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COMPARATIVE ASSESSMENT OF THE QUANTITATIVE CONTENT OF THE
MAIN PHOTOSYNTHETIC PIGMENTS IN THE LEAVES OF THE ENGLISH
OAK OF THE FIELD-PROTECTIVE FOREST STRIPS

Research article

Abstract

The article presents experimental results of a comparative assessment of the pigment complex of the leaves of the English
oak growing in the protective forest strips of the Stone Steppe. It is shown that the maximum level of chlorophyll a content is
characteristic of the leaves of oak trees of protective forest strip No. 131 and is equal to 3.02+0.09 mg/g a.d.m. In oak leaves of
forest strip No. 226, the content of this pigment is 9.6% lower. It was found that there are no statistically significant differences
in the average content of chlorophyll b in the leaves of oak trees of the studied forest strips. It is shown that the content of
photosynthetic pigments is an environmentally dependent indicator reflecting the vital state of plants, the nature of the ongoing
physiological processes, as well as the direction of adaptive reactions when exposed to stress factors.
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CPABHUTEJIBHAS OHEHKA KOJIMYECTBEHHOI'O COJAEP KAHUSA
OCHOBHBIX POTOCUHTETHYECKUX IIMI'MEHTOB B JIMCTbBAX IYBA
YEPEIIIYATOI'O HHOJESAINUTHBIX JIECHBIX ITIOJIOC

Hayunas cratbs

AHHOTAIIUA

B cratbe mpencTaBieHBl SKCIIEPHUMEHTAIBHBIE PE3YJIbTAThl CPAaBHUTENBHON OLEHKH NMHTMEHTHOTO KOMIUIEKCa JIHCTHEB
Iy0a depernrdyaToro, IpoOM3PacTaroONIero B IMOJIe3aUTHRIX JIecHBIX nonocax KamenHoit Crenn. [loka3zaHo, 9T0 MakCHMaTbHBIN
YPOBEHb COZIEpIKaHUS XJIOpOoQMIIa @ XapakTepeH JJIsl JIMCThEB JepeBbeB Ay0a moie3anuTHoi Jiecomonocsl Nel31 u paBen
3.02£0.09 Mr/t a.c.B. B nucteax mybda necormonocsl Ne226 conepikanie JaHHOTO MMUIrMeHTa Ha 9.6% Hike. Y CTaHOBIICHO, YTO
IO cpemHeMy copepkanuio ximopobmwmia D B JHMCTRAX IepeBbeB Iy0a HCCIACAYEMBIX JICCHBIX MOJOC CTATHCTHYECKU
JIOCTOBEPHBIX pasnuuuid HeT. [loka3aHo, 4TO comeprkaHne (POTOCHHTETHYECKUX MUTMEHTOB SBIISCTCS SBISETCS SKOIOHYECKH
3aBUCHMBIM IIOKa3aTelieM, OTPaKaroLIMM >KU3HEHHOE COCTOSHHE pACTCHWH, XapakTep NPOTEKAromuX (QU3HOIOrHYecKHX
MPOLIECCOB, A TAKKe HANPABJICHHOCTD aJATHBHBIX PEaKLHi TPU BO3ICHCTBUH CTPECCOBBIX (DaKTOPOB.

KarwueBble ciaoBa: xmopopwmn a, xmopodpwmur b, MArMeHTHBIH KOMIUIEKC, Ay0 dYeperrdaTslid, JIECHBIE ITOJOCHI,
Kamennas Crernb.

1. Introduction

The Earth's global photosynthetic system forms the basis of the primary bioproductivity of natural and artificial
ecosystems. Chlorophyll is the main photosynthetic pigment responsible for the absorption, transmission, and transformation
of solar energy [1, P.198-206]. It is known that the composition and properties of pigments of the photosynthetic apparatus
play a significant role in the formation of adaptive mechanisms of plant resistance to adverse environmental factors
[2, P.192-199]. Changes in the quantitative content and qualitative composition of photosynthetic pigments are important
indicators of the physiological state of plants, as well as the direction of adaptive responses under stress [3, P.39-46]. For
example, it has been shown that with an increase in aridity from north to south, the proportion of chlorophylls decreased and
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the proportion of carotenoids increased [4, P.332—-339]. Information about the pigment composition of plants is necessary to
assess the carbon sink and productivity of large ecosystems [5, P.295-302]. The contrasting ecological conditions of plant
growth make it relevant to study the role of pigments in their resistance to stress factors and the degree of their adaptation.

The aim of the study is to determine the content of chlorophylls a and b in the leaves of annual shoots of English oak trees
growing in contrasting environmental conditions of forest strips: No. 131 and 226 of the Stone Steppe.

2. Methods

For genetic and breeding studies in 2021, 2 forest strips with a predominance of English oak were selected: No. 131 and
226 (according to the plan of forest strips of the Kamennaya Steppe). Forest strip No. 131 is field—protective, located from
north to south on a slope type of terrain; occupies an area of 4 hectares. It was founded in 1949-1950 by N.F. Zubovich. It
consists of 6 letters: a, b, c, d, e, f. Oak trees (15 pcs.) were not marked and were randomly selected in letter a. Strip No. 226 is
also field—protective, located from north to south on an interfluve undrained type of terrain. It is a narrow single—row forest
strip, consisting only of English oak. It is not differentiated into letters. This forest belt was founded in 1963 by E.S. Pavlovsky
nesting method. For physiological and biochemical studies, 15 oak trees were selected in it. These trees were not labeled and
were randomly selected. Chlorophyll content was determined on a UNICO 2800 spectrophotometer. Chlorophyll a was
measured at a wavelength of 665 nm, chlorophyll b at 649 nm.

The differences were evaluated using a two—sample t—test with different variances. Statistical analysis was performed
using the Microsoft Excel 2013. Parametric and nonparametric indicators of samples are determined.

3. Results

The data of the physiological and biochemical analysis showed that the maximum level of chlorophyll a is characteristic of
the leaves of oak trees of the protective forest strip No. 131 and is equal to 3.02 + 0.09 mg/g a.d.m. with varying values for
individual trees from 2.50 to 3.50 mg /g a.d.m. In the oak leaves of forest strip No. 226, the content of this pigment is 9.6%
lower and is 2.73+ 0.07 mg /g a.d.m. (Figure). The differences are statistically significant.

The analysis of the composition of the pigment fund showed that there are no statistically significant differences in the
average content of chlorophyll b in the leaves of oak trees of forest strips No. 131 and 226. Thus, the average level of
chlorophyll b accumulation in oak leaves of the analyzed plantings is 1.32+0.07 and 1.32+0.010 mg/g a.d.m. (Figure). It
should be noted that the range of variation of the trait in forest strip No. 226 is somewhat wider than in forest strip No. 131 and
ranges from 0.89 to 2.12 mg/g a.d.m.

It is shown that due to the higher content of chlorophyll a in the leaves of oak trees of forest strip No. 131, the total amount
of chlorophylls a and b in the leaves of trees of this sample is 6.9% higher than in the leaves of oak trees of forest strip
No. 226, and is equal to 4.33 +0.11 mg/g a.d.m (Figure). Probably, the differences in the levels of accumulation of the main
photosynthetic pigments in the leaves of the analyzed trees are associated with the peculiarities of humidification conditions. It
is known that forest strip No. 131 is located on a slope type of terrain and is characterized by more favorable conditions of
moisture availability, unlike forest strip No. 226, which is located on the watershed. According to the literature data, the
English oak grows only in those conditions where the moisture coefficient is in the range of values from 0.8 to 1.25, while the
humidity should be from 52 to 56% with an average annual precipitation of 450-525 mm [6, P.33], [7]. It should be noted that
in the Stone Steppe, weather conditions at the beginning of the 2021 growing season are characterized by an uneven
distribution of temperature and precipitation. The air temperature in April was within the regional norm, but precipitation fell
only 84% of the norm. May was quite warm and humid: the temperature is above the monthly average by 1.1 ° C, precipitation
fell 159% of the regional norm. In the first decade of June, at the time of selection of plant samples, wet and cool weather was
noted. So, on June 5 and 6, 11 and 14 mm of precipitation fell, respectively [8]. In this regard, it can be assumed that the
optimal level of soil moisture supply was sufficient for the English oak in the analyzed forest strips. July was hot and dry: the
temperature was 2.8°C higher than the monthly average, and the precipitation was 36% of the norm. August is also very hot
and dry.
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Fig. 1 — The content of chlorophyll a and b in the leaves of English oak trees of forest strips No.131 and 226 of the Stone
Steppe
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The potential photochemical activity of the leaves of the English oak can be judged by the ratio of chlorophylls a:b. Thus,
it was revealed that for a sample of trees from forest strip No. 131, this ratio is wider and equal to 2.38:1, and for oak trees
from forest strip No. 226 it is already 2.12:1.

The table shows the results of statistical evaluation of the differences between the analyzed groups of oak trees by
components of the pigment complex. The arithmetic mean and median were used as a measure of the mean. When analyzing
the median of samples for the content of chlorophyll b, more significant differences were revealed than when comparing the
average values. Thus, the median of the sample for chlorophyll b of forest band No. 131 is 1.299 mg/g a.d.m., and the sample
of forest band No. 226 is 1.187 mg/g a.d.m. with actual averages of 1.318 and 1.321 mg/g a.d.m. (Table). The calculated
coefficients of variation allow us to conclude that the analyzed samples for the content of the main photosynthetic pigments are
homogeneous (cy < 33%). The most homogeneous is the sample of trees of forest strip No. 226 for chlorophyll a, ¢, is 9.6%
(Table).

Table 1 — Statistical indicators of the content of chlorophylls a and b in English oak leaves in forest strips No. 131 and 226 of
Kamennaya Steppe (2021)

Ne forest strip
Statistical indicator 131 226
Chl.q, Chl.b, a+h, Chl.qa, Chl.b, a+b, mg/g a.d.m.

mg/ga.dm. |[mg/ga.d.m. | mg/ga.d.m. | mg/ga.dm. | mg/ga.d.m.
Average 3,022 1,318 4,340 2,732 1,321 4,054
Standart error 0,091 0,067 0,112 0,065 0,100 0,138
Median 3,079 1,299 4,382 2,668 1,187 3,894

Mode - - - - - -

Standard deviation 0,353 0,261 0,433 0,262 0,401 0,552
Sample variance 0,125 0,068 0,187 0,068 0,161 0,305
Interval 1,042 0,948 1,501 0,943 1,228 1,817
Minimum 2,454 0,861 3,660 2,236 0,891 3,310
Maximum 3,496 1,810 5,161 3,178 2,119 5,126
Coefficie:vtloof/ovariation 117 108 9.9 9.6 304 13.6

4. Conclusion

Thus, the content of photosynthetic pigments is an ecologically dependent indicator that reflects the vital state of plants,
the nature of ongoing physiological processes, as well as the direction of adaptive reactions when exposed to stress factors. It
has been shown that the maximum level of chlorophyll a content is typical for oak leaves of forest strip No. 131 and is equal to
3.02+£0.09 mg/g a.d.m. In the oak leaves of forest strip No. 226, the content of this pigment is 9.6% lower. It has been
established that there are no statistically significant differences in the average content of chlorophyll b in the leaves of oak
trees of the studied forest belts. From the conducted physiological and biochemical analysis, it follows that for a more
complete understanding of the features of the accumulation of the components of the pigment complex, as well as to identify
the degree of influence of weather conditions on the nature of the formation of genotype—environmental relationships, longer
annual monitoring is required. The results obtained expand the understanding of the pigment complex of English oak in the
forest—steppe zone and can be used for early diagnosis of the state of its photosynthetic apparatus.

Funding DuHAHCHPOBAHHE
The research was carried out within the framework of UccnenoBanus BBIIIOJIHEHBI B pamMkax
the state assignment of All-Russian Research Institute of rocymapcrBennoro 3amammst Bceepoccuiickoro HaydHO—
Forest Genetics, Breeding and Biotechnology. MCCIIEIOBATEILCKOTO ~ WHCTUTYTA  JIECHOM  TCHETHKH,

CCJICKIIMHU 1 OHMOTEXHOIOTUH.



Journal of Agriculture and Environment 1 (21) 2022

Conflict of Interest Kondaukr narepecon

None declared. He ykazan.

References

1. IeimoBa O.B. ®oTocuHTETHYECKHE TUTMEHTHI B PACTEHUSIX IPUPOAHON (IIOpHI TaekHOM 30HBI EBponeiickoro CeBepo—
Bocroka Poccun/ O.B. [IeimoBa, T.K. I'onosko // @usunonorus pacrenuii. — 2019. — T.66. Ne3. — C.198-206.

2. HeTpOB K.A. Ce3oHHBIE H3MEHEHHUS COACPIKaHUA (bOTOCI/IHTeTI/ILIeCKI/IX IMATMCHTOB Yy MHOT'OJICTHUX TPaBIHUCTBIX
pacrenmii kpuonuto3onsl / K.A. Ilerpo, B.E. Codponosa,B.A. UenanoB u ap. / ®usmonorus pacrenmit. — 2010. —
T.57.Ne2. — C. 192-199.

3. I'onoeko T.K. [TurmeHTHBIN KOMIUIEKC pacTeHuid npupoaHoi ¢uiopsl EBponetickoro CeBepo—Boctoka / T.K. T'onoBko,
N.B. Jlaneka, O.B. JIeimosa u np. // M3sectust Komu Hayanoro rientpa YpO PAH. — 2010. — Ne 1(1). — C. 39-46.

4, "anos JI. A. 3sMeHeHue JIMCTOBBIX napaMeTpOB KaK IMOKa3aTeJIb CMCHBI (bYHKHI/IOHaJ'ILHLIX THUIIOB CTCIIHBIX paCTeHI/Iﬁ
BIOJIb TpanuenTa apuanoctu / JI.A. ViBaHoB, /I.A. Pomxuna, JI.A. MIBanoBa // ®usnonorus pacrenuit. — 2008. — T. 55, Ne 3. —
C. 332-339.

5. Boponun I1.1O. IIpoektuBHOE comepkaHue xyiopodwuia u Onopa3HoOOpa3ue paCTUTEIHHOCTH OCHOBHBIX OOTaHHKO—
reorpaduueckux 30H Poccuu / I1.1O. Boponun, E.W. E¢pumriies, A.A. Bacuibe u ap. // @uznonorus pacrenmit. — 1995, — T.
42. — C. 295-302.

6. Jlocuukuii K.b. Boccranosnenue nyopas / K.b. Jlocunkuit. — M.: Cenbxo3uzaar, 1963. — 359 c.

7. Xapuenko H.A. K Bompocy o ecrecTBeHHOM BO300HOBJEHHH ayda YepenrdyaToro MOA IMOJOroM MaTepUHCKOTO
npeBoctost [nexkrponHslit pecype] / H.A. Xapuenko, H.H. Xapuenko // Hayunsrit sxypaan KyoI'AY. — 2012. — Ne 76(02). —
— URL.: http://ej.kubagro.ru/2012/02/pdf/30.pdf (nata obpamienus: 03.03.2022)

8. Ioroma B Kamennoit Crermu. Temmepatypa Bo3ayxa u ocaakd. Ampens 2021 1. [Dmexrponnsiii pecypc] — URL:
http://www.pogodaiklimat.ru/monitor.php?id=34139&month=4&year=2021 (nata obpaienus: 03.03.2022)

References in English

1. Dymova O.V. Fotosinteticheskie pigmenty v rasteniyah prirodnoj flory taezhnoj zony Evropejskogo Severo—Vostoka
Rossii [Photosynthetic pigments in plants of the natural flora of the taiga zone of the European North—East of Russia]/ O.V.
Dymova, T.K. Golovko // Fiziologiya rastenij [Plant Physiology]. — 2019. — Vol.66. Ne3. — P.198-206. [in Russian]

2.Petrov K.A. Sezonnye izmeneniya soderzhaniya fotosinteticheskih pigmentov u mnogoletnih travyanistyh rastenij
kriolitozony [Seasonal changes in the content of photosynthetic pigments in perennial herbaceous plants in the cryolithozone] /
K.A. Petrov, V.E. Sofronova, V.A. Chepalov et al. // Fiziologiya rastenij [Plant Physiology]. — 2010. — Vol.57. Ne2, — P.
192-199. [in Russian]

3.Golovko T.K. Pigmentnyj kompleks rastenij prirodnoj flory Evropejskogo Severo—Vostoka [Pigment complex of plants
of the natural flora of the European North—East] / T.K. Golovko, I.V. Dal'ke, O.V. Dymova et al. // Izvestiya Komi nauchnogo
centra UrO RAN [Proceedings of the Komi Scientific Center of the Ural Branch of the Russian Academy of Sciences]. —
2010. — Ne 1(1). — P. 39-46. [in Russian]

4. lvanov L. A. Izmenenie listovyh parametrov kak pokazatel' smeny funkcional'nyh tipov stepnyh rastenij vdol' gradienta
aridnosti [Change in leaf parameters as an indicator of the change in functional types of steppe plants along the aridity
gradient] / L.A. lvanov, D.A. Ronzhina, L.A. Ivanova // Fiziologiya rastenij [Plant Physiology]. — 2008. — Vol. 55, Ne 3. — P.
332-339. [in Russian]

5. Voronin P.Yu. Proektivnoe soderzhanie hlorofilla i bioraznoobrazie rastitel'nosti osnovnyh botaniko—geograficheskih
zon Rossii [Projective content of chlorophyll and biodiversity of vegetation of the main botanical and geographical zones of
Russia] / P.Yu. Voronin, E.I. Efimcev, A.A. Vasil'ev et al. // Fiziologiya rastenij [Plant Physiology]. — 1995. — Vol. 42. — P.
295-302. [in Russian]

6. Losickij K.B. Vosstanovlenie dubrav [Restoration of oak forests] / K.B. Losickij. — M.: Sel'hozizdat [M.: Selhozizdat],
1963. — 359 p. [in Russian]

7. Harchenko N.A. K voprosu o estestvennom vozobnovlenii duba chereshchatogo pod pologom materinskogo drevostoya
[To the question of the natural renewal of the English oak under the canopy of the parent stand] [Elektronnyj resurs] / N.A.
Harchenko, N.N. Harchenko // Nauchnyj zhurnal KubGAU [Scientific journal of KubSAU]. — 2012. — Ne 76(02). — URL.:
http://ej.kubagro.ru/2012/02/pdf/30.pdf (accessed: 03.03.2022) [in Russian]

8. Weather in Stone Steppe. air temperature and precipitation. April 2021 [Electronic resource]
http://www.pogodaiklimat.ru/monitor.php?id=34139&month=4&year=2021 (accessed: 03.03.2022) [in Russian]



	FORESTRY
	Sautkina M.Yu.*
	Сауткина М.Ю.*

