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THE EFFECT OF SOLAR RADIATION AND AIR TEMPERATURE
ON BASIC DENSITY OF SCOTS PINE WOOD
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The effect of solar radiation and air temperature on the basic density of Scots pine wood
(Pinus sylvestris L.) was investigated on the basis of material obtained from the literature. Solar
radiation seemed to affect basic density during the formation of earlywood. Temperature had the
greatest effect on basic density in late summer. The varying effects of solar radiation and air
temperature seemed to be associated with the dynamics of the crown system of the trees. Es-
pecially the capacity of the crown system to produce photosynthates needed in tracheid growth
was assumed to be of importance in controlling the variation in the basic density of Scots pine
wood. Growth of tracheids from the point of view of photosynthate supply is dicsussed.

INTRODUCTION

Basic density is frequently used to
indicate the properties of wood. For ex-
ample, the strength properties of wood and
the pulp yield per unit volume of timber
are related to this characteristic (cf. for
example, HARKKILA 1966, KARKKAINEN 1977,
pp. 200—203). Hence attainment of a
high basic density should be an important
aim of management practices in the growing
of high-quality timber for industrial pur-
poses.

Basic density is determined by the di-
ameter and wall thickness of the tracheids
(cf. RicHARDSON 1964, DENNE and SMITH
1971). Considerable variation occurs in
these characteristics during the growing
season since the earlywood is composed of
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wide, thin- walled, cells and latewood of
narrow, thick-walled ones. The change in
tracheid dimensions associated with variation
in the environment, and especially in tem-
perature, seems to be the main factor
determining cell development (cf. wvan
BuniTENEN 1958, RicHARDSON 1964, DENNE
and SmitH 1971).

The basic density of conifers seems
especially to be related to the proportion of
latewood formed as demonstrated, for
instance, by PiLLow (1955), HAKKILA (1966,
1968), UusvAaArA (1974) and Saikku (1975).
The proportion of latewood explains from
40 to 70 per cent of the total variation in the
basic density of conifers (cf. for example,
Larson 1957, HAkkira 1966, 1968, Uus-

VAARA 1974). Through the proportion of
latewood the basic density is associated
with the temperature of the growing season
as shown, for example, by LEpic et al.
(1975), SAIKKU (1975) and KELLomAK1 (1979).

The influence of earlywood on the basic
density is clearly evindent, as demonstrated,
for example, by RicHARDsoN (1964), but
its explanatory power is not comparable
to that of latewood (cf. for example, HAk-
KILA 1966). Among conifers, especially
in Scots pine, the proportion ef earlywood
determined on the basis of width mea-
surements seems to be independent of the
prevailing air temperature, in contrast to
latewood percentage, as shown by MikoLA
(1950) and LeikorLa (1969). Furthermore,
the time span of earlywood formation seems
to be approximately the same from year to
year. Hence only negligible year-to-year
variation occurs in the earlywood percentage.
As a consequence, the low explanatory
power of the earlywood percentage is due to
its negligible variation, respectively.

The different response of earlywood and

latewood formation to temperature also
suggests that there are differences in the
underlying control mechanisms. KRAMER
(1964) refers to the role of the supply of
photosynthates in tracheid growth, espe-
cially in earlywood formation. Also ForD
et al. (1978) have emphasized the supply of
photosynthates in earlywood formation and
its dependence on external factors. Hence
the influence of earlywood on basic density
would be attributable to the interaction
between the plant and its environment
throught the photosynthetic processes.
The aim of the present paper is to study
the effect of environment on the basic
density of Scots pine (Pinus sylvestris L.)
wood. Especially the role of solar radiation
is emphasized among controlling factors.
The physiological processes affecting early-
wood and latewood formation are discussed.

The manuscript has been read by prof. Matti
Kirkkiinen and prof. Matti Leikola. Their
criticism has been valuable and is acknowledged.

EFFECT OF ENVIRONMENT ON BASIC DENSITY: A HYPOTHESIS

The effect of environment on basic
density is assumed to be different as re-
gards earlywood and latewood formation,
as stated above. The contribution of
earlywood is further assumed to be as-
sociated with the supply of photosynthates
as suggested by Forp ef al. (1978). The
following underlying control mechanism is
implied as developed by Forp ef al. (1978).

Forp et al. (1978) divide earlywood
formation into the following phases: cell
production, cell expansion, cell wall thick-
ening and maturation of the cells. Early-
wood formation between cell production
and final maturation is assumed to be
a process in which cell growth proceeds
through each phase. Thus, the more
rapidly the cells are produced the longer
they will take to achieve maturity. An
increase in the cell production rate implies
larger and thicker-walled cells, if the cell
expansion rate and cell wall thickening
rate are assumed to be constant. An

unchanging rate implies, however, that an
increase in cell production is accompanied
by an increase in the supply of photo-
synthates. Hence the size of the supply of
photosynthates should have a detectable
effect also on the basic density through
earlywood formation. Solar radiation is
assumed then to be of importance in con-
trolling basic density.

The transition from earlywood to late-
wood formation has been related to the
completion of terminal shoot elongation and
is assumed to be associated with a decrease
in auxin formation (cf. for example, LARsON
1964, RicHArRDsON 1964, LEeikorLa 1969).
The onset of needle growth also coincides,
however, with the onset of latewood
formation, which hence may be associated
with an increase in the availablity of
photosynthates for secondary wall thicken-
ing (cf. LArsoN 1964, GorpoN and LARsON
1968). The importance of the photo-
synthate supply in latewood formation is
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also emphasized by van BUlITENEN (1958),
RicaArDpsoN (1964), DENNE (1971) and
DENNE and Smrte (1971). The assumption
is made, however, that photosynthate supply
increased by the formation of new needles
is sufficient to meet the requirements
of latewood formation. Hence substrate
availability is not limiting to latewood
formation as is the case with temperature
as suggested, for instance, by Mikowra (1950)
and LE1koLrA (1969).

The effect of the environment on basic
density is supposed to be as follows.
Earlywood formation is assumed to be
controlled mainly by solar radiation and

TESTING THE

Material

The results of Saikku’s (1975) study
concerning the effect of fertilization on the
basic density of Scots pine (Pinus sylvestris
L.) were utilized. Only the submaterial
used to study the proper sample height in
determining of the avarage wood density
was included in to this study. It consists
of 31 trees, where the wood density was
determined at heights 2, 6 and 10 meter
above soil level. Values of wood density
at these heights were pooled in calculations.

The annual values of basic density for
years 1950 —1970 were used in explaining
by the annual amount of total radiation in
June and the mean temperature in July.
Radiation and air temperature observations
made at the Climatological Station of
Jokioinen (60° 49’ N, 23° 30’ E, 103 m.a.s.l.)
were utilized (Ilmastohavainnot 1950 —
1970, Rosst 1976, Siteily- ja auringonpaiste-
havainnot 1957 —1960, 1967 —1968, 1969 —
1970). Temperature observations cover the
whole twenty-year period. Radiation mea-
surements made before 1957 were not
systematic and were rejected as being
uncomparable with those made during
1957—1970. Study of the contribution
made by selected factors was thus limited
to the period 1957—1970. In addition,
information concerning solar radiation, air
temperature and rainfall also during other
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latewood formation by temperature. Both
processes are assumed to be separate.
Thus emphasis is put on the radiation
conditions prevailing during the formation
of earlywood and the air temperature
prevailing during the formation of latewood.
According to LEikora (1969), the transition
of earlywood to latewood takes places in
late June and early July. Hence, solar
radiation in May and June and air tem-
perature in July, August and September
are the main factors determining tracheid
growth and its subsequent effect on the
basic density of wood.

HYPOTHESIS

summer months of the current and pre-
vious years were included in the analysis
carried out for the further study of the
selected hypothesis. The material for
SA1kkU’s (1975) study was collected near
Heinola, (61°13" N, 20°02” E, 100 m
a.s.l.) and hence the weather observations
and basic density observations are not
exactly comparable.

Methods and results

As the first step in the analysis the values
of the basic density were correlated sepa-
rately with solar radiation in June and
mean air temperature in July (Figs. 1 and 2).
For comparison purposes radiation and
temperature values of the other months
are also shown. The intercorrelations be-
tween the independent and dependent vari-
ables are also presented in Table 1.

The regression between the amount of
solar radiation in June and the basic density
was, as expected, statistically significant
(p < 0,05). This regression was, however,
close also in May and July (p < 0,05). It
appears from Fig. 1 and Table 1 that the
values of basic density are also related to
the mean air temperature for May, June,
and July. Therefore the effect of temperature
on the regression between radiation and
basic density was eliminated by means

Intercorrelation between basic density of Scots pine wood and solar radiation and air temperature in different months.

Table 1.
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of analysis of partial correlations. After
elimination, the values of the partial
correlation between radiation and basic
density in May through September were
as follows (value of total correlation in
brackets): 0,240 (0,453) in May, 0,557
(0,500) in June, 0,283 (0,643) in July, 0,282
(0,099) in August, and 0,323 (0,327) in
September. Only the regression between
radiation in June and the basic density
appeared to be somewhat stable and
statistically significant (p < 0,05). This can
be considered to support the earlier made
hypothesis derived from the results pres-
ented by Forp ef al. (1978).

The effect of temperature on basic
density was treated in the same way as
that for radiation (cf. also Figs. 1 and 2).
The regression between mean air tempera-

ture in July and the basic density was, as
expected, statistically (p < 0,001) signifi-
cant.

This regression was also close in other
months (p < 0,05), except in June (p >
0,10). Elimination of the effect of radiation
on regression showed that the regressions
for July and August were rather stable.
The value of the partial correlation (value of
total correlation in brackets) was 0,309
(0,487) in May, —0,335 (0,030) in June,
0,686 (0,814) in July, 0,558 (0,601) in
August and 0,092 (0,094) in September.
Correlations are statistically significant
(p <0,01) only in July and August. The
result is in accordance with the earlier
made hypothesis and emphasizes the role
of temperature during latewood formation
(cf. for example, Mikora 1950).
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Fig. 1. Basic density of Scots pine wood as a
function of total solar radiation in a: May, b:
June, c: July, d: August, and c: September.
Kuva 1. Mannyn puuaineen tiheys a: toukokuun,
b: kesdkuun, c: heindkuun, d: elokuun ja e: syys-
kuun  kokonaissiteilyn funktiona.
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Fig. 2. Basic density of Scots pine wood as a
fuction of mean air temperature in a: May, b:
June, c: July, d: August and e: September.
Kuva 2. Mannyn puuaineen tiheys a: toukokuun,
b: kesdkuun, c: heindkuun, d: elokuun ja e: syys-
kuun  lampétilan  funktiona.

As the second step in the analysis the
role of current rainfall and solar radiation
and air temperature during the previous
year was studied. These factors had no
detectable effect on the values of the basic
density (p >0,10). Hence the solar ra-
diation during earlywood formation and
the air temperature during latewood for-
mation seem to be the only factors capable
of affecting the basic density of Scots pine
wood.

As the third step in the analysis an
attempt was made to explain the basic
density values by means of the radiation in
June and mean temperature in July (Table
2). The percentage of explained variation
out of the total variation in basic density
was 68. From Table 1 it appears that the
inter-correlaltion between these variables
is 0,473, which obscures interpretation of
the resulting model. Therefore analysis of
the partial correlation was applied in
order to determine the relationsip between
the independent wvariables and values of
basic density. The partial correlation (the
total correlation in brackets) between ra-
diation and basic density was 0,224 (0,500),
and 0,756 (0,814) between temperature
and basic density, respectively. Only the
correlation between temperature and basic
density was statistically significant (p <
0.001). In other words, the effect of
radiation remains small as compared with
that of temperature.

As the fourth step in the analysis an
attempt was made to include all the in-
formation contained in the correlation
matrix, shown in Table 1, in the analysis
in order to investigate the wvariation of
basic density within the weather pattern
prevailing during the whole summer period.
To remove the intercorrelations between
various weather factors, factorial analysis
was used in the analysis of radiation and
temperature in May through September
(cf. Leikora 1969). Eigen values greater
than one yielded a three factor principle
component model. Its Varimax solution is
given in Table 3.

Solar radiation in July and September
and air temperature in July and August
had the greatest loadings in the first factor,
this being interpretated as being »the
weather of late summer». Radiation in
May and June and air temperature during
the same months had the greatest loadings
in the second factor, respectively, this
being interpretated as »the weather of
early summer». It was not possible to give
the third factor any meaningful interpre-
tation.

The factor scores of the two factors
were employed in explaining the variation
in basic density with the help of regression
analysis. Several alternative models were
tried. The greatest explanatory power
was given by a model in which both factors
were in a linear form (Table 4). The per-

Table 2. Effect of solar radiation in June and air temperature in July on the basic density.
Taulukko 2. Kesdkuun sateilyn ja heindkuun lémpotilan vaikutus tiheyteen.

. Constant term
Regression Value of?) £55 Hhe whele Total?)
Independent factor coefficient Student’s test combiartion correlation
Selittava muuttuja Regressio- t-testin Vabioarvo Foko Kokonais-
kervoin arvo yhdistelmalle korrelaatio
Radiation in June ................. 0,002 0,762 229,929 0,824
Kesakuun sdateily
Temperature in July ............. 0,986 3,841
Heindhuun keskilampitila

) p < 0,100, t = 1,796

%) F-value for the whole combination 11,661 (2,11), p < 0,01.

F-arvo koko yhdistelmille.
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Table 3. Varimax solution of three factors concerning solar radiation and air temperature in May

through September.

Taulukko 3. Kolmen faktorin Varvimax-ratkaisu koko kasvukauden sdteily- ja lampiosuhteista.

Communality
Factors ;
Variable Faktorit estlmat’e .
Muuttuja Kommunaliteetin
1 2 3 estimaatti
Radiation in May ............. ,313 713 —,071 ,612
Toukokuun sditeily
Radiation in June ............ ,422 ,729 ,325 ,815
Kesdkuun sdteily
Radiation in July ............. ,866 ,112 ,079 ,768
Heindkuun sateily
Radiation in August ......... ,490 ,273 712 ,822
Elokuun sateily
Radiation in September ..... ,732 ,074 ,046 ,543
Syyskuun sdteily
Temperature in May ......... v253 ,640 —,391 ,626
Toukokuun lampitila
Temperature in June ........ —,186 ,599 ,384 ,541
Kesdakuun lampotila
Temperature in July .......... ,565 ,410 ,106 ,498
Heindkuun limpitila
Temperature in August ..... ,621 ,186 —,025 ,420
Elokuun lampdtila
Temperature in September —,002 ,036 —,554 ,308
Syyskuun lampditila
Cumulative row sums of
squared loadings ............... 2,604 2,106 1,244 5,954
Latausten neliGiden
savakkeiltainen summa

Table 4. Effect of prevailing weather conditions in early and late summer on the basic density.
Taulukko 4. Alkukesin ja loppukesin sidsuhteiden vaikutus puuaineen tiheyteen.

Constant term
Regression Values of!) for the whole Tota.l?)
Independent factor coefficient Student's test | combination correla.tl.on
Selittavia muuttuja Regressio- t-testin arvo Vahioarvo koko Kokonm.?-
kerroin yhdistelmalle korrelaatio
Factor: Weather in early summer 30.903 1.908 —110.214 .768
Faktori: Alkukesdn sad
Factor: Weather in late summer 54.726 3.184
Faktori: Loppukesin sdd

1) p <0.100, t = 1.796

2) F-value for the whole combination 7.909 (2,11), p < 0,01.

F-arvo koko yhdistelmille.
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centage of explained variation remained,
however, lower than that given by solar
radiation in June and air temperature in
July. The present model puts more emp-
hasis on the weather during early summer

than the model based solely on radiation in
June and temperature in July. In particular,
temperature also seems to have an effect
on basic density in early summer.

DISCUSSION AND FURTHER ELABORATION

The annual variation in the basic density
of Scots pine (Pinus sylvesiris L.) wood
was related to the total amount of radiation
in June. The detected relationship was
interpretated as supporting the hypothesis
made by Forp ef al. (1978) concerning the
effect of enviromental factors on cell
production and differentation in the early-
wood of conifers. According to them, a
highly significant correlation exists between
short-term variation in tracheid develo-
ment in earlywood of Sitka spruce (Picea
silchensis (Bong) Carr.) and radiation during
earlywood formation. The effect of tem-
perature and water supply were also
considered in their study but they were
found to have a negligible effect on tracheid
growth during earlywood development. This
conclusion is also supported by the present
study.

The effect of temperature in July on the
basic density was pronouced, as demon-
strated by Saikku (1975), and was in
agreement with the findings of, for example,
van BUIJTENEN (1958), LarsonN (1964),
RicuArDsoN (1964), DENNE and SmiTH
(1971) and LEimpic ef al. (1975). MIkoLA
(1950) has also emphasized the importance
of temperature in tracheid growth during
latewood formation. Leikora (1969) has
demonstrated that the walls of latewood
cells thicken from the end of June through
the middle of September. Accordingly, the
prevailing temperature in late summer
seems to be of importance for latewood
formation and high basic density values, as
indicted also in the present analysis (cf.
also SIREN 1961). The effect of solar radia-
tion in June on latewood formation, is,
however, possible due to the time required
for the translocation of photosynthates
from needles to the cambium (cf. WEBB
1977). This possibility cannot be excluded
with the help of the available material.

The coefficents of partial correlation
showed that basic density was not related
to solar radiation in months other than
June. On the other hand, the role of
temperature in months other than July
and August was not detectable. It was
expected that the weather conditions pre-
vailing the previous year would have had
an effect but this was not found in the
statistical analysis (cf. SiREN 1961, LARsON
1964). The values of partial correlation
between basic density and radiation and
temperature in each month seem to be
inverse ones. The negative correlation be-
tween values of partial correlation for the
relationship between basic density and
radiation and temperature was —0,844
(p <0,10), this can be interpretated as
indicating that wood formation is relatively
sensitive to different factors during various
phases of wood formation.

The sensitivity of wood formation is
apparently associated with the growth of
the stem and crown systems, as presented in
Fig. 3. The sensitivity of wood formation
to radiation is especially apparent during
the phase of maximum leader and radial
growth in early June (cf. KANNINEN 1977).
The competition for the photosynthates
needed in growth appears to be associated
with this phenomenon. For example, LARsON
(1964) has demonstrated that earlywood
formation coincides with the extension
growth of buds or shoots. Rapid growth
depletes the supply of photosynthates
unless environmental conditions, e.g. in-
coming radiation, are favourable for current
photosynthesis (KrRamEs 1964). The present
analysis can be interpretated to indicate
that there is keen competition between
shoot elongation and radial growth for
carbohydrates thus producing the detected
sensitivity of basic density to radiation as
a consequence of exhausted carbohydrate
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Fig. 3. A schematic presentation of the partial

correlations between basic density of Scots pine
wood and solar radiation (solid line) and air
temperature (dotted line) in different months and
some growth characteristics of the crown and
stem as adapted from Viro (1955), LEIkoLA (1969)
and KANNINEN (1977).

Kuva 3. Kaavamainen esitys mannyn puuaineen ja
evi kuukausien kokomaissiteilyn (yhtendinen viiva)
ja keskilampétilan (katkoviiva) vdlisestd suhteesta
seki latvuksen erdiden kasvutunnusten muutoksista
VIRON (71955), LEIKOLAN (7969) ja KANNISEN
(1977) mukaan.

and nitrogen reserves during the period of
most intensive growth. LEHTONEN ef al.
(1977) have also demonstrated that there is
a considerable decrease in the nitrogen
content of needles and shoots of Scots pine
as a result of rapid shoot growth.

Wood formation also seems to be sensitive
to radiation in late summer and early
autumn. This rise apparently coincides
with needle fall and may indicate a decline
in the supply of photosynthates for tracheid
growth in late summer (cf. LEikoLA 1969).
The reduction in the total needle biomass
also indicates reduction in the buffer effect
of a large needle biomasss. On the other
hand, the needle biomass is of the same size
in the spring as in the previous autumn;
this may also be attributable to the sen-
sitivity of basic density to the amount of
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radiation in June (cf. KrRamMER 1964, ForD
et al. 1978).

Temperature affects the basic density in
a different way than radiation, i.e. it exerts
its greatest effect in July and August
and the effect is only negligible in other
months. The transition from sensitivity to
radiation, to sensitivity to temperature,
coincides with the transition from earlywood
formation to latewood formation. i.e. during
early July, as demonstrated, for instance,
by Mikora (1950). On the other hand,
the current year needles reach maturity
at the same time, thus giving rise to a rapid
increase in the photosynthetic rate (cf.
FREELAND 1952, WoobpMAN 1971, ZELAWSKI
et al. 1973). Hence the contribution made
by the new needles in the production of
photosynthates for stem growth and wood
formation increases.

According to LarsonN (1964), the effect
of needle maturity on the type of late-
wood wall development is twofold. It de-
creases photosynthate consumption in needle
growth and increases contribution to the
growth of other parts of the tree. Once
the current year needles have achieved a
certain stage of maturation, secondary wall
thickening increases rapidly. The sensitivity
of basic density to temperature suggests
that the supply of photosynthates from the
increased needle biomass is probably suf-
ficent to satisfy the needs of tracheid
growth even in unfavourable conditions.
In other words, the effect of radiation on
wood formation is not detectable.

Radiation in June and temperature in
July explained 68 per cent of the total
variation in the basic density when applied
as independent variables in multiple re-
gression analysis. The effect of radiation
and temperature during the whole growing
season was also included in the analysis by
carraying out factorial analysis. The weath-
er conditions prevailing in early summer and
late summer represented two separate fac-
tors which both had a significant effect on
basic density. A degree of determination
of 57 per cent was obtained, i.e. lower
than that obtained when using radiation in
June and temperature in July. It seems,
however, evident that the mechanism con-
trolling tracheid growth is different in early
summer and in late summer weather con-

ditions. Further studies are, however,
needed to study the role of translocation
processes in wood formation as regards
solar radiation and temperature (cf. WEBB
1977).

The degree of explained wvariation in
basic density was of the same magnitude as
that reported by Saikku (1975). The
introduction of radiation in June into the
analysis did not essentially increase the
explanatory power as compared with the
model based only on the temperature factor.
The partial correlations showed that the
effect of solar radiation remained smaller
than expected, as compared with that of
air temperature. The application of the
weather data recorded in Jokioinen may
also result in variance which cannot be
controlled in the analysis.

The dominance of temperature originates
from several sources. Above all, the density
of latewood is approximately three-times
higher than that of earlywood. For example,
KorLmaN and CoTe (1968, p. 174) give the
following density values for pine wood:
300—370 kg/m? for earlywood and 810—
920 kg/m?® for latewood. The effect of
temperature is thus greater than would be
concluded solely on the basis of the cor-
relation coefficients. The importance of
temperature is also emphasized by the
length of the period needed for latewood
formation (cf. Leikora 1969). There is
also more variation in the basic density of
latewood than in that of earlywood, as
demonstrated by HEGER et al. (1974).
Hence the values of basic density are also
more sensitive to temperature than to
radiation. The relatively high stability of
earlywood as regards its basic density,
growth period, tracheid growth etc. gen-
erates special problems applying linear
models to the analysis (cf. Mikora 1950).
Earlywood comprised, however, approxi-
mately 70 per cent of the wood volume, and
therefore its eco-physiological control system
is of importance in the research of wood
formation mechanisms.

Acceptance of the hypothesis made on
the basis of the present analysis gives rise
to the following conclusions. Sunny but
cool weather in early summer and a warm
late summer yields dense wood. On the
other hand, the role of temperature is more

pronounced than that of radiation in early
summer. Hence, a sunny and cool early
summer is not capable of compensating
for the loss in basic density dye to a cool
late summer. A warm but overcast early
summer associated with a cool late summer
should yield exceptionally low basic density
values.

The importance of the supply of photo-
synthates for tracheid growth is considered
to act through its contribution to tracheid
length, tracheid diameter and tracheid
wall thickness (cf. also Larson 1964,
RicHArDsoN 1964, GorpoN and LARSsON
1968, LEikora 1969, DeExNE 1971). Hence,
the effect of environment on tracheid growth
is associated with growth of the total growth
system and its dynamics, as suggested by
the present analysis. Therefore the effect
of environment is mainly indirect. For
example, MikorAa (1950) has suggested that
the crown system in the radial growth of
Scots pine acts as a source of the photo-
synthates needed in growth. The crown
system acts also as a buffer between the
environment and tracheid growth thus
obscuring the direct relationship between
environment and diameter growth. On
the other hand, the apparent relationship
between tracheid growth and the dynamics
of the crown system introduces the prop-
erties of the tracheids within the scope of
management.

Only the role of the photosynthate
supply in tracheid growth is emphasized.
For example, stem girdling of Picea and
Pseudotsuga carried out by RicHARDsSON
(1966) gave no consistent change in the
properties of the tracheid walls even though
changes in carbohydrate availability were
induced. Wobzick: (1964) was able to
relate the formation of thick-walled tra-
cheids in Lariz to the accumulation of
water soluble inhibitors formed during short
days. According to KraMER (1964), early-
wood formation is associated with an abun-
dant supply of auxins. The transition from
earlywood to latewood may primarily be
caused by a decreasing supply of auxins.
Also WAREING ef al. (1964) have emphasized
the role of leader growth in controlling the
growth of the lateral meristem (cf. also
BAavLarINEcZ and KENNEDY 1968, GorponN
and LArsoN 1968, DeENNE 1971, DENNE
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and Smrite 1971). Through the auxin
producing organs the tracheid growth is,
however, associated with the dynamics of
the crown system, too. Hence, the separate

roles of photosynthate supply and hormonal
control in tracheid growth are hardly
distinguishable through linear methods.
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SELOSTE:

SATEILYN JA LAMPOTILAN VAIKUTUS MANNYN PUUAINEEN TIHEYTEEN

Auringon siteilyn ja ilman lipétilan vaikutusta
ménnyn (Pinus sylvestris L.) puuaineen tiheyteen
tutkittiin kirjallisuudesta saadun aineiston pe-
rusteella. Siteilylld havaittiin olevan selvd vai-
kutus puuaineen tiheyteen alkukesilld, kun kevit-
puu muodostui. Ilman liampétila loppukesilld
ndytti kuitenkin vaikuttavan puuaineen tiheyteen

ratkaisevasti. Siteilyn ja lampétilan vaikutuksen
eriytyminen ndyttdd liittyvan kiintedsti puiden
oksien ja neulasten kasvuun ja sen dynamiikkaan.
Erityisesti latvuksen kyky tuottaa trakeidien kas-
vussa tarvittavia fotosynteesituotteita on kaikesta
pédittden keskeisin midnnyn puuaineen tiheyteen
vaikuttava tekija.
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