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ABSTRACT 

In this study, effect of juglone on seed germination and post-germinative seedling growth 

of four common vegetables (aubergine, pepper, zucchini and gherkin) has been 

investigated. Juglone treatments were applied at 0 (control), 0.001, 0.01, 0.1 and 1 mM 

concentrations. Seed germination of aubergine and pepper was significantly inhibited by 

juglone but in the case of zucchini and gherkin, juglone didn’t change the germination of 

the seeds. However, both root and shoot elongation and dry weights of the seedlings of 

all the species studied were significantly decreased by juglone above 0.01 mM 

concentrations with respect to control. The sensitivity range of the species to juglone was 

determined as aubergine, pepper, zucchini and gherkin, respectively. That is, the most 

sensitive species to juglone was found aubergine that juglone inhibited its seedling 

growth at even 0.001 mM concentration. 
 

Introduction 

The chemical interactions mainly between plants are named allelopathy. The organic 

substances playing roles in allelopathy are called allelochemicals. The release of 

allelochemicals from plants occurs by volatilization, leaching from leaves, exudation 

from roots and degradation of dead plant parts. Allelochemicals become stressful when 

they are toxic. Sometimes an allelochemical produced by a plant is harmful to another 

but beneficial to a third plant species at the same concentration [1-6]. Temperature was 

the most effective parameter in increasing synthesis and exudation of allelochemicals in 

plants  [7]. The inhibitory effect of walnut on associated plants is one of the oldest 

examples of allelopathy and dominant allelochemical in walnut allelopathy is juglone 

(5-hydroxy-1,4 naphthoquinone). Hydrojuglone which is a nontoxic form is abundant in 

several organs of walnut tree. When exposed to air or to some oxidizing substance 

hydrojuglone, it is oxidized to its toxic form, juglone [8, 9]. Juglone is not only 

allelopathically important but it also is an important allelochemical in its antiviral [10], 

antibacterial and antifungal [11-14], antioxidant [15, 16], herbicidal [17], and anticancer 

[18-21] properties. 
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It is an agronomic importance to be selecting plant species not sensitive to juglone for 

planting in the same field with walnut trees. Using this intercropping system is 

commonly seen in Turkey, as can be seen in several countries on the world. However, 

the agronomic efficiency of some plant species may be diminished by the detrimental 

effect of walnut on juglone sensitive species. Although juglone has been shown to 

increase growth of melon seedlings, it has contrarily been shown to decrease seedling 

growth of some vegetables such as cress, tomato, cucumber, radish and watermelon. [2].  

However, we could not encountered any study about the effect of juglone on aubergine, 

pepper,  zucchini and gherkin in the literature. In addition, these species are common 

cultivated vegetables on the world. Therefore, in this work, we aimed to reveal if 

juglone’s allelopathic effect is inhibitory or stimulatory on seed germination and 

seedling growth of these vegetables. 

 

Materials and Methods 

In this work, seeds of aubergine (Solanum melongena cv. Aydın siyahi), pepper 

(Capsicum annuum cv. Yalova çarliston), zucchini (Cucurbita pepo cv. Sakız) and 

gherkin (Cucumis flexuosus cv. Acur) were obtained from “Balıkesir Tohumculuk” 

company/Turkey. 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 juglone solutions in the range of 0.001, 0.01, 0.1 

and 1 mM concentrations, between 4-14 ml depending on seed size. After the 

treatments, Petri dishes were keeped in an incubator at 25 oC in continuous dark for 

seven days. The germination percentages of the seeds were followed and recorded every 

day during the incubation. In the last of 7th day, germination rate of the seeds was 

determined by dividing total germination percentages of the seeds to 7, then the 

seedling growth was defined by measuring lengths and weights of the seedlings 

separated to root and shoot. Each treatment was replicated three times and statistical 

significance between the means of the treatments was indicated on the Tables at 0.05 

level using Duncan’s multiple range test. 
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Results and Discussion 

Germination rate of the aubergine seeds were significantly decreased by juglone at 0.01, 

0.1 and 1 mM juglone concentrations according to control (Table 1). 

 

Table 1 Effects of juglone on germination of seeds and growth of seedlings in aubergine. 
 

Juglone 

(mM) 

Germination 

rate 

Root length 

(cm) 

Shoot length 

(cm) 

Root dry w. 

(mg) 

Shoot dry w. 

(mg) 

0 (Control) 66 a 3.6 a 2.9 a 2.9 a 5.7 a 

0.001 65 a 2.5 b 1.9 b 2.0 b 4.2 b 

0.01 51 b  2.3 b 1.7 b 1.5 b 3.3 b 

0.1 49 b  2.2 b 1.6 b 0.9 b 2.6 b 

1.0 0 c 0 c 0 c 0 c 0 c 

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3.  

 

Juglone has also decreased germination of the pepper seeds at 1 mM (Table 2). Even 1 

mM juglone has completely inhibited seed germination of these species that 

germination rate was zero. However, germinations of the zucchini and gherkin seeds 

were not decreased by juglone in any concentrations (Table 3 and 4). 

 

Table 2 Effects of juglone on germination of seeds and growth of seedlings in pepper. 

Juglone 

(mM) 

Germination 

rate 

Root length 

(cm) 

Shoot length 

(cm) 

Root dry w. 

(mg) 

Shoot dry w. 

(mg) 

0 (Control) 62 a 4.9 a 3.1 a 4.8 a 8.2 a 

0.001 61 a  3.5 ab  2.8 ab  3.6 ab  7.5 ab 

0.01 59 a 3.2 ab  2.6 ab 3.0 ab  6.9 ab 

0.1 56 a 2.7 b 2.3 b 2.7 b 5.8 b 

1.0 0 b 0 c 0 c 0 c 0 c 

 

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3. 
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Table 3 Effects of juglone on germination of seeds and growth of seedlings in zucchini. 

 

Juglone 

(mM) 

Germination 

rate 

Root length 

(cm) 

Shoot length 

(cm) 

Root dry w. 

(mg) 

Shoot dry w. 

(mg) 

0 (Control) 65 a 9.3 a 4.2 a 30.2 a 55.6 a 

0.001 60 a 8.9 a  3.7 ab  23.5 ab  47.8 ab 

0.01 61 a  8.0 ab  3.5 ab 20.4 b  39.6 b 

0.1 65 a  7.6 ab  3.4 ab 17.3 b 33.5 b 

1.0 65 a 6.2 b 3.0 b 15.5 b 29.4 b 

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3. 

 
 

Table 4 Effects of juglone on germination of seeds and growth of seedlings in gherkin. 

 

Juglone 

(mM) 

Germination 

rate 

Root length 

(cm) 

Shoot length 

(cm) 

Root dry w. 

(mg) 

Shoot dry w. 

(mg) 

0 (Control) 65 a 8.1 a 5.8 a 37.6 a 38.2 a 

0.001 61 a  7.7 ab  5.0 ab  33.1 ab 35.5 a 

0.01 61 a  7.8 ab  4.8 ab  30.2 b 24.2 b 

0.1 64 a 6.6 ab  4.5 ab  28.6 b 20.6 b 

1.0 61 a 5.9 b 4.1 b 25.3 b 17.9 b 

Means with the same letters in each column are not significantly different (Duncan, 5%); n=3. 
 

In previous studies, it has been shown that juglone’s inhibitory effect was on seedling 

growth rather than seed germination. For example, 1 mM juglone had only decreased 

seed germination of four species (cress, tomato, cucumber and alfalfa) among 11 plant 

species studied. But root and shoot elongation of all of the species studied were 

decreased by juglone, except muskmelon [2]. As seen in Table 1, with respect to control 

both elongation and dry weight of root and shoot of the aubergine were decreased by all 

the juglone concentrations. In the case of pepper, while 0.1 and 1 mM juglone 

concentrations were found to decrease elongation and dry weights of the seedlings, the 

lower concentrations did not show a significant decrease in the growth parameters 
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(Table 2). On the other hand, although root and shoot elongation of zucchini and 

gherkin were significantly decreased only by 1 mM juglone, their root and shoot dry 

weights were decreased by 0.01, 0.1 and 1 mM juglone concentrations according to 

control (Table 3 and 4). Therefore, it may be said that seedling dry weight of zucchini 

and gherkin were effected by juglone more than their seedling elongation. Formerly, it 

has been shown that juglone affects plant growth depending on species and 

concentration. In this study, aubergine and pepper were found more sensitive to juglone 

than zucchini and gherkin. The reason of this may be sourced from the difference of 

family that aubergine and pepper are belong to Solanaceae, whereas zucchini and 

gherkin are belong to Cucurbitaceae family. Generally, juglone in higher concentrations 

than 0.01 mM shows phytotoxic effect depending on plant species [23] But lower 

concentrations of juglone than this level may show stimulatory effect or no effect on 

plant growth [2, 9, 22-25]. Formerly, elongation and dry weight of the root were found 

less effected than the shoot by juglone in sixteen plant species [23]. However, in our 

study, juglon did not show a different effect on the elongation and dry weight of root 

and shoot in the four species studied, as previously mentioned by Kocaçalışkan and 

Terzi (2001) in eleven plant species. 

Plant growth reducing effect of juglone is known to be common. But no information 

was available about the juglone’s allelopathic effect on four plant species studied in this 

work. Although the species were seen to be decreased their germination and seedling 

growth by juglone, there were differences between the species in juglone tolerance. The 

tolerance range of the species to juglone can be aligned as zucchini, pepper and 

aubergine. That is, the most sensitive species to juglone was aubergine that even 0.001 

mM juglone inhibited its seedling growth. Juglone is exuded from walnut trees and 

accumulated in canopy soil of walnut about 0.1 mM but rarely it reach to 1 mM 

concentration depending on species, season and distance from trunk of walnut [23, 26, 

27]. Thus, this study revealed that the species studied, especially aubergine and pepper, 

are not advisable cultivating in a walnut garden because of the juglone phytotoxicity. 
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