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In this study, effects of juglone and decomposed walnut leaf juice on muskmelon (Cucumis melo cv.
Galia) and cucumber (Cucumis sativus cv. Beith Alpha) seed germination percentage and postgermination seedling growth were investigated. Decomposition was carried out by keeping the leaves
in distilled water. Muskmelon and cucumber seeds were germinated in Petri dishes at 25°C. Seed
germination, seedling elongation and weights were determined at day 10. No significant effect of
juglone and decomposed walnut leaf juice on muskmelon seed germination percentage was observed.
However, germination of cucumber seed was inhibited significantly. It was found that while both the dry
weight root and stems elongation of muskmelon and cucumber seedlings were affected negatively by
juglone and undiluted decomposed walnut leaf juices. The negative effect decreased as dilution ratios
of decomposed leaf juice increased.
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INTRODUCTION
Allelochemicals are present in many types of plants and
are released into the rhizosphere by a variety of mechanism, including decomposition of residues, volatilazation,
and root exudation. These chemicals are known to affect
germination, growth, devolopment, distribution and reproduction of a number of plant species (Inderjit and Malik,
2002).
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 allelopathy is juglone (5-hydroxy-1, 4 naphthoquinone) (Davis,
1928; Rietveld, 1983; Rice, 1984; Ponder and Tadros,
1985; Willis, 2000; Jose, 2002). Juglone has been
isolated from many plants in the walnut family (Juglandaceae) including Juglans nigra, Juglans regia and the
others (Daglish 1950; Prataviera et al., 1983). A colourless nontoxic reduced form called harmless hydrojuglone
is abundant, especially in leaves, fruit hulls, stem and
roots of walnut. When exposed to air or oxidizing substances, hydrojuglone is oxidized to its toxic form, juglone
(Lee and Campbell, 1969; Dana and Lerner, 1990;
Segura-Aguilar et al., 1992; Bertin et al., 2003). Rain

washes juglone from the leaves and carries it into the
soil. Thus, neighbouring 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).
Affected plants turn brown, wilt, and die. Most vegatable
crops are vulnerable to juglone toxicity (Crist and Sherf,
1973).
Juglon’s allelopathic effects on plants are generally
toxic but beneficial on some cases (Hale and Orcutt,
1987; Rice, 1979; Whittaker and Feeny, 1971; Rizvi and
Rizvi, 1992). In a previous study, it has been 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 (Kocaçalı kan and Terzi, 2001).
Plants sensitive to the presence of walnut in the landscape and garden include tomato, potato, pea, apple,
cucumber, watermelon, bean, garden cress, corn and
many ornamental ericaceous species such as rhododendron and azalea (Crist and Sherf, 1973). Common Midwest (USA) crops are susceptible to the presence of

Terzi

black walnut, and these include corn and soybeans (Jose
and Gillespie, 1998; Hejl and Koster, 2004), wheat and
alfalfa (Bertin et al., 2003). There are a handful of
vegetable crops that are reportedly tolerant to juglone,
including onions (Allium cepa L.) (Macdaniels and
Pinnow, 1976), Jerusalem artichokes (Helianthus tuberasum L.) (Ross 1996), sugar beet (Beta vulgaris L.)
(Piedrahita 1984), and certain species of bean
(Phaseolus spp.) (Macdaniels and Pinnow 1976).
The physiological action of juglone is not well understood. Very few studies have been done about juglon’s
inhibitory effect during seed germination and seedling
growth (Terzi et al., 2003b). Juglone inhibits plant growth
by reducing photosynthesis and respiration (Einhelling,
1986; Balke et al., 1987; Hejl et al., 1993; Jose and
Gillespie, 1998; Kocaçalı kan and Terzi, 2001), increasing oxidative stress (Segura-Aguilar et al., 1992),
reducing chlorophyll content and some anatomical structures such as stomata, xylem vessel (Hejl et al., 1993;
Jose and Gillespie, 1998; Terzi et al., 2003b)
In previous studies, effects of juglone and walnut leaf
extracts on various plant species were investigated
(Einhellig, 1986; Hejl et al., 1993; Kocaçalı kan and
Terzi, 2001). However, allelopathic effects of decomposed walnut leaves were not reported. This study aims
here to determine the effects of juice of decomposed
walnut leaves on seed germination and seedling growth
of muskmelon and cucumber.
MATERIALS AND METHODS
Seeds of cucumber (Cucumis sativus cv. Beith Alpha) and muskmelon (Cucumis melo cv. Galia) were obtained from AGROMAR
Company. The seeds were surface sterilized with 1% sodium hypochloride. At least 20 seeds were placed in a Petri dish furnished
with sheets of filter paper moistened with distilled water (control) or
with the other treatments. Then the dishes were left in an incubator
at 25°C in continuous darkness ( eniz, 1993). After 10 days,
germination percentages were recorded and post-germinative
growths of the seeds were determined by measuring lengths and
dry weights of the seedlings.
The treatments were as follow; juglone (10-3 M), juglone (10-4 M),
juglone (10-5 M), decomposed walnut leaf juice (undiluted), decomposed walnut leaf juice (1/2 diluted), decomposed walnut leaf juice
(1/4 diluted), decomposed walnut leaf juice (1/8 diluted), and
distilled water (Control).
Decomposed walnut leaf juice was prepared from leaves of
Juglans regia ‘Kr-2 Yavuz-1’. The leaves were dried at 70°C in
oven, for 48 h. Later, 10 g walnut leaves were left in the 1 L distliled
water for 24 months. During that time decomposed leaf parts were
precipitated and the upper juice phase was taken to use. The juice
was used in experiments diluting 1/2, 1/4, 1/8 ratios with distilled
water or without diluting. Leaves of twelve-year-old walnut trees
were used in obtaining the juice because, walnut trees younger
than seven-years-old do not contain sufficient juglone to cause
toxicity (Prataviera et al., 1983; Piedrahita, 1984). The leaves
picked in first week of August, since the juglone contents of walnut
(J. regia) was found to be highest in the last week of July and the
first week of August (Tekinta et al., 1988).
Juglone (5-Hydroxy-1,4 naphthoquinone) 10-3 M solution was
prepared by dissolving in distilled water by constantly stirring at
400C for 24 h. Afterwards, 10-3 M juglone were diluted with distilled
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water into 10-4 and 10-5 M. These concentrations of juglone were
used, since it occurs in soil of walnut plantation at these
concentrations depending on walnut species and season (Rietveld,
1983; Jose and Gillespie, 1998; Thevathasan et al., 1998; Thevathasan and Gordon, 2004). The juglone was purchased from
SIGMA. Each treatment was replicated three times. 20 seedlings
were used in each replicate. To determine statistical difference
between the treatments, variance analysis and least significant
difference (LSD) tests were performed. In the tables, the standard
deviations and errors as well as the LSD values (0.05) were
indicated. Percentage growth inhibition was calculated using the
following equation: Percentage inhibition (%) = [(Control value treatment value)/Control value] x 100.

RESULTS AND DISCUSSION
No effect of decomposed walnut leaf juice as well as
juglone on the percentage of muskmelon seed germination was observed (Table 1). That is, germination of
muskmelon seed was 100% in all the treatments. In
previous studies, juglone and walnut leaf extract did not
influence muskmelon seed germination (Kocaçalı kan
and Terzi 2001; Terzi et al., 2003a). The fact that
muskmelon seed germination is not influenced by toxic
effects of juglone indicates that there may be mechanism(s) for tolerance to juglone in muskmelon seed coat.
Some plants appear to have a protective capacity against
oxidative stress from juglone by emitting enzymes that
metabolize the coumpound to less toxic hydrojuglones
(Segura-Aguilar et al., 1992; Matvienko et al., 2001).
Cucumber seed germination was inhibited significantly
by both juglone and decomposed walnut leaf juice with
exception of 1/4 and 1/8 dilutions of the walnut juices
(Table 1). Juglone is known to inhibit germination of
various plant species (Fisher, 1978; Reynolds, 1987;
Rietveld, 1983). Similarly, in several previous studies, the
seed germination of cucumber is affected negatively in a
concentration dependent manner by juglone and walnut
leaf extract (Tekinta et al., 1988; Orcutt and Nilsen,
2000; Kocaçalı kan and Terzi, 2001). On the other hand,
in the present study juglone and decomposed walnut leaf
juices decreased the cucumber seed germination in
concentration-dependent manner.
While the root elongation of muskmelon seedlings in
control and 1/4 diluted decomposed walnut leaf juice was
the same, both the root and the stem elongation of
muskmelon seedlings in all juglone and other decomposed walnut leaf dilutions decreased slightly (Table 2). It
was found in the previous studies that juglone and walnut
leaf extracts increased the growth of muskmelon seedlings (Kocaçalı kan and Terzi, 2001; Terzi et al., 2003a).
That juglone decreased muskmelon seedling elongation
in the study may be due to different cultivars of
muskmelon used. This is because the sensitivity to
juglone varies from plant to plant and between subspecies (Bettina et al., 1990; Yu and Matsui, 1997). Orcutt
and Nilsen, (2000) suggested that plants can tolerate to
allelochemicals due to (i) an ability to reduce uptake of
allelochemicals from the root surface, (ii) compartmen-
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Table 1. Effects of juglone and decomposed walnut leaf juice on muskmelon and cucumber
seed germination.

Treatment
Control (dH2O)
-3
Juglone (10 M)
-4
Juglone (10 M)
-5
Juglone (10 M)
Undiluted decomposed walnut
1/2 diluted decomposed walnut
1/4 diluted decomposed walnut
1/8 diluted decomposed walnut

juice
juice
juice
juice

Muskmelon (%)
100
100
100
100
100
100
100
100

Cucumber (%)
100
50
60
80
70
80
90
100

LSD (0.05): 19.1.

Table 2. Effects of juglone and decomposed walnut leaf juice on muskmelon and cucumber seedling elongation (cm).

Treatment
Control (dH2O)
-3
Juglone (10 M)
-4
Juglone (10 M)
-5
Juglone (10 M)
Undiluted decomposed walnut juice
1/2 diluted decomposed walnut juice
1/4 diluted decomposed walnut juice
1/8 diluted decomposed walnut juice

Muskmelon
Root
Stem
7.5 ± 0.42
4.7± 0.35
6.3 ± 0.37 (16)
4.2 ± 0.30 (11)
6.5 ± 0.34 (13)
3.9 ± 0.38 (17)
7.2 ± 0.40 (4)
4.4 ± 0.41 (6)
6.8 ± 0.43 (9)
3.3 ± 0.29 (30)
6.6 ± 0.38 (12)
3.5 ± 0.33 (26)
7.5 ± 0.42 (0)
3.8 ± 0.35 (19)
7.1 ± 0.37 (15)
4.2 ± 0.31 (11)

Cucumber
Root
Stem
10.3± 0.54
4.7± 0.37
2.1 ± 0.29 (80)
1.8 ± 0.25 (62)
6.2 ± 0.37 (40)
3.7 ± 0.41 (21)
6.8 ± 0.42 (34)
4.1 ± 0.38 (9)
7.1 ± 0.49 (31)
4.0 ± 0.35 (15)
7.4 ± 0.55 (28)
4.2 ± 0.32 (11)
8.3 ± 0.61 (19)
4.4 ± 0.36 (7)
9.2 ± 0.58 (11)
4.5 ± 0.42 (4)

± SD, LSD (0.05): 1.53.
Values in parantheses are percent inhibition.

talization of allelochemicals away from molecular target
sites or (iii) detoxification of allelochemicals. Some plants
appear to have a protective capacity against oxidative
stress from juglone by emitting enzymes that metabolize
the coumpound to less toxic hydrojuglone (SeguraAguilar et al., 1992; Matvienko et al., 2001).
In the present study, juglone and decomposed walnut
leaf juice significantly prevented cucumber root elongation. While cucumber stem elongation was significantly
-3
affected in the presence of 10 M juglone concentration,
other concentrations of juglone or decomposed walnut
leaf slightly interfered with cucumber stem elongation.
Similar results were indicated with juglone in earlier
studies in cucumber (Tekinta et al., 1988), tomato and
bean (Neave and Dawson, 1989), alfalfa (Dornbos and
Spencer, 1990), wheat and corn (Jose and Gillespie,
1998). Likewise, previous studies indicated that cucumber seed elongation was decreased by juglone and
walnut leaves. Also, it was stated that cucumber seedling
elongation was decreased by juglone and walnut leaf
extract (Kocaçalı kan and Terzi, 2001; Terzi et al., 2003
b). It is possible that juglone decreased cucumber growth
either by stimulating the synthesis of ABA, a growth
inhibitory hormone, or by preventing the synthesis of a
growth promoting hormone.

An interesting observation in this study is the blackening of root tips in the cucumber seeds during
germination in juglone and walnut extracts. Although the
reason of this is unknown, it has been implicated with
root sensitivity to juglone (Orcutt and Nilsen, 2000). Apart
from allelochemical stress, this has also been reported in
salt stress of bean and corn seeds related to polyphenol
oxidase activity and the oxidation of phenols to quinones
(Hejl et al., 1993). Affected plants turn brown, wilt, and
die. Most vegatable crops are vulnerable to juglone
toxicity (Crist and Sherf, 1973).
While the root dry weight of muskmelon seedlings in
control and 1/4 diluted decomposed walnut leaf was the
same, both the root and the stem dry weight of muskmelon seedlings in all juglone and other decomposed
walnut leaf dilutions decreased slightly (Table 3). In
previous studies, it was found out that juglone and walnut
leaf extracts increased the dry weights of muskmelon
seedlings (Kocaçalı kan and Terzi, 2001; Terzi et al.,
2003a). Dry weights of root and stem of cucumber
seedlings was influenced negatively by decomposed
walnut leaves and juglone, depending on the concentration. There is similarity between root and stem elongations. In several pervious studies, it was determined that
juglone and walnut leaf extracts decreased cucumber
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Table 3. Effects of juglone and decomposed walnut leaf Juice on muskmelon and cucumber seedling dry weight (mg).

Treatment
Control (dH2O)
-3
Juglone (10 M)
-4
Juglone (10 M)
-5
Juglone (10 M)
Undiluted decomposed walnut juice
1/2 diluted decomposed walnut juice
1/4 diluted decomposed walnut juice
1/8 diluted decomposed walnut juice

Muskmelon
Root
Stem
0.44± 0.025
0.46± 0.031
0.38±0.019(14)
0.40±0.028(13)
0.39± 0.023(4)
0.38±0.033(17)
0.43± 0.028(5)
0.44± 0.036(5)
0.40± 0.025(9)
0.30± 0.027(35)
0.39± 0.029(4)
0.32± 0.024(31)
0.44± 0.027(0)
0.35± 0.028(24)
0.42± 0.023(6)
0.40± 0.034(13)

Cucumber
Root
Stem
0.59± 0.043
0.58± 0.045
0.11±0.016(81)
0.07± 0.021(99)
0.24± .023(60)
0.40± 0.031(31)
0.30±0.023(50)
0.40± 0.031(28)
0.32±0.029(46)
0.44± 0.052(24)
0.34± 0.037(42)
0.48± 0.043(17)
0.38± 0.041(36)
0.51± 0.047(12)
0.43± 0.039(24)
0.53± 0.044(10)

Values in parantheses are percent inhibition.
± SE, LSD (0.05): 0.08.

dry weights (Kocaçalı kan and Terzi, 2001; Terzi et al.,
2003b). The stress caused by juglone is called allelochemical stress. This condition can cause stressful
situation in several plants (Rice, 1984; Rizvi and Rizvi,
1992). In the present study, the stress as a result of
juglone treatments resulted in a decrease in the plant dry
weight.
Rietveld (1983) found that elongation and dry weight
accumulation of root was less affected than the shoot by
juglone in 16 plant species. Whereas in the present
study, inhibitory effects of the treatments on elongation
and dry weights of root and shoot were almost the same
in the species studied. This discrepancy may be partly
due to the differential response of various plant species
to the juglone treatments.
The physiological roles of allelochemicals have not
been completely determined in plants. An allelochemical
can be beneficial in one plant, or harmful in another plant.
This depends on allelochemicals type, density, and on
the time of treatment. (Whittaker and Feeny, 1971; Rice,
1979; Hale and Orcutt, 1987; Rizvi and Rizvi, 1992). The
conclusion that derived from in the present study is that
root and stem elongation, dry weight of cucumber
seedlings are negatively affected. It was found that in the
case of muskmelon seedlings, as well as the dry weight,
the elongation of root and stem decreased with juglone
and diluted decomposed walnut leaf juices in a
concentration-dependent manner (Table 2 and 3 ).
Although allelopathic effects of walnut leaf extracts
have been examined previously, no studies related to the
effects of decomposed walnut leaf have been reported to
date. Further experiments are required to test the effects
of the juglone obtained from decomposed walnut leaf on
a wide varieties of plant species.
REFERENCES
Balke NE, Davis MP, Lee, CC (1987). Conjugation of allelochemicals by
plants, In: Allelochemicals: Role in Agriculture and forestry, Waller GR, ed.,
American Chemical Society Washington, D. C. A. C. S. Symposium Series
330: 214-227.

Bertin C, Yang X, Weston LA (2003). The role of root exudates and
allelochemicals in the rhizosphere. Plant Soil. 256: 67-83.
Bettina S, Leopold DJ, Walton DC (1990). Seasonal patterns of juglone
in soil beneath Juglans nigra (Black walnut) and influence of J. nigra
on understory vegetation. J. Chem. Ecol. 16: 1111-1130.
Crist CR, Sherf AF (1973). Walnut wilt. Cornell University, Horticulture
Extension, Bulletin, Ithaca, NY.
Dana MN, Lerner BR (1990). Black Walnut Toxicity. Purdue University
Extension, West Laffayette. IN. p. 8.
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.
Daglish C (1950). The isolation and identification of a hydrojuglone
glycoside occurring in the Walnut. Biochem. J. 47: 452-457.
Dornbos DL, Spencer GF (1990). Natural products phytotoxity. J.
Chem. Ecol. 16: 339-352.
Einhelling FA (1986). Mechanisms and models of action of allelochemicals, In Putman AR, Tang CS (eds) The Sciences of Allelopathy,
Wiley Interscience, New York. pp. 171-188.
Fisher RF (1978). Juglone inhibits pine growth under certain moisture
regimes soil. Sci. Soc. Am. J. 42: 609-626.
Funk DT, Case PJ, Rietveld WJ, Plares RE (1979). Effects of juglone on
the growth of coniferous seedlings. For. Sci. 25: 452-454.
Hale MG, Orcutt DM (1987). The Physiology of plants under stress.
Blackburg, Virginia, p. 206.
Hejl AM, Einhellig FA, Rasmussen JA (1993). Effects of juglone on
growth, photosynthesis and respiration. J. Chem. Ecol. 19: 559-568.
Hejl AM, Koster KL (2004). juglone distrupts root plasma membrane H
(+) ATPase activity and impairs water uptake, root respiration, and
growth in soybean (Glycine max) and corn (Zea mays). J. Chem.
Ecol. 30: 453-471.
Inderjit, Malik AU (2002). Chemical Ecology of Plants: Allelopathy in
Aquatic and Terrestrial Ecosystems. Birkhauser-Verlag, Berlin, pp
272.
Jose S, Gillespie AR (1998). Allelopathy in black walnut (Juglans nigra
L.) alley cropping: II. Effects of juglone on hydroponically grown corn
(Zea mays L.) and soybean (Glycine max L. Merr.) growth and
physiology, Plant Soil 203: 199-205.
Jose S (2002). Black walnut allelopathy: current state of the science. In
Chemical Ecology of Plants: Allelopathy in Aquatic and Terrestrial
Ecosystems. Eds. nderjit, Malik UA pp. Birkhauser- Verlag AG,
Basal.
Kocaçalı kan I, Terzi I (2001). Allelopathic effects walnut leaf extracts
and juglone on seed germination and seedling growth. J. Hort. Sci.
Biotechnol. 76: 436-440.
Lee KK, Campbell RW (1969). Nature and occurrence of juglone in
Juglans nigra L. Hort. Sci. 4: 297-298. MacDaniels L H, Pinnow D L
(1976). Walnut toxicity, an unsolved problem. Northern Nut Growers
Assoc. Annu Rep. 67: 114-122.
Matvienko MA, Wojtowicz R, Wrobel D, Jamison Y, Goldwasser JI,
Yoder (2001). Quinone oxidoreductase message levels are differen-

1874

Afr. J. Biotechnol.

tially regulated in parasitic and nonparasitic plants exposed to
allelopathic quinones. Plant J. 25: 375-387.
Neave IA, Dawson JO (1989). Juglone reduces growth, nitrogenase
activity and root respiration of actinorhizal back alder seedlings. J.
Chem. Ecol. 15: 1823-1836.
Orcutt DM, Nilsen ET (2000). Physiology of plants under stress. Soil
and biotic factors, Wiley, New York.
Piedrahita O (1984). Black walnut toxicity. Factsheet 11: 7-8.
Ponder FJ, Tadros, SH (1985). juglone concentration in soil beneath
black walnut interplanted with nitrogen- fixing sp. J. Chem. Ecol. 11:
937-942.
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. Amer. Soc. Hort. Sci. 108: 1043-1045.
Reynolds T (1987). Comparative effects of alicyclic coumpounds and
quinonones on inhibition of lettuce fruit germination. Ann. Bot. 60:
215-223.
Rice EL (1979). Allelopathy-an update. Bot. Rev. 45: 15-109,
Rice EL (1984). Allelopathy. Academic Press, New York, 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.
Ross M (1996). Walnuts: a mixed blessing, Flower Garden 40: 53-54.
Segura-Aguilar J, Hakman I, Rydström J (1992). The effect of OH 1,4naphthoquinone on Norway spruce seeds during germination. Plant
Physiol. 100: 1955-1961.
eniz V (1993). Genel Sebzecilik, Uluda Üniver. Zir. Fakül. Ders Not
No 53, 230 sayfa.(ın Turkish) Tekinta E, Tanrısever A, Mendilcio lu
K (1988). Cevizlerde juglon izolasyoınu ve juglon içeri inin yıllık
de i imi üzerinde ara tırmalar. Ege Üniv. Zir. Fakül. Der. 25: 215225.

Terzi I, Kocaçalı kan I, Benlio lu O, Solak K (2003a). Effects of juglone
on growth muskmelon seedlings with respect to physiological and
anatomical parameters. Biol. Plant. 47: 317-319.
Terzi I, Kocaçali kan I, Benlio lu O, Solak K (2003b). Effects of juglone
on growth cucumber seedlings with respect to physiological and
anatomical parameters. Acta Physiol. Plant. 25: 353-356.
Thevathasan NV, Gordon AM, Voroney RP (1998). Juglone ( 5-hydroxy1,4 napthoquinone) and soil nitrogen transformation interactions
under a walnut plantation in southern Ontario, Canada. Agroforest
system 44: 151-162.
Thevathasan NV, Gordon AM (2004). Ecology of tree intercroping
systems in the North temperate region: Experience from southern
Ontario, Canada.
Yu JQ, Matsui Y (1997). Effects of root exudates of cucumber (Cucumis
sativus) and allelochemicals on uptake by cucumber and seedlings.
J. Chem. Ecol. 23: 817-827.
Whittaker RH, Fenny PP (1971). Allelochemicals:Chemical
interactions between species. Science 171: 757-770
Willis RJ (2000). Juglans spp., Juglone and allelopathy. Allelopathy J.
17: 1-55.

