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ADAPTIVE PECULARITES
OF CHLOROPHYLL CONTENT DYNAMICS
IN PINUS SYLVESTRIS AND PICEA OBOVATA
CONIFERS UNDER VEGETATION CONDITIONS
IN THE SOUTH OF EASTERN SIBERIA

Oskorbina M.V., Korotaeva N.E., Suvorova G.G.

One of the most important factors in the study of photosynthesis is the
state of the pigment Fund of the photosynthetic apparatus. Under different
climatic and natural conditions, photosynthetic activity will tend to the max-
imum values. In the conditions of the South of Eastern Siberia, coniferous
stands are most widespread, the stability and biological productivity of which
directly depends on the realization of photosynthetic potential during the
growing season.

The study presents the analysis of the dynamics of the content of pho-
tosynthetic apparatus pigments of common pine (Pinus sylvestris L.) and
Siberian spruce (Picea obovata Ledeb.) at optimal moisture and unfavor-
able soil humidity during vegetation season. The material was selected at
the experimental site located on the outskirts of Irkutsk (the territory of
SIFIBR SB RAS).

The content of chlorophyll a and b in needles was determined using the
SF 56 spectrophotometer in an extract with acetone during the vegetation
periods under study. Photosynthetic uptake of carbon dioxide by needled
shoots of the pine and spruce of the second year of lifespan was record-
ed by a multi-channel unit mounted on the basis of the IK gas analyzer
“Infralyt-4”. Two types of coniferous photosynthesis strategies are shown
under different humidification conditions. It was found that under different
conditions of soil moisture during the growing season in coniferous trees,
the dynamics of chlorophyll content in light-harvesting complexes of pho-
tosystem Il has several periods of increase.

Keywords: chlorophyll; light-harvesting complexes, photosynthetic appa-
ratus; photosynthesis,; adaptation; climatic factors, coniferous trees.
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AJAIITUBHBIE OCOBEHHOCTH
JANHAMUKU COAEPKAHUA XJTOPODPUIIIIA
B XBOE PINUS SYLVESTRIS U PICEA OBOVATA
B YCJIOBUAX BET'ETALIUU IOT'A
BOCTOYHOMN CUBUPU

Ockopouna M.B., Kopomaesa H.E., Cysoposa I'.I.

OO0HUM U3 BAICHEUUUX PAKMOPOS NPU U3VUEHUU Npoyecca pomocunmesd
SABNAEMCS COCMOSIHUE NUSMEHTNHO20 (POHOA hOMOCUHMEMUUECKO20 annapama.
Ipu paszuvix KIUMamuyeckux u nPUpOOHbIX YCA0BUAX (POMOCUHMEMUYECKAasl
AKMUBHOCTL OYOem CMpemMumsCst K MAKCUMAIbHbIM 3HaYenusim. B yciosusx
FO2a Bocmounoii Cubupu nHauboavuiee pacnpocmpanenue UmMerom xeoliHvle
0pesocmou, YCmouuusoCms U OUONLO2UYECKAs NPOOYKMUSHOCHLL KOMOPbIX
HANpsIMy1o 3aucum om peaiusayuu Gomocunmemuyeckoeo nomeHyudid 6
nepuoo gecemayuu. Mamepuai omoupanics Ha IKCREPUMEHMATLHOM Y4dACmKe,
3anoxceHHom Ha okpaune 2. Upxkymcka (meppumopus CUOUFP CO PAH).
Cooepoicanue xnopouina a u b 6 xeoe onpeodensinu ¢ NOMOUWbIO CHEKMpPo-
domomempa C® 56 (JIOMO, Poccus) 6 sulmsidicke ¢ ayemoHom 6 meueHue
UccedyemMvlx 6e2emayuoHHbX nepuodos. Domocunmemuueckoe NO2NOueHue
VNEKUCTIO20 2a34 OX6OCHHbIMU NOOE2AMU 6IMOPO20 200d JHCUZHU COCHbL U elU
pecucmpuposa MHOZOKAHAIbHOU YCMAHOBKO, CMOHMUPOBAHHOU HA OCHOGE
UK-2azoananusamopa «Infralyt-4». B uccredosanuu npedcmasier aHauus
OUHAMUKU COOEPIACANUSI RUSMEHMO8 YOMOCUHMEMUYECKO20 ANNAPAMA COCHbL
obvikHosennotl (Pinus sylvestris L.) u enu cubupckott (Picea obovata Ledeb.) 6
VCIOBUSX ONMUMATBHO20 YEIANCHEHUS U HeDIA2ONPUSIMHO20 NO YPOGHIO NOY-
6€HHOUL grAdCHOCMU nepuoda eéecemayuu. [lokazanvl 06a muna cmpamezuu
homocunmesa X60UHbIX NPU PAZIUYHBIX YCAOBUSX YEILANCHEHUS. YCMAaH081eHO,
Mo NpU PA3IULHBIX YCIO0BUAX NOYGEHHO20 YEIANICHEHUSL NEPUOOd Beemayu y
XBOUHBIX OUHAMUKA COOEPAHCAHUS XIOPOPUILA 8 CEEMOCOOUPAIOUIUX KOMNIECK-
cax pomocucmenmvl 11 umeem HecKoIbKO NEPUOOOS8 YEEIULEHUSL.

Knrouegwie cnosa: xnopoguan,; ceemocoduparoujue KOMNIeKcol, homocum-
memuyeckutl annapam, gomocunmes; adanmayusi;, KiumMamuyeckue Gaxmo-
Dbl, X8oliHble.

Introduction
Photosynthesis is one of the most important physiological and biochemical
processes occurring in the plant body. Complete transformation of energy in the
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process of photosynthesis is known to take place through five main protein com-
plexes of the thylakoid membrane: PS I and PS II complexes, LHC cytochrome
b6/f complex and membrane ATPase. The ratio of these complexes varies in the
process of biogenesis of the photosynthetic apparatus [1, 2], as well as in the ad-
aptation of plants to different light conditions [3]. Chl a is known to be part of RC,
LHC contains carotenoids, Chl a and all Chl 5. LHC and the PS II complex are
mainly localized in the granule sections of the thylakoid membrane, while PS I and
the mating complex are located in the contact zones of the membrane with the chlo-
roplast matrix (in stromal thylakoids and end sections of granule thylakoids [1, 4].

The stability of plant photosynthetic apparatus is formed through the change
of concentration and redistribution of green and yellow pigments in LHC and
/ or RC of photosystems [5]. Chl a is the main pigment of photosynthesis, its
structure, biogenesis, and function have been studied in great detail. Chl b is
widely known to serve as an auxiliary light-harvesting pigment that captures and
transmits light energy to the reaction centers of photosystems. It accounts for
approximately 15-25 % of the total chlorophyll content [6, 7]. Chl b is localized
only in the light-accumulating complexes (LHC) of photosystems (LHC I and
LHC II) and the small antenna of the photosystem (PS) II [8], in contrast to Chl
a, which is a part of the crustal complexes of photosystems. In LHC I, Chl b is
about 22 % of the total amount of chlorophylls, in LHC II - about 43 %, in the
pigment-protein complex of the small antenna-31-46 % [4]. It has been shown
that Chl b absorbs light in the short-wave region (425-475 nm), in which Chl a
weakly absorbs light. In this regard, Chl b significantly increases light collec-
tion in low light conditions. Chl b participates in the transfer of approximately
50% of the energy absorbed by carotenoids to Chl a [9, 10].

According to modern concepts, Chl a: Chl b ratio is higher at higher light
exposure than at low light exposure, and the regulation of the Chl b synthesis
is important for the adaptation of plants to light of different intensity [11]. Chl
b acts as the main regulator of the antenna size of the photosynthetic appara-
tus: the binding of Chl b to LHC antenna proteins stabilizes it, and the initial
catabolism reaction of Chl b activates a cascade of proteins that perform anten-
na disassembly. Since Chl b is concentrated only in the antenna, a decrease in
the content of antenna proteins leads to a change in Chl a: Chl b ratio [10, 12].

Quantitative data on the content of photosynthetic pigments can be con-
sidered as a component of the ecological and physiological characteristics that
make it possible, together with other parameters of functional activity, to iden-
tify the features of adaptation of the species that ensure successful existence of
plants under extreme environmental conditions [13].
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The influence of climatic conditions on the course of photosynthesis and the
content of pigments has been reported [14, 15].

Southern regions of Eastern Siberia are characterized by special climatic
conditions, such as high levels of solar radiation, cold winters, and insufficient
soil moisture during summer vegetation period. Most of the territory is dom-
inated by such coniferous species (Picea obovata and Pinus sylvestris) that
demonstrate high resistance to low temperatures and biological productivity
[14]. These conditions contribute to the formation of their special mechanisms
of adaptation to specific growing conditions.

With this in view, the aim of the present work was to identify adaptive
changes in the content of chlorophylls and PSA LHC in needles of common
pine (Pinus sylvestris L.) and Siberian spruce (Picea obovata Ledeb.) due to
photosynthetic productivity during vegetation periods with different climatic
conditions.

Research materials and methods

The material was selected at the experimental site located on the outskirts
of Irkutsk (the territory of SIFIBR SB RAS). Needle samples were taken from
the middle part of the crowns of three trees of each species.

The content of chlorophyll a and b in needles was determined using the SF
56 spectrophotometer (LOMO, Russia) in an extract with acetone [16, p. 154]
during the vegetation periods under study. The samples were taken from the
middle part of the crowns of three trees of each species. The proportion of chlo-
rophylls included in light-harvesting complexes (LHC) from the total amount
of green pigments was calculated taking into account the fact that all Chl b is in
LHC and the ratio of chlorophylls a/b in LHC is 1.2 [17]. During all the years
of observation, the arithmetic mean of the pigment content from 9 samples was
calculated. The standard deviation calculated by Microsoft Excel 7.0 software
varied within the range of + 0.01-0.08.

Photosynthetic uptake of carbon dioxide by needled shoots of the pine and
spruce of the second year of lifespan was recorded by a multi-channel unit
mounted on the basis of the IK gas analyzer “Infralyt-4” [18]. Three trees of
each species were used in the experiments. Needles monthly photosynthet-
ic productivity was calculated as a product of multiplication of the average
daily photosynthetic productivity determined by the number of experimental
days by the number of days in the month. Annual photosynthetic productiv-
ity was calculated as the sum of photosynthetic productivity readings for all
growing months.



Siberian Journal of Life Sciences and Agriculture, Tom 12, Ne5, 2020 117

In parallel with studies of carbon dioxide gas exchange and pigment content,
observations of environmental factors were made. The temperature in the assim-
ilation chambers and outside air was recorded by a 12-point KSM recorder with
copper thermal sensors. Air humidity was measured by a weekly hygrograph.
The intensity of radiation over the canopy was measured by a Yanishevsky pyra-
nometer with readings recorded by a KSP—4 potentiometer. Soil temperature at
a depth of 5, 10, 15, 20 cm was measured by Savinov thermometers. Reserves
of available soil moisture were determined by the thermostatic-weight method,
taking samples every 10 cm in the upper 50 cm layer of the soil [19].

Results and discussion

These parameters were studied in the years of different moisture availability:
1 - with an extreme level of soil moisture and high air temperatures; and 2 - with
a unique combination of high humidity and optimal air and soil temperatures.

To clarify the assumption that photosynthesis of conifers can be directly reg-
ulated by photochemical reactions, we studied the dependence of chlorophyll
content on environmental factors and photosynthetic activity of needles. De-
pendence of biological productivity on the level of chlorophyll in cereal crops
was previously demonstrated [20].

With this in view, dependence of changes in the content of chlorophyll on
environmental factors and the water status of needles was analyzed. We previ-
ously found that under stressful conditions of soil drought, the dynamics of Chl
a in P. sylvestris correlated with changes in soil temperature (Fig. 1 - A), and
in P. obovata - with the dynamics of total water content in conifers (Fig. 1 - B)
[21]. At optimal soil moisture, the content of Chl b in conifers in both species
reliably correlated with the dynamics of soil temperature (Fig. 1- C, D). There
was no dependence of chlorophyll content dynamics on the needles water status.

As a result, the content of Chl ¢ in needles under stressful environmental
conditions is regulated by the temperature status of the root system and the
water status of needles.

The analysis of the dependence of maximum daily photosynthesis rate as
an indicator of the photosynthetic potential realization on the content of chlo-
rophyll in needles demonstrated that under stressful conditions of soil drought,
the photosynthetic activity and the content of chlorophyll in P. sylvestris and
P. obovata changed unidirectionally (Fig.2): the dynamics of photosynthesis
is more consistent with chlorophyll a (R*=0.62-0.65) (Fig. 2 A, C). At optimal
soil moisture, there is no correlation of photosynthetic activity with chlorophyll
content in the needles (R?=0,14-0,29) (Fig. 2 B, D).
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Thus, in dry years, conifers show direct regulation of photosynthesis:
spruce: water regime-chlorophyll (a) — photosynthesis. In pine: soil tempera-
ture-chlorophyll (a) — photosynthesis. The pigment that perceives the external
impact and transmits it to photosynthesis is Chl a. In optimal moisture years,
the dynamics of Chl a and b is determined by the soil temperature and is not
directly related to the dynamics of photosynthesis productivity. In this case, the
pigments accepting external influence are both Chl ¢ and the necessary com-
ponent of LHC is Chl b.

We found that for both P. sylvestris and P. obovata, the highest values of Chl
a were observed during the vegetation season with high photosynthetic produc-
tivity, and the highest values of Chl b were observed under stressful conditions.
At the same time, the dynamics of chlorophyll content in LHC in these years
was different: under stressful conditions, it had three maxima (periods of con-
tent increase) in P, sylvestris (Fig.3 A, B) and two in P. obovata (Fig. 3 C, D):
in April, July-August and October. The first maximum of chlorophyll content
in LHC is most likely due to the protection of the photosynthetic apparatus
from the negative effects of high radiation levels and low temperatures during
this period. The second period of increase in chlorophyll content in LHC is ob-
served in both species during the maximum total content of Chl (¢+ b) and is
probably associated with the restructuring of the PSA at temperature optimum.
The third period of chlorophyll content increase in LHC in P. sylvestris may
indicate preparation of the photosynthetic apparatus to winter and enhancement
of light collection function due to two-threefold reduction of light levels high
enough level of photosynthesis maintained.

During the vegetation season with a high level of photosynthetic productivity
(Fig. 3), the dynamics of the chlorophyll content in LHC has no pronounced and
statistically reliable maxima. Thus, LHC maxima reflect PSA response to stressful
conditions. When comparing photosynthetic productivity with the dynamics of
chlorophyll content in LHC, we did not find a direct relationship between them.

The analysis of long-term experimental data showed that the character of
chlorophyll content dynamics in LHC is reproduced and we see two or three pe-
riods of chlorophyll content increase in LHC in unproductive years with photo-
synthesis depression (Fig. 4). It should be noted that over the past decade, there
has been a decrease in seasonal photosynthetic productivity in conifers in the
vegetation conditions under study due to climatic peculiarities (Fig. 5). These
periods were characterized by insufficient soil moisture and air temperature and
were considered to be unfavorable for photosynthetic activity of conifers in the
South of Eastern Siberia.
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The analysis suggests that under drought conditions, chlorophyll in LHC
performs not only the function of light collection and thus regulation of photo-
system activity, but also a protective function, which can be performed at the
level of structural reorganization of thylakoids.

Recent studies have shown that mutant chloroplasts of barley seedlings and
A. thaliana with impaired Chl b biosynthesis demonstrated impaired ability to
form granules [3, 22], and the nature of packaging of pigment-protein complex-
es in the granule membrane was changed. The ability to form granules was re-
duced because the content of integral LHC II proteins, which play a major role
in stacking, decreased in the granule membranes [23]. The smaller size of the
particles contributes to their denser packing in the granule membrane. At the
same time, the lateral diffusion of photosynthetic proteins and low-molecular
hydrophobic molecules, as well as the electron carrier in the photosynthetic
electron transport chain of plastoquinone is limited [10].
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Conclusion

In the South of Eastern Siberia, which is characterized by a high level of
insolation throughout the vegetation season, regardless of climatic conditions,
the photosynthetic apparatus will always have sufficient active radiation for
high level of photosynthesis. In this regard, the content of chlorophyll in LHC
will not limit the process of photosynthesis. Under these conditions, the greatest
load in ensuring the optimal photosynthesis process will have RC FS, which
consist of Chl a. Chl b is known to be of great importance in the mechanisms
of joining thylakoids into granules. It is Chl 4 that is one of the connecting links
in the organization and stabilization of thylakoid membranes in grains. In this
case, the participation of Chl » in LHC dynamics is most likely to have struc-
tural significance for the photosynthetic apparatus.
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