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TUE ROLE OF OXAL1C ACH) AND POLYGALACTURONASE
IN TUE PATIIOGENICIIY OF DTIfIUM AIHANWFRMA 7VM
ON DIFFERENT COWFFA VARIETIES

BUNMI KOU:OSHO**T. IKOWN™* and O. IAHOYAV

The amounts o( oxalic acid and polygalacluronase (PG) |iro<hieeil in the lisxufs t
cowpea (I'ig’ia ungiiiriilata Walp.) planls inlrrtrd hy lyihiimi nphaniilrniMtmii
were higher in vars. IT81D-1020 and VITA 5 llinn in vars. 1T821-32 and
TVX3236. Oxalic acid accumnlaled eaily al tiic infcclive slage of lhe disease hui
its production decreascd as llie planls becaine older or as ltie disease developed.
Al the peak of oxalic acid and rG ptodticlion (8-10 davs aller irireelion) Ihr pll
of lhe tissue feil from 7.2 lo 3.1 and therraflcr rose to 4.3 (svithin 18 days). It
seems, therefore, thal the cotnbinalion of oxalic acid and PG and lhe
accotttpanying redneed pll of infected tissue play an importanl rolc in Ihe
pathogcncsis of susceptible variclicsof cowpea by P aplwnidernwtum. In lhe two
varielies fotrnd (o bc rcsislant in lltis study, oxalic acid and PG production werc
lower lltan in lhe susceptible varielies and lhe pH did not fall as low. Party
accuinulalion of oxalic acid in cowpea tissue duribg pathogcncsis ntay bc a nsclul
lool for nioniloring disease severity, and licncc susceplihilily or resislance lo
aphanidermatum. when tlrcrc is a coinpatiblc Inlcraction between linst and
pathogen. .

KEY WOIil)S Pythium apluwidernuitimr, cowpea varielies. susceptible and
rcsislant; oxalic acid: polygalacluronase.

INTRODUCTION

Amnng Ute 40 specics of rungi tliat are pathogenic lo cowpea ( Vigna unguiailata
Walp.) is Pythium aphanidermatum, wliiclt causes lhe damping-off disease of cowpea
seedlings and sletn rot of eslablishcd planls (2,18). The disease has been reporled in
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tnany parts of~ Nigeria (12,1.1,15.16). Al ils peak, up to 70'J scrrlling uimlalily bas
lieen rcported williin 21 daysoT sowing sccds in llte fieltl (15)

Some cltaracteristics of llte daiuping-off disease of cctsvpea scedlings, wei sicnt
rol and diseases cansed on ollter Itosl plants Itavc Itcen dcscribed in lite literalure
(2,6,12.13,15,16). Tltere lias becn al leasl nur sindy of llite cell wall degrading
enzymes prodnced by P. aphanidermatwn (17). Hut nxalic acid pmdnclitn dnring
palltogenesis by lltis Fungus lins not beeil reporled, tn llte besl of nur knowlelge. Tims,
no correlalion betwecn llte prndttclion of peelolylic cn7ytttes and oxalic arid by lbis
oiganisnt bas beeil eslablislted.

Tltis wotk was llterefore designed to slttdy llte prnduction ofpeclolytit enzymes
by /°. aphaniderinatwn in tim and in vitro and tbe relaliott of llite productinn «Fllte
etizytites and oxalic acid lo palltogenesis. Thc slttdy wottld provide informati«n ott llte
diFFerence in llte produclion of lltese substances in susceplible and resislanl varielies nF
cowpea.

MATI RIALS AND MI 111ODS

Pytliinm aphaniderinatwn was isolated Front llie base oFinFected cowp -a plants
obtained front tbe Crop Collection Garden of Ute Department of Agricultural Riology
University of lIbadan, and was grown on potato dcxltose agar (PDA) at 28"C.
TltereaFler, Tor lite produclion of infective zoospotes For inoculalion pmposes. llte
Fungus was grown on 5% com nteal brotli (CMR) as still cttllute al 2R"C A 7 day-old
culture of llte Fungus on CMR was observed nmlet a ligltl nticroscope For llte ptesence
of sporangia and zoospores. Ute cnllures were llten Fillered (Itronglt a Iwo-layer ntuslin
clotli and tbe concentration of llte zoospore inoculum was ndjusled lo 2.0 x 10Vntl of
Suspension using a Neubauer baentocylomelei. Approxintalely 10 ml of inoculum was
poured al llte base of cowpea plants lltal Itad beeil womtded (slem pnnclurc) willt an
inocnlaling ncedle to Facilitate infection.

Cowpea sccds of varielies TVX 3236. IIRID 1020, VIIA 5 and 11331 V
obtained front llte International Institute of Iropical Agricullure (111 A), Ibatlan. wetc
tisctl for llte study 1Zach vatiely was sowti al llte rate of Four sceds/5-liler pot and
walered regularly unlil llte seedlings were inoctilalcd 7 tlays aller cmergcnce. Ute
surlace ol lite soil in eaclt pol was eovered willt polyelltylene slteels lo prevenl execss
moislute loss. I'lanls were observed regularly lo rccord susccplibilily or rosislance lo
infeclion, whbiclt was rated on a scale of 0-4 ( Fable 1)

Al weekly inlervals for 10 wecks. five planls evincing dumping-off and slem rol
Symptoms were collected; llte upper paris oF llte slems were etil ofl wiltile Ilte Inwei 10
cm. including tbe roots, was waslted in rmtning water and later placcd in envelopes in
wiltich il was dried al 60°C to a constant weigltl and llten usetl Fot investigalionson llte
in vivo produclion of oxalic acid. A second sei ol inlccled plants was collected and
Itomogenized in 0.1 M citrate-pliospbale ItulTei solnlion al pll 5.0 and llten exantined
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for polygalacturonase (PC«) activily (//; rim prodnetion). Control planls (uninoculaled)
were also collected, at the saine reguldr inlervals as iufeded planls, for bioassays. The
pH of bealthy and infected plants was oblaincd by biending 50 g cowpea lissnc in 50
ml glass-disfilled water and measuring tlie pIl willi an EIL pll meter.

I or the oxalic acid contcnt of tbe infected plant part (in vivo production).
samples were ground into fine powder in a nrortar after drying to constant weigbt al
fiO"(". Oxalic acid cxlractions and suhsequent estimations were carricd oul using the
methods of Andrews and Viser (1) as modified by Taboya cl al. (R). The amount of
oxalate present was calculated as percent oxalic acid (14).

The PO activity in vivo was studied by llre methods of Ikotun (10). The in vitro
cnzyme preparation was elaborated according to Ikotun (10) and the assay for cnzyme
activity was cariied out following lhe viscomctric methods of Winslead and McCombs
(t7) and of Batenran (3).

RESULTS

Results giveti in Tablc | showed (bat cowpea variety 1T81D-1020 was tbe most
susccplible to /. aphanidennatwn. Tbe area between tbe soil level and the first leaves was
soft rotled. Within 7 days after innculation, disease ratiug was 3. By liie second week
all inoculated plants of this variety attained the maximum disease score 4  bnl
were sampled for oxalic acid content unlil the tenlh week. VITA 5 plants inoculated
with /” aphanidennatwn attained the ntaximum disease ratiug by the third week after

tabu; i

DtSEASE RATING* Ol | OUR COWPEA VARIETII'S
INI PCTt DBY rYTWUM AVIIANtniiRMA 7UM

Cowpea varieties Werks after irtoeiilation
t 2 3 4 5
118113020 3 4 4 4 4
MVITAS t 2 4 4 4
1ITR2E-32 t 1 t 2 2
TVX 3236 0 1 1 t 1
SD. +0.23

*0 “ No infcclion.

1 = Slow”spreading water-sonked lIcsion al llie polnl of wounding.

2 = Large walcr soaked lesion and Inclplenl wilting nf plant

3 7 Pari of plant from soll I"vel lo Hrst leaves snft-rotted. and wilting of planls npparrnl
4 =aWilting and dealli of wliole plant.
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inoculalion. Varielics 1182E-32 and TVX 323fi merely sliowed a sliglillv expanded
stem lesion wiliicli did not develop fnrthcr. Atter 5 wceks cailtis tissne dcveloped
arotmd lhe lesion and liiere was evidence of wonnd liealing.

Oxalic acid/g (dry wt) cowpea tissue

I'ig. 1. Oxalic acid contenl of licnllhy and infccled plant* of fom varietics of cnwpca. Hars ilenolc
S.tl. for all variclicxon a givcnday.
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Results given in Figurc | sliow (he clifferencc between tlie oxalic acid cnnlenl in
discased and healthy planls of tlie four vaiietic«:. Tlicre was nn significani differcnce (/’
=0.05) in tlie oxaiic acid content of llie diffeient bcallliy cowpea vaiicfies throughout
tlie period of study, which spanned 10 weeks. In tlie inoculaled and infecled cowpea
vaiieties there was a marked significant difrercnce (P = 0.05) in tlie oxalic acid content
among tlie vaiieties 7 days after inoculation. Oxalic acid content of var. 1181D-1020
was significantly higher than tliat of tlie ollier varicties for d weeks, after which liiere
was no significant difference between infected and healthy cowpea vaiieties. VI1A 5
was next in oxalic acid content and its trend was siinilar to tliat of 1181D 102Q Ute
remaining two inoculated planls did not contain an appreciahle ainount of oxalic acid.

>

Pig. 2 rolygalacturonasc activity in cmvpea planls infected by Pythium aphoniderwotiim. and tlie
pll of lissnes.

*RVU = relative viscometric unit.
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The in vivo production of PG (Pig. 2) was again liighest in vai 11811)1020
between 6 and 10 days after plant inoculation; tliis was followed by var. VITA 5,
thougli at a much lower level. The other two varieties did not show any apprecinble
aniount of PG in tlieir tissue even after 30-fold concentration by (NIGhSO,,
precipitation.

Figure 2 also shows the pFl profile of infecled tissues of 11811)1020 and Ibe
other varieties froin inoculation until the IRtli day aftci. The pll of IT8II) 1030 feil
front 7.2 to 3.1, 8-10 days after inoculation; in the other varieties tlte Inwest pll nf
infected plant tissue was 5.0, on the 8th day.

DISCUSSION

In the gteenhouse, damping-off of seedlings and stein rot of established plants
cansed by P.aphanidennatwn were tunst severe in var. ITRID-1020 and moderately
severe in VITA 5, bist vars. H82K-32 and TVX 3236 scemedto have soine resislance
to the disease.

Whilc there is sufficient evidence to show (hat a small aniount of oxalic acid was
prodticed in healthy cowpea varieties as a by-product of respiration in the
tricarboxylic acid cycle, a signiOcantly higher aniount was prodticed in tlie infected
vars. IT81D-1020 and VITA 5. These two varieties were the inost snsccptiblc of the
four tested. Increased oxalic acid content of the tissues of the two susceptible varieties
appears to be a consequence of a successful and compatible interaction between tlic
host plants and the pathogen.

In assaying for PG production by P. aphanidcrniatwn in infected plant tissues,
the liighest enzynie activity was deteded in the tissue of IT81D-1020, followed by
VITA 5; it was very low in the other varieties. PG activity was liighest in var.
ITRID-1020 between the 6th and 10th days after inoculation, wiliile oxalic acid
production was liighest in the same variety 7 days oftor inoculation Peak production
of oxalic acid and of PG seemed to coincide in tliis study and the two may have acled
simultaneously to increase disease severity on vars. IT81D-1020 and VITA 5.

The pll of infected tissue of var. IT81D-1020 feil to 3.1. 8 days after
inoculation. Thus three factors seeni to act in conjunction in die pathogenesis of
susceptible cowpea plants by P aplwnidermatwn: (i) production of polygalacturonase
and (ii) of oxalic acid. and (iii) lowering of the pll of infected tissues. These three
factors were less apparenl in the resislant cowpea vaiieties.

Oxalic acid is kitown to chclate calcium and magnesiutn ions present as pectales
in (he middle lamella of plant cell walls (4,5.10). lowering the pll of the cell wall
microenvironment to a more favorable level for Ibe cell wall degrading en/.yines
(nftinly PG)to hydrolyze tbe pectates, wbich are the cementing substance between cell
walls (7.8). The lowered pll would further enhance the activities of hcmicellulases (9)
and cellulasgs (I1). Polygalacturonase and cellulases weie reported to be prodticed by
P. aphanidernwtwn (17). These explanations fit very well the resulls presenled bete
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