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Abstract

Juglone is a substance that limits plant growth and has a toxic effect on plant
development. In this study, we analyzed the influence of juglone at two different
concentrations (10~ M and 10~* M), which were applied to different parts of Solanum
lycopersicum L. plants (root system, stem after decapitation, and surface of a younger
leaf or after autografting) for a short period of time (7 days), on the morphology
and histology of stems. At a lower concentration, juglone had positive effects on
plant growth, which resulted in an increase in interfascicular cambial cell divisions,
faster development of a continuous cambium layer along the stem circumference,
and development of fibers. Additionally, under the influence of juglone, the number
of developing leaves increased and adventitious roots developed. The results are
discussed based on the current literature concerning the reaction of plants to juglone
and to stress conditions.
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Introduction

Juglone (5-hydroxy-1,4-naphthoquinone) is secreted by trees of the Juglandaceae fam-
ily, especially by Juglans regia and Juglans nigra [1,2]. Chemically, juglone is a phenolic
compound that belongs to the naphthoquinone class.

It has been repeatedly demonstrated that juglone has a toxic effect on plant growth.
The most extensive studies have been conducted on corn and soybean [3]. It has been
shown that juglone can inhibit the growth of shoots and roots and that it also inter-
feres with photosynthesis and transpiration processes. Despite the large amount of
published data concerning the biological activity of juglone, little is known about the
mechanisms of its toxic effects on plant growth [2,4,5]. Studies on corn and soybean
showed that juglone is responsible for the inhibition of plasma membrane H*-ATPase,
resulting in the inhibition of the uptake of water and nutrients by the roots (for review
see [5]). The inhibition of root elongation by limiting the transport of protons from
the cytoplasm to the apoplast was also reported [6]. This transport is regulated by the
activity of the ATP-dependent proton pump that is located in the plasma membrane.
In addition, juglone reduces the content of chlorophyll, interferes with the functioning
of the mitochondria, and induces the formation of reactive oxygen species [5].

Many plants are sensitive to juglone. The most sensitive species include tomato,
potato, pea, cucumber, apple, corn, soybean, azalea, and many others. There are several
species that are not susceptible to juglone, e.g., onion, Jerusalem artichoke, sugar beet,
and certain species of beans. The current literature also reports [7] a beneficial influ-
ence of juglone for some species. Research on one of the varieties of cotton showed that
juglone at a 10> M concentration accelerates germination and increases growth [8].
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Tomato belongs to the Solanaceae family. This vegetable species is widely used as an
experimental plant in many areas of research and has significantly contributed to our
understanding of the mechanisms underlying the influence of the environment on plant
growth, development, and response to various external factors such as temperature [9],
drought and salinity [10,11], or light conditions [12].

The present studies were initially undertaken to analyze the harmful effect of juglone
on tomato plants, but when it appeared that a 10~ M juglone concentration increased
growth, it was decided to focus the study on the histology (plus certain morphological
traits) of Solanum lycopersicum L. plants that were treated with juglone for a short period
of time and to analyze the cellular events that occur during this process. The obtained
results can contribute not only to increasing our basic knowledge of the influence of
juglone on tomato growth, but can also be the starting point for applications studies.

Material and methods
Material

Seeds of Solanum lycopersicum L. ‘Moneymaker’ were germinated on Petri dishes with
wet blotting paper for 6 or 7 days at 23 £1°C in darkness. Seedlings were transferred
to pots with a soil and vermiculite mixture (2:1 v/v) and grown at a temperature of 23
£1°C, a relative humidity of 35% and a 16-h photoperiod with a light intensity of 40
pmol m~ s~ (cool white fluorescence lamp; OSRAM). Plants were watered every 2 days
with Hoagland’s solution [4]. For each experiment, 28-day-old plants were used.

Juglone treatment

Juglone (Sigma Aldrich) was dissolved in 5 mL of ethanol, made up to 1000 mL with
distilled water (for experiments with juglone application in lanolin paste), or in Ho-
gland’s solution (for watering plants) in order to get a concentration of 10~ M (lower
concentrations were obtained by the dilution of the stock solution). The juglone treat-
ment lasted for 7 days for each experiment. Six plants were used in each experiment
and there were six replicates.

Healthy plants were treated with juglone in the following ways:

1. A juglone solution at a 10~ M or 10™* M concentration was used to water the
plants; watering was repeated every 2 days during the 1-week period. Control
plants were treated in the same way but without the addition of juglone.

2. A juglone solution at a 10™* M concentration was mixed with lanolin at a 1:1
weight ratio and this mixture was applied on the stem after decapitation (the
lanolin paste protected the cut surface against drying) or on the leaf surface after
gentle abrasion of the cuticle with the use of polishing paste (lanolin protected
against drying); the lanolin paste was replaced every 2 days. Control plants were
treated in the same way but the lanolin was mixed with demineralized water.

Autografting procedure

28-day-old plants with healthy cotyledons and epicotyl length of about 1-1.5 cm were
autografted according to the method described by Jeffree and Yeoman [13]. Mid-epicotyl
was cut transversely with a razor blade and the scion was carefully placed back on the
stock. Toothpicks and parafilm were used to support the grafted stems. Immediately
after grafting, plants were treated with juglone as described above.

Morphology and histology

Observations of plant morphology were carried out using an Olympus (Japan) SZH10
stereomicroscope. For histological analysis, samples were fixed in FAA, dehydrated in an
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ethanol series, and embedded in Steedman’s wax [14,15]. Longitudinal or cross sections
(7 um thick) were cut with a rotary microtome HYRAX M40 (Zeiss, Germany) and
collected on microscopic slides covered with Haupt’s adhesive. Sections were stained
with aqueous solutions of 0.05% Toluidine Blue O (Sigma) for 10 min, then rinsed
three times with demineralized water. Observations and photography were carried
out using a Nikon SMZ 1500 dissecting microscope or Nikon Eclipse Ni-U bright field
microscope equipped with a Nikon Digital DS-Fil-U3 camera with corresponding
software (Nikon, Japan). Figures were edited in Corel Draw X5 (Corel Corp., Canada)
and Paint.Ink (Microsoft Corp., USA).

Results

The appearance of control and treated plants

As was pointed out above, the plants treated with juglone at the lower concentration
were in much better condition in comparison to control plants or plants treated with
the higher juglone concentration (Fig. 1). The height of the control plants was ca. 25
cm, the height of those treated with the lower juglone concentration exceeded 30 cm,
while that of plants treated with the higher juglone concentration was less than 20 cm.
These values of the growth parameters are only illustrative, as statistical analysis was
not performed because of the differences between individual plants.

Fig.1 Representative appearance of control plants (a) and plants treated with juglone at 10~* M (b) and 10~* M (c). Scale bars: 5 cm.

Plants treated with the lower juglone concentration developed more leaves and their
size was also larger in comparison to the control plants. Plants treated with juglone to
the cut surface or to the leaf surface reacted similarly (data not shown).

Plants treated with juglone at 10> M were shorter and had fewer leaves compared
to the control plants.

Stereomicroscopic observations of the stem surface of the juglone-treated plants
revealed the presence of adventitious roots (AR) and this was a constant characteristic
of plants regardless of the juglone concentration (Fig. 2). Also, the color of epidermal
cells in the plants that were treated with juglone changed to purple (Fig. 2).

The next morphological difference between the plants treated with juglone and the
control plants was the presence of trichomes that were visibly longer in the juglone-
treated plants regardless of the concentration and method of juglone application
(Fig. 2a-c).

Juglone applied to the graft union

Application of juglone accelerated the process of graft union formation, which was
manifested by the faster fusion of the stock and scion in comparison to the control
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Fig.2 Stem surface of a control plant (a); treated with juglone at a concentration of 10~* M applied to the root system (b); treated
with juglone at a concentration of 10~* M applied to the root system (c); treated with juglone applied to the cut surface after decapita-
tion (d); treated with juglone applied to the leaf surface (e). tr — trichomes; ar — adventitious root. Scale bars: 1 cm.

plants (Fig. 3). The shape of the juglone-treated grafted stems was uniform, whereas
in the control plants differences in diameter (caused by a more pronounced growth of
the upper part of the graft) between scion and stock were observed. The graft union in
the juglone-treated plants was completely filled with callus cells.

Histological analysis

Longitudinal and cross sections through the epicotyls of the control and juglone-treated
plants showed differences in cambial cell divisions and the development of the cambium
in the interfascicular area. All of the features mentioned above, as well as differentiation
of fibers and the development of the adventitious roots, were more pronounced in the
juglone-treated plants.

Fig.3 Morphology of the graft union of a plant untreated with juglone (a) and a plant treated with juglone at a concentration of
10* M (b). sc - scion; rs — rootstock. Scale bars: 1 cm.

© The Author(s) 2017 Published by Polish Botanical Society Acta Agrobot 70(2):1701 4 0of 10



The histology of the control plants was typical. The central part was occupied by pith,
the vascular bundles were distributed uniformly along the stem circumference, and
the cambium was present mostly as a fascicular one (Fig. 4a). After juglone application
to the root system, the cambium was uniformly present along the stem circumference
(Fig. 4b). The number of cambial cells in radial rows was higher in comparison to the
control plants. Both methods of stem treatment (juglone applied on the decapitated
stem or on the leaf surface) resulted in similar changes in stem histology (Fig. 4c,d).
Juglone application to the root system resulted in the abundant development of fibers
(Fig. 4b). Because the number of daughter cells in radial files in the cambial zone
and the number of cambial zone radial files along the circumference were higher in
juglone-treated plants, it can be stated that cambium was more active in these plants
in comparison to control plants.

Fig. 4 Cross section of a control plant (a) and a juglone-treated plant at a 10~* M concentration applied to the root system
(b); applied to the cut surface after decapitation (c); applied to the leaf surface (d). Note the abundance of differentiated
phloem fibers within the outer phloem/protophloem area as well as interfascicular xylem fibers in b. fc - fascicular
cambium; ifc — interfascicular cambium; f - fibers; dotted line — vascular bundle. Scale bars: 100 pum.

The plants that were treated with juglone after autografting were characterized by
faster connection of the scion and stock that was caused by the more abundant cell
divisions as well as a faster dedifferentiation and/or differentiation compared to the
untreated plants (Fig. 5a,b).

Juglone treatment resulted in faster union formation between the scion and stock,
which was manifested in the filling of the gap formed after stem cutting with callus and
the presence of dedifferentiated cells (Fig. 5a,b). The arrangements of cells, especially
the tracheary elements, were disturbed in the area of the union and were manifested
by the presence of cells whose longitudinal axis was perpendicular to the long axis of
the stem.
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Fig.5 Sections through the graft union area of a control plant (a) and juglone treated plants (b-d). Longitudinal (a,b) and
cross (¢,d) section. Note occurrence of callus in the pith area (c) and disturbed (d; double-headed arrow) and non-disturbed
(d; asterisks) arrangement of xylem fibers and tracheary elements. fc — fascicular cambium; nl - necrotic layer; vc - vascular
connection; dotted line - vascular bundle; pc - callus in the pith; te - tracheary elements. Scale bars: a,b 200 pum; ¢ 100 um;
d 50 pm.

Discussion

The results presented here indicate that juglone at a 10~* M concentration has positive
effects on plant growth by increasing the interfascicular cambial cell divisions, the
development of a continuous cambium layer along the stem circumference, and the
development of fibers. Together, these phenomena resulted in an increase in the stem
diameter. An increase in the shoot apical meristem activity, which was manifested by
an increased number of developing leaves, was also detected. Moreover, the develop-
ment of adventitious roots and visibly longer trichomes occurred in the juglone-treated
plants. The obtained results indicate that juglone can have a positive effect on plant
growth if the concentration is not lethal, and also, probably, if the time of its action is
not too long.

In most of the cases reported in literature, the effects of juglone on plants have gener-
ally been toxic [16-18]. Juglone has been found to be an inhibitor of seed germination
in cress, tomato, cucumber, alfalfa, radish, and watermelon [8,19-21]. A decrease in
the growth of roots and seedlings that were under the influence of juglone was also
described for many plants including soybean [22], corn [23], Medicago [24], cucumber
[25], and also for some trees and shrubs [26].

In most earlier studies, the influence of juglone on seed germination, root growth,
and sometimes also stem growth has been analyzed [22,25]. Analyses of the influence
of juglone have also been the focus of studies on physiological parameters such as
photosynthesis or mitochondria functioning and have indicated that juglone disturbs
these physiological processes [3,4,22,27].
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In the light of the above-mentioned studies, the results presented here, which show
a positive influence of juglone on tomato plants, are rather unique. However, if we take
into consideration the fact that allelochemicals can be beneficial in one species and
harmful in another one and that this depends on the type and concentration of the
allelochemicals and on the duration of the treatment [16-18], the growth stimulation
that was observed in the presented studies is not improbable. At present, it appears that
there are some plants that are tolerant to juglone [24]. It is possible that the concentra-
tion, duration of the treatment, and the way that juglone is applied may be important
factors that change the reaction of plants to this allelochemical.

The juglone concentration seems to be very important in determining the harmful
effect on plant growth. Studies on 16 plant species showed that this effect was different
for seeds germination and plant growth depending on the juglone concentration [28].
It was shown that lower concentrations of juglone (within the range of 10™* M to 10
M) enhanced germination in some species. In most experiments, a concentration of
107 M of juglone was very harmful for plant growth [28,29]. The same was observed
in the studies presented here, which showed a positive influence of the lower juglone
concentration on plant growth and a harmful influence of the higher concentration.

The duration of the juglone treatment also seems to be very important for determin-
ing its effect on plant growth. In growth analyses, the treatment usually lasted several
weeks and the effect was harmful [19,21,28]. In experiments in which the physiological
response or gene expression was investigated, the treatment with juglone lasted only
hours [3,4,29,30]. Therefore, it is difficult to compare our results with most of the
literature data. The only similar duration of juglone treatment was described in the
case of two species of Medicago [24] and soybean [22]. The analysis of Medicago under
the influence of juglone showed that at least one species, M. lupulina, was tolerant to
this chemical after 7 days of treatment [24]. Thus, the results presented here are in
accordance with at least these findings and suggest that juglone may have no harmful
effect on plants [31].

Anatomical parameters such as vessel diameter, the number of stomata, or number
of cell layers of the palisade parenchyma were analyzed in cucumber and it was shown
that the number of palisade parenchyma layers increased under the influence of ju-
glone. Moreover, it was determined that the cotyledons’ mesophyll was much thicker
in juglone-treated plants than in control plants [25]. In the results presented here, a
stimulation of plant growth was also observed and it was caused by an increase in the
cambial cell divisions, accelerated processes of cell differentiation and apical meristem
activity, the latter manifested by an increase in the number of developing leaves and
the presence of longer trichomes in comparison to control plants. Our results also
showed the development of adventitious roots, which has not been mentioned in the
literature as a result of the influence of juglone on plant growth (at least to the best of
the knowledge of the authors). Such results may be explained as a plant’s reaction to
stressors. A plant’s reaction to stress in the form of temporally increased cell division
has been postulated in the literature [32-34]. Molecular analysis also showed that the
response of a plant to stress conditions was correlated with an increase in the expression
of stress response genes [24].

The reaction of a plant to different stressors is manifested by an increase in cell divi-
sions. For example, in Zea mays cell divisions were stimulated in the distal elongation
zone with lateral roots protruding after just 3 h [35]. In Arabidopsis thaliana under the
influence of copper, the number of lateral roots increased [36]. Heavy metal stress can
also induce a thickening of roots, including both increases in root density and root
diameter [37,38]. As was postulated by Potters et al. [39], stress-induced morphogenic
responses (SIMR) can be observed in plants that are exposed to a variety of distinct
abiotic stressors and comprise three components: (i) inhibition of cell elongation, (i)
localized stimulation of cell divisions, and (iii) alterations in the cell differentiation
status. The postulated hypothesis assumed that SIMRs are carefully coordinated stress
acclimation responses rather than the unavoidable consequences of stress exposure and
that plants use morphogenic responses to decrease their exposure to stress [39].
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Conclusions

Although the morphology and histology of Solanum lycopersicum L. has been the
subject of many studies, it has never been studied after treatment with juglone. The
results obtained in the present study can be summarized as follows: (i) the control and
juglone-treated plants differ in terms of histology; (ii) the effect of juglone depends on
its concentration; and (#ii) juglone at a concentration of 10~ M stimulates plant growth
by increasing the intensity of cambial cell divisions, the differentiation processes, and
the acceleration of cell maturation.

Further experiments should be performed to test the effects of juglone for longer
duration in order to determine whether the promotion of growth that is presented here
is only temporary as a reaction of plants to stress conditions.

References

1. Babula P, Vaverkova V, Poborilova Z, Ballova L, Masarik M, Provaznik I. Phytotoxic
action of naphthoquinone juglone demonstrated on lettuce seedling roots. Plant Physiol
Biochem. 2014;84:78-86. https://doi.org/10.1016/j.plaphy.2014.08.027

2. Jasicka-Misiak I. Allelopatyczne wlasciwosci metabolitow wtérnych roélin uprawnych.
Wiadomoséci Chemiczne. 2009;63:39-62.

3. Hejl AM, Einhellig FA, Rasmussen JA. Effects of juglone on growth, photosynthesis, and
respiration. ] Chem Ecol. 1993;19:559-568. https://doi.org/10.1007/BF00994325

4. Rudnicka M, Polak M, Karcz W. Cellular responses to naphthoquinones: juglone as a case
study. Plant Growth Regul. 2013;72:239-248. https://doi.org/10.1007/s10725-013-9855-y

5. Kozak A, Leszczynski B, Sempruch C, Sytykiewicz H. Allelopatyczne oddzialywanie
juglonu. Kosmos. 2014;305:611-622.

6. Gniazdowska A, Oracz K, Bogatek R. Allelopatia — nowe interpretacje oddziatywan
pomigdzy roslinami. Kosmos. 2004;263:207-217.

7. Khodzhibaeva SM, Filatova OF, Tyshchenko AA. New aspects of the
preparation and control of juglone. Chem Nat Compd. 2000;36:281-283.
https://doi.org/10.1007/BF02238336

8. Kocacé Aliskan I, Terzi I. Allelopathic effects of walnut leaf extracts and juglone on
seed germination and seedling growth. ] Hortic Sci Biotechnol. 2001;76:436-440.
https://doi.org/10.1080/14620316.2001.11511390

9. Page D, Gouble B, Valot B, Bouchet JP, Callot C, Kretzschmar A, et al.
Protective proteins are differentially expressed in tomato genotypes differing
for their tolerance to low-temperature storage. Planta. 2010;232:483-500.
https://doi.org/10.1007/s00425-010-1184-z

10. Monteiro CC, Carvalho RFE, Gratio PL, Carvalho G, Tezotto T, Medici LO, et
al. Biochemical responses of the ethylene-insensitive Never ripe tomato mutant
subjected to cadmium and sodium stresses. Environ Exp Bot. 2011;71:306-320.
https://doi.org/10.1016/j.envexpbot.2010.12.020

11. Fischer I, Camus-Kulandaivelu L, Allal F, Stephan W. Adaptation to drought in two wild
tomato species: the evolution of the Asr gene family. New Phytol. 2011;190:1032-1044.
https://doi.org/10.1111/j.1469-8137.2011.03648.x

12. Wang M, Jiang W, Yu H. Effects of exogenous epibrassinolide on photosynthetic
characteristics in tomato (Lycopersicon esculentum Mill) seedlings under weak light
stress. ] Agric Food Chem. 2010;58:3642-3645. https://doi.org/10.1021/jf9033893

13. Jeffree CE, Yeoman MM. Development of intercellular connections
between opposing cells in a graft union. New Phytol. 1983;93:491-509.
https://doi.org/10.1111/j.1469-8137.1983.tb02701.x

14. Huber DP, Philippe RN, Godard KA, Sturrock RN, Bohlmann J. Characterization
of four terpene synthase cDNAs from methyl jasmonate-induced
Douglas-fir, Pseudotsuga menziesii. Phytochemistry. 2005;66:1427-1439.
https://doi.org/10.1016/j.phytochem.2005.04.030

15. Vitha S, Baluska E, Braun M, Samaj J, Volkmann D, Barlow PW. Comparison of

© The Author(s) 2017 Published by Polish Botanical Society Acta Agrobot 70(2):1701 8 of 10


https://doi.org/10.1016/j.plaphy.2014.08.027
https://doi.org/10.1007/BF00994325
https://doi.org/10.1007/s10725-013-9855-y
https://doi.org/10.1007/BF02238336
https://doi.org/10.1080/14620316.2001.11511390
https://doi.org/10.1007/s00425-010-1184-z
https://doi.org/10.1016/j.envexpbot.2010.12.020
https://doi.org/10.1111/j.1469-8137.2011.03648.x
https://doi.org/10.1021/jf9033893
https://doi.org/10.1111/j.1469-8137.1983.tb02701.x
https://doi.org/10.1016/j.phytochem.2005.04.030

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

© The Author(s) 2017

cryofixation and aldehyde fixation for plant actin immunocytochemistry: aldehydes do
not destroy F-actin. Histochem J. 2000;32:457-466.

Rice EL. Allelopathy - update. Bot Rev. 1979;45:15-109.
https://doi.org/10.1007/BF02869951

Whittaker RH, Feeny PP. Allelochemics — chemical interactions between species.
Science. 1971;171:757. https://doi.org/10.1126/science.171.3973.757

Rizvi SJH, Rizvi V. Exploitation of allelochemicals in improving crop productivity. In:
Rizvi SJH, Rizvi V, editors. Allelopathy basic and applied aspects. Dordrecht: Springer
Netherlands; 1992. p. 443-472. https://doi.org/10.1007/978-94-011-2376-1_25

Terzi I. Allelopathic effects of juglone and decomposed walnut leaf juice on muskmelon
and cucumber seed germination and seedling growth. Afr J Biotechnol. 2008;7:1870-
1874.

Terzi I. Allelopathic effects of juglone and walnut leaf and fruit hull extracts on seed
germination and seedling growth in muskmelon and cucumber. Asian Journal of
Chemistry. 2009;21:1840-1846.

Terzi I, Kocagaligkan 1. Alleviation of juglone stress by plant growth regulators in
germination of cress seeds. Scientific Research and Essays. 2009;4:436-439.

Hejl AM, Koster KL. Juglone disrupts root plasma membrane H*-ATPase
activity and impairs water uptake, root respiration, and growth in soybean
(Glycine max) and corn (Zea mays). ] Chem Ecol. 2004;30:453-471.
https://doi.org/10.1023/B:JOEC.0000017988.20530.d5

Jose S, Gillespie AR. Allelopathy in black walnut (Juglans nigra L.) alley cropping.
1I. Effects of juglone on hydroponically grown corn (Zea mays L.) and soybean
(Glycine max L. Merr.) growth and physiology. Plant Soil. 1998;203:199-205.
https://doi.org/10.1023/A:1004353326835

Torabi Z, Rafiei F, Shabani L, Danesh Shahraki A. Physiological and molecular
response of annual Medicago species to juglone. Acta Physiol Plant. 2015;37:248.
https://doi.org/10.1007/s11738-015-1999-0

Terzi I, Kocagaligkan I, Benlioglu O, Solak K. Effects of juglone on growth of cucumber
seedlings with respect to physiological and anatomical parameters. Acta Physiol Plant.
2003;25:353-356. https://doi.org/10.1007/s11738-003-0016-1

Funk DT, Case PJ, Rietveld W], Phares RE. Notes: effects of juglone on the growth of
coniferous seedlings. Forest Science. 1979;25:452-454.

Chen SY, Chi WC, Trinh NN, Cheng KT, Chen YA, Lin TC, et al. Alleviation of
allelochemical juglone-induced phytotoxicity in tobacco plants by proline. J Plant
Interact. 2015;10:167-172. https://doi.org/10.1080/17429145.2015.1045946

Rietveld WJ. Allelopathic effects of juglone on germination and growth
of several herbaceous and woody species. ] Chem Ecol. 1983;9:295-308.
https://doi.org/10.1007/BF00988047

Neave IA, Dawson JO. Juglone reduces growth, nitrogenase activity, and root
respiration of actinorhizal black alder seedlings. ] Chem Ecol. 1989;15:1823-1836.
https://doi.org/10.1007/BF01012269

Poborilova Z, Ohlsson AB, Berglund T, Vildova A, Provaznik I, Babula P. DNA
hypomethylation concomitant with the overproduction of ROS induced by
naphthoquinone juglone on tobacco BY-2 suspension cells. Environ Exp Bot.
2015;113:28-39. https://doi.org/10.1016/j.envexpbot.2015.01.005

Kocagaligkan I, Turan E, Terzi I. Juglone effects on seedling growth in intact and coatless
seeds of muskmelon. Afr J Biotechnol. 2008;7:4446-4449.

Kurczynska EU, Beltowski M, Wloch W. Morphological and anatomical changes of
scots pine dwarf shoots induced by air pollutants. Environ Exp Bot. 1996;36:185-197.
https://doi.org/10.1016/0098-8472(96)01005-2

Kuroda K, Shimaji K. Wound effects on cytodifferentiation in hardwood xylem. IAWA
Bulletin. 1985;6:107-118. https://doi.org/10.1163/22941932-90000922

Schneuwly DM, Stoffel M, Bollschweiler M. Formation and spread of callus tissue and
tangential rows of resin ducts in Larix decidua and Picea abies following rockfall impacts.
Tree Physiol. 2009;29:281-289. https://doi.org/10.1093/treephys/tpn026

Doncheva S, Amenos M, Poschenrieder C, Barcelo J. Root cell patterning: a
primary target for aluminium toxicity in maize. ] Exp Bot. 2005;56:1213-1220.
https://doi.org/10.1093/jxb/eril15

Published by Polish Botanical Society Acta Agrobot 70(2):1701 90of 10


https://doi.org/10.1007/BF02869951
https://doi.org/10.1126/science.171.3973.757
https://doi.org/10.1007/978-94-011-2376-1_25
https://doi.org/10.1023/B:JOEC.0000017988.20530.d5
https://doi.org/10.1023/A:1004353326835
https://doi.org/10.1007/s11738-015-1999-0
https://doi.org/10.1007/s11738-003-0016-1
https://doi.org/10.1080/17429145.2015.1045946
https://doi.org/10.1007/BF00988047
https://doi.org/10.1007/BF01012269
https://doi.org/10.1016/j.envexpbot.2015.01.005
https://doi.org/10.1016/0098-8472(96)01005-2
https://doi.org/10.1163/22941932-90000922
https://doi.org/10.1093/treephys/tpn026
https://doi.org/10.1093/jxb/eri115

36. Pasternak T, Rudas V, Potters G, Jansen M. Morphogenic effects of abiotic
stress: reorientation of growth in seedlings. Environ Exp Bot. 2005;53:299-314.
https://doi.org/10.1016/j.envexpbot.2004.04.009

37. Rucinska R, Waplak S, Gw6zdz EA. Free radical formation and activity of antioxidant
enzymes in lupin roots exposed to lead. Plant Physiol Biochem. 1999;37:187-194.
https://doi.org/10.1016/S0981-9428(99)80033-3

38. Arduini I, Masoni A, Mariotti M, Ercoli L. Low cadmium application increase
miscanthus growth and cadmium translocation. Environ Exp Bot. 2004;52:89-100.
https://doi.org/10.1016/j.envexpbot.2004.01.001

39. Potters G, Pasternak TP, Guisez Y, Palme KJ, Jansen MA. Stress-induced
morphogenic responses: growing out of trouble? Trends Plant Sci. 2007;12:98-105.
https://doi.org/10.1016/j.tplants.2007.01.004

Morfologiczno-histologiczna analiza todyg pomidora (Solanum lycopersicum L.)
traktowanego juglonem. Czy juglon wplywa pozytywnie na wzrost roslin?

Streszczenie

Badania prowadzono na kilkutygodniowych roslinach pomidora (Solanum lycopersicum L.)
traktowanych juglonem w dwoéch stezeniach (10~ M lub 10 M) przez okres 7 dni. Juglon poda-
wany byt albo do systemu korzeniowego, albo w postaci pasty lanolinowej na dekapitowane pedy
lub powierzchnie najmlodszego liScia. Sprawdzono réwniez wplyw juglonu na tempo procesu
zrastania si¢ zrazu z podkiadka po autoszczepieniu. Roéliny traktowane juglonem (niezaleznie
od miejsca aplikacji) w stezeniu 10~* M, byly wieksze w poréwnaniu do roélin kontrolnych, mialy
wiecej rozwinietych lidci, charakteryzowaly sie wytwarzaniem korzeni przybyszowych, a proces
zrastania sie zrazu z podktadka przebiegal szybciej niz w roélinach kontrolnych. Juglon podany
w wyzszym stezeniu wplywal hamujgco na wzrost i rozw6j roélin w odniesieniu do analizowanych
parametréw wzrostowych. Analiza histologiczna pokazala, Ze w roélinach traktowanych juglo-
nem w stezeniu 10~ M zwigkszona byta liczba komérek kambium w rzedach promieniowych,
szybciej zaktadal si¢ ciagly na obwodzie todygi poklad kambium i dochodzito do réznicowania
sie wldkien, czego nie stwierdzono w roélinach kontrolnych, bedacych w tym samym wieku.
Uzyskane wyniki zostaly przedyskutowane w oparciu o literature opisujaca wplyw juglonu na
wzrost i rozwoj roélin oraz w aspekcie odpowiedzi roéliny na dzialajacy czynnik stresowy.
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