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INTRODUCTION

Flowering and seed crops in Scots pine depend on several internal
and external factors. According to Giertych (1967) internal factors
such as genetic determinants, degree of plant maturation and the general
state of variability of the individual constitute prerequisits for the flo-
wering process, which is later modified, stimulated or inhibited by exter-
nal factors among which certain climatic parameters such as temperature,
precipitation and insolation might be of primary importance. Since pine
cones develop over two and a half years it is necessary to consider the
climatic conditions throughout that period as well as in the year before
flower initiation. At the time flower buds are being initiated and their
initial development takes place weather conditions appear to be of the
greatest significance for the future cone crop. Thus it is in that period
that most students of the problem have been looking for relations bet-
ween climatic parameters and cone crops.

Hagen (1917, see Andersson 1965) has shown that high summer
temperatures are necessary for the initiation and development of flower
buds in Pinus silvestris. The same was observed by Daubenmire
(1960) for Pinus resinosa Laws. LaBastide and VanVredenburch
(1970) have shown a distinctly positive effect of light and temperature
during the summer and early autumn two years before seed ripening in
Pinus silvestris. Cajander (1917, see S arvas 1962) reports that the
formation of female flowers in Pinus silvestris is greatest on trees gro-
wing in full light, while male flowers are frequently formed on trees
growing in considerable shade. It is known for many woody plants inclu-
ding pines that shading reduces the initiation of flower buds (Jackson
and Swveet 1972).

Air humidity also has an effect on the seed crop in Pinus silvestris,

¢ This study has been partially supported by grant No. FG-Po-260 from the
US Department of Agriculture under PL-480.
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particularity in the period preceding the initiation of flower buds (Gir-
gidoV 1960, Chiro V 1964).

Precipitation is another important factor regulating the initiation of
flower buds. This of course is closely associated with the air humidity
and with the availability of water for the plant. The seed crop in Pinus
taeda depends on an adequate precipitation during the differentiation of
flower initials, that is about two years before seed maturation (W enger
1957, Lamb et al. 1973).

MATERIALS AND METHODS

In table 1 the crop of mature pine cones in the years 1951 - 1965 is
shown as averaged for four regions. For these regions representative me-
teorological stations were selected, namely Suwalki, Watcz, Kornik and
Kudowa. The flowering estimate was made visually by the Forest Admi-
nistration and reported annually to the Forest Research Institute in War-
sow, where in the laboratory of seed studies the data was averaged for
regions and summarised * The data is given as the estimated percentage
of a maximal crop. The average of such figures is of necessity much be-
low 100% even in the years of highest crops.

Table 1

Scots pine cone crops in 4 regions expressed as percentage of the maximum for any region (Data
supplied by the Forest Research Institute)

Regions

1 1 11 v
1951 24 20 27 27
1952 27 22 27 25
1953 26 25 20 18
1954 29 26 21 22
1955 38 28 61 46
1956 23 24 16 18
1957 22 22 19 18
1958 22 20 27 24
1959 19 22 21 17
1960 23 16 24 21
1961 23 19 20 19
1962 33 30 23 24
1963 18 17 14 14
1964 22 23 17 23
1965 24 30 24 18

Correlation coefficients r were calculated between the crop data and
the climatic parameters over 48 months prior to thie fall of mature seeds.
Also the coefficients were calculated for the average figures for the whole
year. The values were obtained separately for each of the four regions.

* We wish thank Prof. Dr. S. TyszKkiewicz for making these data available
for this study.
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Table 2

Correlations between climatic factors in various months of 4 years preceding seed maturation
with the final cone crop as reported in Table 1. The correlation coefficents r were averaged ovet
four regions through z transformation and expressed as positive or negative significant effects

tYoeirror;Ia)t/L\;er Month Airtemperature  Precipitation Alr d:lf:)clistture Insolation At;g;‘mim
|
1 -
1 —
v 4-4-4- 4- 4 4- 4
\%
Y-3 VI 4
Vil 4- 4 — 4-4-4- 4-4-4- 4-4-4-
Vil 4-4-4- 4-4-4-
I1X — — —
X -
Xl 4- 4-
Xl — - J— 4-4-4-
I 4- 4- -
1
i e 4-4-4-
v - 4 4 4- 4 +
\ 4- 4 4 4-
Y-2 Vi +
Vil 4- 4 4 4 4- 4
Vil
1X
X
X1 4- 4 4 4 —
X1l —
|
1 — 4
11 4- 4
v
\%
Y-l VI 4-4-4-
Vil — 4-4-4- — —
Vi —
1X 4-4-4- 4
X
Xl 4-
Xl + 4- 4- 4 -
|
11
11 - —
v - -
Y \% — - -
Vi - - —
Vil —
Vil
I1X -
X
Xl -
Xl 4 4-
Y-3 4- 4
Y-2 4-4-4- 4-
Y-
v B -

4- significant at 0.1 level, 4- 4- significant at 0.05 level, 4-4-4- significant at 0.01 level.
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The climatic parameters considered were: 1° air temperature, 2° precipi-
tation, 3° moisture deficit, 4° hours of insolation and 5° atmospheric
pressure.

The correlation coefficients r were converted to Fisher z values which
were then averaged over the four regions and converted back to r values.
In this way averaged r values were obtained for the whole country. The
significant results are indicated in Table 2.

RESULTS AND DISCUSSION

The climatic conditions have a significant effect on seed crops starting
from the spring of the year preceding flower initiation to the summer of
the year of seed maturation (Table 2). This influence is of course very
uneven and only in a few short periods it is manifested through a strong
correlation of the weather conditions with the generative response of
pine trees.

Generally the greatest effect of weather on the seed crop was found
in the year preceding initiation of flower buds. In April of that year
a positive effect of a warm sunny weather was observed, and the same
type of weather is necessary in July and August. On the other hand in
the following autumn and winter a cool weather (low temperatures in
September, October and December) favours the future crop.

Such a strong influence of meteorological factors on the seed crops,
exerted already 40 months before their maturation, that is in the year
preceding the year of flower initiation, has not been reported in the lite-
rature before and appears to be a very characteristic feature of the data
discussed here. One cannot of course speak of the influence of weather
on the flowering process itself since it has not started yet, but it is an
indirect effect through other physiological processes such as nutrition,
respiration, photosynthesis etc. As a result of these responses conditions
are created in the tree, presumably through accumulation of storage sub-
stances, that will determine the intensity of floral induction in the fol-
lowing season.

In the following year, immediately before the initiation of flowers, a
positive influence on the generative development is exerted by a sunny
spring (March) with little precipitation. At the time of flower initiation,
in July, a warm sunny weather favours the process.

Pollination takes place the following year in May (Giertych 1967).
It is interesting that weather at that time is of no significance to the final
seed crop. This is in agreement with the observation of Sarvas (1962)
who claims that the trees will not pollinate until a dry windy sunny day
comes, and that happens eventually each year, and then the bulk of the
pollen is shed within a few hours accomplishing full pollination. Thus
even a generally wet spring will not be a hindrance to a full pollination.
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Immediately after pollination, a positive influence on the final crop
is exerted by high temperatures in June and then during the meiotic
division of the macrospore mother cell in July a low temperature, over-
cast sky and high precipitation are favourable.

In Scots pine fertilisation takes place a year after pollination. Both
before the fertilisation in May and after it in June low temperatures
favoured the future seed crop.

All the climatic factors considered here, except for atmospheric pres-
sure, appear to have a similar effect on the flowering processes, relative
to the correlations between the factors. Temperature, insolation and mois-
ture deficit have a common effect and precipitation an opposite one. It is
not possible to say which of these factors is more important. This could
only be shown by detailed studies under controlled conditions. Presuma-
bly the different factors reported by different authors as significantly
influencing flowering such as air humidity (Girgidov 1960), insolation
(La Bastide and VanVredenburch 1970), light and temperature
(SarVas 1962) are in fact different expressions of one and the same
weather condition.

One should remember that the units in which we express weather
conditions are only of relative significance to the plants. According to
Matthews (1963) the initiation of flower buds requires a certain mi-
nimal heat sum, higher than is necessary for the initiation of vegetative
buds. One can assume that similarily as with other physiological processes
there are certain optimal weather conditions for each phase of the gene-
rative development. Depending on the climatic conditions prevelant in
any region these specific optimal requirements will be different for pines
of different ecotype. For example when comparing a moist and a dry
climate the pine growing there will have respectively a lower and a
higher air moisture requirement relative to the average for the region
(ChiroV 1964).

As cans be seen from table 2 in the year of floral initiation and in the
year proceding it, high temperatures in July favour the future seed crop.
On the other hand immediately after pollination, in July of that year, a
low temperature favours the future crop. Since in Scots pine the process
of generative development is a long lasting one, taking several years each
year there are generative organs in various stages of development. The
optimal conditions for the whole process will occur rarely and this ap-
pears to be the reason why the occurrence of a good seed crop comes
so irregularity. This has been suggested by Chatupka (1975) as the
explanation for the rare seed years in Norway spruce in his studies on the
relation between climatic factors and seed crops in that species.

It is perhaps relevant to point out here that relative to Norway spruce
from the study of Chatupka (1975) the correlation coefficients with
the climatic factors for pine are generally lower (Table 3). This would
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Table 3

Correlation coefficients r between meteorological factors in the year of flower bud initiation and
the future cone crop in Scots pine and Norway spruce. The data for spruce are from Chatupka

(1975)
Air temperature Precipitation Moisture deficit Insolation

Months spruce pine spruce pine spruce pine spruce pine
| 0.03 -0.03 8.27 6331 — 80 ¥.28 -0.15 -0.17
1 0.23 -0.13 -0.10 -0.08 0.17 0.06 -0.09 0.02
11 6739 -0.11 -0.07 87 857 0.16 01 61
\Y% 0.12 0.18 -0.14 20.24 6729 6730 k2] 6733
\% -0.06 8.25 2332 -0.18 6.24 6730 6.26 0.26
\Y q 4% 8.24  -0.17 0.07 g+ 0.12 o 0.09
A1 05 8227 8.25 -0.10 0.23 6730 0.13 6731
VI -0.14 -0.08 *>28 0.11 0.02 0.12 6334 0.20
IX -0.06 -0.01 0.02 -0.12 -0.01 0.14 0.04 0.15
X 0.23 0.06 A0 0.03 6235 0.09 8.25 -0.11
Xl 0.09 -0.01 31 -0.17 ic 6228 o 6730
Xl 0.07 0.17 %0.26 85 0.00 0.05 0.13 0.11

« significant at 0.1 level, ¢* at 0.05 level, *** at 0.01 level and **** at 0.001 level.

seem to suggest that the reproductive processes in pine have a greater
tolerance to climatic conditions than in spruce. This may be the reason
why pine produces cone crops more regularity than spruce.

SUMMARY

Correlations were sought between the seed crops in Scots pine (Pinus
silvestris L.) over the years 1951 and 1965 and some meteorological factors
occurring in 42 individual months preceding the maturation of the seeds.
Statistical analyses of the data averaged over four climatic regions have
indicated that the correlations between weather and future seed crops
are strongest during the following stages of generative development: 1°
one year prior to floral initiation, 2° during floral initiation, 3° immedia-
tely after pollination and 4° during fertilisation. In the year preceding
floral initiation a warm sunny summer and a cool autumn favour seed
crops. The strongest correlations with the seed crop were during that
period and thus the weather at that time appears to be the primary deter-
minant of future crops. The initiation of flowers is most abundant when
during that year there is a sunny dry spring (March and April) and a
warm sunny summer (July). In the following years, during flower and
cone development generally low temperatures favoured the generative
processes. The results suggest that for flowers in various stages of their
long development different weather conditions are optimal and such
patterns occur rarely. This appears to be the reason why good cone crops
appear only in some years.
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Compared to Norway spruce however pine has a greater tolerance to
weather conditions indicated by lower correlation coefficients between
fecundity and climatic parameters. This explains why cone crops are more

common in pine than in spruce.
Institute of Dendrology
Kornik nr. Poznan
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HENRYK FOBER

Zalezno$¢ miedzy zjawiskami meteorologicznymi a urodzajem szyszek
sosny zwyczajnej (Pinus silvestris L.) w Polsce

Streszczenie

Urodzaj nasion sosny (Pinus silvestris L) w latach 1951 - 1965 skorelowano z
niektorymi zjawiskami meteorologicznymi w ciggu 42 miesiecy poprzedzajacych doj-
rzewanie nasion. Analizy statystyczne wykazaly istotng zalezno$¢ miedzy warunkami
meteorologicznymi a produkcjg nasion w pewnych okresach rozwoju generatywnego:
1) rok przed zawiazywaniem sie paczkéw kwiatowych, 2) w czasie réznicowania za-
wigzkéw kwiatowych, 3) po zapyleniu i 4) w okresie zaptodnienia. W roku poprze-
dzajgcym zawigzywanie paczkow kwiatowych obradzaniu nasion sprzyja ciepte
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i stoneczne lato, po ktdrym nastepuje chlodna jesien. Ten okres poprzedzajacy pro-
ces kwitnienia wydaje sie by¢ najwazniejszy dla po6zniejszego urodzaju nasion.

Produkcja nasion byta wyzsza, gdy w roku zawigzywania i rozwoju paczkow
kwiatowych byta stoneczna i sucha wiosna (marzec, kwiecien) oraz ciepte i stoneczne
lato (lipiec), a w nastepnych latach wystepowaty niskie temperatury tuz po zapyle-
niu i w okresie zaptodnienia.

Wyniki sugerujg, ze dla réznych stadiéw dlugiego rozwoju szyszek, jako opty-
malne wymagane sg bardzo rézne warunki pogodowe. Taki ukiad pogody rzadko
jest spetniony, stad dobry urodzaj nasion wystepuje tylko w niektérych latach.
Jednakze w poréwnaniu ze Swierkiem, sosna wykazuje wiekszg tolerancje na wa-
runki pogodowe, 0 czym $wiadczg nizsze wartosci wspoétczynnikéw korelacji miedzy
urodzajem szyszek a czynnikami klimatycznymi. To ttumaczy, dlaczego u sosny wy-
stepuje czesciej urodzaj niz u Swierka.

XEHPbIK ®OBEP

3aBUCUMOCTb MeXKay KIMMaTUYeCKUMU (haKTopaMu U YpPodKaem LUULLEK
COCHbI 006bikHOBeHHoI (Pinus silvestris L.) B MosibLue

Pe3rome

Ypoxaii cemaH cocHbl (Pinus silvestris L.) B 1951 - 1965 rogax COOTHeC/IM C HEKO-
TOPbIMM  KNMMAaTUYeCKMM  hakTopamn B TeyeHWe 42 MecALeB, MpejLlecTBOBaBLUMX CO3pe-
BaHWIO CeMaH. B pesynbTate CTaTUCTUYECKUX aHa/M30B Oblna OOHapy)XeHa CyLlecTBeHHas
338BMCMMOCTb MeXZAY KIMMaTWYecKMMU (hakTopaMu W MPOAyKUMel CeMsH B OMpefeneHHble
nepuogbl reHepaTMBHOrO pa3BuTUA: 1) rof A0 3aBA3M LBETOYHbIX OYTOHOB, 2) BO Bpems
OvddepeHUmMaLmy LBETOYHbIX 3aBs3eil, 3) N0 OMbiNeHWo W 4) B Mepuof Ona040TBOPEHUS.
B rog, npealecTBYOLMA 3aBA3N LBETOYHLIX OYTOHOB, XOPOLLUEMY YPOXat0 CEMSH Crnocob-
CTBYET Tennoe W COMHEYHOe fIeTO, Moc/ie KOTOPOro HacTynaeT XOfiofHas OCeHb. JTOT Me-
pvog, NpeawecTBYHOLWMIA NpoLeccy LBEeTeHWs, SBNSETCA, MO BCeli BEPOSTHOCTU, HaMBaXKHeld-
WUM NS MO3LHENLIero ypoxas CeMsH.

Mpoaykums cemsH Gblna 6Gonee BbICOKON, KOrfa B TrOf 3aBA3W U PasBUTMA LBETOYHbIX
OYTOHOB Oblla COMHEYHas W Cyxas BecHa (MapT, anpenb), a Takke Tensiioe W COMHeYHoe
neto (M0nb), a B nocregytowme rofsl ObM HU3KME TeMmepaTypbl Cpasy >ke Mo OrMblfeHNIO
N B NEPUOA OMIOAOTBOPEHNS.

Pe3ynbTaTbl MpegnonaraloT, 4YTo ANA PasHbiX CTafuil [IUTENbHOr0 PasBUTMA  LUMLLEK
ONTUMabHbIM TpPebOBaHWEM SBAAKOTCA pasHble YCnoBua norofpl. OfHAaKo, Takoe COOTHOLLe-
Hue morofpl 6biBaeT pefKo, OTCIOLA XOPOLMiA ypoxkai CeMsH OblBaeT TOMbKO B HEKOTOPble
rogbl. OAHaKo, MO CPaBHEHWIO C enbl0 COCHAa 0O0fiee BbIHOC/MBA K YCMOBUAM MOrofpl, 0 Yem
CBWAETENbCTBYIOT 60/1€e HU3KME 3HaueHWsi KOIM(MULMEHTOB KOPPensumyu Mexzay Ypoxaem
LUNLWEK N KAMMATUYeCKUMK (hakTopamu. TO O6BACHSET, MOYeMy Yy COCHbl XOPOLUWIA ypOXKai
6bIBaeT Yalle, Yem Yy enu.
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