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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.
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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-

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 



111ISSN 1605-6574. Інтродукція рослин, 2016, № 3

Phenolic compounds as one of the biochemical indicators of frost resistance of the genus Cynoxylon L. ...

Air temperature (°C) at a height of 2 m above ground 
surface (Kyiv)

Date
The minimum 

temperature

The maximum 

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

Fig. 1. The total content of phenolic compounds in sprouts 

of Cynoxylon japonica, form No. 1 and Cynoxylon florida, 

form No. 1 in the period of winter dormancy

Fig. 2. The total content of phenolic compounds in sprouts 

of Cynoxylon japonica, form No. 1 and Cynoxylon japonica, 

‘Milky Way’ cultivar in the period of winter dormancy

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

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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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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ФЕНОЛЬНІ СПОЛУКИ ЯК ОДИН 

ІЗ БІОХІМІЧНИХ ПОКАЗНИКІВ 

МОРОЗОСТІЙКОСТІ ПРЕДСТАВНИКІВ 

РОДУ CYNOXYLON L. В УМОВАХ ЛІСОСТЕПУ 

УКРАЇНИ

Проведено вивчення фенольних сполук у пагонах 

представників роду Cynoxylon L. у зв’язку з  різкими 

коливаннями температури під час зимового спокою, 

щоб визначити реакцію на зниження температури. 

Аналіз отриманих даних показав, що види і форми 

роду Cynoxylon суттєво відрізняються за вмістом фе-

нольних сполук у період різких коливань температур. 

Гістограма залежності вмісту фенольних сполук від 

середньодобових температур усіх досліджених видів 

має спільні риси і відмінності. Встановлено, що Cyno-

xylon japonica (Siebold & Zucc.) Nakai має велику амп-

літуду вмісту фенолів за зміни температури на від міну 

від Cynoxylon florida Raf., у якого зміна накопичення 

фенолів відбувається поступово. C. japonica реагує на 

короткострокові зміни температури, тоді як у C. florida 

зміна накопичення фенольних сполук відбувається 

лише під час тривалих знижень температури або по-

тепління. Це свідчить про вищу морозо стійкість C. ja-

ponica порівняно з C. florida.

Ключові слова: фенольні сполуки, Cynoxylon florida, 

Cynoxylon japonica, Лісостеп України.
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ФЕНОЛЬНЫЕ СОЕДИНЕНИЯ КАК ОДИН 

ИЗ БИОХИМИЧЕСКИХ ПОКАЗАТЕЛЕЙ 

МОРОЗОУСТОЙЧИВОСТИ ПРЕДСТАВИТЕЛЕЙ 

РОДА CYNOXYLON L. В УСЛОВИЯХ ЛЕСОСТЕПИ 

УКРАИНЫ

Проведено изучение фенольных соединений в побе-

гах представителей рода Cynoxylon L., чтобы опреде-

лить реакцию на снижение температуры в связи с 

резкими колебаниями температуры во время зимнего 

покоя. Анализ полученных данных показал, что виды 

и формы рода Cynoxylon существенно отличаются по 

содержанию фенольных соединений в период резких 

колебаний температур. Гистограмма зависимости со-

держания фенольных соединений от среднесуточных 

температур всех исследованных видов имеет общие 

черты и отличия. Установлено, что для Cynoxylon japo-

nica (Siebold & Zucc.) Nakai характерна большая ам-

плитуда содержания фенолов при изменении темпе-

ратуры в отличие от Cynoxylon florida Raf., у которого 

изменение накопления фенолов происходит более 

плавно. C. japonica реагирует на краткосрочные изме-

нения температуры, тогда как у C. florida изменение 

накопления фенольных соединений происходит толь-

ко во время длительных похолоданий или потепле-

ния. Это свидетельствует о более высокой морозо-

устойчивости C. japonica по сравнению с C. florida.

Ключевые слова: фенольные соединения, Cynoxylon 

florida, Cynoxylon japonica, Лесостепь Украины.




