1

Impact of Plant Extracts on Vitality and Root
Healthiness of Leguminous Plants Inoculated by
Fusarium oxysporum (Schl.)

Bronistawa Sas-Piotrowska, Wojciech Piotrowski
Technical University of Koszalin

1. Introduction

Among the factors negatively influencing yieldinleguminous plants
are such pests as pathogens, insect pests and. Wéedkbsses caused by the
pathogens and insect pests can reach 30%, a haffiioh can be ascribed to
plant pathogens.

In the condition of light soils, at moisture ingaféncy and in periods
of high temperature a great harmfulness show mtotliseases caused by such
soil pathogens dsusariumsp.,Pythiumsp.,Phomasp., as well a&phanomyc-
essp. The early infection of horse be@ficia faba minor)by the mentioned pa-
thogens causes a yield loss of about 10%. On Iygar@ations the root rot pa-
thogens are more significant than those occurredwanground parts of the
plants (Sadowski 1994, Krzysiak 1994).

These pathogens are transmitted most often witted material. They
can also survive as saprotrophes in soil or paramsitdifferent cultivated and
wild plants (Filipowicz 1987, Sadowski and otheg93).

The most effective method of an occurrence linotatf these patho-
gens and of a restriction of their negative impagtplant sprouts is a seed
dressing. But the sowing of healthy or dressedsgias not always satisfacto-
ry results. It protects the plants only for a shpstiod, but does not secure the
sprouts against soil-born pathogens (Sadowskiekil983). Besides that the
intensive chemical treatments lead to an emergimesticides resistant patho-
gen populations (Lacicowa 1989).

One of the principles of integrated pest managerigiritegration of
agricultural, biological and chemical method. I thiological methods to the
pathogens control may be used chemical substawmee®ed by bacteria and
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fungi, and as well as by plants. It is known thatsimof plants produces com-
pounds with allelochemical, biocidial and biostatieffect (Achremowicz, Cie
1992). The biological activity of plant extractspg@ds however on several fac-
tors, and first of all on content of specific chealicompounds and on their
ability to diffuse. Besides that some those compisunay stimulate a pathogen
development and increase a degree of contaminatidrthe others can act as
inhibition factors (Sas-Piotrowska and others 199%96). The impact on pro-
tected plants is also of importance.

The aim of the investigations carried out was afatory evaluation of
a fungicidal activity of extracts from polygonacsoplants against Fusarium
oxysporum, root rot agents on Papilionaceae plants.

2. Material and methods

The material used in investigations was as follows

» Polygonaceous plantB@lygonaceaefrom which the extracts were prepared,
and namelyPolygonum bistortd.., P. hydropiperL., P. convolvulud.., P.
persicariaL., P. aviculareL and P. sachalinens&chmidt. The investigated
in vivo plant extracts were prepared in a form aftav extracts (maceration
and infusion) as well as alcohol and acetone swlgtiThe way of their prep-
aration was given in earlier studies (Sas-PiotraywBkotrowski 1997).

» Seeds of following leguminous plants: horse bédcid faba L.ssp.mi-
nor), white lupine Lupinus albug..), yellow lupine Cupinus luteud..)

» FungusFusarium oxysporuniSchl.) causing the root rot diseases of legu-
minous plants. Its culture was carried out on Réisthes with a PDA nu-
trient medium. From one week old culturesFofoxysporunovergrowed
with mycelium, agar discs with a diameter of 5 merevcut and served as
an infection material.

The experimental method was as follows: disinfeaad rinsed in a
sterile distilled water seeds were dressed in yaaed dresser with one of the
mentioned extracts (7 minutes), and then the seeds left for 20 hours. The
next day the seeds were put in suitably preparagsgiubes, the overgrowed
with fungus mycelium agar discs were put on andvab plugged with a cotton
wool. After 2 weeks of incubation in conditionsradtural lighting and ambient
temperature the healthiness and vitality evaluatiere made:

» as a criterion of healthiness a degree of roottida was taken, and a 9 -
grade scale were applied, whefe- 1ack of infection symptoms ,°9 dark
browned and dead roots. The analysis of variancecagaied out on the ac-
cording to Townsend-Heuberger formula transformades;

» as a criterion of vitality a root length in cm atheir mass in g were taken.

192——— Middle Pomeranian Scientific Society of the Enwiment Protection



Impact of plant extracts on vitality and root healthiness of leguminous plants ...

The experiment was conducted in two periods anéplications for
each of investigated factors performing altogeth®$00 evaluations for each
criterion. The research results were assessed assimggle analysis of variance
and a linear correlation.

3. Research results

The extracts made from the polygonacepients (regardless of the
preparation way), as well as the extracts maderdocgpto other procedures
(regardless of their origin) significantly differteated the root infection dficia
faba minor L. albus L. luteusby F. oxysporun{Fig. 1) and the vitality of these
plants (Fig. 2 and 3).

V2

V,f.minor L.albus L.luteus

[ P.bistorta BAP.hydropiper EP.convolvulus BP.persicaria EP.aviculare

EOMacerate
Brew
Alcohol
B Acetone

V.f.minor L.albus L.luteus

Fig. 1. The root infection byF. oxysporundepending on origin (A) and preparation
way (B) of an extract (deviation from control, %)

Rys. 1.Poraenie korzeni przeE.oxysporumw zaleznosci od pochodzenia (A) i spo-
sobu (B) przygotowania wygju (odchylenie od kontroli, %)
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The infection ofL. albusroots byF. oxysporunwas limited by the ex-
tracts made from all investigat&blygonaceouplants, and particularly frorA.
persicariaandP. bistorta(Fig. 1a). Similar effects were observed in relatio
the way of their preparation (Fig. 1b). The mosborsg action was showed by
the water extracts (maceration and infusion). Ttection ofV.f. minorandL.
luteusroots was limited however by the extracts frBmbistortg P. aviculare
and P. sachalinenseand especially by maceration and alcohol extr&ci
Polygonaceouplants.

The performed statistical analysis proved furtheeesignificant inte-
raction between these factors (extract origin »paration way)as well as be-
tween these ones and investigated leguminous plaeties. They differed
among themselves with response changeability &tiosl to the used extracts. It
was the highest fot. albus (V = 44,0%), and the lowest foc. luteus
(V = 15,5%). Furthermore, the impact of the exsamt the healthiness on plant
species was sometimes different. A significant iotnformity was stated in
comparison of the extracts on healthines¥.@minorandL. luteus(r= 0,452%).

In remaining cases a tendency to a negative ctioelappeared. It found an

reflection in final results showed in tables 112 8. It results from there that:

» infection ofV.f. minorby F. oxysporunwas limited most strongly by mace-
rated extracts fror®?. bistortaandP. aviculareand by alcohol extract from
P. aviculare

» in case ofL. albusthere were infusions from. persicariaandP. hydropi-
per as well as acetone extract fréiconvolvulus

» in case ol. luteusthere were alcohol extracts frdP sachalinensandP.
aviculareand macerated extract frdtn sachalinense

In addition to root healthiness of leguminous @ahibse parameters as
a root and shoot length and mass were measurede agameters were consi-
dered as an information regarding a possible pbyioor stimulating action on
plant vitality of compounds contained in the extsac

It was found, that in most cases, the diminishéettion byF. oxysporum
was accompanied by an increasing of plant vitalityis correlation was however
proved only forV.f.minorby the impact of the extracts on root infection #melr
interaction on sprouts length (r=-0,610**) and oots length (r=-0,733**). When
the roots healthiness ¥ff.minorwith a green mass and roots mass, as well as roots
healthiness of. albuswith a mass and length of green parts were comated-
dency for a reverse phenomenon was observed -dfethe extracts from polygo-
naceous plants limited the root infectionfbyoxysporunihe stronger was also the
decreasing of plant vitality.

The results collected on diagrams 2a and 2b shatlthalbus re-
sponded with a clear decrease of length and maggeein parts on extracts
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made fromP. bistortaand P.hydropiper.The sprout length was alsow reduced
by extracts fronP. aviculareand its mass by extracts frdf persicaria.The
impact of the extracts on these features was &ignifly correlated
(r=0,905**) byL. albus what however was not observed in a casé.fofinor.

The sprout length of this plant was limited solelythe extracts fron®. persi-
caria. The extracts froni. bistortahave also reduced the sprouts length and
their mass by.. luteus(r = 0,537**). In remaining cases a stimulatingi@t of

the extract on sprouts length and mass was observed

30

Fig.2A;
LSD sprout length = 8,90**
LSD sprout mass = 6,26**

sprout length  sprout mass  sprout length sprout mass  sprout length sprout mass
V.f.minor L.albus L.luteus

O P.bistorta B P.hydropiper EP.convolvulus BP.persicaria EP.aviculare

Fig.2B;
LSD root length = 7,92*
LSD root mass = 5,83**

root length root mass root length  root mass root length  root mass
V.f.minor L.albus L.luteus

O P.bistorta B P.hydropiper EP.convolvulus BP.persicaria EP.aviculare

Fig. 2 (A, B). The vitality of leguminous plants depending oneatract origin (devia-
tion from control, %)

Rys. 2 (A, B).Zywotnas¢ roslin straczkowych w zalenosci od pochodzenia wyggu
(odchylenie od kontroli, %)

The action of investigated extracts on green petgyth and mass of
the sprouts) and on root system (length and massot§) was in a range af
albusandL. luteussignificantly positively correlated. The valuestoé correla-
tion coefficients oscillated bly. albusfrom r = 0,560** to r = 0,905**, and by
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L. luteusfrom r = 0,502* to 0,618**. In a case ®ff.minorthese relationships
were proved solely for sprouts and roots length (,726**) and for sprouts
and roots mass (r = 0,912**).

A significant conformity was stated also for thepense of a root sys-
tem of V.f.minor(r = 0,407%),L. albus(r = 0,709**) andL. luteus(r = 0,502%),
which was measured by its length and mass. Howevkiteushas responded
on substances contained in most extracts from palgeaus plants with a clear
decrease of roots mass, by a simultaneous incdabeir length (Fig.2a and
2b). A slight reducing of a development of a roggtem ofL albuswas caused
by the extract fronP. hydropiper An increasing of a length and mass\of.
minor roots was stimulated by all extracts from thoseg/gmhaceous plants in-
vestigated.

80 ‘
60 - Fig.3A;
LSD sprout length = 8,13*%
40 LSD sprout mass = 5,78* OMacerate
20 4 i Brew
04 | [ Alcohol
[ B Acetone
-20 1
|
-40 |
|
-60 :
sprout lengthsprout mass sprout lengtbprout mass sprout lengthprout mass
V,f.minor L.albus L.luteus
80 T T T T
L L |
60 Fig.3B; !
40 - LSD root length = 7,24* ; O Maceratd
20 LSD root mass = 5,31 : Brew
| 54 |
01 ‘ — % @ Alcohol
-20 } } } } B Acetone
40 : : : :
-60 | | | |
| | | |
-80 i i i i
root Iength‘ root mas root Ienth root mass  root Ier{gtﬁnot mass
V,f.minor L.albus L.luteus

Fig. 3 (A i B). The vitality of leguminous plants depending onreparation way of an
extract (deviation from control, %)

Rys. 3 (A i B).Zywotnai¢ roslin straczkowych w zalenosci od sposobu przygotowania
wyciagu (odchylenie od kontroli, %)
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A significant influence on plant vitality exertetba the way of extracts
preparing (Fig. 3a and 3b). The development of tgrdend and aboveground
parts ofV.f.minorwas reduced by acetone extracts, and. @ibus— by alcohol
extracts. In a case &f luteusa negative impact on root mass exerted macera-
tion and infusion extracts, which however causedlirease of their length.

Furthermore a significant interaction was foundasetn an extract ori-
gin and a way of its preparation as well as betwbese factors and investi-
gated leguminous plant species. They differed betwhemselves with a reac-
tion variability on used extracts. The variabilggefficients (V%) oscillated by
V. faba minorfrom 21,02 (root length) to 38,16 (sprout lengthy,L. albus
from 10,21 (root mass) to 14,56 (sprout length)l.bluteurfrom 17,35 (sprout
length) to 58,84 (root mass).

An extract influence on a vitality of investigatkjuminous plant spe-
cies, which was evaluated with different criteriasanot significantly correlated.
It indicates that a direction and intensity\of.minor, L. albusandL. luteusreac-
tion on used plant extracts for seed dressing diéfierent (Tables 1,2,3).

Table 1. The healthiness and vitality dicia faba ssp. minodepending on an extract
(deviation from control, %)
Tabela 1. Zdrowotnd¢ i zywotnas¢ Vicia fabassp.minor w zaleznosci od wyciagu
(odchylenie od kontroli, %)

Mean| Range | Inhibition | Stimulation
ROOT INFECTION
P.bistorta; macerate (-38,0) | P.convolvulus; acetone (44,9)
3,8 -38,0+44,9| P.aviculare; macerate (-37,1) | P.aviculare; brew (42,6)
P.aviculare; alcohol (-28,1) | P.hydropiper, brew (36,9)
ROOT LENGTH
P.bistorta; acetone (-40,1) P.aviculare; macerate (67,1
11,1 | -40,1+67,1 P.convolvulus; acetone (-20,9)P.bistorta; macerate (47,4)
P.persicaria; alcohol (-20,5) | P.sachalinense; acetone (42,5)
ROOT MASS
P.bistorta; acetone (-53,0) P.bistorta; brew (97,6)
13,9 | -53,0+97,4 P.convolvulus; acetone (-51,0)P.persicaria; brew (91,9)
P.aviculare; acetone (-26,6) | P.convolvulus; brew (83,2)
SPROUT LENGTH
P.convolvulus; acetone (-70,6)P.convolvulus; macerate (78,4)
7,1 | -70,6+78,4 P.hydropiper, acetone (-46,9)| P.aviculare; macerate (75,0
P.bistorta, acetone (-43,4) P.bistorta; macerate (73,6)
SPROUT MASS
P.convolvulus; acetone (-43,6)P.convolvulus; brew (86,3)
20,9 | -43,6+86,3 P.persicaria; acetone (-15,8) | P.bistorta; brew (83,9)
P.aviculare; acetone (-15,4) | P.hydropiper: brew (71,4)
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Table 2. The healthiness and vitality afipinus albuslepending on an extract (devia-

tion from control, %)

Tabela 2.Zdrowotna¢ i zywotnas¢ Lupinus albusw zaleznosci od wychgu (odchyle-

nie od kontroli, %)

9)

Mean | Range | Inhibirion | Stimulation
ROOT INFECTION
P.persicaria; brew (-68,7) P.sachalinense; acetone (74
-19,7 | -68,7+74,9 P.hydropiper; brew(-57,6) P.aviculare; acetone (40,1)
P.convolvulus; acetone (-57,4)P.hydropiper; alcohol (-23,2
ROOT LENGTH
P.hydropiper; alcohol (-30,8) | P.aviculare; acetone (38,1)
3,8 -30,8+38,1| P.persicaria; alcohol (-7,7) P.convolvulus; macerate (21
P.aviculare; macerate (-5,3) | P.bistorta; macerate (17,7)
ROOT MASS
P.hydropiper; alcohol (-17,3) | P.aviculare; acetone (29,3)
53 -17,3+29,3| P.bistorta; acetone (-12,0) P.persicaria; brew (18,0)
P.hydropiper; acetone (-6,0) | P.hydropiper; brew (18,0)
SPROUT LENGTH
P.bistorta; alcohol (-36,0) P.aviculare; acetone (30,8)
0,6 -36,0+30,8| P.hydropiper; alcohol (-29,9) | P.bistorta; macerate (16,0)
P.bistorta; acetone (-20,4) P.convolvulus; alcohol (13,3
SPROUT MASS
P.bistorta; alcohol (-38,7) P.aviculare; acetone (21,3)
-3,1 | -38,7+21,3| P.bistorta; acetone (-25,9) P.bistorta; macerate (10,6)
P.bistorta; brew (-17,0) P.convolvulus; alcohol (7,3)
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Table 3. The healthiness and vitality bfipinus luteuslepending on an extract (devia-
tion from control, %)
Tabela 3.Zdrowotna¢ i zywotnas¢ Lupinus luteusv zaleznosci od wycagu (odchyle-

4. Discussion

nie od kontroli, %)
Mean| Range | Inhibition | Stimulation
ROOT INFECTION
P.sachalinense; alcohol (-27,6P.hydropiper; acetone (23,0
-2,7 | -27,6+23,0| P.aviculare; alcohol (-21,8) | P.persicaria; brew (22,6)
P.sachalinense; macerate (-20,P)persicaria; acetone (20,6)
ROOT LENGTH
P.persicaria; brew (-42,7) P.persicaria; alcohol (102,2
21,4 | -42,7+102,2P.bistorta; acetone (-18,9) P.hydropiper; brew (72,0)
P.persicaria; brew (-18,2) P.sachalinense; alcohol (66]7)
ROOT MASS
P.persicaria; brew (-73,9) P.persicaria; alcohol (119,6
-9,1 | -73,9+119,6 P.sachalinense; brew (-62,2) | P.sachalinense; alcohol (90/0)
P.bistorta; brew (-58,7) P.convolvulus; alcohol (80,4
SPROUT LENGTH
P.persicaria; brew (-29,0) P.aviculare; acetone (48,9)
11,6 | -29,0+48,9 P.aviculare; macerate (-9,1) |P.aviculare; alcohol (43,4)
P.bistorta; acetone (-8,2) P.sachalinense; alcohol (42|3)
SPROUT MASS
P.bistorta; alcohol (-16,9) P.sachalinense; alcohol (106,8)
8,6 | -16,9+106,8 P.persicaria; brew (-9,9) P.persicaria; alcohol (91,2)
P.aviculare; macerate (-9,9) | P.hydropiper; brew (24,9)

The occurrence in a soil of pathogenic factors wiffereniated suscep-
tibility towards fungicides causes that the chemocatrol of pathogenic fungi

causing root rot is not easy figaak 1992). For seed dressing there are used be-

sides of fungicides also antibiotic substances, kately a fungicidial com-
pounds produced by plant are searched (Piotrow&&s-Piotrowska 1995).
With these compounds contained in plant tissueetiieiconnected their resis-
tency against pathogens and pests (Tfzédil970). These compounds are
known under the name of antibiotics or phytoncides.
Receiving of new plant varieties with high yieldipgssibilities and
good economic properties is negatively connectel aicontent of these com-
pounds. Decreasing of phenoles in maize was styamgtelated with intensity
of attack byOstrinia nubilalis(Dabrowski 1988).

In investigations of Piotrowski and others (1996)was proved that
among 100 tested maceration extracts only sombeset have hampered ger-
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mination of spores and caused deformation of hyplhaeas first of all a mace-

ration extract made from. bistortg which hampered germination Ascochyta

fabae, Botrytis fabae, Fusarium culmorwand Alternaria alternata.Iln other
paperqSas-Piotrowska, Piotrowski 1995a, b) where an chpéextracts from
polygonaceous plants on pathogenes causing speasgis byv.f.minor was
analyzed, a high activity have shown also alcolmol acetone extracts from
bistorta. In present investigations it was found howeverf thanaceration ex-
tract fromP. bistortais active also in relation 6. oxysporumAn application
of this extract for seed dressing have reducedfaction ofV.f.minorby this
pathogene.

A favorable action of an extract froR. bistortaon plant healthiness
depends on ist chemical composition, and partituldre content of almost
25% of vegetable tannines, as well as gallic aledjiel acids (@arowski 1980).
Gallic acid inhibited flowering of a plaitalanchoe spwhere it was discovered
in bound form. Ellagic acid was however isolatedaifree or bound form as
tannines from an oak and spruce bark as well an fimots of pomegranate
(Kaczkowski 1993).

Besides extracts frof. bistortaa high activity in relation t&. oxyspo-
rumhave shown in carried out researches followingaetsr:

» maceration extracts frof. avicularei relation toV.f.minorand fromP.
persicariain relation toL. albus.The activity of extracts from these plants
is probably connected with a synthesisRayavicularetannine compounds
and chlorogen acid, and By persicariawith flavonoids and volatile oils;

» a maceration and alcohol extract from green pdris sachalinenséanks
to content of numerous alkaloids, and particulgtlgrcitin (up to 2,5%) has
reduced a root infection &f luteus.

It results from investigations carried out by SastBwska and Pio-
trowski (1995 ¢, 1997) that from among egzaminddaets, which were differen-
tiated in relation to their origin and a way of jpaeation, the most effective
against pathogens of spot diseases, and root retal@hol extracts frof. bis-
torta andP. persicaria Present research does not confirm these resllitsAs a
matter of fact bothP. bistortaandP. persicariadistinguished with high activity,
but it took place in case of maceration extractbraot of alcohol extracts.

Some differences in results received in investigatarried out may fol-
low from a different nature of these investigatiginsvitro and in vivo), from en-
vironment conditions at a given vegetational seasich can modify the devel-
opment of polygonaceous plants and their conteatiie substances, as well as
from age of these plants in a moment of harves {itakota and others 1993).
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Wplyw wyciagow roslinnych na zywotnosé
I zdrowie korzeni roslin straczkowych zaraonych
przez Fusarium oxysporum (Schl.)

Streszczenie

Zgodnie ze znowelizowanUstawa o Ochronie Réin, obowiazujaca od 2001
roku ,$rodki ochrony rélin mozna stosowawytacznie do celéw okidonych w etykie-
(o] [ uwzgbniajac w pierwszej kolejnéci biologiczne, hodowlane i agrotech-
niczne metody ochrony étin, ktére pozwala ogranicz¢ stosowanie chemicznych
srodkéw ochrony rdin do niezlgdnego minimum?”.

Jednym z elementéw biologicznej metody ochronjfimamoze by wykorzy-
stanie zjawiska allelopatii, okilanego jako: oddzialywanie jednych organizméw na
drugie za pomag wytwarzanych substancji biologicznie czynnych. Sahcje takie,
zwane ,antybiotykami rdinnymi” wytwarzane g takze przez réliny.

Celem przedstawionej pracy byla ocena in vivo oalgimianie substancji ak-
tywnych zawartych w wyagach wodnych (macerat, napar) oraz alkoholowyateta
nowych, sporgdzonych z Polygonum bistorta, P. hydropiper P. convolvulus
P.persicarig P.aviculare P.sachalinensena zywotnacs¢ (dtugasé i mas pedoéw oraz
korzeni) oraz poraenie korzeni trzech gatunkéwstim straczkowych Yicia fabassp.
minor, Lupinus albusLupinus luteus przez grzybFusarium oxysporumDoswiadcze-
nia te przeprowadzono w dwoch terminach i 4 povetiach dla kadego z badanych
czynnikéw, dokonujc facznie 14400 obserwaciji dlaidego z 5 kryteriow oceny.

W dodwiadczeniach wykazandge wychkgi sporadzone z poszczego6lnych ro-
$lin rdestowatych, a tale wyckgi przygotowane wg odmiennych procedur istotnie ré
nicowaly poraenie korzenV.f.minor, L.albusi L.luteusprzezF. oxysporumoraz zy-
wotnas¢ tych ralin. Badane réliny réznity si¢ miedzy sola zmienndcia reakcji na za-
stosowane wyaii (byta ona najwysza uL.albus a najnisza uL.luteug oraz zgodno-
$cia reakcji (istotnie zgodnie zaeraowa¥f. minori L. luteus Poraenie korzeniV.f.
minor przez F.oxysporumograniczaty najsilniej maceraty R.bistortai P. aviculare
oraz wycag alkoholowy zP. aviculare L.albus- napary ZP.persicariai P. hydropiper
oraz wyciag acetonowy P.convolvulusL.luteus- wyciagi alkoholowe ZP. sachalinen-
sei P. avivulareoraz macerat P.sachalinense

Stwierdzono take, ze w wigkszaci przypadkOw zmniejszeniu paenia ralin
przezF.oxysporuntowarzyszyt wzrost icklywotnadsci. Korelacja ta zostata jednak uwod-
niona jedynie w przypadkd.f.minordla poréwnania wptywu wyggow na porzenie ko-
rzeni z ich oddziatywaniem na diugopedéw i dlugdé korzeni. Gdy poréwnywano
zdrowotng¢ korzeniV.f. minorz mag czsci zielonych i masg korzeni, a take zdrowot-
nos¢ korzenil.albusz dlugdcia i mas czsci zielonych obserwowano tendencije do zja-
wiska odwrotnego.

Oddziatywanie badanych wygjéw na czsci zielone (dlugé¢ i mas peddw)
oraz na system korzeniowy (diuga masg korzeni) byto w obgbie L. albusi L.luteus
istotnie pozytywnie skorelowane. W przypad¥iif.minor zaleznosci te udowodniono
jedynie dla dtugéci peddw i korzeni oraz masyeddéw i korzeni.

202—— Middle Pomeranian Scientific Society of the Enmiment Protection



