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PHOTOSYNTHETIC EFFICIENCY OF PEDUNCULATE
OAK SEEDLINGS UNDER SIMULATED WATER STRESS

Abstract: Photosynthetic performance of seedlings of Quercus robur exposed to
short-term water stress in the laboratory conditions was assessed through the meth-
od of induced fluorometry. The substrate for seedlings was clayey loam, with the
dominant texture fraction made of silt, followed by clay and fine sand, with total
porosity 68.2%. Seedlings were separated in two groups: control (C) (soil water
regime in pots was maintained at the level of field water capacity) and treated (wa-
ter-stressed, WS) (soil water regime was maintained in the range of wilting point
and lentocapillary capacity). The photosynthetic efficiency was 0.642+0.25 and
0.522+0.024 (WS and C, respectively), which was mostly due to transplantation
disturbances and sporadic leaf chlorosis. During the experiment F/F decreased in
both groups (0.551+0.0100 and 0.427+0.018 in C and WS, respectively). Our results
showed significant differences between stressed and control group, in regard to
both observed parameters (F,/F,_ and T, ). Photosynthetic efficiency of pedunculate
oak seedlings was significantly affected by short-term water stress, but to a lesser
extent than by sufficient watering.

Keywords: Quercus robur L., 3-year-old seedlings, photosynthetic efficiency, wa-

ter shortage
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yCIOBHMa, METOZOM MHAYKOBaHe (hayopumeTpuje. Kao cymcrpar 3a rajeme caa-
HULa KopuinheHa je TIIMHOBUTA MIIOBaYa, YHjy je TOMHHAHTHY TEKCTYpHY ¢pa-
KIMjy YHHHUO Mpax, 3aTUM TJIMHA Ta CHTaH MeCaK; TOTalHe Mopo3HocTH 68,2%.
Cannuue cy 6une nopesbeHe y ase rpymne: C (KOHTpOJHA TPyTa, KO KOjUX je BO-
JHH PEXHM CYTICTpaTa y cakCHjaMa OAp)KaBaH Ha HUBOY MOJHCKOT BOJHOT Kara-
nuteta) U WS (rpymna u3i0keHa BOTHOM CTPECY, KOI KOJUX je BOIHH PEKUM CYTI-
cTpaTa Ofip’kaBaH H3Mely Tauke Bememha 1 IeHTOKAIMIapHOT KananuTteTa). PoTo-
CHHTETHYKa epukacHOCT m3Hocuua je 0,642+0,258 ko KOHTPONHHX CaJHHUIA,
onHocHO 0,52240,0243 Kox M3NMOKEHUX BOIHOM CTPECY, IITO je yTIaBHOM OMII0
Y3pOKOBaHO mopeMehajuma n3a3BaHuM npecalBameM Kao U 10jaBH XJIOPO3€ Ha
naucToBUMa. TOKOM eKCriepuMenTa, BpeHoCT F/F, ce cMamuia y o0e rpyme caj-
aHuna (0,5514+0,0100 xox C, ogHocHO 0,427+0,018 xox WS). ¥ 06a mepema yTBp-
hene cy craTucTHUKY 3Ha4ajHE pas3yinke u3Melhy cTpecupane u KOHTPOJIHE TPpyIie
CaJHMIA y TIOTJIey HICOIUTHBAHUX MapameTapa. M3narame caJHUIA XpacTa JIyxK-
BaKa KpPaTKOTPajHOM BOTHOM CTPECY UMaJIO je 3HadajaH yTUIA] Ha CMambemne (o-
TOCHHTETHUKE e(pUKACHOCTH CaJIHUIIA, aJIN y MaFb0j MEPH HET'0 N3JIarame CaaHuLa
OOMITHOM 3aJIHBaIbY.

Kibyune peun: Quercus robur L., TporoqulIme cagHuIe, (OTOCHHTETHYKA e(H-

KaCHOCT, BOJHH CTpec

1. INTRODUCTION

Climatic changes can affect forest ecosystems through the changes in frequency,
intensity and duration of fires, drought, dynamics of introduced species, insect outbreaks,
epidemics fungal diseases, hurricanes, wind- and snow damages or landslides (Dale
et al., 2001). Any of these disturbances has different effect to forest ecosystem, although
the damages caused by insects and pathogens are the most severe (Dale et al., 2001).

In particular, climatic changes lead to the changes in distribution, reproduction,
development and mortality of insect species, as well as to mutual changes between in-
sects and their host plants. Environmental factors have crucial effect on photosynthetic
production of host plant, and consequently on its nutritive status. Therefore, to determine
the effect of climatic changes on plants, as well as forest ecosystem in its complexity, it is
necessary to observe changes in plant’s photosynthetic performance.

Slateyer (1967) emphasizes two main effects of drought to photosynthesis: (a)
indirect effect of water deficit to stomatal closure and reduction in spreading of carbon-
dioxide throughout the leaf and (b) direct effect of water deficit to biochemical reactions
involved in photosynthetic process. Generally, all of processes important for photosyn-
thetic production (diffusion, photochemistry, chemistry, and transport) could be affected
by the negative effect of water stress.

The aim of our study was to determine the effect of simulated water stress on
photosynthetic efficiency of Quercus robur seedlings using the method of induced fluo-
rometry. This method is based on the fact that the level of emission of fluorescence by
chlorophyll molecule is associated with the proportion of energy of absorbed light used in
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photosynthesis, but also with other processes connected with the heat realizing in chloro-
plasts (Krause, Weis, 1991). Therefore, chlorophyll fluorescence is a good predictor of
efficiency of photosynthetic apparatus in situ, and also a measure of response to various
stresses with negative effect to photosynthesis (Bohlar-Nordenkampf et al., 1989,
Schreiber et al., 1995).

Natural distribution of Pedunculate oak in Europe is throughout British Isles to
450 m, and Europe to 1,000 m, from southern Scandinavia east to the Caucasus and south
reaching the Mediterranean in Italy and the Adriatic coast; west to the Pyrenees and on
north and west coast of Spain (Zanneto ef al., 1994). It occurs in a range of contrasting
habitats in lowlands throughout and is dominant on basic loams and clays. It is also abun-
dant in parks, deer-parks, gardens and woods.

2. MATERIAL AND METHODS

2.1. Plant material

We used 3+0 years old seedlings of Pedunculate oak, obtained from the nursery
of Srbijasume in Rogot. These seedlings were taken from the nursery during the March,
before the vegetation season have started, and transported to Belgrade with the turf. After
arrival, the soil was cleaned from the roots, and seedlings were transplanted into plastic
pots of 12 L. Transplantation was performed by adding of 6 kg of previously prepared
substrate into each pot. Seedlings were regularly and equally watered during next two
months.

The experiment with drought simulation began in the middle of August, when all
seedlings were marked and separated into two groups which were differently treated in
regard to soil water content. Firstly, pots were weighted to obtain the value of water con-
tent in each of them. Then, each pot was supplied with certain amount of water, to achieve
and maintain certain soil water regime. In first group of seedlings, soil water regime
was maintained at the level of field water capacity (control group, C). In second group of
seedlings, soil water regime was maintained in the range of wilting point and lentocap-
illary capacity (water-stressed group, WS). The measurements were done twice, at the
beginning of September (after 15 days of treatment) and two weeks later (after 30 days
of treatment). The experiment was performed in the laboratory conditions 7=254+3°C,
RH=65£5%, L: natural photoperiod.

2.2. Type of soil and soil water regime

Substrate which was used in our experiment is a mixture of soil collected from
cambic horizon of eutric cambisol and peat (vol 1:1). Particle size composition of soil was
determined by international pipette-B method using sodium pyrophosphate as a peptising
agent, and textural class was determined using triangle after Ferre (Hadzi¢ et al., 1997).
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The substrate bulk density was determined in steel rings, whereas the particle density was
determined by gravimetric method after Gracanin (Bosnjak, 1997). For determination
of'the total porosity, the appropriate equations were used. Field water capacity of substrate
was determined in the steel ring, using the undisturbed sample from the pot after a sev-
eral watering and compression of substrate to natural consistency. Lentocapillary capac-
ity and capacity for unavailable water in disturbed sample of substrate were determined
in the pressure membrane after Richard (Bosnjak et al., 1997).

2.3. Estimation of photosynthetic efficiency

Steady state fluorescence was determined with a Plant Stress Meter (BioMonitor
S.C.I. AB, Sweden) by method of induced fluorometry (Powels, 1984, Oquist, Wass,
1988). Photosynthetic function was assessed by the rate of basic fluorescence, i.e. ratio
of variable to maximal fluorescence (< /F =(FF_—F )/F_, where I/ and F_ are initial and
maximal fluorescence of dark-adapted leaves). Each leaf was illuminated with saturating
low light (100 pmol-m=*s7") for 2 s, after having been in darkness for at least 20 min. We
analyzed 17 water stressed plants and 17 control plants, by measuring three leaves form
each plant on both measurement dates. The same intact leaves were subjected to mea-
surements on 15™ and on 30™ day of treatment. The following parameters were analyzed:
the ratio of variable and maximal fluorescence (¥, /F ) and a half-time of reaching the
maximum fluorescence (7, i.e. the measure of the speed of photochemical reactions in
photosystem II).

2.4. Statistics

Mean and standard errors (SE) for estimated parameters were determined, and
analysis of variance was applied for determination of differences between groups.

3. RESULTS

3.1 Physical characteristics of substrate

According to texture, this kind of substrate is clayey loam (Table 1), with the domi-
nant texture fraction made of silt, followed by clay and fine sand. Total porosity of sub-
strate is relatively high (Table 2), due to the adding of significant amount of peat. 47.76%
of soil volume is for the account of field water capacity (Table 3), and 20.44% is for the
account of drainage porosity.

Easily available water for plants is represented with 18.64% and hardly available
water is represented with 5.73% of substrate volume, respectively. The highest percent
of field water capacity is the portion unavailable to plants, due to the high content of clay
and adding of amount of peat as well.
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Table 1. Particle size composition and textural class of substrate

Tabena 1. TekcTypHU cacTaB CylcTpara
Coarse sand | Fine sand Silt Cla Total sand | Total clay
Kpynan Curan Moax | T m}[, Ykynan YkynHa Textufal class after
necak necax pa s necax rIMHA Ferré Texcrypha
kJjaca no Ferré-y
% Y% % % %o %
9.35 29.59 31.36 | 29.70 38.93 61.07 Clayey Loam

Table 2. Differential porosity of substrate
Tadena 2. {ludepennujanna TOpo3HOCT CYNICTpaTa

Bulk Particle Total Differential porosity
density density porosity JAudepenunjaina nopo3HocT
3anpemuH. Crnennduyna| YrymHa |Pores/ nmope|Pores/ mope| Pores / nope Pores / mope
rycTHHA TYCTHHA  |TOPO3HOCT|  >8 mp 1-8 mp 0.2-1 mp <0.2 mp
gem™ gem™ % % % % %
0.81 2.55 68.20 20.44 18.64 573 23.40

Table 3. Capacity of holding the water

Tadena 3. KananureTn npuMama U 3aipKaBarmba BOJIe

Soil Moisture at

BuaskHOCT 3eMJBHIITA NIPH

Amount of water per one pot at
Koauyuna Boje y cakcuju npu

FWC LCC WP FWC LCC WP
v % v % v % dm? dm? dm?
4776 29.12 23.40 3.18 1.94 1.56

Legend / Jlerenmga: FWC - field water capacity / nossckn Boguu kanauutet, LCC - lentocapillary capac-
ity / nenTokanunapuu kanamuret, WP - Wilting point / Bra>xHOCT Bebema

3.2. Photosynthetic efficiency of photosystem IT

At the beginning of experiment, the photosynthetic efficiency of photosystem II
was 0.642+0.25 in treated group (WS) and 0.52240.024 in untreated group of seedlings
(O), respectively, which is significantly lower in comparison to the values usual for well
watered, non stressed plants (/7 /FF_=0.83, Powels, 1984) (Table 4). During the experi-
ment with drought simulation, ', /F_ decreased in both WS and C group (0.551+0.010 and
0.427+0.018, respectively) (Table 5).

T,

Similarly, the tendency of significant decreasing was noticed for the parameter 7,
i.e. values of 7,, were approx. four times lower in both WS and C seedlings at the end of
experiment (Tables 4 and 5).
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Table 4. Photosynthetic efficiency of Q. robur seedlings at the beginning of experiment (15

days of treatment).

Tabena 4. dotocunTeTHUKA ehukacHOCT cagHuua Q. robur Ha MOYETKY eKCIeprMeHTa (Toce

15 nana TpeTmaHa)

Tperman / Treatment
Iapaverap Bonnu crpec / Water stress Kontpoaa / Control F D
Parameter — —
X Sy X Sy
FJF 0.642 0.025 0.522 0.024 11.62 0.0011
T, 451.730 26.019 286.325 38.854 12.11 0.0008

Table 5. Photosynthetic efficiency of Q. robur seedlings one month from the beginning of ex-
periment (30 days of treatment).

Ta6ena 5. otocunTeTnyka epukacHoCT caauuna Q. Robur mocie Mecell JAaHa oJ MoYeTKa
excriepuMeHTa (HakoH 30 jaHa TpeTMaHa)

Tperman / Treatment
Tapamerap Bonnu crpec / Water stress Kontpoaa / Control F D
Parameter — =
X Sy X Sy
FJF 0.551 0.010 0.427 0.018 35.34 0.0000
T, 104.363 3.612 77.784 8.542 8.21 0.0051
4. DISCUSSION

Photochemical quantum yield of PSII (F/F ) displayed low values at the very be-
ginning of experiment in both groups of seedlings, indicating stressful conditions prior
to further treatments. This might be attributed to transplantation disturbances (possible
injuries of roots), and also to adaptation to different light conditions in comparison with
nursery. This conclusion was made from the observation that both groups showed certain
misalignment from the theoretical optimal value (0.83, Powels, 1984), regardless of wa-
ter supply. Sporadic occurrence of chlorotic areas on leaves of almost all seedlings also
contributed to somewhat unfavorable state of photosystem II at that point.

Drought simulation caused significant decrease of photosynthetic efficiency, but
unexpectedly, the same tendency of decreasing F,/F,  was observed in the group of seed-
lings which were watered regularly.

Another parameter, 7, is a predictor of the rate of photochemical reactions within
the photosystem II. According to literature, it should be changed in opposite course than
F/F_ (Powels, 1984). However, our results showed the same tendency, i.e. decreasing of
the rate of photochemical reactions. It is the contradictory finding, indicating that the rate
of biochemical reactions is higher at the same time when the less energy is used in pho-
tosynthesis. This could be explained with the disturbances in the chlorophyll content and
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structure apparent thought the leaf chlorosis. Additional measurements of the biochemi-
cal status of photosynthetic pigments would be needed to confirm this point.

The general low performance of photosynthetic efficiency of Q. rubra seedlings is
probably related to low chlorophyll content rather than water shortage. All seedlings suf-
fered from sporadic chlorosis which was caused by the disturbances in pigment apparatus
and exposition to full irradiance conditions. This resulted in the onset of long-lasting non-
photochemical fluorescence quenching and further decrease in F,/F_ (Butler, 1978).
However, the additional analysis would be needed to support these predictions.

Our results showed significant differences between stressed and control group, in
regard to both observed parameters (F,/F, and 7,,). When the effect of water shortage was
compared in stressed and control group after 15 days of treatment, it was approved that
F JF_ decreased significantly in both groups (for 14.2% and 18.2% in WS and C group,
respectively). These data indicate that water shortage hasn’t the crucial effect to decrease
of photosynthetic efficiency. These results could be supported with the previous studies
on the same species. In the comprehensive study on the effects of water and light sup-
plies on three oak species (Quercus robur, Q. petraea and Q. rubra), pedunculate oak
was the least sensitive to water shortage (Wagner, Dreyer, 1997). Furthermore, this
species showed decline in all photosynthetic parameters, including F' /F_, in the condi-
tions of waterlogging. Other studies also demonstrated that Q. robur is, among other oak
species, particularly efficient in water usage, even in the conditions of severe water stress
(Molchanov, 2009, Rosenquist, 2010). From our results, it could be concluded that
the photosynthetic efficiency of seedlings of Pedunculate oak was more affected by suf-
ficient watering than by short-term water stress.

In particular, drought stress was not the promoter for the decreases of F /F_ in
Pedunculate oak (Dreyer et al., 1991, Dreyer, 1994, Gardiner, Hodges, 1996).
This is because during water stress photosynthesis is limited mainly by stomatal closure
(Epron, Dreyer, 1992), and decreases of F /F, occur only when diurnal assimilation
rates are already reduced to nil (Epron et al., 1993). However, this reduction is rarely ex-
pected, since the seedlings of Pedunculate oak have great stomatal conductance, high net
assimilation rate and photosynthetic capacity (Epron et al., 1993). Also, the short-term
drought never resulted in reductions of maximal photosynthetic capacity to the extent of
those recorded with waterlogging (Chaves, 1991, Epron, Dreyer, 1993). On the other
hand, this species showed great sensitivity to the changes of light environment, preferring
shade than full light conditions (Epron, Dreyer, 1992). These findings align Q. robur
as less light stress-tolerant and more water stress-tolerant species.

5. CONCLUSIONS

Low photosynthetic performance of Q. robur seedlings exposed to water short-
age and control seedlings was due to previous disturbances of seedlings, and especially
to appearance of leaf chlorosis.
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Water shortage had significant effect to the lower performance of photosystem 11
in treated seedlings, which was approved by significant differences between stressed and
control group in regard to both observed parameters (Fv/Fm and T 5).

Prolonged water shortage caused further decreasing of photosynthetic efficiency
of seedlings. To a lesser extent, the effect of decreasing of Fv/Fm values over time was
observed in control group as well.

Furthermore, it was demonstrated that photosynthetic efficiency of seedlings of
Pedunculate oak was more affected by sufficient watering than short-time water shortage.

Additional biochemical measurements on pigment status are needed to con-
firm the conclusion that the photosynthetic efficiency was affected by the chloroplast
disturbances.
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3opumua [Tonosuh
Crnob6ogan Munanosnh
3opan Munerunh
Mupocnasa CMusbannh

OOTOCUHTETUYKA EOUKACHOCT CAJHULA XPACTA JYXIBAKA
Y YCJIOBUMA BOJHOI' CTPECA

Pesume

VY oBoM pany je aHanu3upaHa GOTOCHHTETHYKA e(hUKACHOCT CaJHMLA XpacTa JTyKbaKa
(Quercus robur L.) n310X€HUX KPATKOTPAJHOM BOTHOM CTPECY y JIaOOPaTOPUjCKUM YCIOBHMA, Y3
kopunrheme Metone mHAyKoBaHe payopumetupuje. OBa MeToa ce 6a3upa Ha YNEHCHUIIN [ je HU-
BO emucHje (IyopeceHInje o1 CTpaHe MOJICKYJIa XJI0po(uIIa MOBe3aH ca MPOIOPLKjOM CBETIOC-
He eHepruje kopuirheHe y poTOCHHTE3H, alii Takohe u ca IpyruM mporecuma ociaodahama Tormno-
Te y XJoporutactuMa. 300r Tora, GuryopecueHuja Xaopoduia npeacTaBiba NOy3AaH MoKa3aTesb
etukacHOCTH (POTOCHHTETHYKOT anaparta in situ, a Takole 1 Mepy OATOBOpa Ha pa3IuIUTe BPCTE
cTpeca ca HeraTUBHUM €(eKTOM Ha (POTOCHHTE3Y.

AHanu3oM QU3NYKHUX KapaTepUCTUKa CyncTpaTa KopuurheHor 3a npecahuBame caiHuna,
YTBPhEHO je 1a M0 TeKCTyPHOM cacTaBy CyICTpAaT NpHUIaaa INIMHOBUTUM HioBadyama. JloMHuHaH-
THY TEKCTYpHY (ppakinjy je YMHUO IIpax, 3aTUM IJIMHA 114 CUTaH Iecak. YKyIHa IOPO3HOCT MpHU-
MIPEMJBEHOT CyTICTpaTa je BUucoka 68,2%, mTo je mocneanna JoAaBama 3HaYajHUX KOMUIUHA Tpe-
ceta. [Ipu oBome 47,76% BoryMeHa 3eMJBHINTA j&é YMHUO TTOJBCKH BOAHU KaMaIUTET, a JPEHAKHY
nopozHocT 20,44%. busbkama nako mpucTynayHa Boaa 3ay3umanaje 18,64% BomymeHna cymcrpara,
a Texxe mpucTymnadna 5,73%. Jlocta BUCOK caap:kaj TIIMHE, a Takohe M J0faBamke 3HAYajHUX KO-
JIMYMHA TPECETa CYICTPATy yYCIOBUIIN Cy J1a HajBehu 160 OJbCKOT BOJHOT KallalluTeTa YUHU He-
[IpUCTyTIa4yHa BOJA.

Cajanulle cy NoJiesbeHe y IBe TpyIe, IPH YeMy je y npBoj rpynu (koutpoia, C) BOAHH pe-
XKHMM 3eMJBUILTA O/IP’KaBaH HA HUBOY MOJHCKOT KaMalUTeTa, 10K je y APYroj TpyIH (BOJHH CTPEC,
WS) BOAHU PEXUM 3€MJBHIITA OAPKaBaH Ha HUBOY nM3Mely Tauke BemEHa M JICHTOKAIMIap-
HOT KamarureTra. Mepemwa napamerapa GpoTocHHTETHUKEe eUKacHOCTH cy ypaheHa 2 myTa, Ha
mo4yeTKy centemOpa (mocne 15 gana cuMmynupama BOIHOT CTpeca) H MOoJIoBHHOM cenTemOpa (30
JlaHa MoCJIe TI0YeTKa CUMYJINpatba BOJHOT CTpeca).

doTocuHTETHYKA e(PUKACHOCT (Fv/Fm) nsHocuna je 0,642+0,25 y C u 0,522+0,024 y WS
IpyNy Ha MOYETKY KCIIePUMEHTa, IITO Cy 3HAa4ajHO HMIKE BPEAHOCTH Y OJHOCY HA TEOPETCKH
ONTHMYM KOJ He-CTpeCHpaHHX OuJbaka MpH MOBOJLHOM BOAHOM pexumy (F/F =0,83). Oso
oJCTyname ce MoXke mpunucaTi nopemehajuma n3za3Banum npecahuBameM cagHuna (Moryhum
omrehemMa KOPEHOBOI CHCTEMA), a HApOYUTO XJIOPOTHYHHUM MpOMEHaMa Koje Cy youeHe Ha
rOTOBO CBUM OHibKkaMa. TOKOM ekcriepruMeHTa, 3a0enexeH je nax GoTocCHHTeTHYKe epUKacHOCTH
cajHMLA, u TOy 00e rpyne (3a 14,2% xox WSu 3a 18,2% kon C). CnuuHa TeHACHIM]a je 3a0eneKena
'y IpoMeHama Jipyror napamerpa (7, nonyBpeme nocTusama Makcumaiue (payopecienimje), 3a
KOjH je OMJIO OUYEeKHBAHO Jla MMa CacBUM CyNpOTHY AuHamMuKky. OBaj Hana3s, Takohe, ykasyje Ha
nopemehaje y caznpikajy ¥ CTpPYKypH XJIOpOIJIAcTa, ajld 3aXTeBa U JOJaTHA Mepemwa aa Ou oBa
npeTnocraska Ouia noTspheHa.

IMopehemem BpenHoCTH mapameTapa GOTOCHHTETHYKE €(PUKACHOCTH KOJ CTPECHpaHe U
KOHTPOJIHE Tpyne yTBpheHe Cy CTaTUCTHYKHU 3HAYajHe pa3jMKe y TOrJely UCIHUTHBAHUX Mapa-
metapa (F./F, wu T,), n To y 06a Mepema (15-or u 30-or naHa of oyeTka TpeTMaHa). AHATH30M
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noOujeHnX pe3yaTara u nopehemem ca mpeTXoaHo 00jaB/beHUM CTyAHjaMa O (OTOCHHTETHYKOM
KamanuTeTy ¥ BOAHUM OJHOCHMA ypal)eHUM Ha 0BOj BPCTH, MOXKEMO 3aKJbYYUTH J1a je poTOoCHH-
TeTHYKa e(PUKACHOCT CaJHMIIA XpacTa JyXibaka Ouna y Behoj Mepu mox HETaTUBHUM YTHIIAjeM
0OUITHOT 3aJIMBamka HEro KPaTKOTPajHOT BOAHOT cTpeca. Takole, mocneanie npuiarohasama do-
TOCHHTETHYKOI' aliapaTa HOBUM CBETJIIOCHUM YCJIOBHMA (Pa3iN4YUTHM OJf OHUX Y PacaaHUKy) cy
YOUJbHMBE KPO3 XJIOPOTHYHE IIPOMCHE Ha JIMCTOBMMA IOTOBO CBHUX caguuua. O0a oBa 3aKkjbydKa
MoTBphyjy Z1a je y yCIoBUMa AeTOBaka PA3IUIUTHX CTPECHUX (PaKTopa, XpacT Iy KHbaK Mambe TO-
JICpaHTaH Ha CBETIIOCHE IPOMEHE, HEro Ha IPOMEHE BOJHOT PEXKHMMa CTAHHIITA.
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