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Abstract. Growth, carbon uptake and carbon utilization in leaves of various growing phase 
shoots (GPS) on beech trees (Fagus sylvatica L.) growing under different light conditions were 
compared. The values of photosynthetic capacity (maximum daily net photosynthetic rate, 
PN max) were used as comparable parameters. 

Daily time and irradiance ([, PhAR), when PN max WaS attained, were investigated similarly. 
Statistically significant differences were found in growth, P~ max and SLM (specific leaf mass) 
between different GPS and within the same stand, as well as within the same GPS and different 
stands. PN max and SLM increased in the leaves of GPS I (spring -- plagiotropic shoots) on trees 
from a sun stand from May till Septembcr. At the end of the growing season, the spring leaves 
exhibited, in comparison with the slummer ones, intensive senescence, but leaves of the GPS II  
and I i I  (summer - orthotropic shoots) evidently attained higher values of P.~- max and SLM at 
higher I (PhAR). 

The correlation of growth, P~ max aml SLM in relation to environmental conditions, as well 
as the importance of transport,  distribution and utilization of assimilates for annual carbon 
gain and biomass production are discussed in detail. 

Understanding of how natural conditions control the processes of tree 
biomass production in a forest stand is mainly based on experimental work 
performed on seedlings or young trees growing under natural external con- 
ditions (e.g. KOZLOWSKI 1982). Very few reports are available on the COe- 
exchange (photosynthesis and respiration) of broadleaf forest trees with 
polycyclic shoot growth (cf. pioneering work of RoY st al. 1986). All work 
related to the study of photosynthesis or respiration in broadleaf forest 
trees has hitherto been pursued with spring leaves (first growing phase) 
only. 

The aim of our experiment was to find the differences in leaf carbon uptake 
and carbon utilization of shoots in individual growing phases of beech trees 
growing under different light conditions. Photosynthetic capacity (defined as 
net photosynthetic rate expressed per unit leaf area at some standardized 
climate, cf. SCHULZE 1982) expressed as daily maximum net photosynthetic 
rate under optimum (water non-limiting) conditions was used. 
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M A T E R I A L  A N D  M E T H O D S  

Gas exchange measurements were performed in I 1-year old trees of Fagua 
sylvatica L. growing in a natural environment under different light con- 
ditions: 
sun stand (100 % irradiance) 
partially shaded stand (13 % of full irradiance) 
shaded stand (4 % of full irradianee) 

The trees were regularly and sufficiently irrigated. Detailed descriptions 
of the stand and site are given by MASAROVI~OVA and MI~AR~IC (1984). 

The studies of C02-exchange within the stand were carried out using an 
open gas exchange system with a simple assimilation chamber for short time 
exposure (approximately 10 min). Carbon dioxide concentration was mea- 
sured by II~GA (Infralyt 4, VEB Dessau, GDR). The measurements and 
equipments used were described in detail by MASAaOVI~OVA and ELIA~ 
(1986). Gas exchange was measured on the same leaf during the day, namely 
in shoots of various growing phases and under different light conditions, as 
well. Samples were taken from the middle part of the tree crown. 

Values of P~ max were obtained from daily curves of C02-exchange. The 
time of day and irradiance at which PN max value was attained were also 
determined. Standard t-test has been used in the subsequent statistical 
evaluation of results. 

RESULTS 

Growth o f  Shoots and Leaves 

Terminal buds of plagiotropic shoots (spring shoots, GPS I) laid out in 
autumn 1984, started developing in trees of the sun stand on April 19. At 
this period the weather was sunny and warm (Table 1). The development of 
terminal buds in trees of partially shaded and shaded stands lagged behind 
by one week. Only as late as on May 12 the intensive growth of leaves and 
GPS I was observed. At the end of May the growth of spring shoots finished 
and terminal buds appeared at all sites (Fig. 1). In June the leaves of the 
spring shoots which were as much as 50 cm long attained photosynthetic 
maturity. In the preceding two growing seasons up to three growth phases 
occurred with a large assimilation area, which was a precondition for a very 
intensive growth of shoots in spring 1985. 

Terminal buds of GPS II  (summer or orthotropic shoots) started developing 
on trees from sun and partially shaded stands at the beginning of June 
(June 3); on trees of shaded stands the onset of summer shoot growth was 
delayed by one week. Until the end of June the leaves of the GPS II were 
observed to be growing intensively on trees of the first two habitats. On 
trees of the shaded stand the leaves of the GPS II started developing as late 
as the beginning of July (July 5). At the end of July the growth of the GPS II 
finished and leaves attained photosynthetic maturity (Fig. 1). On August 1 ], 
the growth of GPS II I  set in intensively from the terminal buds on trees 
from a sun stand. At the end of August (August 25) the shoots had terminal 

Abbreviations used: GPS = growing phase of  shoots;  I = irradiance; I R G A  = infrared gas 
analysis;  P h A R  = photosynthe t ic  active radiat ion;  P~r max = maximal  net  pho tosyn the t i c  
rate;  SLM = specific leaf mass.  
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buds so that  in the first half of September the leaves of the GPS I I I  reached 
photosynthet ic  matur i ty  (Fig. 1). GPS I I I  was not observed on trees of 
part ial ly shaded and of shaded stands. 

The weather was sunny and warm throughout September. In this period, 
the senescence of all leaves of spring shoots was observed. Leaves of summer 
shoots did not yet  exhibit  these symptoms. Only in October did they quickly 
start  yellowing (Fig. 1). 

APR MAY JUN JUL AUG SEP OCT 

Fig.  1. Phenolog ica l  phase s  o f  va r ious  g rowing  phase  shoo t s  a n d  the i r  leaves  in beech tree s 
g rowing  u n d e r  different  l igh t  cond i t ions  ( A p r i l - - O c t o b e r  1985). 
1 - -  d o r m a n c y ;  2 --  beg i nn i ng  o f  GPS I g rowth ;  3 --  f in ish ing o f  GPS I g r o w t h  ( m a t u r i n g  o f  t h  e 
leaves);  4 --  beg inn ing  o f  GPS I I  g rowth ;  5 --  f in ish ing o f  GPS ]:]: g rowth  ( m a t u r i n g  o f  the  leaves);  
6 --  beg inn ing  o f  GPS I I I  g rowth ;  7 --  f in ish ing o f  GPS I I I  g r o w t h  ( m a t u r i n g  o f  the  leaves) ; 
8 --  f o r m a t i o n  o f  leaf  p r imord i a  in the  buds  (for t he  yea r  1986); 9 - -  senescence  of  GPS I 
leaves;  10 --  yel lowing of  all t he  leaves;  ~ da te  o f  the  gas  exchange  m e a s u r e m e n t s .  

Seasonal Changes of  PN max and SLM 

The leaves of all three growth phases of trees of sun and partially shaded 
stands at tained P• max in the forenoon hours and at rather high irradiance 
(I), in trees of shaded stands this occurred later and under lower I (Table 2). 
In the predominant par t  of the growing season a statistically significant 
higher PN max in leaves of the GPS I and II  in trees of sun stands in com- 
parison with shaded stands was found. These differences were evidently 
greater in the case of GPS II  leaves (Table 2). 

The leaves of the GPS I exhibited higher P~.~ max at all sites than in other 
GPS (except values in trees of the sun stand in September, when leaves 
of spring shoots were already in the stage of senescence). On the whole, the 
highest PN max was found in Ju ly  in leaves of the GPS I of trees from the sun 
stand (0.984 mg C02 m -2 s-l). This is assumed to have been due to the high I 
and to the opt imum air temperature,  as well as to the intensive growth of 
leaves of GPS I I  (Table 1, Fig. 1). 

I t  is also believed tha t  the considerable variability of PN m a x  and SLM 
in leaves of the GPS I in the partially shaded stands was caused by  the 
presence of frequent and pronounced sunfiecks (Table 2). 

Leaves of the GPS I I  at tained the highest PN max at the first two sites in 
September (0.812 and 0.650 mg CO2m -2 s -1, respectively). High P~- max values 
in September were also found in leaves of the GPS I I I  (0.719 mg C02 m -2 
s -1) (Table 2). 

On the basis of these findings the leaves of the summer shoots (GPS II  
and III)  are assumed to be significant for annual carbon gain only at the end 
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of the growing season (September) when leaves of the spring shoots (GPS I) 
already start aging and their photosynthetic capacity declines markedly. 

In leaves of GPS I and II  trees of a sun stand, the SLM values exhibit 
a rising trend during the growing season. In the case of trees from shaded 
stands, the SLM differences were least pronounced. Comparing the SLM 
values of various growing phases in the same period, then leaves of the GPS I 
of trees from the first two sites are found to have higher SLM only in June 
(60.62 and 67.32 g m -2, respectively), and from the shaded stand in July 
(53.68 g m-2). The overall highest SLM values were found in leaves of the 
GPS I I  and I I I  in September (86.36 and 89.09 g m -2, respectively). Lower 
values of this parameter in leaves of the GPS I in September were due to the 
lower P~ max as a result of their senescence (Table 2). 

As in the case of P~ max, the most pronounced seasonal dynamics and 
inter-habitat differences in SLM were also found in leaves of GPS II  (Table 2). 

A positive correlation between P~ ~ax and SLM was found in leaves of the 
GPS I I  of trees from the first two sites. Also in leaves of the GPS I this cor- 
relation was detected (except September). 

DISCUSSION 

Polycyclic growth is accompanied by a loss of plagiotropism at the shoot 
level (2nd cycle shoots are orthotropic with alternate leaves), and sometimes 
by a loss of apical dominance at the plant level (development of "forks"). 
Thus, polycyclism seems to be an adaptation to high irradiance (RoY et al. 
1986). Similarly, BAR•OLA et al. (1986) proposed a new hypothesis for the 
determination of rhythmical (polycyclic) growth in Quercus pedunculata. 
This he thought  to be connected with regular and short variations of potential 
exchange rates between the apical bud and the underlying tissues of the 
stem. Shoot differentiation in Fagus sylvatica into exploitation and explo- 
ration shoots, was suggested by DVPR~ et al. (I 986). Only exploration shoots 
may be polycyclic, i.e. have several growth periods in one growing season. 
Higher I increases the number of exploration shoots as well as the total 
height of trees. Of course, the growth of shoots from terminal buds must be 
distinguished from lateral types of branching, like prolepsis and syllepsis 
(cf. REMPr[REu and POWELL 1985, VON WUHLISCIt and Mu~s 1985). 

In  the distribution of photosynthates into the particular organs of the 
overground (shoots and leaves) and underground parts (roots), internal fac- 
tors (like source-sink relations and phytohormones) are of basic importance, 
too (MAsARovI~OVX 1985). 

RoY et al. (1986) analysed the physiological and anatomical variability of 
leaves of a 6-years old beech (Fagus sylvatica L.) that  resulted due to changes 
in light conditions during different periods of the shoot growth. Growth of 
GPS I started at the end of April (leaf primordia development of GPS II  
started, too), the growth of GPS II  set in at the beginning of July. In spring, 
plagiotropic shoot with shade leaves (GPS I) developed. Leaf features 
depended on ]ight conditions in autumn when the leaf primordia in buds are 
formed, rather than on I at the time of leafing-out. In summer the ortho- 
tropic shoots with sun leaves developed (GPS II). Leaf features depended 
on light conditions occurring in the "current" growing season. Sun leaves of 
GPS I I  (measured in August at I = 190 W m -2, 25 ~ 330 ~mol CO2 reel-l) 
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had higher PN (14.2 ~mol C02 m -2 s -1 ~- 0.625 mg C02 m -2 S -1) than sun 
leaves of GPS I (11.8 ~mol C02 m -~ s -1 ---- 0.519 mg C02 m-2 s-l, measured 
in June under the same environmental conditions). However, shade leaves 
of GPS II had lower PN (5.9 ~tmol CO., m -2 s -1 ---- 0.259 mg C02 m -2 s -1) 
than shade leaves of GPS I (10 ~mol C02 m-~ s -1 ---- 0.440 mg COs m -2 
s-l). The sun leaves of both growing phase shoots had higher PN than 
shade leaves but greater differences occurred evidently in leaves of the GPS II. 
Higher photosynthetic activity in leaves of GPS II was also confirmed for 
Quercus cerris and Quercus petraea by VIRAGH and PRI~CSl~NYI (1985). 

On the basis of our previous results (MAsARovISOVi and MINARSm 1985) 
the growth of leaves of GPS I is believed to depend on sufficient quantities 
of supply substances in the root system that  were formed in the preceding 
photosynthetic period with positive carbon balance. Therefore the role of the 
photosynthetic activity not only of GPS I leaves but also of leaves of GPS I I  
and III, namely at the end of the growing season is significant. NILSSON and 
ERICSSON (1986) came to the same conclusion in a willow stand (~alix vimi- 
halls). 

A certain analogy in the significance and partitioning of current and one- 
year old needles (also developing under various light conditions) for annual 
carbon gain, may also be seen in coniferous trees. I t  is generally considered 
that the photosynthetic activity of current needles is higher than that of one- 
year old needles as soon as the current foliage has reached maturity and that 
thereafter the capacity will decrease with age (cf. TROENG and LINDER 
1982). The translocation of photosynthates from one-year old foliage to the 
current shoot ceased when current needles had reached about 50 % of their 
final length (ERICSSON 1978). Seasonal change in the source-sink relationship 
between shoots of different age could then also influence the annual carbon 
gain. 

NILSSON and ERICSSON (1986) found maximum leaf dry mass of ~alix 
viminalis between early August and early September in older shoots, and in 
late September in younger shoots. Leaf and stem growth in spring was 
markedly higher in 2-years old shoots than in the 1-year shoots. The consider- 
ably higher spring growth observed in the 2-years old willow shoots was 
probably a consequence of the older shoots having higher initial assimilate 
and nutrient stores and buds ready to sprout. Thus, a larger fraction of I was 
utilized by older shoots during the period of higher I. 

The final increment of wood biomass does not depend only on the PN 
of leaves of the individual growing phase shoots, but it is a result of carbon 
balance during the whole growing season, including the above-mentioned 
transport and distribution of assimilates into the individual parts of the plant. 
McDoNALD (1984) suggested that dry mass partitioning or respiration rates 
are at least as important as (and probably much more important than) 
variations in photosynthetic capacity for the differences in harvest yield. 
Photosynthetic rate at rate-limiting I as well as growth might be the highest 
for the trees growing under low I because of a lower (about three times) 
respiration rate. Leaves of the beech (as a shade-tolerant forest woody tree), 
having higher PN values, also exhibited higher values of photorespiration 
rate and dark respiration rate, and vice versa (RoY et al. 1986). READ and 
HILL (1985) came to the same conclusion for seedlings of 5 species of the 
2Vothofagus genus. This also follows from the comparison of gas exchange 
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results presented in this paper with the results for beech trees published 
earlier (MAs~ROW~OV.~ and M~N~R~IC 1984). 

The study of polycyclic growth is also very important from the practical 
silviculture point of view. Under normal conditions, adult trees show only 
the spring cycle, but the growth of GPS II and III starts when climatic 
(soil water stress, high temperature, nutrient deficit, etc.), herbivory or 
pollution damages occur (cf. J~KUCS 1985). 

Generally, it is apparent that much more information is needed before we 
may predict the dynamics of primary production of trees growing under 
natural conditions. Of primary importance is a better understanding of the 
carbon balance during the growing season. Data on carbon uptake, carbon 
utilization and growth of shoots in beech trees presented in this paper may 
also serve as input for the architectural model developed by RoY et al. (1986) 
for this economically important woody plant species. 
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BOOK REVIEW 

WILCOX, J. 14. (1,1.): SOYBEAN: IMPROVEMENT, PRODFCT10.X', AND USES. Second Edition. Number 
16 iu the series Agronomy. -- American Soeiaty of Agronomy, Inc., Crop Science Society of 
America, In-. ,  Soil Science Soeiety of America, Inc., Publishers, Madison 1987. X X X I I  + 888 
pp., US $ 44.75 (incl. foreign posts,go). 

Soybean-, ~*riginaily ~md till the tlegimling of this c,mtury a major agri,'ulture,! crop merely in 
Ea-.tern A~ia, in only from this time, and espel.ially in lhe last two dec~des, introdlwed into other 
parts ls thc u~rlll, mainly into the USA, Brazil and Argentina. The reason of the increasing 
demands for S,lybeans, which would need the soybean phmting v~:'ea to be extet~d,',d, i~ the nutri- 
tive value of this crop high contents of edibh~ vegetahle otis and proteins. 14esearch works 
increasing .qmuha.neously xvlti~ the pro(tuctio:~ we,'e foeussed on production practices, protection 
of the crop from losses tlue to pathogens, inseets and weeds and had an immediate effect on 
increasing soybean supplies. Inoreasell researeh was also diree:cd towarlls b,,;ter knowledge of 
pl-,ysiologieal processe~, genetics and 1)reading that wonhl open the way for filture improvements 
in soybean prolluetmn efficiency and in the quMity of soybean products. The rapid increase in 
ttle breadth and depth of knowledge of this .'m~pieious crop provoked ASA. CSSA and ASSA to 
replace the first cdition of this book tmblished in 1973 by a new. reworked ~mll ~upplemented 
issue. 

The first chapter (K, 3. gmilh and W. Huys~u) documents recent changes in tile world pro- 
duction of soybean, growing trends, eeonomieM and political rea.~ons of these ehanges. The 
second oh~q)ter IT. Hvmowitz and 14. J. Singh) deals with laxonomic history, eytotaxonomic, 
morphological and el~, mosystematie topics. The next two cllapl( : s on regale, t ire (N. 14. Lorsten 
and J. B. C~rlson) and reprodul'tive morphology (J. B. Ca!-ls,m a: . l  N. 1~. Lersten) were supple- 
mented to lhi~ editi/m for bettor understanding the following chapters. 14esults of quantitative 
genetics and vytogenoties (1~,. G. Palmer and T. C. Kilen/. ~!u~,ntitative ~enet.ies study relevant 
to soybean br~edm;~ (J. W. Burt on). breeding methods and (:,fit ,x',~r develoDmen~ (W. 14. Pehr) 
are reviewed in three fnllowi~)g chapters. Chapter on the seed production and teehnology (D. M. 
TeKrony el ,d.) in.~ertell first m this edition is suceeelled by four chapters on various aspeets of 
soybeans production i.r crop management {14. 14. Johnson), t ill,'~ge and irrigation (D. M. Van 
Doren, Jr. and D. ('. Beieosky), weed eontrol (T. N. Jordan et el.),  soil fertility and liming (D. B. 
Mengel e! ~d.). Special ehapters are devoted to nitrogen metabolism (J. E. Harper). earbon assimi- 
lation and metabolisln (I4. Shihlos et td.), stress physiology (C. 1). Raper, Jr. and P. J. Kramer) 
~;nd seed metaboli~nl lB. F. Wilson). The subsequent group of four chapters prt, "~nt. ctlrrent 
knowledge of fungal (K. L. Athow), viral and bacterial (J. P. Ross) diseasses, nematodes (R. D. 
14iggs and l). P. Schmitt) and integrated control of insect pests (S. G. Turnipseed and M. Kogan). 
The final chapter (T. L. Mounts et rd.) deseribes in det,'dl how soybean crops are processed, 
utilized and points out the requirements of special hand!int.  

The book i~ l 'omplsmented by the subject index containing scientific and common plant, 
diseases a.nd pest as well a~ eultivar names, list of coi~tributors and, in this aeries regularly included 
table "Conver.~ions Factors for SI and non-SI Units".  although the SI units are used throughout, 
the text. The book is an as--el for all agronomists sp~eia!izing in plant productivity, especially 
in clmntries where ~(~3-Lene,s is l/Ot g traditional orc~p, so(1:5 gignifie:mt volume to those interested 
in plant physiology and ere:,) production. 
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