the test species, and the presence of
8.+ polystachya in pure stands may be attributed  to the inhibitory
effect of all test speciss on §. polystachyn and 8. polystachya on

the othasr sneciss.

It is also knoun that 8, polystachya doss not occupy the same
place for a long tims, it is soon replaced by other gransses., The humus
content in the area can not be sasily deplated because 5. polystachya
would, itsélf, change to humus, So the cause for its disappearance
would seem to be the inhibitory effect of its own residue on its seed

germination,

8. polystachya is known to be a serious wWeod of arable land
(Froman end Persson, 1974). Thie may also be attributed to its

allelopathic effects on cultivated crops.

Ancther species that was found to be severely inhibited by the
extracte of the majority of the species was P. glabrum, P, glabrum
is known to thrive under water-logged conditions (Alemaychu, 1979;

Froman and Persson, 1974), A. abyssinicus, H. arrhenobasis and

8. polystachya, which have severely inhibited seed germination and
radicle growth of P, glabrum do not grow well in water-loggsd

conditions (Froman and Persson, 1974). Therefore, adaptation to
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water~logged condition may thus help P, giabrum in avelding allelopathic

species that do not grow well in such condition.

The ability of an organism to maintain itse1f and to repréduee in
a spscific habitat is a measure of the relgtive succegs of that speoies.
A further indication of that success is its ability to invade areas
contalning establishsd communities and to becoms a viable member
of that community structure (Gant and Clebsch, 1975). Invasion and
perpstuation of a species in an established community requiré either
the more efficient uss éf one or more of the resources essential for
survival or the production of chemicals that would hinder potential
comps titors (Gant and Clebsch, 1975).

A. abyssincus, H. arrhencbasis and E. jaegeri are among the most

common speciss obssrved in grass communities growing in  and around

1ddis Ababa, Rattray (19€0) has also cited that H. arrehenobasis

and d. abyssinicus are common speciss in both Hyparrhenia and Permisstum

types of grass cover in K thiopia. The success of thess species may
partly be attributed to their allelopathic effects., Of all extracts
tested, those of A, abyssinicus and §. polystachya were found to bs

the most inhibitory, The extracts of H., arrhenobasis nnd'E..jaeggri

have showp irhibltory effect on the germination of others to some
extent bu£ their gormination was the least to be inhibited b& extractsl
’from thg ?ther test species, No significant inhibition was fouﬁd

by any of the extraoté on the germination of E. jaegéri; The

germination of H. arrhenobasis was inhibited only by the extract of

S. polystachya. Since 8. polystachya eliminates itself soomn, it can

not hinder the establishment of H. arrhenobasis for long. Thus
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succose at the establishment stage may contribure to their overall
success, Once they are established, they are lnown to be robust and
can invade a cmmunity. E. Jeegeri being unpalatable (Froman and Persson,

1974) and resistant to trampling is capable of persisting in over-

grazed areas,

Allelopathy has been reported to play a significant role in
species diversity and vegetational pattern in plant communities

(Bokhari, 1978; Lodhi, 197%5; McPherson, 1969).

In all the treagments tried there was high specificity in the
spscies response to the phytotoxins., For example, the extract from
A, abyssinicus was inhibitory to the radicle growth of all test species

except H. arrbenobasis. The extract from P. glabrum was inhbitory to

radicle growths of 8, polystachya, E. jacgeri and M. polymorpha but

radicle growths of 4. abyssinicus and H. arrhenobasis were promoted

by it.

Alle lopathic substances have been reported to be highly specific
in their action (Garb, 1961; Overland, 1966), The extract of

H. arrhencbasis severely inhibited the germination of A, abyssinicus,

P. glabrum and S. polystachya but had no effect on that of the rest of

the species,

The extract of §. polystachya was highly inhibitory to the
germination of all test species except that of 4. abyssinicus and
E. jaegeri. The extract of M. polymorpha was inhibitory to the
germingtion of 8. polystachya and itself but stimulated that of

E. tenuifolia.
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Species diversity and vegstational pattern in plant communities is
partly caused by selsctive inhibition at the germination stage (Muller,
1964; Lodhi, 1975), The overall inhibition (allo- and auto-inhibition)
at the germination stange is also of primery importance in pepulation |

control in plant communities (Went, cited in Overland, 1966).

In an ecological study of grassland condition in Chilalo
(Alemayehu, 1979) A. abyesinicus was reported to bs common in.young
grasslands after cultivation and is later said to be replaced by
A. pratensis Hochet. ex Hacks Many species such as Andropogon

virginicus (Rice, 1972), Digitaria sanguinalis (Parenti, cited in Rice,

1974), Sorghum halepense (ABdul-Wahab, cited in Rice, 1974),

Agrcpyron repens (Stove, 1979) etc. that appear in the succession of

abandoned old-fields were found to be allelopathic,

In the abandoned old-fields (Rice, 196&;'1965, 1971) wany plants

" in successional stages 1 and 2 are inhibitory to nitrogen fixing
bactoria, to nodulation of Iegumeé and toniteogen fixing blus green
algae, Consequenily, the soils that are very low in nitrogsn at the
time of asbandomment remain low in nitrogen for prolonged psriods,
Therefore, those plants that have higher nitrogen requirements are

not able to compete in the infertile soils with low niﬁrogen tolerating
invaders, This results in a slowing down of syccegsion in the

intermediate stages,

Though there is no evidencs to supnort a similar intervretation
as yol, further studies may reveal that such a phenomenoir could be

true for A. abyssinicus, ind indicafion from this study is vointed out
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by the significant inhibition of the germination and/or radicle

growth of M, polymorpha,

Many species of lepumes, Trifolium repens (Wewman and Rovire, 1975)

Yedicago sativs (Nialson, cited in Rice, 1974}, etec. have been reported

to be allslopathic and are known to exhibit sutotoxicity. T, repens
dominates local patches in grasslands but these have been renorted

to migrate from year to year so that on any one spot, after a short
period of dominance, T. repens declines and is replaced by other species
(Isith cited in Newman, 1975), This may be also true with M, polymorpha
which has shown auto-inhibition and the vromotion of prowth of some

test smeciss. Its exiraét wes found to ovromote the radicle slongation

of H. narrhenobasis, P: glabrum and E. tenuifolin and to have no

significant effect on 4. sbyssinicus and E, jasperi. Those grasses
which are promoted or are not affected by extract of H. polymorpha

could grow well in spots where M, polymorpha was growing,

Assuming all snviromental factors to be controlled and considering
the results of the sxtract treatment (the effect of syiracts on
germination) to be true in the field, one can expesct the following

results,
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(1) = A, abyseinicus (s) = 8. polystachya (Er) = E. tenuifolia
(M) = M. polymorpha (P) = P. glabrum El) =E. jeeperi

(1)

H., arrhenobasis

Taking the above assumption, .. abyssinicus, P. glabrum,

8. polystachya and M. polymorpba showing auto-inhibition will be checked
or eliminated by thewselves. 4. nbyeeinicus replacing the majority of

. the species will in turn be replaced by H. arrhenobasis., T. jaegeri

far from being inhibitsd by any of ths species will establish unchscked,
Therefore, in the long run the speciss in the community will be

completely dominated or replaced by H, arrhenobasis and E. Jaeperi,

Allelopatﬁicmaterials ars variously released: by leaching from
leaf surfaces, by excretion or exudation from roots and by the decay
of plant material (Tukey, 1969)}. 1In this, work éifTbrent sxperiments were
oarriad out to detect the way of release of chemicals in A. abyssinicus,
The results obtained fromthese experiments indicate that A. abyssinicus
inhibits other species when decomposition of its dead romains takes

place. Ikad shoot and root extracts of 1. abyssinicus have shown
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inhibitory effects on the germination and radicle growth of P. glabrum,
8. polystachya and itself (Tables 4 and 4.2), The living shoot and
root leachates failed to inhibit the test speciss and do not seem to
contain inhibitors. From this it can be concluded that A. abyssinicus
may naturally not produce inhibitors that are leached from its leaves

or exuded from its roots.

The test speciss treated with living root leachate and those that
were grown with A, abyssinicus in gand culture have shown slight
reduction in dry veight compared with thsir respective conitrols., But

these differsnces vwere not found to be statistically significant.

The absence of any strong inhibition may reflect that at the
bepginning the plants were quite small and were vrobably not releasing
substantial amount of root exudates. Another reason may be that in
the exporimsnt plants were growing in sand with ample supplies of
nutrients in a glases house, In the different enviroment of the field,
the exudates produced by the vlant night be different quantitalively,
iehman et al have shown that nutrisnt deficiency can increase the

amount of toxic substances in a vlant (Lehman, cited in Newman, 1975)..

In the field slight inhibition by allelopathy can be accentuated
by competition and planta will probably be competing for light or
mineral nutrients or both., Under such conditions a relatively small
effact due to allelopathy might be swamped by greater effacts of
direct competition, but a.synergistic effect is equally possible
Whersby small alteratiéns of the species balance by allelopathy give a
further advantage to a given svecies in direct competition (Nbuﬁanet al,

1975; 1977).
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