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Introduction 

Picca aOies ( L . )  Karst. is known to be rather tol- 
erant to lack of light. This biological property F nvours 
~naximal  utilization of light by spruce and makes i t  as  
a competitor to other productive tree species. Ilow- 
ever, sudden changes in light may occur in stand-while 
thinning stands or  due to selfthinning caused by en- 
viron~nental factors, so Norway spruce is submitted to 
stress. Coilsequently, changes occur at the level of 
physiological functions. It was established that dur- 
ing stress when young stands are thinned substance 
transport via cellular membranes in the necdies in- 
creases up to 280 % (Skuodienc 1987). It depends 
upon the initial density of  plantation and the extent 
of its thinning. Norway spruce is submitted to stress 
during mutual conipetition caused by light and crown 
closure. It has been determined that the potential of  
substance transport is affected liiore in the first years 
of coenosis forniing. As shown by the results of the 
earlier investigations, in 2-3-year-old experimental 
plantations of different initial density K-ion transport 
via cellular membranes of needles augmented even 320- 
435%, as compared with free growing trees, An increase 
in energy consumption during stress weakens sub- 
stance assimilation, cotiiplementary state of nictabo- 
lites within a cell and homeostasis of the system in 
post-stress period and during adaptation, which in all 
cases is many times longer, as compared to the dura- 
tion of stress (Skuodiene 1999). 

The relationship exists among light, the quantity 
of pigments of photosynthesis and the process of bi- 
omass accumulation in the crown. In the preliminary 
results of experiments it has been shown that in the 

phases of  stress and initial adaptation the quantity of 
these metabolites taking part in this process increas- 
es (Skuodiene 2000). 

The data in the literature ( M ~ K ~ H  1978; Bates et 
al. 1973; Cyfia~irtona et al 1996; Yuoeettrto 1976, 1979) 
have demonstrated that augmentation of the quantity 
of metabolites is associated with the stress reaction, 
which maximally reveals itself in the points of strained 
metabolism. The processes occurring in generative 
and vegetative organs in a certain period may be at- 
tributed to the conditions provoking stress. The in- 
vestigations conducted on the analysis of aminoacid 
proline in conifers have shown that during stress pro- 
voked by chemical pollution the aminoacid proline 
concentration in needles of Norway spruce is elevat- 
ed four to five times, as compared to the state of con- 
ditional adaptation in the conditions of  background 
pollution (Skuodiene 1997). 

The mechanisms regulating adaptation and pres- 
ervation of plants are rather important and sophisti- 
cated. There are few data which characterize the post- 
stress period by quantitative variations in metabolites 
of trees. A certain role in the process of adaptation is 
assigned to proline as an aminioacid fillfilling the pro- 
tective function. In the experiments it has been estab- 
lished (npouer~rto et al. 1968) that due to the activity 
of the synthesis of proline toxic ammonium is bonded 
in the green grass cell. It forms as soon as an organ- 
i s ~ n  is drought stressed and thus, protects the proto- 
plasm of a cell from hydration. It may be one of the 
protective f i~nctions of proline when an organism is 
sublnitted to stress of drought ( G ~ I I . ~ I ~ K O B  1975). Bri- 
tikov also points out that large quantities of proline 
in the organism are not harmful as in contrast to oth- 
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er arninoacids. However, for tlie green vegetation tlie 
most important property of this aminoacid is its close 
relationship to chlorophyll in the chain of metabolism. 
Aminoacid proline is introduced in the synthesis of 
chlorophyl through the Krebs cycle during tlie syn- 
thesis and reduction of glutamic and keto-glutamic 
acids (Ijptl~l~rcoe 1975). Therefore, the significance of 
aminoacid proline during stress is great. Due to exter- 
nal factors the changes occur in the chlorophyll syn- 
thesis and in quantitative parameters of this metabo- 
lites. Adaptation of  plants through the changes in 
metabolites is a continuating phase of  post-stress 
reaction. Theoretically, it seems that during adaptation 
aminoacid proline takes part in the total metabolisni 
and favours the restoring of  the synthesis of chloro- 
phyll. 

Therefore, the objective of this study is to char- 
acterize the quantitative variations in atilinoacid pro- 
line and chlorophyll during stress and adaptation, as 
a response to light stressor in Norway spruce needles. 
Also the aim is to determine the response and dura- 
tion of the reactions by quantitative variations in chlo- 
rophyll a, b and aminoacid proline as well as to as- 
sess possible interaction between this metabolites in 
the needles of  Norway spruce submitted to stress and 
during its adaptation. 

Material and methods 

A schenze of'the e.~1)erin1ertts. For the experiment 
spruce plantations were chosen, where the initial den- 
sity was 25.0 thousand treeslha, 12.5 thousand trees1 
ha and 6.2 thousand treeslha. The age of the planta- 
tions was 17 years, the site - Piceetunt Neprrtico Oxa- 
lidosunr. Mean diameter of experimental trees in the 
plantations with the initial density 6.2 thousand trees1 
ha was 9.1 cm; 12.5 thousand - 6,6 cm; 25.0 - 5,2 cm, 
mean heights were 10.6 m , 8.7 ni and 7.3 m , respec- 
tively. The plantations were divided into two parts. One 
of them was left for control experiments and in the sec- 
ond part lighting was increased by thinning. After thin- 
ning experimental plantations where the density is 25.0 
thousand treeslha in addition give 106 pmol s-' ni-2 PAR 
near the 5Ih whorls from the top of experimental trees. 
At the density of 12.5 thousand treeslha in addition 
trees give 206 p n o l  s-I rn-2 PAR and in dense 6.2 thou- 
sand treeslha - give 135 pmol s-' m-2 PAR. A total of 5 
trees were selected in each part of tlie plantations. For 
the analysis of chlorophyll the samples from the 3"' and 
5'" whorls were taken. The chlorophyll and aminoacid 
proline were determinated in 500 mg freshlgreen mass 
in 3 replications. The samples were taken after 5 hours, 
1, 2, 3 , 4 ,  7, l I ,  15, 2 1 days and I, 2 years from experi- 
mental (after thinning) and control plots. 

l ' l~e met l~od o-f rrntir~oucid pr.oliirc niralysis. Ami- 
noacid proline has been exstracted and identified ac- 
cording to the scheme of the experiments by the Bates 
method (Bates at all. 1973). The analyses were con- 
ducted by computer according to the SLT biological 
programme. A comparison of the obtained results with 
the standard curve of proline was conditioned by high 
correlation coefficient, K=0,999858. The method of  
investigation enables very slight quantities of proline 
to be identified in the material investigated. 

The irzethoti of orrrrl~~sing c l r l o r o ~ ~ l ~ ~ ~ l l .  Chlorophyll 
n, B were extracted by 96,58% ethanol froni the mass 
of needles fixed and homogenised by liquid nitrogen. 
Chlorophyll a was identified at 470 nni (nonometre) and 
chlorophyll b at 649 nm. The quantities of pigments 
in the 500 g green mass (g.111.) have been calculated 
by the Lichtenhalef formula and adapted for the SLT 
computer programme by Volker Beer (Liclitentlialer 
1987). 

Measrrrement o j  light. Photosinthetically active 
radiation (PAR) was lneasured by the LI-COR Quan- 
tum Radiometrl Photometr (model LI-189). Measurement 
units - pmol s-' n ~ - ~  . 

Results and discussion 

The data shows that during the experiment the 
amount  of  chlorophyll  in tlie needles of  trees in 
thinned plantations noticeably varied. Five hours af- 
ter thinning in the initial density 25.0 thousand trees1 
ha chlorophyll a+b was elevated by 130.3% in the 
needles of  the 3rd whorl  and in the 5th whorl  by 
146.20/0, in comparison to the control (Fig. 1). After 24 
hours in the 3rd whorl the amount of chlorophyll a+b 
was 119% and in the 5'" whorl - 132.8% larger as com- 
pared to the control. 

The needles of the experimental trees growing in 
the plantations with the initial density 12.5 thousand 
trees per ha responded weaker. At this density the 
effect of thinning on the amount of  cliloropliyll was 
less during the first 5 hours too. Five hours after plan- 
tation thinning chloropliyll r ~ + h  in the needles of the 
5'" and 3"' whorls was only 121% more, as compared 
to the control. Twenty four hours after thinning in the 
needles of the 3rd whorl it was 137.9% larger than in 
the control. In the needles of the 5"' whorl chlorophyll 
was found to be only 116.8% more than the control. 

Such an increase in chlorophyll in the needles 5 
and 24 hours after thinning in plantations with the 
initial density 25.0 and 12.5 thousand treeslha niay be 
interpreted as a stress reaction and a response to a 
sudden change in light intensity as stressor. A stress 
reaction was especially pronounced in tlie plantations 
where the initial density was high. 
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In the plantations with the lowest initial density 
of 6.2 thousand treeslha nearly no response of trees 
to the intensity of light was observed, because there 
was no essential increase in light. In the experimental 
parts of crowns the differences between chlorophyll 
constituted only 5.4 % to 10.6%. 

At the end of  the experiment the situation has 
obviously changed. After 21 days following an in- 
crease in the intensity of  light in the densest planta- 
tion (25.0 th. treeslha) chlorophyll a+h in the needles 
of the 3rd and 5th whorls co~npr ised only 2.8%, in 
comparison to the control. In the plantations where 
the density (12.5 th. treeslha) was lower cl~lorophyll  
on average was found to be about 18% less than in 
the control independing of the place of needles in the 
crown. In the needles of  the plantations with the low- 
est density (6.2 th. treeslha) and with increased light 
intensity, the quantity of chlorophyll was equal to the 
control (1 00%). 

In accordance with the previous scheme of  the 
experiments a repeated analysis has been conducted 
in one (1998) and two (1999) years after thinning. In 
all cases the quantity of  chlorophyll in the needles of 
trees from the thinned plantations was close to the 
control (99.7%-100%). 

Analysing the character of responses of  experi- 
mental trees to light stressor by amount variations in 
chlorophyll a+D (Figure I), and a,b  (Figure 2) the re- 
action of stress may be named in the interval of the 
first 1-4 days. Moreover, this situation repeated itself 
in the 3rd and 5th whorls. In these whorls of  trees 
submitted to stress the quantity of cl~lorophyll  a on 
average increased up to 137% - 143% and 140% - 160%, 
respectively (Figure 2), as compared to the control. At 
the same time the quantity of chlorophyll b increased 
more intensively from 270% to 325%. The interval of 
post-stress period 5-21 days apparently was associ- 
ated with the decreasing amount of chlorophyll in the 
needles of experimental trees. In this case the response 
to light stressor is taking adaptation character and Inore 
longer than stress reaction. 

In order to assess the plant state in terms of ad- 
aptation some authors (Beadle, Jarvis 1977, Young, 
Britton 1990, Gnojek 1992) use constant ratio of chlo- 
rophyll a to b as the coefficient of complete adapta- 
tion to new conditions. 111 accordance with this index 
needle adaptation at the level of  the amount of chlo- 
rophyll ends not in all plantations of above densities 
on the 21" day. As established by the results of the 
investigations (Skuodieni: 200 I), a certain exception in 
transiting to adaptation is noted after 1 (1998) and two 
(1999) years in the needles of  trees growing in the 
plantations with the initial density 12.5 111. treeslha and 
with increased light intensity. In accordance with the 

5 hours 1 day 21 days 1 year 2 years 

:.: 1 Thc 5Ih whorl 
T A 

5 hours 1 day 21 days 1 year 2 years 

5 hours 1 day 21 days 1 year 2 years 

'" The 5Ih whorl 
1.6 1 T B 

5 hours 1 day 21 days 1 year 2 years 

1997 1998 1999 

Figure 1. Thc quantity of cliloropl~yll n+b (mglg of green 
mass) it1 the needles of the control ( 0 )  and thinned spruce 
plantations ( I  I) in 5 hours, 1, 21 days and I year (1998), 2 
years (1999) after plantation thinning: in density variants 
12.5 thousand trccslha (A); 25.0 thousand trcelha (B). 

ratio of chlorophyl a to b the needles of trees in the 
plantations of this density and with increased inten- 
sity of  light had the best characteristic of adaptation 
after two years: 

Experimental data on the amount of aminoacid 
proline in the needles after thinning, as well as their 
comparison with chlorophyll dynamics at the same time 
have demonstrated that, in contrast to chlorophyll, the 
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Figure 2. The dynamics o f  thc quantity of  chlorophyll b 5 hours I day 21 days 1 year 2 years 

(A)  and chlorophyll a (B) in % from thc control, in the nce- 
dles of  thinned spruce plantations of thc dcnsity 25.0 tliou- 
sand trecslha. (Bold line corresponds to nican conccntration) 

accun~ulation of the aniinoacid proline content was not 
strong during the first days. The quantity of proline 
in the needles of trees growing in the plantations with 
increased light intensity was compared with the con- 
trol. It was found that the first days in all density 
variants proline comprised only 2.7 to 13.5% more or 
even up to 13.1% less than the control (Figure 3). The 
results obtained in the plantations of different densi- 
ty showed that a response began first in the planta- 
tions of average initial density (12.5 th. trees/lia). Only 
on the 21r5' day after an increase in light intensity in 
needles of the 3rd and 5th whorls proline was found 

Figure 3. Tlic quantity of  amir~oacid prolinc (mglg of  green 
mass) in the needles of  the control (I) and thinned spruce 

plantations ( I  I )  in 5 hours, 1-21 days and I year (1998), 2 
ycars (1999) after plantation thinning: dcnsity 12.5 thou- 
sand treesllia (A); 25thousand t recs l l~a  (B). 

to be 147.0% and 156.8%, respectively, more than the 
control. The quantity of proline in the needles of trees 
growing in the thickest (25.0 th. treeslha) and thinned 
dense plantations at that tinie was equal or lower than 
the control (109.6% - 1  15.9%). In these plantations only 
after one year aminoacid proline was found to be frorn 
145.1% to 203.6% up to 151% more, as compared to 
the control. 
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Figure 4. Thc dynamics of the quantity of aminoacid pro- 
line in % from the control in the nccdlcs of thinned spruce 
plantations in density 12.5 thousand trecs/ha (A); 25.0 tliou- 
sand treeslha (B). (Bold line corresponds to mean conccn- 
tration) 

In general results by comparing quantity dynam- 
ics of  aminoacid proline with chlorophyll in a period 
of 21 days it is obvious that the maximum of the ac- 
tivity accumulation of aminoacid proline coincides with 
the minimum of  the activity of chlorophyl accumula- 
tion. However, according to the character of  the dy- 
namics of the quantity of  chlorophyll and aminoacid 
proline as a response to light stressor started and had 
the character of stress during the first hours and days 
(1-4) after thinning. In the period of adaptation a quan- 

titative expression of the two metabolites becomes es- 
sentially different. I n  assessing the state of the exper- 
imental plantations according to the dynamics of a 
variation in both metabolites it is possible to make an 
assumption that there is close relationship between the 
quantity of  chlorophyll and alninoacid proline both 
under stress and in the period of adaptation. Aminoac- 
id proline takes part most actively in metabolic varia- 
tions occurring at the onset of a response. As quan- 
titative variations in this metabolite indicate it also takes 
part in adaptation. 

While investigating a response of Norway spruce 
to the changes in light intensity as a light stressor at 
the level of the physiological functions by the analy- 
sis of chlorophyll and aminoacid proline quantity it has 
been determined that the obtained data support the 
theoretical assumption (Britikov,1975), that proline as 
a metabolite plays'a protective role in the post stress 
period. The data of  our  investigations have shown 
that aminoacid proline plays a radical role in restor- 
ing the synthesis of chlorophyl in a cell in the post- 
stress period. The data of the analysis of  chlorophyll 
have demonstrated that the variations occurring in 
lighting conditions affect not only the chain of recep- 
tors but also that of  adaptation at  the level of the 
quaranty o f  chlorophyll in the needles of  Norway 
spruce. In case there are favourable factors they can 
influence the photosynthesis process and crown pro- 
ductivity. 

It has been determined that due to thinning in 
spruce plantations of  different density the changes 
occurring in light intensity affect receptor-adaptation 
chain of chlorophyll and may influence the process of 
photosynthesis and crown productivity. An assump- 
tion is made that in this process the role of  aminoacid 
proline is associated with a change in chlorophyll 
metabolism, radically with restoring-adaptation func- 
tion, which occurs during light stress. 

It has been ascertained that during the reaction 
of  stress the amount of  chlorophyll in needles is very 
considerable from 137 O/o to 325%, as compared to the 
control .The reaction of stress occurs during the first 
hours 5 hours and 1-4 days after plantation thinning. 
Depending upon the initial density of  plantations the 
process of adaptation with the weakening of  chloro- 
phyll amount of  accun~ulation lose from 21 day till 2 
years. It has been determined that aminoacid proline 
joins metabolic changes at the onset of  a response to 
stress reaction. However, its greatest activity has been 
observed during adaptation. 
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3WDEKT CBETA KAK CTPECCOPA HA MET. FOJIMTLI B XBOE PZCEA ABZES 
(L.) KARST. 
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n+A M ahfUIIOKUC~OTLl IIpOJIMHB. Ha YpORlIC ~ l f 3 ~ 1 0 ~ O n l Y e ~ ~ ~ ~  @ Y I I K U I I ~ ~  LIaCTCR OUClIKa I%03h10XIIOIO ~3ilklhl0LI~ii~lRllH 
~ ~ C T ~ ~ O J I I I T O B  BO BpeblH CTpCCCa H ~allTaUHL1. 

~ n l o ~ e n b l e  cnona: c ~ p c c c ,  arrarlTaucrn, cner, xnon, rracaxncrlrin, XJIOPO(~)MJIJI, ahw1roKiIcnoTa IIponMIr, X I C T ~ ~ O ~ ~ I ~ X ~ .  


