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Abstract

Gel filtration of an alkaline extract of the cortical parenchyma yielded four
fractions of which two had activity in vitro on the growth of Phytophthora
cactorum. Fraction I was stimulatory and fraction IV inhibitory; one of the
inhibitors in fraction IV was identified as phloridzin. When the extraction
solvent contained sodium sulphite in addition to sodium hydroxide, fraction
II showed inhibitory activity.

INTRODUCTION

Collar rot of apple trees caused by Phytophthora cactorum occurs
in many European countries as well as in the United States. Field obser-
vations by the authors confirm that there is much variation in suscepti-
bility to this disease. The cv. Cox’s Orange Pippin is highly susceptible
(Sewell, Wilson 1959) as are some vegetative rootstocks (Fischer
1966; McIntosh and MacSwan 1966). Changes in the susceptibility
of particular apple varieties during the growing season have been noted
(Braun, Nienhaus 1959). It has been suggested that the explana-
tion of susceptibility may be largely mechanical —a property of the
cortical tissues (Schwinn 1965a, 1965b). Based on studies by Luck-
will, there have been attempts to explain the varieties in susceptibility
as being concerned with variation in levels of growth substances present
(Braun, Nienhaus 1959). However, Ku¢ and co-workers (1959),
Holowczak and co-workers (1962), working with apples, reported
increased resistance to Venturia inaequalis, the apple scab fungus, when
D — and DL — phenylalanine were applied to susceptible varieties. They
suggest that this resulted in an increase in phenolic substances in the
plant, two of which, phloretin and phloretic acid (hydrolysis products
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of phloridzin) were identified. Further evidence of the activity of phlo-
ridzin in apple tree-parasite physiology has been reported by Good-
man and co-workers (1967) in Erwinia amylovora infections.

Schwinn (1965a, 1965b), however, reported that, in witro, phlori-
dzin only affected the germination of zoospores and mycelial growth of
Phytophthora cactorum at very high concentrations (0.1% and 1.0%).

Recently both stimulatory and inhibitory fractions affecting P. cac-
torum have been reported as occurring in the cortical parenchyma
tissue of the apple (Borecki and co-workers 1970). A third active
fraction has been revealed (Millikan, Glowinkowska 1970)
following the addition of sodium sulphite to the extraction solvent. The
current work was done to confirm these findings and to investigate
these fractions more closely.

MATERIALS AND METHODS

One-year-old shoots of apple trees cv. Hibernal were used. The bark
was removed and samples taken of the cortical parenchyma tissue. After
storage at a low temperature, the tissue was dried. 5 g aliquots of the
tissue were extracted at 4°C for 90 min using the following extraction
solvents (A) 50 ml 0.01N NaOH, (B) 50 ml of 0.01N NaOH -+ Na,SO,,
(C) 50 ml 0.01N NaOH -+0.01% sodium diethyldithiocarbonate (DIECA).
Both Na;SO; and DIECA are inhibitors of oxidative enzymes. The extract
was filtered through gauze and centrifuged at 16000 rev/min for 10 min
using a Unipan type 317 centrifuge. The supernatant was chromato-
graphed on Sephadex-G25; 35 ml was applied to a 4 X 40 cm column
which was developed with 0.02M phosphate buffer pH 6.7, at a flow rate
of 0.5 ml/min and the eluate collected in 10 ml fractions. The absorption
of each fraction was measured at 254 nm and the contents of the appro-
priate tubes were combined to give fraction I, II, III and IV correspond-
ing to the absorption peaks at 254 nm (Fig. 1).

The effect of the four fractions on the growth in vitro of P. cactorum
was studied. Three kinds of 3% agar media were used; 8% brewer’s wort
agar; corn meal agar; and a mineral medium containing 24 g sucrose,
4 g NaNQOg, 4 g KH,PO,, 1 g KCI and 0.6 g MgSO, - TH,0. The tested frac-
tions filtered through a bacteria-proof filter of pore size 0.22 um, and
3 ml was added to 3 ml of medium in 5 cm petri-dishes. Inoculum was
added in  uniform amounts, incubation was at 25°C, and all tests were
replicated between 6 and 10 times. The diameter of the fungal colonies
was determined after 3 to 5 days. The strain of P. cactorum used was
originally obtained as isolate 15 from Columbia University, Missouri,
U.S.A. The other cultures used in tests were obtained from diseased
trees at the Institute of Pomology, Skierniewice.
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RESULTS

Sephadex chromatography of the extracts obtained using the three
different extraction solvents revealed the existence of four peaks of
ultraviolet light absorption (Fig. 1). Two biologically active fractions
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Fig. 1. Sephadex chromatography of NaOH extracts of cortical parenchyma tissue
of ‘Hibernal’ variety of apple. From left to right peaks numbers I to IV

Table 1

The influence of Fraction groups I, II, and IVe obtained
from the cortical parenchyma of the wood of apple cv.
Hibernal on the growth of Phytophthora cactorum after

3 days at 25°C

- Dianiet.er of colonies (mm)? on agar
Fraction | . .
Corn meal Mineral medium
I 375 36.6
II 15.6 15.0
v 15.0 12.2
Distilled
water 349 26.6

using 0.1N NaOH + Na;S0,;.
b Means values for 6 to 10 replicates in each case.

a Fractionation was on Sephadex-G25 of an extract obtained
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Tab

The influence of fraction groups I, II, and IVe obtained from the cortical paren

on brewer’s wort

: Phytophthora Phytophthora Phytophthora
Fraction ‘ cactorum 15 cactorum 9 Dbarasitica
I |i 33.0¢ 32.0¢ 43.5¢
11 | 2.25 no growth no growth
. v .J 23.0 20.4 22.2
| Distilled
| water J 28.7 29.7 445

a Fractionation was on Sephadex G-25 of an extract obtained using solvent (B) con-
Mean diameters (mm) of 6 to 10 replicates measured after 24 h(b), 72 h(c), and 8 days(d).

were found in both the NaOH (A) and the NaOH + DIECA (C) extracts.
Fraction I exhibited a stimulatory effect on growth in vitro in P. cac-
torum in contradistinction to fraction IV which was inhibitory. Follow-
ing the use of NaOH + Na,SO; (B) as an extraction solvent, fraction II
became markedly inhibitory to the fungus (Table 1).

Studies of the effect of active fractions on the growth of other patho-
genic fungi revealed considerable similarity of action on fungi in the
Pythiaceae (Table 2). An exception was an unidentified species of Pyt-
hium sp. (No. 1).

Molisch tests indicated the presence of sugar in fractions I, II and IV.
Fehling’s test revealed reducing sugars in fraction II. The use of solvent
(B), NaOH+ Na,SOs, as will be mentioned in the discussion, allowed
the detection of sulphur in fraction II. It was also demonstrated that
sodium sulphite and DIECA used directly in the culture medium inhi-
bited the growth of P. cactorum.

When fraction IV was kept at 4°C for 24 h, a substance crystallized
out. After filtering and drying this material had an inhibitory effect on
the growth of P. cactorum at a dilution of 100 ppm. Tests showed that
this substance contained sugar (Molisch test) and its colour reaction with
ferric chloride indicated the presence of a phenolic compound. Since
a major phenolic component of apples is the glycoside phloridzin (P o d-
stolski and Lewak 1970), the properties of phloridzin and the cry-
stalline material from fraction IV were compared. The two compounds
had identical R; values after paper chromatography in each of three
different solvent systems and in addition gave identical absorption
maxima when their spectra were measured at three different pH values
(Table 3). Furthermore synthetic phloridzin was found to have an inhi-
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le 2

chyma of the wood of apple cv. Hibernal on the growth of various parasitic fungi
agar at 25°C

Pythium Pythium Pythium ' Nectria Leucostoma
ultimum sp. 1 sp. 2 ’ galligena cincta
: _ & -
39.3b 21.5b 52.5b ‘ 30.0¢ i 28.5¢
6.5 22.7 | no growth | 13.5 : 22.8
10.0 29.0 | 38.3 | 29.2 30.5
| | |
| |
39.8 | 378 | 532 | 30.3 325

taining NaOH + Na,SO,.

Table 3

Rj values and the effect of pH on the UV extinction for synthetic
phloridzine and the crystalline material from fraction IV

5 Solvents * max (mu) at pH |
| Material ’ ——— — S ——
r A | B ‘ e 2.0 ‘ 6.5 ‘ 12,0
| . E — 1 R T
| Phloridzin | 041 | 072 | 017 283 283 | 323
Compound | ’ i I
| from 5 ‘ | [
Fraction IV | 0.41 | 0.72 | 0.17 284 284 I 323

* Ry values, using Whatman No. 2 filter paper. Solvent details:
A — Isopropanol : ammonium hydroxide : water, 80 :5 : 15,
B — Butanol : acetic acid :watér, G:1: 3
C — Butanol : ammonium hydroxide : water, §:1: 1,

bitory effect on the growth of P. cactorum which increased proportio-
nally with increasing concentration (Table 4).

During March 1971, inoculation experiments were done on one year
old shoots of ‘Hibernal’ and another variety ‘Antonovka’. The latter
variety is the less susceptible of the two to P. cactorum infection and
contains more phloridzin (Table 5).

DISCUSSION

The examination of cortical parenchyma tissue extracts has revealed
the existence of several biologically active fractions influencing the in
vitro growth of Phytophthora cactorum and some other bark and xylem
pathogens. Similar results were obtained in 1970 by Millikan and
Glowinkowska (1970) in their work on extracts from the ‘Grimes’
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Table 4 Table 5
The influence of different con- Susceptibility of e¢v. Hibernal and ev. Antonovka
centrations of phloridzin on of apple to P. cactorum infection and the phlo-
growth of P. cactorum ridzin levels in the cortical parenchyma tissues
= = S of these varieties
Coticeti- Diameter o.f —_— — —————
tration Iungiuns rc;o;:)mes Length of necro-| Mg phloridzin
- Apple sis on one-year | per g of cortical
Cultivar |old shoots in mm [parenchyma tissue,
0.0 ppm 34.1 after 8 days dry weight
100 ppm 325
250 ppm 31.3 ———
500 ppm 29.1 Hibernal 41.00 19.00°
1000 ppm 26.1
I S Antono-
vka 247 40.18

a Mean of 10 replicates.
b Note that the data do not represent the total
phloridzin contents in subcortical tissue.

and ‘Starking’ cultivars of apple. In our work, the ninhydrin, xantho-
proteic and biuret reactions were negative indicating that there was no
protein in the active fractions. This result is not, however, consistent
with the suggestion of Millikan and Glowinkowska (lc) that
their active fractions are protein. The sulphur detected in fraction II
when the extracting solvent (B), NaOH + Na,SO; was used suggests
the formation of a sugar-sodium sulphite complex that might be respon-
sible for the inhibitory action of the fraction II. No sulphur, and no
biological activity, in this second fraction was detected when the (C)
extraction NaOH + DIECA was used.

These results contradict the statement (Millikan and Glowin-
kowska 1970) that fraction II contains a natural endogenous inhibitor
of Phytophthora cactorum,

The substance contained in fraction IV was identified as phloridzin.
Podstolski and Lewak (1970) have drawn attention to the role
played by this substance in the physiological processes connected with
growth and development of apple trees. Barnes and Williams
- (1961) and Goodman et al. (1967) have shown that phloridzin and
its components influence the susceptibility of apple trees to infection by
apple scab. These authors also noted the antibacterial activity of phlo-
retin (the aglucone of phloridzin) against Erwinia amylovora.

In the light of the results presented, the statement made by
Schwinn (1965a, b) that phenolic substances, including phloridzin do
not play any part in the mechanism of the resistance of apple trees to
P. cactorum would appear to be incorrect.
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The general occurrence and considerable concentration of phloridzir.
in different tissues of apple trees (Podstolski and Lewak 1970),
and the greater content of this substance in the bark of a variety less
susceptible to P. cactorum, gives considerable ground for considering
phloridzin as one of the factors influencing the resistance of apple trees
to ring rot of the bottom of the trunk.
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Wplyw substancji endogennych, zawartych w tkance migkiszu korowego
jabloni na wzrost in vitro grzyba Phytophthora cactorum (Leb. of Cohn)
Schroeter

Streszczenie

Dwie frakcje zawarte w ekstrakcie uzyskanym z tkanki migkiszu korowego
jabloni odmiany ‘Hibernal’, wykazywaly biologiczne dzialanie na wzrost in vitro
grzyba Phytophthora cactorum. Frakcja I dzialala jako stymulator a frakeja IV
jako inhibitor.

Stosowanie roztworu NaOH + Na,SO; do ekstrakeji spowodowalo powstanie
wlasciwosci inhibicyjnych we frakecji II. Inhibicyjne dzialanie drugiej frakcji moze
byé spowodowane wytworzeniem sie kompleksu cukrowo-siarczyno-sodowego.

Substancja dzialajaca jako inhibitor we frakeji IV =zostala zidentyfikowana
jako florydzyna. Poréwnujac zawartosé florydzyny w tkance migkiszu korowego
dwéch odmian jabloni: ‘Hibernal’ i ‘Antonéwka’ stwierdzono zalezno$¢ pomiedzy
podatnoscia odmiany na porazenie przez grzyb P. cactorum a iloscia florydzyny
w tkance.

Przeprowadzono takze do$wiadczenia nad wplywem roéznych frakeji na wzrost
in vitro réznych gatunkéw grzybéw patogendéw kory i drewna. Grzyby z rodziny
Pythiaceae, z wyjatkiem jednej formy Pythium sp. reagowaly na inhibitor zawarty
we frakeji II, a w mniejszym stopniu na inhibitor zawarty we frakeji IV.
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