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PHENOLIC COMPOUNDS AS ONE OF THE BIOCHEMICAL
INDICATORS OF FROST RESISTANCE OF THE GENUS CYNOXYLON L.
REPRESENTATIVES IN THE CONDITIONS OF FOREST-STEPPE

OF UKRAINE

The study of phenolic compounds in shoots of the genus Cynoxylon L. representatives due to the sharp fluctuations of temperatures
during winter dormancy. Analysis of the obtained experimental data showed that the species and forms of the genus Cynoxylon dif-
fer significantly in content of phenolic compounds in the period of sharp fluctuations of temperatures. But, the histogram depending
of the content of phenolic compounds from average daily temperatures of all investigated species has similarities and differences. It
is established that Cynoxylon japonica (Siebold & Zucc.) Nakai has a larger amplitude in the content of phenols in the temperature
change unlike Cynoxylon florida Raf., where the change in the accumulation of phenols occurs more smoothly. C. japonica responds
to more short-term changes in temperature contrast C. florida, where the changes of accumulation of phenolic compounds occur only
during prolonged cold snaps, or warming. All this indicates a higher frost resistance C. japonica in relation to C. florida.

Key words: phenolic compounds, Cyroxylon florida, Cynoxylon japonica, Forest-Steppe of Ukraine.

Frost resistance is determined by many factors, in
particular the important role of secondary metabo-
lites involved in the biochemical adaptation of plants.
This group includes phenols. These compounds are
formed in all organs of plants from sugars and par-
ticipate in the process of cellular respiration, trans-
ferring hydrogen from oxidative molecules. Phe-
nolic compounds exhibit a strong effect on the
growth of plants, inhibiting germination of seeds,
growth of stems and roots. They have strong anti-
bacterial properties and provide plant immunity to
fungal and especially to bacterial infection [2].

In adverse conditions, plants synthesize an in-
creased amount of phenolic compounds, because
in most cases they have a protective effect [5]. Of-
ten the healthy plant has no protective phenols,
but they are formed in it as reaction to infection
with the causative agent of a disease. Phenolic
compounds have an important role in wound heal-
ing, cell division, and in protecting tissues from
penetrating radiation, free radicals, mutagens and
strong oxidizers.

Phenolic compounds can act as low molecular
weight antioxidants, protect cells from the effects of
oxidative stress developing in conditions of hypo-
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thermia [8, 9, 10, 12]. Having high reaction activity
due to the presence in the structure of aromatic
rings and free hydroxyl groups, they can easily en-
gage in free-radical reactions and connect the ac-
tive forms of oxygen and peroxy radicals produced
in the cells under stress conditions [7, 11, 13].

A characteristic feature of the phenolic com-
pounds that distinguish them from many other
secondary metabolites is their ability to interact
with proteins by forming hydrogen bonds [1, 3].
In this regard, some of them may participate in the
regulation of enzyme activity, affecting, therefore,
on the metabolic processes in the period of low-
temperature adaptation.

The aim of our study — to determine the content
of phenolic compounds in sprouts of different
species, forms and cultivars of the genus Cynoxy-
lon L. in the winter and the dependence of these
indicators of frost resistance of plants.

Material and methods

The experience was launched on 12 December
2014 the average daily temperature —2°C and
completed 4 February 2015. In this period was
very severe fluctuations in temperature from
—10°C to +10°C. Samples were collected weekly.
The number of sampling — 9. Objects of research
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were C. florida Raf.(forms 1, 2 and var. rosea) and
C. japonica (Siebold & Zucc.) Nakai (forms 1, 2,
3, ‘Milky Way’ and “Wolf eyes’).

For quantitative definition of phenols was used
the methodology [4], based on oxidation of a re-
actant of Folin-Chokolta containing a tungstate
of sodium and phosphomolybdate of sodium with
formation of a blue complex, having absorption
maximum at the wave length of 730 nm, which in-
tensity of coloring is estimated by a photoelectro-
colorimetric method was used.

For objects studied visual observations con-
ducted general condition of the plants in the spring
to determine their hardiness [6].

Results and discussion

Analysis of the obtained experimental data showed
that the types and forms of the genus Cynoxylon
differ significantly in content of phenolic com-
pounds in the period of sharp fluctuations of tem-
peratures. But, the histogram depending of the
content of phenolic compounds from average dai-
ly temperatures of all investigated species has sim-
ilarities and differences.

It is established that C. japonica has a larger am-
plitude in the content of phenols in the tempera-
ture change unlike C. florida, where the change in
the accumulation of phenols occurs more smooth-
ly. C. japonica responds to more short-term chang-
es in temperature contrast C. florida, where the
changes of accumulation of phenolic compounds
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Fig. 1. The total content of phenolic compounds in sprouts
of Cynoxylon japonica, form No. 1 and Cynoxylon florida,
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‘Milky Way’ cultivar in the period of winter dormancy

surface (Kyiv)

Date

The minimum

The maximum

temperature temperature
12.12.2014 —-0.5 +1.8
18.12.2014 —1.3 +3.0
24.12.2014 +4.5 +7.5
30.12.2014 -9.3 —6.7
06.01.2015 —10.1 -9.0
14.01.2015 +2.1 +9.5
21.01.2015 0 +0.9
28.01.2015 3.7 —0.1
04.02.2015 —0.7 +3.9
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Fig. 3. The total content of phenolic compounds in sprouts
of Cynoxylon florida, form No. 1 and Cynoxylon florida, var.
rosea in the period of winter dormancy
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occur only during prolonged cooling or warming.
In addition, the data obtained show that C. japo-
nica has less time induction of the primary stress
response is 4—5 days. C. florida in this period is
10 days. All this indicates a higher frost resistance
C. japonica in relation to C. florida.

These visual observations confirm the results of
biochemical researches within a species, but no
difference was observed between hardiness C. ja-
ponica and C. florida.

Conclusions

Due to the fact that the dynamics of phenolic
compounds in plants of the genus Cynoxylon vir-
tually unexplored, the study of this subject has
been a priority task. The increase in the content of
phenolic compounds in plants of the genus Cy-
noxylon in the process of low-temperature adapta-
tion testifies to their important role in protecting
cells from the action of stress factors. Because the
dynamics of phenolic compounds in plants of the
genus Cynoxylon displays its interaction with the
environment, these compounds can be used as
biochemical marker to evaluate the level of adap-
tation within species.
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HauionanbHuit 60TaHiuHMI can iMeHi
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®EHOJIbHI CITOJIVKHU AK OAWH

13 BIOXIMIYHUX TOKA3HUKIB
MOPO3OCTIMKOCTI IIPEACTABHUKIB
POY CYNOXYLON L. BYMOBAX JIICOCTEITY
VKPAIHU

IIpoBeneHO BUBYEHHST (DEHOJBHMX CIIOJYK y ITaroHax
npeacTaBHUKiB pony Cynoxylon L.y 3B’43Ky 3 Pi3KUMU
KOJIMBaHHSIMU TEMIIEPaTypH ITil 4aCc 3MMOBOIO CITOKOIO,
o6 BM3HAYMTU PEakililo Ha 3HMKEHHS TEMIIEPaTypH.
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AHaJli3 OTpUMaHUX JaHUX T0Ka3aB, 110 BUIU i opMu
pony Cynoxylon cyTTEBO BilIpi3HSIOTBHCS 32 BMICTOM (be-
HOJIBHUX CITOJIYK y TIEPiO[l Pi3KMX KOJIUBAHb TEMTIEPATYP.
lNicrorpama 3ajeXXHOCTI BMICTY (DeHOJBHMX CITOJIYK Bil
CepeaHbOO00OBUX TEMIMEPATYp YCiX AOCIIIKEHUX BUIIB
Mae€ CIiibHi prcH i BimmiHHOCTI. BcTanoBeHo, 1m0 Cyno-
xylon japonica (Siebold & Zucc.) Nakai mae BenuKy aMri-
JIiTYMy BMicTy (heHOJIiB 3a 3MiHM TeMIIepaTypy Ha BiTMiHY
Bin Cynoxylon florida Raf., y aKoro 3miHa HaKOITMYEHHS
(enomiB BindyBaeThcs moctymnoBo. C. japonica pearye Ha
KOPOTKOCTPOKOBI 3MiHU TemnepaTypu, Tofi sk y C. florida
3MiHa HaKOMWYeHHs (EHONBHUX CTOIYK BinOyBa€eThCs
JIIIE T Yac TPUBAIUX 3HUKEHDb TeMrepaTypu abo 1mo-
tertiHHA. Lle cBimunTh mipo BuIiry Mopo3ocTiiikicts C. ja-
ponica iopiBHsiHO 3 C. florida.

Kmouosi ciosa: dpeHonbHi crionyku, Cynoxylon florida,
Cynoxylon japonica, Jlicocren YkpaiHu.
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®EHOJIbHBIE COEAMHEHWS KAK OAUH
N3 BUOXUMUYECKUX MMOKA3ATEJIEN
MOPO30YCTOMYUBOCTU MPEACTABUTEJEN
POJIA CYNOXYLON L. B YCJIOBUAX TECOCTEIU
VYKPAUHBI

[IpoBeneHo n3yyeHue heHOIbHBIX COENMHEHUI B TT00e-
rax npeacrasuteneid poga Cynoxylon L., 4ToObl onpene-
JINTh PEaKUUIO Ha CHIDKEHUE TeMIIepaTypbl B CBSI3U C
PEe3KMMU KOJIeOaHUSIMU TeMITepaTypbl BO BPeMsI 3MMHETO
MOKOs1. AHAIN3 MOJTyYeHHbIX IaHHBIX TTOKA3aJ, YTO BUIbI
u dhopmbl poaa Cynoxylon CymecTBEHHO OTIMYAIOTCS T10
colepKaHuIo (HDeHOTbHBIX COEANHEHUI B TIEPUOL PE3KUX
KosnebaHuii Temmneparyp. [ucrorpamma 3aBUCMMOCTH CO-
nepxaHus (PeHOTbHBIX COETUHEHUI OT CPEAHECYTOUHBIX
TEMIEPaTyp BCEX MCCIIEAOBAHHBIX BUIOB MMEET OOIIre
YepThl U OTJNYMS. YCTaHOBJICHO, uTo 1tst Cynoxylon japo-
nica (Siebold & Zucc.) Nakai xapakrepHa 0oJbIas aM-
MJIUTYa cofepxaHusi GeHOoNOB MPU U3MEHEHUU TeMIIe-
patypsl B otiimuue ot Cynoxylon florida Raf., y kotoporo
M3MEHEHUE HAaKOIIeHUSI (DEeHOJIOB MPOMCXOAUT Oosee
maaBHo. C. japonica pearupyeT Ha KpaTKOCPOUYHbIE U3Me-
HeHUs TeMnepatyphl, Torna Kak y C. florida uameHeHue
HaKOIIeHUsI (PEHOIbHBIX COEIMHEHUI TTPOUCXOAUT TOJTb-
KO BO BpeMsI [UIUTENbHBIX MTOXOJOJAHUN WU TOTerie-
HUSI. DTO CBMIETEJBCTBYET O 0oJiee BBICOKOW MOPO30-
ycroitunBocTu C. japonica o cpaBHeHuto ¢ C. florida.

KinroueBsbie cioBa: deHonbHble coenuHeHusi, Cynoxylon
florida, Cynoxylon japonica, Jlecocternb YKpauHbI.
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