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Ringkasan
Ka j ran  i noku las i  Ph l t t t p l t r l r t ' t d  pL t l l t t i t ' ( ) t ' ( r  (Bu t l . )  Bu t l .  yang  t e l ah  d i j e l askan  ke  a tas  2

jenis I ' ip t ' r  .spp.  dan 5 Pip ' : r  r t igrunt  L.  menun jukkan balrau a inokulasi  tox in t idak ber-
beza dengan inokulasi  kula1.  f )engarr  i lu  teknik yang mula-mula adalah lebih sesuar
rrr luk rnenggant ikan inokulasi  kulat  d i  dalam menguj i  ketahanan Pip(r  terhadap penyaki t
busuk  aka r .  Ke leb ihan -ke leb ihan  n rengg t i nakan  t ox i n  da r i pada  i noku las i  ku l a t  t e l ah  d i -
l - i n L e n g k a  n .

Kaj ian in i  j r " rga menunjukkan bahaua ada terdapat 2 kumpulan Piptr  yang sunggulr
l rerbeza:  k l rmpulan tahan-penlaki t  yang mengandungi  P.  coluhr i r t t rm dan P. surntentosutTt
dan  kumpu lan  peka  yang  mengandung i  5  j en r s  P .  r t i g rum i a i t u  Kuch ing ,  t sangka ,  D jamb i ,
U ih i r anco t t a  dan  Be lan tung .

lntroduction
Foot rot caused b:- Phttophthora pulmivora (Butl.) Butl. is the most serious disease of

black-pepper (l ' iper nigrunt L.\ in Malaysia as well as in other countries where the crop
in conrnrerc ia l ly  grown (Alconcro et  o l  . .  19,7 l :  Lcr ther .  1967:  Narnbier  et  u l  . ,  1965:  Raj  and
.lose. 1956). The disease is characterizecl by rapid wilt ine and defoliation leading subse-
quent lv  to the dcath of  the p lant .  " fhe pathogeu nornta l ly  in fects the p lant  through the
col lar  or  the underground par ts  of  the stem and roots.  The heal thy t issues are usual lv  c lear-
ly demarcated from the disea-sed tissues bv an advancine black margin of infection. Direct
infection thrt)u-qh the leaves n)av sontcti l l les occur. T'his often takes the form of dark brown
lcs ro r t s  u  i t h  cha rac te r i s t i c  l ' i r t r h r i a t c  n ra l ' g i n .

I {ecent  at te lnpts to contro l  the d isease arc geared nta inh towalds thc brccdins for  res is tanL
cul t ivars.  A sound breeding prosrant l l tc  f t l r  d !sease res is tance icr lu i rcs the ex is tencc of  a rc-
l iab le,  easr  and i l texpensive ntctht ld  of  screeni l lg  the p lant ing ntater ia ls .  In  re lat ign to th is ,
a s tudv was col lducted recent l r  to  colnpare the re lat ive sLrsccpt ib i l i t r  o f  the var ious Piper
spp.  and cul t ivars of  P.  n ierunr  us i r . tg  2 d i f fcrent  techniques of  inoculat ion:

(  I )  [ 'ox in inoculat ion

( l  l )  Funga l  i nocu la t i on

Materials and Methods
(l ) 

'f 
oxin inttculatiott

A g l r - rcose-asparagi r re l iqu id mcdium (L i l ly  and Barnet t ,  1951) incorporate,J wi th rn incra l
supplen.rents to enhance toxin production (Brian et ul., 1961) was used in the present stud-v.'
for the production of the fungal toxin. Thc hldroserr-ion concentration of the medium
before autoc lav ing was adjus led to pH 5.6 bythc use of  0.1 N aqueous sodium hydroxide.
Af ter  autoc lav ing,  the pH levei  dropped s l ight ly  to  -5. .1.  F i f ty  nr l  o f  th is  nredium conta ined
in a 100-ml  Er lenmler  f lask were inoculatcd wi th snra l l  p ieccs of  fungal  mvccl iunr  obta ine,C
from the growine edge of y'oung P. pultnittra culturcs. The flasks were then incubated at
25 '2oC under l lornra l  laboratorv condi t ions.  Cel l - f ree cul ture f i l t ra te conta in ing the tox in
was obta ined f rom 4-week-old l iqu id cul tures bv in i t ia l ly  f i l ter ing the cul tures through'  2
lavers of  t issue paper ( l ( leerrex)  aud latcr  through nt icropore f i l ters (Sar tor ius.  pore s ize 0.2 u) .

For inoculation, 8-ntonth-old seedlings of the following P. nigrum cultivars namely
Bangka. Belantung, Djanrbi, Kuchine and Uthirancotta. seedlin,ss of P. colubrinum and cuttings
of P. surtrtentosutn were used as test plants. The plants were carefully rentoved front the pols
and the adhering soil particles on the roots washed off under a slow stream of runnins
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tap water. The roots and collars of 6 plants from each Piper species or cultivar were then
inlnrersed in 100 nrl of the prepared toxin solution for 48 hours after which the plants
were removed. washed and rreplanted. In the control, cultivar Kuching was used as 'rest

plants. The- seedlings wer€ allowed to stand in the l iquid medium without the toxin and
later replanted.

(l l) FunRal inoculation
'l-apioca 

extract agar was used as the medium for the growth of the fungus. The
medium was prepared by boil ing 200 gm tapioca chips (Munitutt uti l i .ssitnu I.. i in disti l led
water for 30 minutes and fi l terin-e off the residue to retain the supernatant suspension.
The suspcnsion was thcn adjusted to pH 5.6 us ing 0.1 N aqucous sodiunt  h1 'drox ide and
solidif ied with l5 -urn agar per l i tre. Seven-day-old cultures of t l.re fun,eus growinu in Petri-
d ishes were b lended in a War ing b lender wi :h s ter i le  d is t i l led watcr .  

- fhe 
inoculum level

was standardized b1' blendinc 8 culture plat L-s to makc a l inal mr,,celial suspeusion of I
l i tre. For irtoculation. 25 ml of the mvcelial suspension rvere drenchcd around the collar
and roots of each test plant. care being taken not to damage the roots of thc plant. Imme-
diately after i lroculation. the plants wcie pleced in humid chambcrs for zl8 hours. For
the control, steri le tapioca extract agar suspension was used.

Thc nuntber of plants from each Piper sp. and P. nigrum cultivar Lrsecl for tclxin and
fungal inoculations was 6 and 9 respectivelv. Recordings on the number oi plants kil led
in relation to the total number of plants ino';ulated were made 1,1 davs after inoculation.

Results
Symptoms of  foot  rot  were observed in p lanis  k i l led br ,  tox in and fungal  inoculat ions.

The p lants wi l ted l ( ) -1.1 davs af ter  t reatment .  Clos. : r  cxaminat ion showed that  the
lesions developed or.r the roots and collars o1 thcse plants wcre ciark brown ir1 colour and
the cortical t issues along these lesions sloughed otT readilr,. Hou,ever. in the case of plants
kilted by toxin, a visible secotrdarv coicrn;zation by saprophvtic fungi such as Penicil l iLnt,
and Fusariurn invariably set in on the lesions; r.vhere'as plants kil led by fungal inoculation
remained free of colonization within the same pericC.

The 2 techniques of inoculation were testeC using the Chi-Square. Results on the number
of plants kil led in relation to the total number of plants inoculated and rhe computecl
values of Chi-Square are given in Table l.

TABLE l .  A conpar ison on the tox in ancl  funsal  inoculat ion techniques

Piper spp"
No of  p lants k i l led

No.  of  p lants inoculated i [ 'z t t  orl

P. nigrum var.
Kuching
Bangka
Djambi
Be lan t r rng
Uthirancotta

P. colubrinunt
P. .yarmenlosuttt
Cor-rtrol (Kuching)

Toxin

6 1 6
s  l 6
s l 6
3 6
s  l 6
0 /6
t 1 6
0 1 6

0 . 2 1 6 3
0.0t42
0 . 3 1 2 5
0.00t 0
n ? 1 2 5

()
L I  l 6 l

0

| .9726

N4ycel ium

7 9
6 l e
5 l q

s l e
s le
o / 9
0 l e
0 l e

J-otal

n



The computed Chi-Square with 8 degrees of freedom was 1.97 and this was betwecn the

probabil ity of 0.98 and 0.95. Each individual Chi-Squar€ w&S also contputed usins Yate:;

correction for Continuity. Results showed that there was no evidence of any differencc bct-

w-een the 2 techniques of inoculation.

The relative susceptibility of the various Piper spp. and cultivars of P. nigrurn based

on the combined results of toxin and fungal inoculations was tested using the t-test. The

test was made using the standard error of the difference between 2 proportions as given bv

the formula:

where and pjpi

A A , \ A
p i ( l -p l )  - r  p t ( l -p j )

- o r n "

refer to the probabilities of dead plants. The results are given in Table 2.

in the order of susceptibii i ty based

inoculations
TABLE 2. Piper spp. and Piper nigrun? cultivars ranked

on the combined results of toxin and fungal

Piper spp. Estimated proportion of dead plants, r

P.
P.
P.

colubrinwn
sarm'efiosutn
nigrum var.
Belantung
Djambi
Uthirancotta
Bangka
Kuching

0.07
0.00

0.53
0.67
0.61
0.73
0.87

p. n igr tnt  cul t ivars covered by the bars shoued the di f lerence bet \ \een prohabi i i i ics uere

at the 5 7'i level.

on the relative susceptibil i ty basecl on toxin inoculation alone was also

the results are given in Ta ble 3.

0.00 l
0.17 I

0.s0 -l

0.83 I
0.83
0.83 i
1 .00

Pipcr spp.  and

not s igni f icant

A similar
carried out

test
and

TABLE 3. Piper spp. and Piper nigrum cultivars ranked in the order of susceptibil i t-"" bascd

or.r toxin inoculation alone

Piper spp. Estimated proportion of dead plants" p

P. colubrinum
P. sarment<tsum
P. nigrum t'ar.

Belantung
Bangka
Djambi
Uthirancotta
Kuching

Piper spp, and P. trlgrum

not s igni f icant  at  the 57i

cultivars covered by

level.

the bars shoqed the di f ference betseen probabi l i t ies 
"r 'ere

t 2



Discussion

Results on tlte relative susceptibil i tv of the 2 Piper spp. and the 5 cultivars of P. nigruttt
using the j differeirt inoculation techniques indicated thaL toxin inoculation was compara-
ble to fungal ir.roculation. Toxin inoculation could thereforc be recommended in place of
fungal inoculation in the screening of Piper spp. and P. nigruttt cultivars for foot rot rcsist-
ance. This is the first report of toxin studies involving P. pulnivora on Piper spp.

The use of toxin in the screeiring for discase resisrance in plants has been reported
(Wheeler  and Luke.  I955:  Ste iner  and Bythei ,  l97 l t .  Advantages of  us ing tox ins over
the usual fungal inoculations are nrany. l-oxins ar': easier to prepare than fungal inocula.
Thev can be easilv handled and are noi subjecfed to environmental influences. Most im-
por tant  of  a l l ,  the possib le changes in the v i ru lence of  thc fungus in cul ture are e l inr inatcd
as large quantit ies of toxins can be ntade an,-l stored over lcxs ps1i6d5 of t ime.

From the susceptibil i tv f igures. 2 distinct groups of Piper sitp. are apparent: the resist-
ant group cousistirtg of P. cti l tthrinurn and P. .stirrnento.vlrr arrd thc susceptible _eroup con-
s is t ing of  the 5 cul t i ' rars of  P.  n iqrun.  Ranking of  the rcsul ts  obta incd b l  tox in inocula-
tion ar-rd fungal inoculation indicated that it corresponCcd ciosell, with the results obtained
in Sarawak (Holl iday and Mov"'at, lq6-1.). 

-fhe 
stucl_r' fr.rrther ctxlirnted the relative rcsist-

ance of  Belantun_u and the h igh suscept ib i l i tv  of  Kuching.

Sunrmarry

I nocu la i i on  s i ud l ' o l  P l t r t r t p l t t l t t t r u  pd l i l t i \ . { t i ( t  r l l u t l . )  B t r r l .  on  2  P ip t , r  spp .  and  5  cu l i i va r s
t t f .  P i pc r  t t i g r t tm  i nc i r c : r t ed  t ha t  t o : , i r i  i n ccu la t i t r l r  \ \ l i s  c cmpa rab le  t o  f unga l  i nocu la t i on .
T I l e  i o rme r  t echn i t ; ue  c ( )u l d  t he re f r ) r e  he  reeon - ,mended  i n  p i ace  o f  l L i nga l  i r r ocu la t i on  rn
the  sc reen ing  o l '  P i p t ' r  f o r  l t r o l  r o r  r es i s t ance .  I i r c  ac i \ an tag rs  o f  uq ing  t i r x i ns  o l e r  f ung r l
i nocu ia t i ons  ue re  c l i s cussed .

T l - r e  s t udy  l u r l he r  sho r red  t ha t  I  d i s t i nc t  , s r ( - . L rps  o l  I ' i p t r  sp j l .  a re  p resen t :  t he  r cs i s t a i l t
g roup  cons i s t i ng  o i  P .  t t t ! u l t r i t i t u t t  and  P .  : ; t i l i t i r . ' i t t t ) s i o i !  and  t he  s r . r scep t i b l e  g roup  con -
s i s t i ng  o f  t he  -5  cu l t i i , ' a r s  o i 'P .  i r , i g r l r r i  na rne i r .Kuch ing .  I l ang i . : a .  D jamb i .  L . t h i r i i r r c c t t a
:Lnd  Be lan tung .
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