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Abstract

Experiments were conducted to study the intraspecific variability among five isolates of
black pepper (Piper nigrum) foot rot pathogen, Phytophthora capsici, in its nutritional prefer-
ences and isozyme profiles. The carbon sources most suited for the vegetative growth of the
isolates were sucrose and glucose, followed by starch, fructose, cellulose and maltose. Among
the nitrogen sources, the L-isomers of the amino acids, glutamate, proline, aspartate, aspar-
~ agine, histidine, serine, arginine and glycine, and also the organic sources of nitrogen,

urea, yeast extract, casein hydrolysate, peptone and tryptone supported good growth. Among
the vitamins studied, only thiamine was essential for vegetative growth of P. capsici. A con-
siderable degree of variation was observed among the five isolates in their preferences for
nutrient sources for their optimal growth. From the isozyme profiles of esterase, acid phos-

phatase, superoxide dismutase and catalase systems, the similarity between the isolates ranged
between 25.0%-44.7%.
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Introduction

Phytophthora spp. Oudemans & Coffey (1991
Phytophthora capsici (Leonian) is one among yor e y( )

the 43 species known to exist in this remark-
able genus (Waterhouse et al. 1983). P. capsici,
the pathogen of black pepper (Piper nigrum
L), had previously been described as P.
Palinivora ‘MF 4’. Based on extensive studies
ON comparative morphology and physiology,
tWas proposed to merge the two species and
i€designate it as P. capsici Leonian emend,
adeh and Tsao (Tsao & Alizadeh 1988).
| Capsici is the causative agent of foot rot,
: Most destructive of the diseases reported
M black pepper (Sarma et al. 1991).

Mraspecies variability is common in

used isozyme analysis to examine intraspe-
cific diversity in isolates of P. capsici, includ-
ing those previously identified as P. palmivora
‘MF4’, and separated these into three sub-
groups, namely, CAP1, CAP2 and CAP3. The
subgroup species of CAP1 were widely dis-
tributed geographically on a range of hosts
including Capsicum spp., tomato, cucurbits,
cocoa and black pepper and contained the
greatest amount of diversity. CAP2 isolates
were found primarily on black pepper and
CAP3 isolates were the most geographically
restricted. This study attempts to understand
the variability among five isolates of P. capsici,
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isolated from black pepper plants, based on  Table 1. Source of Phytophthora capsi
Isolate Source of Place of

ferences and isozyme poly-
collection

the isolate
Kodagu, Karnataka

their nutrient pre

morphism.
Materials and methods p128  Rhizosphere
; a1 S . P57 Root Wayanad, Kerala
Intraspectes variability based on nutrient pjag  Collar Ponnumbeta, Karnataka
preferences p158  Stem girsi, Karnataka
p200  Leaf Bhagya, Karnataka

Five isolates of P capsici were selected from
the National Repository of Phytophthora main-
tained at the Indian [nstitute of Spices Re-
search (ICAR), Calicut (Table 1).

ested for pathogenicity
tificial inoculation and
marginal variation in
virulence, purified on selective antibiotic
PVPH medium (Tsao 1970) and maintained
on 20% carrot agar medium (Ribeiro 1978).
obtained from

8 g of carbon, equivalent to the concentra-
tion in the original Bartnicki-Garcia media,
which contains 20 g 11 of glucose. All the
treatments were compared against a control
lacking carbon source.

s tested were, L- stereoi-
ds: alanine, aspartic

All the isolates were t

on black pepper by ar

found virulent, with The nitrogen source

somers of the amino aci
acid, arginine, asparagine, cysteine, cystine,
glutamine, glutamic acid, glycine, histidine,
isoleucine, leucing, lysine, methionine, phe-
11ylalan'me, proline, serine, threonine, tryp-
tophan and valine; and the organic sources:
urea, casein hydrolysate, peptone, tryptone
and yeast extract. The inorganic sources
tested were, ammonium chloride, ammonium
nitrate, ammonium phosphate, ammonium
sulfate, calcium nitrate, potassium nitrate and
sodium nitrate. All the nitrogen sources were
used in amounts equivalent to nitrogen in 2
g of asparagine; the polymers casein hydroly-
sate, peptone, tryptone and yeast extract were
used at 2 g 1. The dry weight of mycelia of
the treatments was compared with a control

Two discs of 5 mm diameter,
margins of 72 h old cultures were incubated

at 25°C in 100 ml conical flasks containing
25 ml of Bartnicki-Garcia liquid medium
(Bartnicki—Garcia 1966). The carbon and ni-
trogen sources and vitamins of the original
media were substituted by the nutrient
sources under study. The pH of the medium
was adjusted to 6.5 using 6N KOH, for all
treatments. The media were sterilized in 20
ml volumes at 121°C and 1.5 kg cm? pressure
for 20 min. Later 5 ml of sterilized 10 X glu-
cose solution was measured into each flask

aseptically. The glucose solution was auto-
claved separately since toxic substances have lacking nitrogen sources.

been reported tobe for.med Wher} gluenas and  The B vitamins tested were, thiamine,
| amino acids including as- : g : et ok .
: flavin, nicotinic acid, pyrldoxme and inosl-
paragine are autoclaved together (McKeen ey o |
b e = Sy tol. A combination of the above vitamins, al
1956). Four replications were maintained for 4 , :
: : , at 1 mg 1" concentration were tried, namely;
each treatment. After 10 days of incubation, ; . . e
i il Lt of mycelia was recorded all the above five vitamins; all but thiaminé;
y Welg ¥ ' all but riboflavin; all but nicotinic acid; a
ources tested were, the pentoses:  but pyridoxine and A1l but inositol. All glass™
e and D-xylose; the hex- ware were washed with chromic acid an
oses: D-fructose, D-glucose and D-galactose;  rinsed with distilled water before use to check
the disaccharides: sucrose, maltose and lac- contamination with traces of vita
tose; the polysaccarides: starch, cellulose and above treatments were c
pectin; the carboxylic acids: glycerol, D-man-  control lacking vitamins. .

nitol and D-sorbitol; the organic acids: lac- g 1 sl
id, succinic ariability basea on isozyme pr

ribo-

any one of severa

The carbon s
D-arabinose, D-ribos

Intraspecific v

¢ acid, fumaric ac
mm each, of the f

tic acid, maloni
acid and L (+) tartaric acid. All these carbon Five discs of 10 ]
unts that contained  of . capsici, maintained on 20% carrot 484
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mins. All thESs
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ive isolatéss
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ture w :

, were incub 5

; at
Bartnicki- ed in

and maltose f
or their ve ;
lose was less effectively getative growth; xy-

bon sou : used whi

r : ile
5 ces like sodium citr ‘ other car-
port growth ate did not sup-

at all.
of carbon of the ;ifh? preference for source
order was: ¢ isolates, in descending

. Garcia medi 100 ml volumes of

sultin : ium for 7 d

in 5 mgl rgfygeé?l mat (3 g) was hoarii; Teh§ re

. : M Tris. HCI buffer atgﬂlzed

0.1% and EuCg/steme. HC1 0.1%, ascorl?ic e

centrifuged rose 17%. The homogenat =

above extra it 26,000 x g for 30 mine frvas P128: S

Supermsl ction was done at 4°C anc he o ucrose, glucose, starcl
ant used for isozyme Studiei,nd the e, maltose, cellulose, ch,

fructose, xy-

7 4

Polyacrylamide gel electropl
. lose, maltose, xylose

was performed in

) the mini-
C(Jgenel vertical slab gel eliemt :
(Genei, India). The dimC .
were 8 x 7 x 0.1 cm. Thee

performed on a
2.5% :
of 05M Tri (o] StaCklng gel consisH
resolvin rlsl' HCl, pH 6.8 buffer anslshllg
E o Dl Tho oot O T Hc17'5 4
' r. The res ' ' » PH
0.025M Tris ervoir buffer i
and - contain
cording to the me(t)llilong fglycme, pH 8.3, aec(iI P128 used sucrose, gl
extr?ct (50 ul) was IOad:d Hames (1994). The tose equally well, Prlggucose, starch and fruc-
sf;r[i?d out at a cc.nstantai/r’lgl Separation was etative growth ~12 tin?:sd P57 exhibited veg-
thectrmg was achieved and the:: L;nm proper Sﬁmp“ed to control. P1488reater s
The S?ac.kl_ng dye reached the enad I‘Sfo;f dail citoutt 10 times more in SLlCrand 1;158 il
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SOD) (E (1975) for super. '°F than either g RSO0 G gl
; (EC 1.15.1.1); and times glucose or fructo
nikam (1992) fo i A of ¢ greater growth than i se and 13
r acid phos- of P200 in sucrose, ¢l 1 control. Growth
the gels starch were on par » glucose, fructose and
and the bands )
ed and zymo-

noresis (PAGE)
ual model of the
ophoresis system
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over 13 times as much growth as in
control; it did not prefer calcium nitrate,
potassium nitrate, yeast extract and threo-
nine, while the other three isolates did not
prefer threonine alone for their growth. P128
and P148 grew the most in the presence of
Glu and Pro, over 12-17 times that of con-
trol, P158 grew least on Trp.

Among the B vitamins, only thiamine was
found essential for vegetative growth of P.
capsici isolates and growth of all the isolates
were equally poor in both control and the
treatment containing all vitamins except thia-
mine. Vitamin requirement did not vary much
among isolates (Table 2).

In summarising this study, xylose scored
better than the one reported by Roncadori
(1965), where it supported only traces of
growth in different species of Phytophthora.
This study is largely in accordance with the
review by Hohl (1983) on the nutrition of
Phytophthora, where the best carbon sources
have been identified as sucrose and glucose,
followed by fructose, maltose and starch and
that hexoses were generally preferred; the
best nitrogen sources were the L- isomers of

playing
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asparagine, arginine, proline, alanine, histi-
dine, serine, glycine, threonine, glutamate,
aspartate and glutamine and of the inorganic
sources - nitrates. The ability to better uti-
lize the oxidized form of nitrogen, as seen in
our isolates, compared to the reduced form
in ammonium salts, is considered a primitive
trait by Cantino & Turian (1959). That only
thiamine is required of the B vitamins is sup-
ported by the report of Cameron (1966) for

the genus Phytophthora.

Isozyme profile

Isozymes separated by native discontinuous
gel electrophoresis gave distinct patterns for
esterase (Fig. 1) and acid phosphatase (Fig.
2). A total of 15 distinguishing bands were
present in the acid phosphatase zymogram
and the esterase zymogram had six distin-
guishing bands. Catalase (Fig. 3) and super-
oxide dismutase (Fig. 4) zymograms grouped
the five isolates into two—one containing
P128 and 200 and the other of P57, 148 and
158. In the SOD zymogram, the isolates P57,
148 and 158 were distinguished by the pres-
ence of an additional anodic band of Em 0.618.
The paired affinity indices (per cent similar-

Table 2. Effect of combination of vitamins on vegetative growth of isolates of Ph
Treatment Isolate Mean
P128 P57 P148 P158 P200
Control (no vitamins) 0.024 0.029 0.022 0.024 0.023 0.024
All 5 vitamins 0.191 0.202 0.234 0.195 0.192 0.203
All but thiamine 0.024 0.025 0.026 0.023 0.023 0.024
All but riboflavin 0.214 0.200 0.240 0.221 0.169 0.209
All but nicotinic acid 0.181 0.198 0.238 0.220 0.192 0.206
All but pyridoxine 0.182 0.191 0.242 0.210 0.191 0.203
All but inositol 0.152 0.195 0.237 0.213 0.185 0.196
Mean 0.138 0.149 0.177 0.158 0.139
0.007 0.012 0.003 0.007 0.011

CD (P=0.05) Within isolates

CD (P=0.05) Between isolates=0.003,
Values indicate dry weight of mycelium ing

able 3. Paired affinity indices (%

P57
16/47(34.0%)

Isolate P128

P128 -
P57

P148

P158

P200

similarity) between five isolates of Phytophthora capsici based 0

T
hosphatase, esterase, catalase and SOD isozyme rofiles 4
P158 P200

_P158 e e
12/42(28.6%)
14/44(31.8%)

p<_0.0000; Between treatments=0.003; p<0.0000

P148

11/42(26.2%)
20/45(44.4%)

10/40(25.0%)
17/43(39.5%)

17/38(44.7%) 13/39(33.37

= 1 3/37(35.1%.);;‘

-

ytophthora capsici

nacid

F capsiziisolates

t1g. 3. Catalase zymogram of Ph

sblates ytophthora capsici

it ) were w
v Orked out 9 .
Dased on the for the five isolates,

TQJ above isozyme
1able 3). It varied betwee):l a 15‘{}\]19;0;}57%‘;5
. 0

dmong the jsolates P12

I 8 and 158 and 9

iwesg Iljﬁg and 148, to a high of 525‘2
e s Thanf:l ?58 and 44.4% betw‘een
e ,'501. e similarity between the other

_. ates were of intermediate values

Niraspecific variabilit
y between P, ci i
:i(;;llicgl k:ﬁ qw.uantified with greiiilzésg:
g (198259) 1§ozyme profiles. Sarma &
e ave .al.ready described the
- capsici. Though this study

S

P12
P158 P20

P8l Piag

Feapsiiisolates

Fig. 4, Sy i i
- ouperoxide dismutas
Phytophthora capsici isolates S mestam of

compri
Objegi;:?vgzimly.a small population size, the
o o differentiate between isollates
el 1tr)l‘r ‘sourcels. The reasonable de-
firae baSEda ility polhced among the five iso-
. St(;n their isozyme profiles of four
Shgpme ;fitr ms, helpe(‘:l confirm those based
- R ofg'en nutrient preferences, The
oy e (1; isolate P200 from the rest of
g2 L as.ed or} the nutrition studies
e fr?lty w1.th the results from the;
mOderatepSi?nl.les,. as it showed only low to
W ilarity with the remaining iso-
veral workers have conducted sim?—

85

Variability i
it
¥ in Phytophthora capsici isolat
Rm 1.0 )
Rm 1.0
08 .
— 08
| = - = =
| 08 B T
04 N = o= -
0l mese  Frew
02 ==
L o o o 02 —
0 -
3
§ P128 P5
% T P PIs3 Puo '
: F capsiciisolales o i
P49 PS8 pa
+ 1. Esterase zy zm
E ! mogram i
i g LE gram of Phytophthora capsici ~ Fig. 2. Acid foae
| - 2. Acid phosph
| i phatase
Phytophthora capsici isolates L
Rm 10
08
08
06 —_—
L 06 =
04
B o 04
02
a 02
Pz P57 Pl4g Pi5g P200




86

lar studies on Phytophthora spp- variability
based on isozyme polymorphism (Nwaga et
al. 1990; Oudemans & Coffey 1991; Mosa et

al. 1993).

According to Roncadori (1965), it is doubt-
ful whether preferences for carbon sources
can be used for species separation since varia-
tion was noticed between both isolates of
same species and occasionally among repli-
cates of an isolate. Although the present study
has demonstrated variability among P. capsici
isolates, these isolates did not differ in their
virulence on black pepper. Probably more
hosts and cultivars should be tested for their
reaction to these isolates to find out possible
variability in their virulence also.
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