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Summary. A study was carried out to investigate the effect of light and darkness on the resistance of the peach
rootstock ‘Nemaguard’ to Meloidogyne incognita. Varying lengths of darkness were applied at different times af-
ter nematode inoculation to establish the effect of increasing levels of root-knot infestation as well as the effect
of increasing periods of darkness. When the nematode inoculated plants were completely shaded for four days
or more, gall formation on the roots was observed; phenylalanine-ammonia-lyase (PAL) level in the roots de-
creased significantly and the content of soluble phenols decreased in the roots but increased in the leaves. If
the plants were subsequently uncovered, the small galls previously formed during the darkening time disappea-
red; the PAL level increased greatly in comparison with that in natural condition; the content of soluble phenols
did not change evidently. The peroxidase isozyme pattern of the roots did not show clear difference between
the two treatments: a specific anionic band observed in the leaves of the shaded plants is postulated to be rela-
ted to hydrolysis from insoluble phenols to soluble ones. The mechanism of the plant resistance to nematode is

discussed.

The peach rootstock ‘Nemaguard’ is highly
resistant to the root-knot nematode Meloido-
gyne incognita. This resistance is due to the
walling-off of the giant cells initially induced by
the nematode and which in susceptible roots
provide a continuous source of nutrients for the
nematode. In the resistant rootstock the giant
cells gradually degenerate and as a conse-
quence the nematodes die (Malo, 1967).

Plant response to pathogen attack includes
the production of enzymes (Zacheo et al., 1982,
1983) which may degrade the pathogen (chiti-
nases or glucanases), or those whose products
form a physiological barrier (lignin, hydroxy-
proline-rich glycoproteins, callose) or lead to
the synthesis of defensive compounds (phytoa-
lexins) (Sharon er al., 1991) or to the break-

down of the root-knot induced giant cells (Gra-
ham and Graham, 1991). Some of the enzymes
involved in the plant response to pathogen at-
tack are dependent on light for their activation;
for example phenylalanine-ammonia-lyase (PAL),
which is the key enzyme of phenolic phenilpro-
panoid metabolism, is light-induced, being acti-
vated by light through phytochrome and deacti-
vated in the dark (Harborne, 1980).

There are several report which closely relate
PAL to resistance to plant pathogens (Ouyang and
Xue, 1988) but only a few refer to nematodes.

The present study explores the possibility
that lack of natural light induces susceptibility
to root-knot nematode attack in ‘Nemaguard’ by
deactivating the genes that require light for phe-
nilpropanoid metabolism.

—37—



Materials and methods

One-year old seedlings of peach rootstock
‘Nemaguard’ (Prunus persica x Prunus dasicar-
pa) were cut off 20 cm above soil level in the
spring, while the plant were still dormant. They
were then transplanted to plastic pots contain-
ing sterilized soil and each pot was inoculated
with 10,000 juveniles of Meloidogyne incognita
(Kofoid et White) Chitw.

The experiment consisted of covering batch-
es of seedlings with thick black paper for 72, 96
and 120 hours at 5, 8, and 15 days after nema-
tode inoculation, this latter to establish increas-
ing levels of M. incognita infestation in relation
to the increasing period of darkness (Table I).
Seedlings grown naturally acted as control.
There were three replicates of each treatment.

At the end of the treatments the following
data were collected: 1. number of galls on the
roots per plant; 2. PAL activity: rootlets were
washed thoroughly with distilled water and ho-
mogenized in ten volumes (w/v) of 0.2 M bo-

rate buffer, pH 8.8, with mercaptethanol and

0.2-0.3 mg of polyvinilpirrilidone (PVP) and
quartz sand with mortar at 4 °C. This material
was centrifuged at 20,000 g for 10 min, at 4 °C;
the supernatant was used immediately for en-

TaBLE 1 - Periods of darkness and light applied to ‘Neg-
maguard’ seedlings.

N° days after  Lengths of dark Lengths of

Treatment  inoculation with period uncovered period
M. incognita (hours) (hours)

1 5 72 96
5 72 0
2 8 96 192
8 96 0
3 15 120 168
15 120 0
Control 5 0 72
8 0 96
15 0 120

zyme assay; the reaction mixture contained 1
ml of enzyme extract, 1 ml of distilled water
and 1 ml of 0.02 M L-phenylalanine; the rate of
enzymatic reaction was measured spectropho-
tometrically at 30 °C by following the increase
in absorbancy at 290 nm after a period of 5 hrs;
3. protein content (by Lowrry); 4. soluble phe-
nols: 20 mg of dried samples were extracted in
2 ml 80% aqueous methanol for 1 hr stirring,
and reiterating it four times; after centrifugation
at 10,000 g the pellet was re-extracted twice
with 2 ml of the same solvent for 10 min; the
combined extract was used for spectrophoto-
metric determination of soluble phenols with
Folin-Ciocateu solution at 650 nm; 5. electro-
phoretic analysis of peroxidase: starch gel elec-
trophoresis was performed as described by
Quarta and Arnone (1987). All data were
statistically analyzed for differences between
averages.

Results

‘Nemaguard’ seedlings subjected to extensive
periods of darkness developed small galls on
the white fibrous roots, the number of galls in-
creasing as the dark period was extended (Ta-
ble ID. However, there were very few galls on
those plants that were exposed to natural light
for 168 or 192 hours after the dark period. No
galls were found on roots of plants that were
kept in the dark for 72 hours (Table ID).

PAL activity was significantly reduced when
the plants were subjected to darkness, but there
was a rapid recovery of activity when the plants
were then exposed to light for about one week
(Fig. 1).

The leaves and roots of treated plants dif-
fered with respect to their phenol content. Phe-
nol decreased in the roots of plants exposed to
periods of darkness and did not increase when
the plants were re-exposed to light (Fig. 2).
However, exposure to darkness increased the
soluble phenols content in the leaves (Fig. 3)
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TaBLE IT - Number of galls recorded on Meloidogyne in-
cognita inoculated ‘Nemaguard’ trees grown in diffe-
rent light conditions.

Treatment
Number of galls
Darkness Light
72 - 0
96 - 3
120 - 10.3
72 96 0
96 192 0
120 168 1
5 -
1 A
4-

Optical density / mg of protein/ g of f.w.

which was then reduced when the plants were
re-exposed to light; the main differences were
found between dark and light at 72 and 120
hours.

Peroxidase isozyme patterns (Fig. 4) showed
three anionic bands, designated Al, A2 and A3,
and one cationic band, C1, in the roots. There
were no differences among the three treat-
ments. On the contrary, the leaves showed four
anionic bands, designated from Al to A4, with
one visible cationic band. A1 was constitutive,
stronger staining, and its level increased in the
leaves of the plants grown in darkness. A2 only
appeared in the leaves of these treatment. A3

—=— light
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Fig. 1 - PAL activity in ‘Nemaguard’ plants grown in different light conditions for increasing time after inoculation with Me-

loidogyne incognita.

- 39 —



70 4

65 4

(2]
o
1 1

[4;]
[3,]
1

o
o
1

KN
(&)
1
’

Optit;al‘- density / mg of protein / g of f.w.

S
=)
I

—a— light
----- »--- dark
---+-- restored

72

Hours

Fig. 2 - Soluble phenols in the roots of M. incognita inoculated ‘Nemaguard’ plants grown in different light conditions for

increasing times.

and A4 were more weakly staining and there
were no differences among treatments, al-
though A3 was somewhat stronger in the plants
grown in darkness.

Discussion

When M. incognita inoculated ‘Nemaguard’
were maintained in darkness for a long period,
a few galls appeared in the roots and PAL activ-
ity decreased significantly. It is postulated that
the decrease of PAL activity is linked with the

decline in plant resistance, as already indicated
with resistance to other pathogens (Dixon and
Lamb, 1990; Ouyang and Xue, 1988). The prod-
ucts of the PAL reaction are phenolic com-
pounds, and our experiment shows that in
darkness they did not decrease as the PAL level
in the roots, suggesting a mechanism of action
of the light on the resistance reaction; it is pos-
tulated that in such a defensive process the per-
oxidases play a key role, causing the polymer-
ization of phenolic substances (with thickening
of cell walls) by the peroxidase isozymes, pro-
moted by light, while the PAL is a prerequisite
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for the subsequent event. Thus; when the
plants were kept in darkness, PAL and peroxi-
dase were inhibited, leading to the decline of
nematode resistance. This can explain why, in
our experiment, the soluble phenols content
did not evidently decrease when PAL level dra-
matically decreased in the roots and why, when
light conditions were restored, PAL level in-
creased but phenols content did not.

It is also hypothesized that the ‘Nemaguard’
resistance to nematode infestation is directly re-
lated to the content of soluble phenols in the
plants.
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Fig. 3 - Soluble phenols in the leaves of M. incognita inoculated ‘Nemaguard’ plants grown in different light conditions for

increasing times.
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Fig. 4 - Peroxidasic isozymes pattern from roots and leaves of ‘Nemaguard’ peach rootstock; the plants were completely
darkned for 72 hours five days after inoculation with M. incognita, then uncovered for 96 hours and analyzed.
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