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Abstract

Growth parameters (seedling elongation, fresh and dry masses) and protein content of Cucumis melo were enhanced by
juglone (allelochemical occuring in the walnut family) treatment in pregerminative stage but decreased in
postgerminative treatment. Catecholase and tyrosinase activities were also increased in both treatments. Xylem vessel
radius of stem was enhanced significantly by the pregerminative treatment, whereas it decreased slightly by the
postgerminative treatment. However, bundle radius of stem was enhanced by both treatments of juglone. Stomata length
and number were not changed significantly. Xylem vessel radius of the stem was affected by juglone more than the other
parameters.
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xylem vessel radius.

The inhibitory effect of black walnut (Juglans nigra) on
associated plant species is one of oldest examples of
allelopathy. Juglone (5-hydroxy-1,4-naphthoquinone) is
an allelochemical responsible for walnut allelopathy
(Davis 1928, Rice 1984). Juglone has been isolated from
many plants of the walnut family (Juglandaceae)
including J. nigra and J. regia (Daglish 1950, Prataviera
et al. 1983). A colourless, nontoxic reduced form called
hydrojuglone is abundant, especially in leaves, fruit hulls,
and roots of walnut tree. When exposed to air or to some
oxidizing substance, hydrojuglone is oxidized to its toxic
form, juglone (Lee and Campbell 1969, Segura-Aguilar
et al. 1992). Rain washes juglone from the leaves and
carries it, into the soil. Thus, neighbour plants of the
walnut are affected by absorbing juglone through their
roots (Rietveld 1983). Walnut is toxic to both herbaceous
and woody plants (Funk er al. 1979, Rietveld 1983).
Juglone effects on plants are generally negative but it
may be beneficial on seedling growth of muskmelon
(Kocagaligkan and Terzi 2001). Juglone inhibits plant
growth by reducing rates of photosynthesis and
respiration (Hejl e al. 1993, Jose and Gillespie 1998) and
increasing oxidative stress (Segura-Aguilar et al. 1992).
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However, no information about the effect of juglone on
anatomical parameters is available. Therefore, the aim of
this study was to determine the effect mode of juglone on
physiological and anatomical parameters of muskmelon.

Seeds of muskmelon (Cucumis melo cv. Kisg kavunu)
obtained from Agromar Company, Turkey were surface
sterilized with 1 % sodium hypochloride. At least
20 seeds were placed in a Petri dish furnished with sheets
of filter paper. 1 mM juglone (Sigma, USA) solution was
prepared by dissolving in distilled water stirring at 40 °C
for 24 h (Kocagahgkan and Terzi 2001). 1 mM juglone
was used since it occur at this concentration in soil of
walnut plantations (Rietveld 1983). Jugione solution was
applied either before germination into Petri dishes
containing muskmelon seeds or into plastic pots with
Perlite containing 7-d-old muskmelon seedlings. Distilled
water was used as control for each group. Each treatment
was replicated three times and at least 20 seeds were used
in each replicate. After juglone treatments Petri dishes
and plastic pots were left in a plant growth chamber for
ten days (14-h photoperiod, irradiance of 54 W m?,
day/night temperature of 25/18 °C and relative humidity
70/80 %o).
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For measuring protein content and polyphenol
oxidase activities, 0.5 g of leaves was homogenized in
5cm’ 0.1 M phosphate buffer of pH 6.5 and centrifuged
at 3500 g for 10 min. The supernatant was used for
determining protein content by spectrophotometric
method (Spectronic 20D, Milton Roy, USA) of Bradford
(1976). Catecholase and tyrosinase activities were
determined  spectrophotometrically by  measuring
absorbances of reaction products at 430 nm (Kabar and
Kocagaligkan 1990).

For anatomical examination, seedlings were stored in
70 % ethanol. Later, cross sections from leaf and stem,
and superficial sections from subepidermal tissue of leaf
were taken. The fixed preparations were obtained fron
the sections in glycerine-gelatine medium, and the
sections were examined under light microscope. Leaf
Xylem vessel and vascular bundle radius of stem and
stomata length of leaf were measured using an ocular
micrometer.

Pregerminative  juglone  application increased
elongation of the muskmelon seedlings but post-
germinative application decreased it significantly. Fresh
and dry masses of the seedlings were also increased by
the pregerminative treatment of juglone, and they were
decreased by the postgerminative treatment (Table 1).
Juglone increased significantly protein content and
catecholase and tyrosinase activities of muskmelon in
both pregerminative and postgerminative treatments
(Table 1).

Vascular bundle radius of the stem was enhanced by
juglone in both pregerminative and postgerminative
treatments (Table 1). Stomata number and length of the
leaves were not affected significantly, although stomata
length was slightly less at the treatments (Table 1).
Radius of xylem vessels of the stem was increased by
pregerminative treatment of juglone but it decreased in
the postgerminative treatment (Table 1). Three layers of
palisade parenchyma in the leaves of juglone treated
leaves were observed while two layers in control leaves.

Furthermore, mesophyll tissue of the leaves was thicker
in juglone treatments than in controis (values not shown).
Hale and Orcutt (1987) indicated that while leaf surface
was reduced, its thickness was increased under several
stresses.

Juglone effects on muskmelon were different
according to application stage. Seedling growth is much
more sensitive to juglone than seed germination (Rietveld
1983, Tekintas er al. 1988, Dornbos and Spencer 1990,
Kocagaligkan and Terzi 2001). On the other hand,
seedling growth of muskmelon was enhanced
significantly by juglone and walnut leaf extracts in the
previous work (Kocagaliskan and Terzi 2001). The
growth stimulating effect was seen if juglone was applied
on seeds in pregerminative stage. The reason of the
negative effect of postgerminative application may be
connected with translocation of juglone from roots
directly to leaves by xylem vessels (Daglish 1950) and
thus it may disturb leaf photosynthesis and respiration.
The seed coat of muskmelon may be a barrier to
absorption of juglone at the beginning of seed
germination. On the other hand, some biochemical
mechanism in muskmelon seeds may detoxify juglone as
shown by Segura-Aguilar et al. (1992) for spruce seeds.
In our study the growth stimulating effect of juglone was
paralleled by increase in protein content, catecholase and
tyrosinase activities, and in xylem vessel and bundle
radius in the pregerminative juglone treatment. A similar
correlation was not seen in the postgerminative treatment.
This show that positive and negative mechanisms of

; juglone effect may be different.

Protein content was increased by juglone in both
treatments and this effect agrees with findings of Ranade
and David (1985) and Compton and Preece (1988).
Catecholase oxidizes catechol substrate as an oxidative
defence mechanism. Increase in the activities of catecho-
lase and tyrosinase may be a reaction againts juglone.

The effect of juglone on muskmelon seems to be
related to xylem vessel radius rather than to the other

Table 1. Effect of juglone on growth parameters, protein content, catachalose and tyrosinase activities, and some anatomical
parameters of muskmelon seedlings. Means + SD, n =3, * - significant in each treatment with respect to control at £ < 0.05.

Pregerminative treatment

Postgerminative treatment

control 1 mM juglone  [%] control 1 mM juglone [%)]
Elongation [em] 204+ 0.4 244t 0.5* 119.53 202+ 0.3 159+ 0.4* 7871
Fresh mass [mg] 400.0+11.0 430.0+ 9.0 107.50 4100+ 3.3 2000+ 3.3* 4878
Dry mass [mg] 129+ 0.5 136+ 0.3 105.42 166+ 0.2 13.1+ 02 7891
Protein [mg g'l(f.m.)] 5.8+ 0.0 6.3+ 0.0* 108.62 136+ 0.0 142+ 0.0% 104.41
Catecholase [Agog(fm)] 7.8+ 0.6 84+ 0.1* 108.33 6.1+ 0.1 11.7+ 0.1* 191.80
Tyrosinase [Agog'(Em)] 25+ 0.0 32+ 0.0 128.00 9.1+ 0.0 17.6 + 0.0% 193.62
Xylem vessel radius [pm] 455+ 52 527+ 4.7* 115.82 284+ 1.7 260+ 2.8 9154
Vascular bundle radius  [um] 3150115 372.0 + 30.4* 117.95 344.0+ 153 415.0+19.7¢ 120.73
Stomata number [mm™] 126.0 130.0 103.17 142.0 148.0 104.22
Stomata length {um] 33.0 328 99.39 232 22.0 94.82
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parameters.

Similar changes were typical for xylem vessel radius
and growth parameters. That is, xylem vessel radius was
increased with increasing growth in pregerminative
juglone treatment and decreased with decreasing growth
in the postgerminative treatment. Narrowing of the xylem
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