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Walnut trees have been shown to be very sensitive to abiotic stresses, especially to soil hypox-
ia consequence of soil flooding or waterlogging. The aim of study was to search for correlation
between polyphenols and tolerance to flooding stress. Two-three years old walnut trees, Ju-
glans regia, J. nigra and interspecific hybrids, grown in pots were subjected to soil flooding in
summer at full leaves expansion. In high sensitive J. regia trees, when flooded, the net CO,
assimilation rapidly decreased and 3-4 days of flooding were enough to block the recovery
when soils was drained. In walnut hybrid (J. nigra x J. regia) and less sensitive J. regia geno-
types, a longer resistance was observed; after 13 days of treatment leaves culd still be green
and trees can recovered till to the normal photosynthesis when drained. J. nigra when flooded
reduced net photosynthetic rate but maintained leaves without damages and with the capaci-
ty to recover CO, assimilation. The data showed resistance of J. nigra and hybrid trees and
of some J. regia genotypes to the stress. The HPLC analyses of polyphenols showed a modi-
fication of the patterns during the stress. The plants less tolerant to hypoxia have higher con-
tent of polyphenols distributed in a lot of compounds. Trees more tolerant, J. nigra, showed
a very simple HPLC pattern. All samples contained juglone, more in less tolerant genotypes.
Hydroxy juglone glucoside was detectable in all genotypes, but only in low gquantity, it in-
creased in trees with high resistance to hypoxia and decreased in J. regia. Less flooded tol-
erant J. regia genotypes have higher polyphenols and juglone content. The metabolism of
hydroxyl juglone glucoside could be involved in a mechanism of juglone detoxification dur-
ing the hypoxia to give stress tolerance.

Keywords: Juglans regia, Juglans nigra, polyphenols, juglone, photosynthesis, abiotic
stress, soil hypoxia.

Introduction

Persian or common or Greek walnut (Juglans regia L.) is one of the most
economically important members of the genus Juglans. It is a large, wind-
pollinated, monoecious, dichogamous, long-lived, perennial tree, with seed disper-
sal by animals over short distances and by human over large distances. Juglans
regia is cultivated for its high quality wood and edible nuts throughout the temper-
ate regions of the world [4]. Although the center of origin of Persian walnut is ob-
scure, it is considered native to the mountain ranges of Central Asia, and its diffu-
sion followed the ancient trade routes passing from China into India, Persia, Greece
and thus into Europe [9].

In western European countries the decline of walnut cultivation after the sec-
ond world war is mainly due to the changing rural structure, both technically and
socially (depopulation, land abandonment and high labour costs). In the last

21



ISSN 0536 — 1036. UBY3. «JIecHoii skypHag». 2015, Ne 2

decades, new attention is given to human and environmental safety, eco-sustainable
development and protection of the national resources in order to promote the redevel-
opment of the rural areas. In the light of these problems, there has been an increasing
demand for new walnut genotypes for both wood and nut production [14]. For this
reason, several studies considering genetic, physiologic and biochemical variability
between walnut genotypes and varieties have been carried out to explain the high
variation in morphology and phenology of adult trees that has been reported [10].

In walnut polyphenols are a characteristic biochemical compounds. Polyphe-
nol contents gave indication of possible their utilisation for identification of walnut
tree genotypes [5, 7]. The major polyphenol belong the hydroxycinnamic, hy-
droxybenzoic and flavonoid types the more characteristic in walnut trees is the
naphthoquinone juglone and its biochemical related compounds. The content of
polyphenols other then the genotypes changed also with stage of growing and in
plant organs. If the phenols are mainly recognised for their antioxidant actions
[1, 12], the juglone is well known for its allelopathic and inhibitory effect in many
plants [2, 8, 13]. Walnut trees have been shown to be very sensitive to stress envi-
ronmental condition especially to soil hypoxia consequence to soil waterlogging [2,
11]. Different walnut genotypes have shown different degree of resistance, from
few days to weeks. The aim of this study has been to detect the presence of poly-
phenols and to correlate their presence with different tolerance to waterlogging
stress shown by different walnut genotypes.

Material and methods

Two-three years old walnut trees, Juglans regia, J. nigra and interspecific
hybrids (J. major x J. regia and J. nigra x J. regia), grown from seeds sowing in 80
| pots were used in the study. Five to eight trees of each walnut genotype were se-
lected for uniformity in height, diameter and number of leaves to use in each exper-
iment set. In summer, at beginning of July when the full leaves expansion were
reached, the trees were subjected to waterlogging increasing and maintaining the
water level at two-three cm above the soil. The treatment mimics the period and
conditions that walnut trees can experience in nature after summer heavy rains es-
pecially around river basins.

To evaluate stress level, leaf gas exchanges (photosynthetic rate, transpiration
rate, stomatal conductivity) were measured with an open system LCA3 (ADC, Eng-
land). Measurements were made daily, during the period of water treatment and in
the week later of soil draining, to follow the plants recovery.

Walnut leaflets were collected at different length period of stress treatment
were used for analysis of polyphenols. Polyphenols were extracted from freeze-
dried and ground leaves with 100 acetone (1 g 30 ml) during 30 min in ultrasound
bath and with frequently hand shaking. The extract was then filtered, evaporated to
dryness under reduced pressure (10 °C), and redissolved in methanol. Polyphenols
had been analysed by HPLC updating essentially the method described [6]. Trirotar
VI pump with online degasser DG3510 and Diode Array Detector (DAD) MD910,
all of Jasco Co., Japan, were the HPLC instrument components. Column Purospher
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RP18 (5 um) 4 x 250 mm (Merck, Germany) was eluted at 0.6 ml /min with mix-
ture of water:methanol:acetonitrile in 30 min gradient from 85:7:8 to 10:45:45 and
20 min more at final composition (10:45:45). The chromatograms at 340 nm and
525 nm had been used for quantification compounds. The spectra collected by DAD
in the range 230-500 nm wavelength continuously during column elution permitted
identification of polyphenols, at least grouped in chemical groups.

Results and discussion

Comparing different walnut genotypes was possible to have indication of dif-
ferent resistance capacity to root anaerobiosis. The stress effect can be visible after
few days of soil hypoxia caused by soil waterlogging, when leaves became wilted.
To quantify the stress level the leaf gas exchange was measured. In some J. regia
genotypes, when flooded, the CO, assimilation rapidly decreased and after 3-4 days
of flooding the plants did not recover the photosynthetic capacity when soil drain
conditions were restored (see example in Fig 1 left). When interspecific hybrids (J.
nigra x J. regia) were subjected to waterlogging a higher resistance capacity was
observed. Also in these plants a decrease of CO, assimilation was recorded but after
13 days of treatment the leaves recovered to normal photosynthesis level when
drained and plants recover to normal growth. The J. nigra trees when waterlogged
reduced the net photosynthetic rate but they maintain leaves without evident dam-
ages and the capacity to recovered CO, assimilation to level of the control plants
(Fig. 1 right). From the comparison of several genotypes was possible distinguished
J. regia genotypes that after 3-4 days of stress were totally damaged, other geno-
types showed damage after 6-8 days and we had recorded one genotype, named
Soraloviner, that was severe affected by stress only after 13-14 days of soil water-
logged. In the hybrid trees only 50% of trees showed visible stress effect only after
two weeks of soil flooded. The J. nigra trees showed a low visible damages in pro-
longed stress period and them were able to recover the photosynthesis to the level
of control trees also after 16-20 days of soil hypoxia (the longer period tested).
Those indication on walnut genotypes permitted a scale definition from flooding
high sensitive to flooding high resistant.
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Fig. 1. Comparison of photosynthesis rate in J. regia Lozeronne (left panel) and J. nigra
(right panel), in control trees and soil flooded trees and after returning to the drained soil
at the “end of flooding”
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The HPLC analyses of polyphenols in leaves showed, as expected, complex
and different chromatographic pattern between the genotypes (Fig. 2, Fig. 3A, and
3B), but also the pattern modification of such compounds during the flooding stress
Fig. 3C and 3D). The plants less tolerant to hypoxia had higher content of polyphe-
nol distributed in a lot of compounds as separated by HPLC. In J. regia Lozeronne,
twenty-seven compounds were identified (Fig. 3A, Table 1), 10 of which were
characteristic of genotypes, and in total accounted to 189 ug/mg DW (Table 2).
Trees more tolerant, J. nigra, showed a very simple HPLC pattern with only 13
components and 39 ug/mg DW (Tables 1, 2).
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Fig. 3. Comparison of polyphenols HPLC separation: A, C = J. regia Lozeronne and
B, D = J. Nigra. A, B = Control leaves, C, D = flooded leaves. Line at 340 nm total
polyphenols, and 425 nm specific for juglone
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Table 1

Characteristic and comparison between the three walnut genotypes of polyphenol
compounds separated by HPLC expressed as the numbers of total, characteristic
or induced by stress components

Indicators J. regia Lozeronne | J. regia Soraloviner J. nigra
Total polyphenols 27 17 13
Characteristics of genotype 10 4 3
Induced by stress 6 nd* nd*
*Not detected.
Table 2

Total polyphenols content in leaves of different walnut genotypes and the quantities
changed after the soil fooding

Categor Total Polyphenols, ug/mg DW
Genotype of stagili¥y Control B FlooZid : Days**
J. regia Lozeronne High sensitive | 189.204+9.70b* | 209.40+34.30a 3
J. regia Feltre High sensitive 76.30+8.43e 90.60+8.94d 4
J. regia Soraloviner Low resistant 63.74+9.53f 59.49+4.46f 8
J. major x J. regia Medium resistant | 108.00+36.51c | 100.40+32.19d 4
J. nigra x J. regia Resistant 65.57+2.60f 62.38+5.68f 5
J. nigra High resistant 39.27+4.17¢ 38.07+3.23g 8

*Values with different letters are significant different at P < 0,05 (Duncan test).
**Days after beginning of the flooding and when the leaves were collected and results pre-
sented in table.

The interspecific hybrids showed polyphenols content at intermediate level
between high sensitive J. regia Lozeronne geneotype and J. nigra (Tables 2). In-
formation about genetic background of J. regia used for interspecific hybrids were
missed and can be the reason of the polyphenols content higher that in J. regia So-
raloviner. Furthermore, during stress condition over then changes in the quantity of
constitutive compounds the high sensitive genotype Lozeronne showed 6 new com-
pounds induced by hypoxia (Table 1).

Considering the well known allelopathic and inhibitory effect in plants of the
juglone, special attention was focused on the juglone and hydroxy juglone gluco-
side content. The leaf samples of all walnut species and genotypes investigated con-
tained juglone, more in high stress sensitive Lozerone genotype comparing to all
other low and high resistant genotypes (Table 3). Also the hydroxy juglone gluco-
side was detectable in all genotypes, but it was only in low quantity in leaves of
tolerant plants and it increased in samples from J. nigra trees with high resistance to
hypoxia as well as in J. regia Lozeronne high sensitive genotype (Table 3).
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Table 3

Levels of juglone and hydroxyl juglone glocoside in leaves of different walnut
genotypes and the modification after flooding stress

Juglone | Hydroxy juglone glucoside
Category
Genotype of stability (g/mg DW)
Control Flooded Control Flooded
J. regia High
Lozeronne sensitive 11.83+0.15a* | 7.38+2.92b | 13.67+6.20a | 18.62+2.65a
J. regia Low
Soraloviner resistant 1.49+1.28g | 1.43+0.39g | 6.83+1.43c | 9.12+1.11b
3. major x J. regia | MEIMM |4 201007c | 432+0.63¢ | 4.8140.38c | 2.13+2.06d
. maj . reg resistant .712+0.07c .32+0.63e .81+0.38¢ 1342,
J. nigra x J. regia Resistant | 4.65+0.76¢c | 3.20+0.35f | 2.03+0.13d | 2.59+2.09d
. High
J. nigra resistant 1.78+0.38g | 0.93+0.45h | 0.85+0.33e | 3.63+1.59c

*Values with different letters are significant different at P < 0,05 (Duncan test).

Conclusion

The data show the higher resistance to soil hypoxia for J. nigra and hybrid
trees. Less waterlogged tolerant J. regia genotypes have higher total polyphenol and
juglone content in leaves, the later decreases during stress condition, indicating that
polyphenols content can be a biological marker for selection of stress resistant ca-
pacity. The metabolism of hydroxy juglone glucoside could be involved in a mech-
anism of juglone detoxification during the hypoxia to give stress tolerance. Indeed,
in J. nigra the glucosylation of juglone could be a mechanism of detoxification of
juglone during the hypoxia stress. Also in J. regia during hypoxia the hydroxy ju-
glone glucoside increased during hypoxia condition, and mechanism of juglone de-
toxification through the glucosylation was enough for Soraloviner walnut genotype
but the high content of juglone in high sensitive Lozerone genotype can not permit
detoxification to a low and physiological compatible level.

In walnut polyphenol compounds have been reported to be associated to re-
juvenation and clonal variability [7], now evidence of a possible role in abiotic
stress (soil flooding, root hypoxia) degree of adaptation or resistance are added.
Polyphenol components should take more attention in the future investigations on
responses to stresses and to identify more resistant genotypes and the relationship to
phonological stages or genetic background.
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YuacTue peHOJIbHBIX COeJUHEHU B peaKLiU I'PEelIKOro opexa Ha 3aToljleHHe 04BbI

C. Manennu, A. bepmanu
Hammonaneueiit  uccnenosarenbekuii  CoBeT, HWHCTUTYT — CeNbCKOXO3SHCTBEHHOH — OHONOTHH
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JlepeBbsi TpEKOTo opexa OKa3aiuch 0ojiee YYBCTBUTEIHHBIMU K aOMOTHYECKHM BO3JEH-
CTBUSIM, 0COOEHHO K THIIOKCHY TMOYBHI BCIISJACTBHE €€ 3aTOIUICHHS WK 3a0oaunBanus. [le-
JIBI0 MCCIICZIOBAHMS SIBJISUICS TIOMCK B3aMMOCBS3U MEXAY MONH(DEHOTaMH U CTOHKOCTHIO
K 3aTOIIEHUI0. 2—3-J€THHE JepeBbs Tpelkoro opexa (Juglans regia, J. nigra) u mexsumo-
BbIC FI/I6pI/IJIBI, BBIPAICHHBIC B TOPIIKax, 6LIJ'II/I TMOABEPTHYTHI 3aTOIIJICHHUIO ITOYBBI JIETOM
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[pH TIOJHOM OOIHCTBICHNH. 1IpH BBICOKOM 4yBCTBHTEIBbHOCTH J. regia, mpH 3aTOILICHHH,
KosmaecTBo mornomaemMoro CO, OBICTPO COKpAaImaioch, U OBUIO TOCTAaTOYHO 3-4-X IHEH
3aTOIUICHHs, YTOOBI OJIOKHPOBATH BOCCTAHOBJICHHE APESHUPOBAHHMS ITOYBHL. Y THOpHIa Ipel-
Koro opexa (J. nigra x J. regia) u MeHee YyBCTBHUTEIBHBIX TCHOTHITOB J. regia Habmroma-
JIMCH TIOCTEACTBHUS; dyepe3 13 mHel JTHUCThS MOTJIN OCTABATHCS CIIe 3ENCHBIMU U HE OIaJalTH
JI0 TeX TMOp, MOKa JePEeBbsi HE BOCCTAHOBIJIUCH IO HOPMAIBHOTO (hOTOCHHTE3a, COOTBETCTBY-
FOIIEero ocymeHHoH mouse. [Ipu 3aToruieHuu y J. Nigra cHimkanach CKOpocTh HOTOCHHTE3A, HO
COXpaHsIach 0e3 MOBPEKACHUII JTHUCTBA U BO3MOXHOCTh BOCCTaHOBHTH morioineHue CO,.
JlaHHbIe MOKa3ajin COMPOTHBIAEMOCTh J. Nigra U THOPUIHBIX NEPEBbEB, a TAKKE HEKOTOPBIX
TEHOTHIIOB J. regia K BO3ICHCTBHIO 3aTOTUICHHS. BRICOKO(QheKTHBHAS KUIKOCTHAS XPOMATO-
rpadus noMu(EeHONOB MoKa3ala N3MEHEHHE 00pa3loB B 9TO BpeMs. PacTeHus, MeHee ycToM-
YHBBIC K THIIOKCHH, UMEIOT 00JIee BBICOKOE COJEPIKAHHE IOTH(PEHOIIOB, PacIpeieIeHHBIX BO
MHOTHX COCIHMHEHHMSX. Y 0Oojee YCTOHYMBBIX AepeBbeB J. Nigra IMOJydeHbl OYeHb HPOCTHIC
00pa3mpl mpu BEICOKO3((EKTHBHON JKUIKOCTHOH XpoMmarorpadun. Bee oOpasubl comeprxanmm
IOTJIOH, ero ObUIO (OJIbIIe B MEHEE YCTOHYHMBBIX TeHOTHIIAX. | MAPOKCHIOTIIOHTIINKO3H 00Ha-
PY)KHBaJICs BO BCEX I'€HOTHIAX, HO TOJBKO B HEOOJBIIOM KOJMYECTBE, OOJBIIE €ro comep-
JKUTCSL B JIGPEBBAX C BBICOKOI YCTOWYMBOCTBIO K THMIIOKCHH, MeHblne — B J. regia. Menee
YCTOWYHMBBIC K 3aTOIUICHHUIO J. regia reHOTHITBI IMEIOT OOJIbIIIee COoMepKaHue MOMH(EHOIOB H
1or0Ha. MeTa0bon3M TUIpOKCHIOTTIOHIIIMKO3U/Ia MOXKET ObITh BOBJICUCH B MEXaHH3M JETOK-
CHKAIIMH FOTJIOHA TIPH THITOKCHH JUTS TTOSIBJICHUST YCTOWYHBOCTH K BO3/ICHCTBHIO.

Kniouesvie cnosa: Juglans regia, Juglans nigra, nonudenosnsl, 1orioH, Gporocunres, abuo-
THYECKOE BO3JEUCTBHE, THITOKCHS TIOYBHI.
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