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Abstract 

ft bas bean found that under solar irradiation the temperaturo of the insolated side of stems may be up to 12°C 
higher than that of the air. The temperaturo of the shaded side of the stems is 2 - 3 °C lower than that of the 
insolated side. The temperature of tho leayes exposed to sun may be up to 8°C higher than the opon air 
temperaturo, while that of the shaded leayes is up to 5°C lower. 

Inyestigations on the effect of temperaturo on the photochemical actiyity of chloroplasts haye shown that in 
April and June the optimal temperaturo for photochemical actiyity of chloroplasts isolated from bark falls within 
the rango 25-35 °C, and in Noyernber - in the range 25-30°C The optirnal temperature for the actiyity of 
chloroplasts isolated Erom leayes is 35°C. 

Solar irradiation \yhen warmiag the stems and leayes also increases the actiyity of chloroplasts. Only on bot 
summer days at noon is temperaturo ofthe insolated bark higher than the optimal one, resulting in a decrease in 
chloroplasts actiyity. 
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Introduction 

The factor limiting the deyelopment of plants in 
spring is tow temperaturo. Inyestigations of the photo-
chemical actiyity of chioroplasts isolated from lilac 
bark hayo shown that the chloroplasts are actiye 
throughout the year and that in the period between the 
end ofwinter and the beginning of spring their actiyity 
is similar to that in summer [15]. The stems of hiac 
demonstrate photosynthetic actiyity, measured by CO2 
exchange also throughout the year, aithough in winter 
it is rather bw when compared with that in summer 
[14]. 

In winter (already in January), on stems brought to 
the laboratory the deyelopment of buds takes place. 
Low temperature iimits their deyebopment under natu-
rai conditions, where lilac buds begin to break in 
March, though their fiali deyebopment does not occur 
until the second half ofAprii. In the ieafiess period the 
bark containing actiye chioropiasts is the onty possible 
source of assimilates from the current production, 
which may be of great importance in the beginning of 
yegetation in spring. 

The actiyity of the metaboLe processes is hmited by 
bw temperaturo. Nicolai [10] showed bat warming of 
the stems by solar irradiation depends to a great extent 
on the plant species, and the temperature of the bark 
may be up to a down or so degrees higher than that of 
be air. At the end ofwinter, in cioudtess weather, often 
after a fali of bebow 0oC at night, the air temperature 
at mid-day is considerabby aboye 0oC. Sotar irradiation 
in that period, when warming the stenis, raises their 
temperaturo and creates fayourable thermai condi-
tions for the process of photosynthesis. Agam, in sum-
mer, on yery hot days, by warming the sterns and beayos 
sobar irradiation increases their temperature stili fur-
ther, which may reduce thoir actiyity. 

The aim of this study was to denionstrate to what 
extent the warming of the bark and leayes by soiar 
irradiation is coursing an adyantageous effect on be 
potentiab photochemicab actiyity of chboropiasts in the 
yarious yegetation periods of the hlac. This aim was 
realized by determining the daily course of tempera-
turo of shoots and beayes depending on solar irradia-
tion and by examining the effect of teniperature on tLe 
photochemicat actiyity of chboropiasts isobated from 
both the bark and the teayes. 
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Material and Methods 

The inyestigations were conducted on lilac (Syringa 
yulgaris L.) growing in a field in a weli insolated stand. 

The photochcmical actiyity of chloroplasts was de-
termined by means of Hill"s reaction, measuring the 
change of absorption from DCPJP (2,6-dichlorophe-
nol indophenol) at 590 nm as a result of 1 minute 
irradiation (500 jzmol m2 s"), using a halogen lamp. 
The measurements of the photochemieal actiyitywere 
performed (15 repetitions) on chloroplasts isolated 
from bark and from leayes as described in detail by 
Pilarski [15]. 

The temperature of the bark and leayes was meas-
ured using a thermistor meter. The temperature of the 
bark was measured at a height of 1.5 m aboye the 
ground, on root suckers of current year stems, and 1-3 
year-old ones growing yertically. The temperature of 
the insolated stem was measured on two oposite sides: 
the isolated side, and on the opposite one which was 
then in shadow. The temperature of the leayes was 
measured on insolated leayes on the boundary of the 
crown, 1.5 - 2 m aboye the ground, and on the leayes 
shaded by the crown. 

The intensity of solar irradiation in the photosyn-
thetically actiye range (PAR) was measured by means 
of a Li-COR quantuntsensor aboye the ground. 

Results 

Beginning with sunrise, the increase in irradiation 
intensity is accompanied by the increase in air tern-
perature and the temperature of the stems and leayes. 
In the afternoon hours the direction of the changes is 
reyersed. The solar energy absorbed by the stems and 
leayes is responsible for their warming. The daily 
changes in solar irradiation, air temperature, and tern-
perature of the leayes and stems on a sunny day in July 
are shown in Fig. 1. The rnaximum solar irradiation on 
that day was 1750 mmol m2 h", the maximum air 
temperature 32°C, maximum temperature of insolated 
stems 41°C, of insolated leayes 37°C, and that of 
shaded leayes 29°C. The temperature of shaded leayes 
was lower than that of the air. The temperature of 
shaded stems was similar to the air temperature, dil-
fering ± 1°C. Fig. 2 lists the daily differences between 
air temperature and that of the leayes or bark (AT) for 
data giyen in Fig. 1. The temperature of leayes shaded 
throughout the day was lower than the air temperature 
and the highest AT yalue was 4.5°C. The temperature 
of insolated leayes throughout the day was higher than 
that of the air and the highest AT for insolated leayes 
was 8°C. The temperature of insolated stems, both on 
the side exposed to the sun and on the shaded side, was 
higher than that of the air. AT of the insolated side of 
stems reached as much as 12°C, on the shaded side of 
the stems being 2-3°C lower than that of the insolated 

side of the stem. The temperature of the shaded side 
of the stern was higher than the temperature of inso-
lated leayes. 
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Fig. 1. Daily course oS solar irraciiation and oS the temperature oS 
the air, stems and leayes oS luno in sumnier. 1 - air ternperature, 2 - 
temperature oS shaded leayes; 3 - temperature oS insolated leayes; 
4 . temperature of the bark - insotated sicie ot the steni; 5 - 
temperature oS the bark - shaded sicie oS insolated stem; 6 - PAR 
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Fig. 2. Daily course oS the differences between air ternperature and 
the temperature oS the bark and leayes (AT) in summer. 1 - shaded 
leayes, 2 - insolated leayes; 3 - bark - insolated side oS stem; 4 - bark 
- shaded sicie oS insolated steni. 
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Fig. 3. Daily course oS sotar irracliation and oS the temperature oS air, 
and stems oS lilac at the end oS winter. 1 - air temperature; 2 - 

teniperature oS the bark - insolated sicie oS the storn; 3 - temperature 
oS the bark - skaded sicie oS insolated steni; 4 - PAR. 
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Tablo 1. Cornparison of the temperaturo of stems of dilferont thicknoss; s - insolated side of tho storn; c - shadod side of insolated storn. 
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9.3 905 14.4 14.1 14.4 13.4 13.2 12.6 13.7 12.8 16 13.1 

18.2 1615 25.7 24.5 25.8 24.3 26.1 24,7 26.7 24.5 28 24.1 

32.1 1620 36.4 35.8 36.3 35.8 36.9 35.5 36.1 35.6 38 36.5 

I1Iustratiye results obtained at the end ofwinter are 
shown in Figs. 3 and 4,and those obtained early in the 
spring, in the initial period of deyeloprnent of tho buds, 
aro presented in Figs. S and 6. In March, the tempera-
turo below zero of the stems early in the morning (as a 
resuit of solar irradiation in the rnid-day hours) 
reached 22.5°C on the insolated side and 19°C on the 
shaded side at the air temperature of 15°C. In April the 
temperature of the insolated side of the sterns reached 
32°C, and that of the shaded side 30°C in air tempera-
ture of 22.5°C. Temporary drops in intensity of irra-

diation caused by transient cloudiness were manifested 
by a temperaturo drop in the stems. Cotd wind in 
March and April accelerated tho cooling of the bark. 
On the insolated side of the storn the temperaturo 
yariations were greater than on the shaded side. The 
higher temperature of the bark on the shaded side of 
the stern than that of the air is an indication that solar 
irradiation warrns up the whole stern. The shadod side 
of the storn undergoes srnaller temperature changes 
than the insolated side. 
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Fig. 4. Daily courso of tho difforoncos botwoon air temperaturo and 
tho temperaturo ot tho bark (AT) at tho end of winter. 1 - bark - 

insolatod sido of storn; 2 - bark - shadod sido of insolated storn. 
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Fig. 6. Daily courso of tbo differoncos botwoon air tornporaturo and 
tho temperaturo ot tho bark (AT) in oarly spring. 1 - bark insolatod 
sido of storn; 2- bark- shaded side of insolated storn, 
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Fig. 5. Daily courso of solar irradiation and of tho tornporaturo ofair, Fig. 7. Tbo influenco of ternperature on photochemical actiyity of 
and storns ot lilac in oarlyspring. 1- air tornporaturo; 2 - ternperature chloroplasts frorn the bark of curront-yoar stems (1 - 3) and frorn 
of tho bark insolatod side of tho storn; 3 - tornporaturo of the bark loayos (4). 1, 4-in Juno; 2 - in Noyomber, 3 - in April. Vortical bar 
- shadod sido ot insolatod storn; 4 . PAR. indicatos SB - standard rnoan orror. 
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The aboye data haye been obtained on current-year 
stems, growing yertically. Table 1 lists the results ob-
tained on stems of yarious dianwter, also growingyer-
tically. They illustrate a tendency towards greater 
warming of thicker stems. 

The presented results show that the temperature of 
insolated stems and insolated leayes is much higher 
than that of the air. In summer the temperature of the 
stems may exceed 40°C and that of the leayes 35°C. In 
spring the temperature of the bark may exceed 30°C. 

The question arises to what extent the temperature 
determines the photochemical actiyity of the chloro-
plasts and whether or not the temperatures of the 
stems and leayes (reached asa resuit of the absorption 
ofsolar irradiation) limit the photosynthetic actiyity of 
chloroplasts. 

The effect oE temperature on the photochemical 
actiyity of isolated chloroplasts was determined in the 
range S - 45 °C by measuring the intensity of DCPIP 
reduction. The inyestigations were performed on chlo-
roplasts isolated Erom current-year stems at yarious 
stages of the photochemical actiyity of the plant: in 
June, Noyernber, and in April, and on chloroplasts 
isolated Erom the leayes in June (Fig. 7). The results 
reyeal a great dependence of the photochemical actiy-
ity of chloroplasts on temperature. Those Erom the 
bark demonstrated the highest actiyity in the tempera-
ture range 25 - 35°C in June and in April, and in a 
narrower range, 25 - 30°C, in Noyember. At 45°C the 
actiyity of chloroplasts Erom the barkwas similar to that 
at 5°C. In June and in April, at law temperatures of 5 
- 15°C the actiyity of chloroplasts Erom the bark was 
simitar. At higher temperatures it was higher in June 
than in April. In Noyember, in the entire examined 
temperature range, the actiyity of chloroplasts from 
the bark was 40-50% lower than in June. The chloro-
plasts Erom leayes showed the highest actiyity at 35°C. 
At higher temperatures it decreased, but less than that 
ofchloroplasts Erom the stems, and at the temperature 
of 45°C their actiyity was close to that at 20°C. 

The photochemical actiyity of chloroplasts Erom the 
bark was lower tban Erom the leayes. With increasing 
temperature the differences between the actiyity of 
chloroplast Erom the leayes and Erom the bark in-
creased. In June the actiyity of chloroplasts Erom the 
bark at 5°C was 20% lower than that of chtoroplasts 
Erom the leayes, at 35°C 40%, and at 45°C 66% lower. 

The presented resutts show that during the win-
ter-spring period solar irradiation warming up the 
stems optimizes the thermat conditions for the actiyity 
of chtoroplasts. In summer the stems and teayes reach 
temperatures which inhibit the photochemical actiyity 
of chloroplasts. In the case of leayes the optimal tem-
perature for the actiyity of chloroplasts is slightly ex-
ceeded (1 - 1.5°C), which does not cause any great 
decrease in their actiyity. On the other hand, in the case 
ofstems, asa result of solar irradiation the temperature 

of the bark of insolated stems may exceed 40°C, and at 
this temperature the actiyity of chtoroplasts is almost 
20% reduced. 1-loweyer, a bark temperature of 40°C 
and higher occurs only on yery hot days at mid-day. 

Discussion 

Warming of the stems is due to the absorption of 
solar irradiation in infrared (700 - 1600 nm), and to a 
large extent depends on the opticat properties of the 
bark [10]. In the tree species in which takes place a 
strong reflection of solar irradiation Erom the bark, the 
warming of the bark and cambium is rather slight . An 
exaniple here may be Betula penduloza, in whieh the 
bark absorbs only about 6.9% of infrared irradiation 
and the bark temperature is up to 5°C higher than that 
of the air. On the other hand, species with thin and 
smooth bark, e.g. Fagas sylyatica, absorbed 80% irra-
diation in the range 700 - 1600 nm, the temperature of 
the bark and cambium may be up to 15°C higher than 
that of the air. Scaly bark (Pinus silyestris) preyents 
excessiye warming while fissured bark (Quercus robur) 
undergoes strong warming and its temperature may be 
np to 30°C higher than that of the air. The opticat 
properties of the bark haye an effect on the distribution 
of species and, for example, trees with white bark 
reflecting solar irradiation (Betula sp.) are pioneer 
species in open areas. 

Inyestigations conducted on other tree species haye 
reyealed a 10 - 20% increase in bark temperature as 
an effeet of solar irradiation [4,8, 17]. These inyestiga-
tions carried aut on trunks showed a temperature in-
crease of the insolated side of the trunk in comparison 
with the temperature of the air. The temperature of the 
shaded side was similar to that of the air, white inside 
the trunk, in the northern part, the temperature was 
lower than the air temperature [4]. The inside oEtrunk 
was not warmed uniformly throughout. 

The inyestigations on lilac were performed on thin 
stems with a diameter up to 3 cm. The obtained results 
for the insolated side are similar to those cited aboye. 
The temperature of the shaded side of a lilac stem onty 
slightly lower than that of the insolated side, is an 
indication that the stem is warmed throughout. Tem-
porary cloudiness did not cause any great temperature 
yariations on the shaded side, which is also eyidence 
that the whole stem was warmed. 

Thanks to the efficient operation of the stomatal 
apparatus, the transpiration of the leayes is responsible 
for the fact that insolated teayes do not become 
warmed np as much as the stems, and that the tempera-
ture of the shaded leayes is lower than that of the open 
air. Under the influence of solar irradiation the tern-
perature of the insolated leayes reaches the optirnal 
leyel for the photochemical actiyity of the chloroplasts. 
In lilac stems the yery high diffusiye resistance of the 
cork to water yapour [16] in practice makes transpira-
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tion impossibte, and the temperature of the stems is a 
few degrees higher than that of the leayes. 

In the course of temperature neasurements in litac 
no externa symptoms of water deficiency in the eayes, 
leading to closure of stomata and limitation of CO2 
uptatce from the atmosphcre, were obseryed [13]. The 
optimat temperature for CO2 assimitation in the teayes 
ofyarious plant species is 25 - 30°C [1,3,5, „7, 9]. The 
optimal temperature for the leayes of the desert plant 
Lanca diyaricata is 35°C [9]. According to the author"s 
knowtcdge no inyestigations on the effect of tempera-
ture on CO2 assimilation by the leayes and stems oflitac 
haye been reported. 

Seyeral data arc ayailable on the effect of tempera-
ture on photosynthesis of the stem of other species. In 
Fagus cremata an increase in photosynthesis was ob-
seryed in the whole examined range 5 - 45°C [6]. In 
Cerciditun Jioridum [1], Spartium jun ceum and ytisus 
scoparium [11[ the optimat temperature for photosyn-
thesis of young stems was 30°C, in Psorothamnus spi-
nosus 40°C [12]. A slight reduction in CO, assimilation 
with temperature increase from 20 to 40°C was ob-
seryed in Eriogonuin inflantuni [13]. 

In an inycstigation on the cffect of temperature on 
the etectron transport in chloroplasts isolated Erom 
leayes of Larrea diyaricata the optimal temperature 
was found to be in the range 42 - 50°C [2]. Thus it was 
stUl higher than that obtained by the author on chloro-
plasts from the teayes of lilac, which amounted to 35°C. 
At 45°C the actiyity of chloroptasts from lilac teayes is 
stitt yery high and similar to that at 20°C. 

While supptying energy for the process of photo-
synthesis solar irradiation simultaneously warms up 
the stems and eayes. This considerabty improyes the 
thermat conditions for the process of photosynthesis, 
increasing the photochemical actiyity of chloroplasts 
and on sunny days at 15°C the bark attains optimal 
temperature. In March the warming up of the bark by 
10°C, at an air temperature of 5°C, increases the actiy-
ity of chloroptasts to 167%, at 10 C - to 60%, and at 
15°C - to 30%. In June the increase in photochemical 
actiyity of tbe chloroplasts amounts to: 71%, 40% and 
23%. Warming up of the teayes by 10°C has a smaller 
effect than in the bark, and at air temperature of 10°C 
it amounts to 46%, at 15°C - 39%, at 20°C - 36%, and 
at 25°C - 20%. 

In summer, the temperature of the bark may risc 
aboye the optimat one, reducing the photochemical 
actiyity of chloroplasts. Howeyer, by shading, the foli-
age parts protect the stems against solar irradiation. 
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