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Abstract
This literature review summarizes the state of current information on the extraction, synthesis, properties, and potential uses of juglone, a natural product produced by the walnut
tree (Juglandacea). Juglone (5-hydroxy-1,4-naphthoquinone) is known primarily for its allelopathic effect against certain plants and toxicity towards marine organisms. It has a
wide variety of potential uses in medicine, and as a biocide for organic farming and pest
control. This summary also provides historical uses of juglone and the walnut tree in
British Columbia and worldwide, current applications in the agroforestry management, a
brief background on the biosynthesis, and mode of toxicity of juglone.
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The history of research

T

he detrimental effect of the walnut tree has been observed for at least two millennia
(Willis 1985; Jose 2002). Walnut trees were known for killing or damaging plants
that grew nearby—this effect is commonly referred to as “walnut wilt”; however,
the cause of walnut wilt remained largely unknown for centuries. It was not until the 1850s
that juglone (then termed “nucin”) was first isolated from the walnut tree (Vogel & Reischauer 1856), and in 1881 the first scientific report on juglone’s allelopathic effect was
published (Stickney & Hoy 1881). In 1887, juglone was for the first time synthesized and
characterized (Bernthsen & Semper 1887) and in 1928 the compound was identified and
confirmed to be toxic to other plants (Davis 1928). Despite these findings, the allelopathic
nature of the walnut tree and toxicity of juglone were questioned and heavily debated over
many decades because of the incidence of varying results obtained by different research
groups (MacDaniels & Muenscher 1941; MacDaniels & Pinnow 1976; De Scisciolo et al.
1990), but also because of the availability of anecdotal evidence and old myths. It appeared
that the allelopathic effect of juglone was affected by many causes, including edaphic factors such as pH, texture, and organic matter (De Scisciolo et al. 1990; von Kiparski et al.
2007). One research group was able to isolate bacteria that could degrade juglone in soil
(Inouye & Leistner 1988) and another study showed that certain Pseudomonas species are
capable of using juglone as their only source of carbon (Schmidt 1988).
Numerous natural processes reduce juglone persistence in the environment, and allelopathy depends on the juglone concentration in the soil in the locations where the
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compound meets the roots of the target plant (von Kiparski et al. 2007). Still, juglone’s
persistence in the field has on several occasions been recommended for use in walnut
alley agroforestry system management (von Kiparski et al. 2007). The allelopathic nature
of juglone and the walnut tree is acknowledged by the majority of research groups in the
scientific community; this acceptance likely comes from the large extent of research done
on the topic (Lee & Campbell 1969; Sherman 1971; Soderquist 1973; Willis 1985; Jose &
Gillespie 1998; Jose 2002; Terzi 2008; Li et al. 2010); however, some scientists still consider allelopathy a controversial concept, even though the toxicity of juglone is widely
recognized (Macías et al. 2007).
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Historical uses and reported properties
The use of walnut tree has historically been and still is widespread geographically around
the world, especially within the field of traditional medicine (Leclerc 1976; Bruneton 1993).
For example, the hulls of the walnut have been used as a remedy for parasites, ringworm,
and other fungal infections, itchy and restless feet, to heal ulcers, skin eruptions and cracks
in the palms of the hands (Morton 1974; Kirtikar et al. 1975). In the early 1900s, American
doctors prescribed juglone for the treatment of various skin diseases (Soderquist 1973)
and in southern America it was common practice to throw fresh, unripe husks from the
walnut tree into ponds to stun fish so they could be easily collected (Gries 1943). In the
Indian, Greek, and Arab cultures, the walnut tree has been used extensively to treat common illnesses and cancer (Sharma et al. 2009). In some countries, parts of the walnut tree
have been used as a toothbrush and as a dye for colouring lips and hair (Alkhawajah 1997);
juglone has been also been reported as an active ingredient in hair colour (Ghosh & Sinha
2008). Elixirs from parts of the walnut tree were reported to be astringent and keratolytic
(Bézanger-Beauquesne et al. 1990), antifungal (Nahrstedt et al. 1981), antimicrobial (Clark
et al. 1990; Sharma et al. 2009), antidiarrheal, anthelmintic, depurative and tonic (Wichtl
1994), antihemorrhagic (Dorland 1981), anti-scrofulous (Fournier 1948), hypoglycemic
(Neef et al. 1995), diuretic, laxative, blood purifying, and detoxifying (Haque et al. 2003;
Bhatia et al. 2006; Stampar et al. 2006). Other reported effective uses: antiviral against
Vesicularis Stomatitis Virus (Husson et al. 1986), vascular protective (Perusquia et al. 1995),
inhibitory to tumours (Bhargava & Westfall 1968), and sedative for animals (Westfall et al.
1961; Auyong et al. 1963; Girzu et al. 1998a). Still, what may be of the highest significance
to agroforestry system management is the effect that juglone exerts on neighbouring plant
life (von Kiparski et al. 2007). The most commonly reported symptoms of walnut toxicity
range from stunting of growth via partial or total wilting to death of the affected plant
(Leuty 2010). Such adverse effects are selective to specific genera of plant life and are discussed below (see the “Effects on various plant species”). However, toxicity is not limited
to the Plant kingdom, as select members of the Protista, Fungi, and Animal groupings
may also be controlled or killed by juglone or its extracts. Before we discuss these effects,
we summarize the origins and localization of this quinone metabolite, with a specific focus
on the geography of western Canada.

2

Origins in nature
Juglone is produced by the numerous species of walnut tree, including the black walnut
(Juglans nigra), English or Persian walnut (J. regia), and Japanese walnut (J. sieboldiana),
and also by the butternut (J. cinerea) and hickory tree (Carya ovata) (Soderquist 1973).
Several research groups have reported finding juglone in plant families such as Proteaceae
(Moir & Thomson 1973), Caesalpiniaceae (Nageshwar et al. 1984; Lee & Lee 2006), and
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Fabaceae (Marichkova & Kumanova 1981). Most studies refer to the use of Juglans nigra
for isolation of juglone and allelopathic studies because this particular species produces
the largest amount of juglone (Cassens 2005; Leuty 2010).

Juglone in British Columbia
Since the arrival of the early settlers, different kinds and varieties of nuts have been grown
in the more temperate areas of British Columbia. Tree nuts can be grown in the same areas
where tree fruits grow: southern Vancouver Island, the Fraser Valley, the Okanagan and
West Kootenay, and even in the Peace River area. The most successful kinds of nuts in
British Columbia include butternuts, buartnuts, chestnuts, filberts, heartnuts, and walnuts.
Of the walnuts, the Carpathian, Japanese, and black are predominant commercially. Early
attempts at commercial walnut production in the Fraser Valley, the Okanagan, and the
Kootenays were thwarted by silver-thaws, winter injury, competing land uses, and the nonprecocious nature of the walnut; however, this has changed as agricultural techniques
have improved.
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Localization of production
Juglone (or its precursors) is produced mainly in the walnut tree’s roots and hulls (Lee &
Campbell 1969), but it is also found in fresh leaves (Lee & Campbell 1969; Bruneton 1993;
Girzu et al. 1998a, 1998b; Solar et al. 2006), stem bark (Mouhajir et al. 2001), husks (Binder
et al. 1989; Buttery et al. 2000; Fukuda et al. 2003; Stampar et al. 2006), and inner root
bark (Hedin et al. 1979). In addition, juglone can be found in the soil surrounding the walnut tree (De Scisciolo et al. 1990), but no juglone has been found to occur in the edible
walnut itself (Ikekawa et al. 1967). Table 1 shows the juglone content in various parts of
the walnut tree.
Table 1: Juglone content in various parts of the walnut tree, including seasonal
variation (Lee & Campbell 1969)
Juglone content

Seasonal variation in juglone content

Tree part

mg/g dry wt

Month

mg/g dry hulls

mg/g dry leaves

Leaves

1.23

June

9.3

2.9

Hulls

6.71

July

10.3

2.8

Roots

7.73

August

11.5

2.5

September

10.9

1.8

Toxic forms of juglone
As with most plants that produce toxic secondary metabolites, juglone is stored in a nontoxic form in the walnut tree. In 1943, juglone was shown not to be present in the inner
root bark and husks, but rather in the a-hydrojuglone form that is non-toxic and upon
exposure to air becomes oxidized to juglone (Gries 1943). Less than a decade later, Daglish’s
group discovered that juglone is stored in the walnut tree as the 5-glucoside of 1,4,5-trihydroxynaphthalene (Daglish 1950). The glucoside was demonstrated to be extremely labile
and easily hydrolyzed to glucose and a-hydrojuglone. Figure 1 illustrates the conversion
of the glucoside to juglone, a proposed two-step process with ß-glucosidase (a common
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soil enzyme) catalyzing the hydrolysis in the first step and fast chemical oxidation in the
second step (Duroux et al. 1998).

Transport and potential biological pathways
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(Soderquist, 1973). The root theory, first proposed in the first half of 20 century, stipulates
that the juglone is released via plant roots (Cook 1921; Massey 1925). In 1958, Bode’s group
suggested a different route called leaf theory, indicating the
release via leaves (Bode 1958). The most likely pathway encompasses a combination of both theories, since juglone is produced in several parts of the walnut tree (roots, hulls, fresh
leaves, husks, and inner root bark). Furthermore, juglone toxFigure 1: Conversion of glucoside to juglone in the
icity depends on its accumulation and concentration in the
walnut tree (Soderquist 1973).
soil where it comes in contact with the roots of the target plant
(von Kiparski et al. 2007). This accumulation of the quinone can, via active planning and
agroforestry management, be applied to limit or control growth of certain species, whether
plant, insect, or fungal, in the specific geographical proximities to juglone-producing trees.

Chemical class and composition
Juglone is a naphthoquinone, an aromatic organic compound that is commonly found in
nature—the most widespread naphthoquinones are juglone, lawsone, plumbagin, and lapachol (Babula et al. 2009). It has a distinct phenyl group and is not the only phenolic
compound produced by the walnut tree; other phenolic compounds include flavonoids,
terpenoids, other naphthoquinones and examples are gallic acid, caffeic acid, myricetin,
and quercetin (Nahrstedt et al. 1981; Hirakawa et al. 1986; Wichtl & Anton 1999; Sharma
et al. 2009). Juglone is also the compound responsible for yellow pigmentation in the walnut tree (Inbaraj & Chignell 2004).
Juglone was historically known as a secondary metabolite and allelochemical—that
is a compound classified as not required for the growth, development, and reproduction
of an organism where it is produced, but instead is believed to have a biological effect
often on other organisms. This notion has been challenged with a study suggesting that
juglone may also play a role in plant development, thus making it a primary metabolite
(Duroux et al. 1998). Further evidence is needed to support this process and additional
studies are currently under way.

Biosynthesis
The biosynthesis of juglone has not been fully established, but the shikimate pathway has
been suggested as a likely candidate (Babula et al. 2009), since various key precursors include 1,4-naphthoquinone (Müller & Leistner 1976; Dey & Harborne 1997; Seigler 1998),
o-succinylbenzoic acid (Dansette & Azerad 1970; Seigler 1998) [Figure 2], and 2-succinyl-
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benzoate (Dey & Harborne 1997). Figure 2 illustrates the biosynthesis of juglone with
o-succinylbenzoic acid as the key precursor.

Mode of toxic action
The mechanism for the toxic effects of juglone is still not fully understood, and the mode
of action may be different in various organisms. Several pathways have been suggested including cell death, cell cycle disruption, DNA modifications (predominantly rapid dividing
cells), inhibition of mRNA synthesis, alkylation of thiol or amine groups of essential proteins, and decreasing levels of p53 (tumour suppressor) (O’Brien 1991; Paulsen & Ljungman 2005). H+-ATPase inhibition is a possible mechanism (Hejl & Koster 2004) as well as
K+ channel blocking (Varga et. al. 1996). Juglone can also be reduced by enzymes in the
mitochondria or cytoplasm to form a semiquinone radical (Inbaraj & Chignell 2004). Juglone can be regenerated in a process called redox cycling and this produces hydrogen peroxide, which is a strong oxidant and can cause oxidative damage to the cell (Inbaraj &
Chignell 2004). The high toxicity of juglone compared to other naphthoquinones has been
suggested to correlate with its high redox potential of -93mV (O’Brien 1991). Juglone also
has high electrophilicity and thiol reactivity, which can cause irreversible protein complexation, especially in cysteine-rich proteins that are important for mitosis (von Kiparski
et al. 2007; Fila et al. 2008).
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Properties of juglone as related to various living organisms
and plant species
Many naphthoquinones, including juglone, have been demonstrated to exhibit a broad
range of toxic effects that are associated with inhibition of growth, photosynthesis and respiration, reduced water transport in plants, larval development dysfunction, mitochondrial
damage in insect muscles, sedative/depressant/carcinogenic/mutagenic/lethal effects on
fish and animals, antimicrobial, antifungal, cytotoxic, and anti-parasitic effects (Westfall
et al. 1961; Auyong et al. 1963; Krajci & Lynch 1978; Clark et al. 1990; Galey et al. 1991;
Hejl & Koster 2004; Cassens 2005; Paulsen & Ljungman 2005; Kong et al. 2008; Babula et
al. 2009; Leuty 2010).
More recent studies (summarized below) have focussed on the toxicity of juglone and
other naphthoquinones toward insects (Mitchell & Smith 1988; Ahmad 1992; Thiboldeaux
et al. 1994, 1998), microorganisms (Krajci & Lynch 1978; Clark et al. 1990; Preira et al.
2007; Kong et al. 2008; Sharma et al. 2009), marine organisms (Marking 1970; Faimali
et al. 2006; Wright et al. 2007a), and animals (Westfall et al. 1961; Auyong et al. 1963;
Galey et al. 1991; Cassens 2005) as opposed to plants. Further studies on juglone for medicinal purposes have also been conducted recently (Krajci & Lynch 1978; Clark et al.
1990; Kong et al. 2008; Babula et al. 2009).

Effects on various plant species
Allelopathic studies have been done on various vegetables, field crops, fruit trees, ornamental species, and medicinal plants (Cook 1921; Massey 1925; Pirone 1938; Reinking 1943;
Strong 1944; Brooks 1951; Sherman 1971; MacDaniels & Pinnow 1976; Scott & Sullivan
2007; Li et al. 2010). Many species are reported to be negatively influenced by the walnut
tree, but some appear unaffected (Funt & Martin 1993; Leuty 2010). Table 2 provides examples of plant species having an immunity to juglone as well as those most affected by the
compound. Plants such as asparagus, cabbage, tomato, magnolia, alfalfa, eggplant, potato,
peonies, and blueberries, and trees, including white birch, linden, and white pine, are all
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negatively affected by the compound, whereas onion, beets, parsnip, lima beans, snap beans,
various Prunus fruit trees, raspberry, squash, and corn are not affected. Various flowers
species (alliums, crocus, daffodils, hyacinth, and tulips) are hardly affected.
Table 2: Influence of juglone on some plants (Funt & Martin 1993; Leuty 2010)
Negatively affected

Unaffected or hardly affected

Asparagus officinalis (asparagus)
Betula papyrifera (white birch trees)
Brassica oleracea (cabbage)
Lycopersicon esculentum (tomato)
Magnolia x soulangiana (saucer magnolia)
Medicago sativa (alfalfa)
Solanum melongena (eggplant)
Solanum tuberosum (potato)
Paeonia (some peonies)
Pinus strobus (white pine)
Tilia americana (linden trees)
Vaccinium (blueberries)

Allium cepa (onion)
Beta vulgaris (beets)
Pastinaca sativa (parsnip)
Phaseolus zinnia (lima and snap beans)
Prunus spp. (cherries, nectarine, peach, and
plum)
Rubus occidentalis (black raspberry)
Most squashes
Zea mays (sweet corn)
Most of the hardy, fall-planted bulbs,
including alliums, crocus, daffodils, hyacinth,
tulips, and a series of ornamental plants
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In some agronomic crops, including maize (Zea mays L.) and soybeans (Glycine max L.
Merr), juglone has been shown to inhibit shoot and root growth rates, leaf photosynthesis,
transpiration, respiration and stomatal conductance (Hejl et al. 1993; Jose & Gillespie 1998).

Effects on commercial and private agriculture in British Columbia
Plants that are commonly found in British Columbia that are sensitive to the presence of
walnut in the landscape and garden include tomato, potato, pea, pear, apple, cucumber,
watermelon, bean, garden cress, corn, and many ornamental ericaceous species such as
rhododendron and azalea.

Effects on various insects
Studies show that the saturniid moth Actias luna, which prefer members of the Juglandaceae as their host, had more rapid larvae growth on a juglone-rich diet compared to a
non-juglone diet. On the other hand, the moth Callosamia promethea, which is not naturally in contact with Juglandaceae, experienced reduced growth rates and a 3.6-fold decrease in consumption rate when fed juglone-supplemented diets (Thiboldeaux et al. 1994).
Another study revealed that C. promethean experienced partial loss of epithelial structure,
an increase in glutathione disulfide, and a small decrease in glutathione when fed walnut
foliage (Thiboldeaux et al. 1998). Some herbivore insects that naturally consume juglone
and other pro-oxidant allelochemicals produce special enzymes to prevent the generation
of free-radical oxygen during quinone reduction (Ahmad 1992). Juglone also inhibits
ecdysone 20-monooxygenase activity in protein extracts from larval Aedes aegypti,
Drosophila melanogaster, and Manduca sexta. (Mitchell & Smith 1988).
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Effects on microorganisms
Juglone has been shown to inhibit a broad spectrum of microorganisms including bacteria,
algae, and fungi (Krajci & Lynch 1978). One study showed antimicrobial activity against
Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus aureus, Bacillus subtilis,
Mycobacterium smegmatis, Candida albicans, Saccharomyces cerevisiae, Helminthospo-
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rium sp., Pycnoporus sanguineus, and Microsporum gypseum (Clark et al. 1990; Preira
et al. 2007; Sharma et al. 2009). The antifungal activity of juglone has also been compared
to other known antifungal agents, such as griseofulvin, clotrimazole, tolnaftate, triacetin,
zinc undecylenate, selenium sulfide, liriodenine, and liriodenine methiodenine (Clark et
al. 1990). Clark et al. (1990) determined that juglone exhibited moderate antifungal activity
similar to zinc undecylenate and selenium sulfide, which are commercially available antifungal agents. Furthermore, the compound’s antimicrobial activity was established to be
low to moderate, with moderate activity against Gram-positive and acid-fast bacteria and
no to low activity against Gram-negative bacteria. Another study showed that juglone potentially can inhibit three key enzymes from Helicobacter pylori, a Gram-negative bacterium that causes several human diseases (Kong et al. 2008). Several algae species are
inhibited by juglone, including Anabaena variabilis and Anabaena flos-aquae (significantly
inhibited), Nostoc commune (moderately inhibited), and Scenedesmus acuminatus (slight
inhibition) (Krajci & Lynch, 1978; Randall & Bragg 1986).
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Effects on marine organisms
Marking (1970) discovered that juglone was an effective fish toxicant. His studies showed
juglone was highly toxic to nine species of fish, including rainbow trout (Salmo gairdneri),
northern pike (Esox lucius), goldfish (Carassius auratus), carp (Cyprinus carpio), white
sucker (Catostomus commersoni), black bullhead (Ictalurus melas), channel catfish (Ictalurus punctatus), green sunfish (Lepomis cyanellus), and bluegill (Lepomis
macrochirus) at concentrations ranging from 27 to 88 parts per billion over a 96-hour period. In a study conducted to screen natural product biocides for the control of non-indigenous species, juglone scored high. For example, in five out of six taxonomic groups
tested, juglone was among the most toxic (Wright et al. 2007a).

Effects on animals
Lethal doses (LD50) of 0.25 mg juglone/100 g bodyweight in mice and rats have been reported and injection of 0.07 mg juglone/kg body weight in rabbits resulted in tranquilization for 2–3 hours (Westfall et al. 1961). In this study, a difference between the crude and
the purified extract was noted, further indicating influence of other compounds in the
crude extract. Laminitis in horses that were in contact with debris from walnut trees has
also been reported (Galey et al. 1991; Cassens 2005; Belknap 2010).

Applications in agroforestry management
Various examples of the compound and its inhibitory role in nature, as mentioned above,
can be applied as specific case studies in the agroforestry management system. The evaluation of both nutrient and non-nutrient resource interactions provides information needed
to sustainably manage agroforestry systems. Improved diagnosis of appropriate nutrient
usage can help increase crop yields and also reduce financial and environmental costs. To
achieve this, a management support system that allows for site-specific evaluation of nutrient-production imbalances needs to be established.
Since juglone is not particularity water soluble, it does not readily leach through soil
settings but instead can persist underneath the tree canopy where living roots are located.
After walnut trees are removed from a site or die, toxicity can persist for up to 1 year following removal owing to the persistence of juglone in the soil.
Linking crop performance to appropriate nutrient application and compound inhibition, along with quantifying existing nutrient cycles and interactions, will not only have
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the economic advantage of increasing yields but will also diminish financial and environmental costs, as well as negative competition impacts (Issac & Kimaro 2011). Common
examples of such linkages, using intercropping systems via vector analysis, are found in
field trials of cocoa and pigeon pea but are easily applied to corn, flax, wheat and barley,
among others.
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Known medicinal properties
Juglone has antifungal properties similar to some commercially available antifungal agents
used to treat infections, such as athlete’s foot and ringworm (Clark et al. 1990). One study
showed that juglone inhibits three key enzymes from Helicobacter pylori, a bacterium
that can cause gastritis, peptic ulceration, and gastric cancer in humans. This bacterium
affects approximately 50% of the world’s population and antibiotic resistance is a rising
problem. Juglone could become a new antibacterial agent to treat infections from this bacterium (Kong et al. 2008). Recent data suggest juglone could be a promising chemo-preventive agent for human intestinal neoplasia (Sugie et al. 1998) and anti-tumour properties
have been reported (Bhargava & Westfall 1968; O’Brien 1991; Paulsen & Ljungman 2005;
Xu et al. 2010). Finally, juglone has been noted to block K channels in human lymphocytes—a state often associated with lymphocyte depolarization (Varga et al. 1996).

Common extraction methods
Typical juglone extraction methods use leaves, hulls, and bark material from the black walnut tree and maceration in an organic solvent followed by solvent evaporation, or from
the soil beneath the walnut tree. The best extraction solvents for fresh
walnut hulls appeared to be petroleum ether or hexane (more expensive), whereas for leaf and bark material chloroform was the most frequently used solvent. Yield appears to depend on temperature; the
higher the temperature, the lower the yield.

Common synthesis methods
Juglone is most commonly synthesized from 1,5-dihydroxynaphthalene by oxidation (Figure 3; Table 4).

Figure
3:
Oxidation
of
1,5naphthalenediol (also known as
1,5-dihydroxynapthalene) to juglone.

Table 3: Summary of synthesis procedures
Reactant

Yield

Reference

Sodium dichromate Cr2O72-

~10%

Jesaitis & Krantz (1972)

C6H5IO2
C6H5IO
C6H5(OCOCH3)2
C6H5I(OCOCF3)2
C6F5I(OCOCF3)2
C6F13I(OCOCF3)2

30%
47%
26%
58%
76%
91%.

Barret & Daudon (1990)

tert-butyl hydroperoxide

70%

Taylor & Flood (1983)
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Characterization of juglone
Table 4 presents the chemical characteristics of the juglone molecule.
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Reference

Table 4: Chemical characteristics of juglone molecule
Reference

Formula

C10H6O3

Molecular weight

174.15 g/mol

Chemical Abstracts Service
Registry No.
International Union of Pure
and Applied Chemistry
nomenclature
Melting point

National Institute of Standards
and Technology
National Institute of Standards
and Technology
National Institute of Standards
and Technology

481-39-0
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5-hydroxy-1,4-naphthoquinone
151°C

Jesaitis & Krantz (1972)

153–154°C

Barret & Daudon (1990)

155°C

Budavari (1997)

161–163°C

Aldrich Chemical Company

Aqueous solubility

52 mg/L

Weidenhamer et al. (1993)

Kow

≈2

Wright et al. (2007b)

pKa

8.85

KH

2.58x10 atm m mol

Infrared (IR)
Nuclear magnetic
resonance (NMR)
UV-visible

3300–3600, 1670, 1645 cm
(CDCl3, 60MHz) ppm: 7.5 (s),
7.2 (m), 6.8 (s)
lmax: 420 nm in methanol

Barret & Daudon (1990)

209, 249, and 421 nm

Wright et al. (2007b)

Gas Chromatography
retention time

9.1 min

Girzu et al. (1998b)

Redox potential

–93mV

Wright et al. (2007b)

Physical properties

Yellow insoluble solid
Photodegradable

Wright et al. (2007b)

Palit et al. (1986)
–8

3

von Kiparski et al. (2007)

–1
-1

Barret & Daudon (1990)
Girzu et al. (1998b)

Stability of juglone
Numerous studies have explored the fate of juglone in the environment, including the
degradation of juglone in soil (De Scisciolo et al. 1990; von Kiparski et al. 2007), effect of
wood-dwelling organisms (Curreli et al. 2004), fate in natural waters (effect of pH, microbial activity, photolysis, salinity, and octanol:water partitioning) (Wright et al. 2007b), and
degradation in different solvents (Sharma et al. 2009).
Juglone is reported to degrade in certain solvents and aquatic conditions that include
acetonitrile, methanol, acidic solutions, alkaline solutions, and saline water (Marking
1970; Girzu et al. 1998b; Hadjmohammadi & Kamel 2006; Wright et al. 2007b); however,
juglone is reported to be more persistent under acidic conditions (De Scisciolo et al. 1990;
Wright et al. 2007b).
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Potential uses
The use of natural products is associated with preservation of the environment, thus supporting a sustainable natural resource management. Juglone is a natural product that has
shown a multitude of properties that are deemed beneficial in the fields of medicine, farming, and aquaculture. In British Columbia, especially in the regions where juglone-growing
species are readily found (southern Vancouver Island, the Fraser Valley, the Okanagan and
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West Kootenay, and Peace River area), the presence of walnut trees in particular has a natural inhibiting effect on several species, and hence acts as a natural agroforestry growthlimiting factor. Furthermore, even if these trees are removed or die, the toxicity can persist
for up to 1 year owing to the persistence of juglone in the soil. As such, a juglone derivative,
or even juglone itself (readily available as a compound), can be used for site-specific growth
control in the areas where it is deposited or sprayed. The use of juglone compound in such
cases would not be geographically limiting; the main impact factor would be the cost and
the ease of application.
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Uses in medicine
The use of juglone in medicine is limited because of its sedative effect on animals, though
it could be used externally (fungal, bacterial, and viral infections). More studies are needed
on juglone and its anti-tumour properties.

Herbicide
A likely potential use of juglone is as a herbicide. Juglone could possibly be used in weed
management, as it is harmful to many weeds but not to all cultivated plants (Topal et al.
2007; Shrestha 2009). Black walnut extracts have also been suggested as a pre- and postemergence bioherbicide (Shrestha 2009). Similarly, it can be applied to various crops, especially in Canadian agricultural environments. As noted previously, the use of mapping and
intercropping systems to manage or improve yields of specific plant species with the aid of
natural herbicide, even if marginally cost effective, can be considered an organic alternative.

Biocide
Invasive marine species transported in ballast water are a well-studied global threat on
ecosystems and environments alike. Several treatment methods are suggested and these
include chemical (ozone, bleach, chlorination, glutaraldehyde), UV radiation, heat, and filtration, but they all have implications (Faimali et al. 2006; Wright et al. 2007a). An effective
treatment method with low environmental impact would be ideal and juglone, along with
a few other naphthaquinones, are suggested as potential candidates. These compounds
show significant toxicity towards both eukaryotes and prokaryotes, and methods for fish
culture and treatment of aquatic pests, both using juglone, were patented in 2000 (Patent
No. 6,164,244 and No. 3,602,194; Cutler et al. 2000, 2002). Juglone was identified for commercial use because of its broad toxic effects at low concentrations (Wright et al. 2007a).
Other positive properties of juglone include biodegradability with non-toxic degradation
products, enhanced degradation in sunlight, and short half-lives ranging from a few hours
to less than 2 days in natural saline waters (Wright et al. 2007b). The potential for additional applications is not limited only to agroforestry practices, given quinone’s effectivness
and short half-life.

Conclusion
Juglone is a compound with a long history and multitude of uses throughout various geographic locations; such longevity of usage has yielded a set of well-defined characteristics
that include select toxicity towards plant species, microorganisms, and animals, specific
stability in various chemical conditions, defined purity, well-established isolation methods,
and agreed-upon chemical structure. Its applications in agroforestry management are
closely tied to the scope of available data, and given that the compound has been well characterized to date, it is indicative that its uses can be applied to various crop management
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methodologies worldwide. In British Columbia, Canada, walnut trees have been used as
natural biocide and herbicide supplements in the areas in which they can grow—this scope
could be expanded with a simple cost-analysis model and complementary data sets that
show juglone’s effectiveness as a natural agroforestry management factor. What remains
to be further explored are the biosynthesis pathways as well as additional insights into the
mechanisms of action, including the pathways of juglone’s byproducts and secondary products. Having insight into its modes of action would potentially increase the spectrum of
juglone use, in addition to allowing the scientific and commercial communities alike a
better understanding of its versatile pathways, some with potential for cross-application
in other sectors of the industry, especially agriculture and aquaculture. Although the future
uses of juglone remain to be seen, the amount of data and research conducted to date indicate a high demand for such a resourceful agent.
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Test your Knowledge
How well can you recall the main messages in the preceding article?
Test your knowledge by answering the following questions.

A Summary of Extraction, Synthesis, Properties,
and Potential Uses of Juglone: A Literature Review

A SUMMARY OF
EXTRACTION,
SYNTHESIS,
PROPERTIES, AND
POTENTIAL USES OF
JUGLONE: A
LITERATURE REVIEW

Strugstad &
Despotovski

1. Which geographical regions of British Columbia have historically supported the
growth of nut trees, specifically Carpathian, Japanese, and black walnuts?
a) Only Fraser Valley and Okanagan areas
b) Vancouver Island, Fraser Valley, Okanagan, West Kootenay, and
Peace River
c) Fraser Valley, Okanagan, West Kootenay, and Rocky Mountain areas
2. What is a common chemical name for organic compounds juglone, lawsone,
plumbagin, and lapachol?
a) Terpenoid
b) Naphthoquinone or quinone
c) Quiche
3. Walnut trees can produce all of the phenolic compounds mentioned below except
what?
a) Benzene
b) Terpenoids
c) Naphthoquinones or quinones
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ANSWERS: 1=b; 2=b; 3=a

