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Elongation, fresh and dry weights of muskmelon seedlings (Cucumis melo cv. Kis kavunu) were
enhanced by juglone in intact seeds. In the case of coatless seeds, root elongation decreased but fresh
and dry weight of the seedlings were increased by juglone. While protein content was slightly increased
by juglone in cotyledons of intact seeds, it did not change significantly in coatless seeds. Catechol
oxidizing activity of polyphenol oxidase (PPO) enzyme increased in cotyledons of juglone treated intact
seeds whereas it did not change significantly in coatless seeds.
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INTRODUCTION

The chemical interactions that occur among living orga-
nisms including plants, insects and microorganisms are
called allelopathy, and the organic compounds involved
in allelopathy are called allelochemicals. The release of
allelochemicals from plants occur by volatilization, leach-
ing from leaves, exudation from roots and degradation of
dead plant parts. All parts have been shown to contain
allelochemicals but leaves and roots are the most
important sources. Allelochemicals become stressful
when they are toxic. Sometimes a single chemical pro-
duced by one organism is harmful to another but benifical
to a third organism (Whittaker and Feeny, 1971; Rice,
1979; Hale and Orcutt, 1987; Rizvi and Rizvi, 1992). In
addition temperature was the most effective agent in
enhancing synthesis and exudation of allelochemicals
(Pramanik et al., 2000).

The inhibitory effect of black walnut (Juglans nigra) on
associated plant species is one of the oldest examples of
allelopathy. The chemical responsible for walnut allelopa-
thy is juglone (5-hydroxy-1,4-naphthoquinone) (Davis,
1928; Rice, 1984). Juglone has been isolated from many
plants in the walnut family (Juglandaceae) including
Juglans nigra,Juglans regia and others (Daglish, 1950;
Prataviera et al., 1983). A colourless, nontoxic reduced
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form called hydrojuglone is abundant, especially in leav-
es, fruit hulls and roots of walnut. When exposed to the
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 has
been reported to be toxic to both herbaceous and woody
plants (Funk et al., 1979; Rietveld, 1983).

Juglone’s allelopathic effects on plants are generally
toxic but beneficial to some. In the previous study, it was
found that seedling growth of tomato, cucumber, garden
cress and alfalfa were inhibited strongly by juglone and
walnut leaf extracts, but seedling growth of muskmelon
was increased by the treatments (Kocagaliskan and
Terzi, 2001). Since positive allelopathic effect is rare in
nature, positive effect of juglone on muskmelon was
found interesting. Thus, it was investigated later by treat-
ing the muskmelon seeds with juglone in pregerminative
and postgerminative stages. In this case, pregerminative
juglone treatment caused positive effect on muskmelon
but postgerminative treatment was contrarily (Terzi et al.,
2003). In the same study, it has also been suggested that
seed coat of muskmelon may be a barrier to restrict
absorption of juglone at the beginning of seed germina-
tion (pregerminative stage). Therefore, the objective of
this study was to compare juglone’s effects on the intact



and coatless seeds of muskmelon to test the seed coat
barrier hypothesis.

MATERIALS AND METHODS
Juglone application and experimentation

Seeds of muskmelon (Cucumis melo cv. Kis Kavunu) was obtained
from AGROMAR Company, Bursa, Turkey were surface sterilized
with 1% sodium hypochloride. Then, they were left in distilled water
for 2 h. Next, they were dried on filter papers at room temperature
until they reached their previous weight. The chubby, strong and
similar sized seeds were selected from these seeds. At least 10
seeds were placed in a Petri dish furnished with sheets of filter
paper moistened with distilled water (control) or with juglone
solution.

The seeds were divided in two groups. One group intact seeds
and the other coatless seeds whose coat was removed after 2 h
water imbibition as mentioned above. Two groups of the seeds
were treated with both distilled water (control) and juglone. Then
the seeeds in dishes were left in a growth chamber for 20 days.
Growth conditions of the chamber were “14 h light (20 000 lux) /
24°C / 70% humidity and 10 h dark / 18°C / 80% humidity” (Seniz,
1993). The experiment was replicated four times.

1 mM juglone solution was prepared by dissolving in distilled
water by stirring at 40°C for 24 h (Kocagaliskan and Terzi, 2001).
This concentration of juglone was used since in the soil of walnut
plantation, it is generally found in less than 1 mM concentration,
depending on walnut species, season and distance from trunk of
walnut (Rietveld, 1983; Jose and Gillespie, 1998). Therefore, a
maximum possible concentration of juglone (1 mM) was selected.
Juglone chemical (5-hydroxy-1,4-naphthoquinone) was purchased
from SIGMA.

Determinations

After 20 days of growth in the chamber, seed germination percen-
tage was recorded. Then the seedlings were separated two parts
as root and shoot by cutting from the connection point. Seedling
growth was determined by measuring root and shoot lenght and
fresh and dry weights. For measuring protein content and polyphe-
nol oxidase (PPO) activities 0.5 g of cotyledons was homogenized
in 5 ml 0.1 M phosphate buffer of pH 6.5 and centrifuged at 3 500 g
for 10 min. The supernatant was used in protein and enzyme
activity determinations Protein content was determined by the
spectrophotometric method of Bradford (1976). Catecholase and
dopa oxidase activities were determined spectrophotometrically by
measuring absorbances of reaction products at 430 and 490 nm,
respectively (Kabar and Kocagaligkan, 1990).

RESULTS AND DISCUSSION

In this study, juglone application did not change seed
germination. It was 100% in both control and juglone
treated seeds. The result therefore was not shown on the
Table. However, all the growth parameters as elongation,
fresh and dry weights were increased by juglone in intact
seeds. Fresh and dry weights were increased by juglone
more than elongation of both root and shoot (Table 1). In
the previous studies (Kocagaliskan and Terzi, 2001; Terzi
et al., 2003) similar results has also been obtained in
muskmelon that seed germination was not effected posi-
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tively or negatively but seedling growth was increased by
juglone.

In the case of coatless seeds of muskmelon, it was
partly different, root elongation was decreased by jug-
lone. However, as seen in the Table, fresh and dry weight
of the coatless seeds were increased by juglone. This
was shown for the first time in the present study that
juglone decreases root elongation but increases fresh
and dry weight in coatless seeds of muskmelon. This is
an ABA similiar effect which is a common inhibitory
phytohormone in plants decreasing elongation (Salisbury
and Ross, 1985). Thus, in a study, juglone has beeen
suggested to have a growth regulator effect (Ranade and
David, 1985).

It has generally been assumed that increase in protein
content may be a criterion of plant growth and leaves are
the most metabolically active organ and rich in protein.
Therefore, in this study, protein content was measured in
the cotyledonary leaves of muskmelon seedlings. Protein
content was increased slightly by juglone in intact seeds.
Increase in protein content by juglone is parallel to
increase in seedling growth shows positive allelopathic
effect of juglone on intact seeds of muskmelon. The
increase in protein content by juglone agrees with pre-
vious findings (Compton and Preece, 1988; Terzi et al.,
2003).

Increase in protein content may stem from increase in
some enzymatic proteins such as polyphenol oxidase.
Thus, polyphenol oxidase activity was increased by jug-
lone in cotyledons of the seedlings. The enzyme oxidizes
mainly diphenolic substates. The main substrates of the
enzyme are catechol and dopa in plants, and polyphenol
oxidase enzyme oxidizing these substrates are called
catecholase and dopa oxidase, respectively (Mayer,
1987). Polyphenol oxidase activity has been shown to
increase as a result of juglone treatment in muskmelon
(Terzi et al.,, 2003). In the present study, catecholase
activity was increased by juglone but dopa oxidase
activity was not changed, significantly. Increase in the
activity of catecholase may be a reaction against juglone,
since catecholase oxidizes catechol substrate as an
oxidative defence mechanism. Thus, juglone was found
to induce oxidative stress during seed germination
(Segura- Aguilar et al., 1992).

In the present study, juglone has been found to in-
crease all the growth parameters studied in the seedlings
of intact seeds but it decreased root elongation in
coatless seeds, whereas it did not decrease fresh and dry
weight and shoot elongation. This result do not exactly
prove the seed coat barrier hypothesis. It may be said
that different biochemical mechanism(s) exist in musk-
melon seeds to detoxify juglone.

In pea seeds, a relation between PPO activity and seed
coat permeability has been suggested. Seed coat of
Pisum elatius has higher PPO activity but are impermea-
ble, whereas seed coat of Pisum sativum has lower PPO
activity but are permeable to water. Then, impermeability of
P. elatius seed coat was attributed to its higher PPO acti-



4448 Afr. J. Biotechnol.

Table 1. Effect of juglone on growth of root and shoot, protein content and polyphenol oxidase
activities of cotyledons in intact and coatless seeds of muskmelon.

Determination Control (distilled water) | Juglone (1 mM)
Intact seeds
Root
Elongation  (cm) 55+22 6.5+3.7*
Fresh weight (mg) 26.8+23 455 +3.8*
Dry weight  (mg) 22+0.3 4.6 +04"
Shoot
Elongation  (cm) 20+0.3 3.3+0,4"
Fresh weight (mg) 31.2+29 53.3t4.1*
Dry weight  (mg) 1.5+0.1 3.4+0.2*
Cotyledon
Protein (mg/g fr. wt.) 1.1£0.1 1.3+0.1
Catecholase  (As30/g fr. wt.) 221 +1.2 27.6 +1.4
Dopa oxidase (A4go/g fr. wt.) 26.7+11 256+1.2
Coatless seeds
Root
Elongation  (cm) 9.6+0.9 5.2+0.5*
Fresh weight (mg) 56.0 £ 4.1 64.5 £ 4.6
Dry weight  (mg) 3.8+04 43+05
Shoot
Elongation  (cm) 3.3+0.3 3.8+04
Fresh weight (mg) 32.7 21 66.3 £ 3.3"
Dry weight  (mg) 1.3+£0.1 3.5+0.3"
Cotyledon
Protein (mg/g fr. wt.) 1.3+£0.2 1.2+0,1
Catecholase (A4so /g fr. wt.) 19.6 +0.9 19.1 £0.7
Dopa oxidase (A4g0/g fr. wt.) 26.6+1.2 249+1.0

* (P< 0.05) “t” test, + SD, n = 4.

vity (Marbach and Mayer, 1974). On the other hand, coat
of some fruits was found to have higher PPO activity and
this was related to protection of the fruits against viral,
bacterial and fungal attacks, since quinones produced
from phenolic substrates as a result of PPO activity
prevent pathogen invasion (Farkas and Kiraly, 1958; Van
Kammen and Brouwer, 1964; Vamos-Vigyazo, 1981;
Mayer, 1987). PPO enzyme may play a similar defensive
role in muskmelon seed coat against juglone. Further
studies are therefore needed to clarify the mechanism (s)
and the role of PPO enzyme in this event.

REFERENCES

Bradford MM (1976). A rapid and sensitive method for quantation of
microgram quantities of protein utilizing the principle of protein dye
binding. Anal. Biochem. 72: 248-254.

Compton ME, Preece JE (1988). Effects of phenolic coumpounds on
tabocco callus and black berry shoot cultures. J. Am. Soc. Hort. Sci.
113: 160-163.

Daglish C (1950). The isolation and identification of a hydrojuglone
glycoside occurring in the Walnut. Biochem. J. 47: 452-457.

Davis EF (1928). The toxic principle of Juglans nigra as identified with
synthetic juglone and its toxic effects on tomato and alfalfa plants.
Am. J. Bot. 15: 620.

Farkas GL, Kiraly Z (1958). Enzymological aspects of plant diseases.
Phytopathology. 31: 251-272.

Funk DT, Case PJ, Rietveld WJ, Plares RE (1979). Effects of juglone on
the growth of coniferous seedlings. Fore. Sci. 25: 452-454.

Hale MG, Orcutt DM (1987). The Physiology of plants under stress.
Blackburg, Virginia, USA, p. 206.

Jose S, Gillespie AR (1998). Allelopathy in black walnut (Juglans nigra
L.) alley cropping: Il. Effects of juglone on hydroponically grown corn
(Zea mays L.) and soybean (Glycine max L. Merr.) growth and
physiology. Plant Soil 203: 199-205.

Kabar K, Kocagaliskan | (1990). Interactions among salinity (NaCl),
Polyphenol oxidase and growth regulators in the germination of
wheat seeds. Tr. J. Bot. 14: 235-245.

Kocagaligkan I, Terzi | (2001). Allelopathic effects walnut leaf extracts
and juglone on seed germination and seedling growth. J. Hort. Sci.
Biotech. 76: 436-440.

Lee KK, Campbell RW (1969). Nature and occurrence of juglone in
Juglans nigra L. Hort. Sci. 4: 297-298.

Marbach |, Mayer AM (1974). Permeability of seed coats to water as
related to drying conditions and metabolism of phenolics. Plant
Physiol. 54: 817-820.

Mayer AM (1987). Polyphenoloxidases in plants - recent progress.
Phytochemistry 26: 11-20.



Pramanik MHR, Nagai M, Asao T, Matsui Y (2000). Effect of tempera-
ture and photoperiod on phytotoxic root exudates of cucumber
(Cucumis sativus) in hydroponic culture. J. Chem. Ecol. 26: 1953-
1967.

Prataviera AG, Kuniyuki AH, Ryugo K (1983). Growth inhibitors in xylem
exudates of persian walnuts (Juglans regia L.) and their possible role
in graft failure. J. Am. Soc. Hort. Sci. 108: 1043-1045.

Ranade S, David SB (1985). Quinones as plant growth regulators. Plant
Growt Regul. 3: 3-13.

Rice EL (1979). Allelopathy-an update. Bot. Rev. 45: 15-109,

Rice EL (1984). Allelopathy. Academic Press, New York,USA. p 422.

Rietveld WJ (1983). Allelopathic effects of juglone on germination and
growth of several herbaceous and woody species. J. Chem. Ecol. 9:
295-308.

Rizvi SJH, Rizvi V (1992). Allelpathy; Basic and Applied Aspects,
Chapman and Hall. New York, USA, p. 480.

Salisbury FB, Ross CW (1985). Plant physiology, Wadsworth Publ.,
Belmont, California, USA, p. 540.

Segura-Aguilar J, Hakman |, Rydstrom J (1992). The effect of OH -1,4
naphthoquinone on Norway spruce seeds during germination. Plant
Physiol. 100: 1955-1961.

Kocacaligkan et al. 4449

Seniz V (1993). Genel Sebzecilik, Uludag Univer. Zir. Fakiil. Ders Not
sayfa. (in Turkish). 53: 230.

Terzi |, Kocagaligkan |, Benlioglu O, Solak K (2003). Effects of juglone
on growth of muskmelon seedlings with respect to physiological and
anatomical parameters. Biol. Plant. 47: 317-319.

Vamos-Vigyazo L (1981). Polyphenol oxidase and peroxidase in fruits
and vegetables. CRC Critical Rev. Food Sci. Nutr. 14: 49-129.

Van Kammen A, Brouwer D (1964). Increase of polyphenol oxidase
activity by a local virus infection in uninoculated parts of leaves.
Virology 22: 9-14.

Whittaker RH, Feeny PP (1971). Allelochemicals:Chemical interactions
between species. Science 171: 757-770.



