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Sﬁftable relationships betwecen temperature and daylight are not
easy to obtain, and have been worked out for only a few crops (eg Wheat).
Heat units séem to work well without light units at any one location because
* during the life-span of most crops in the temperature zone, daylight
hours vary little from one scason to another. In other zones or in
fringe areas in the north,light duration may have to be taken into

consideration (Holmes and Robertson, 1967).

Light
The only conifer genus known to exhibit photoperiodic response

to flowering is Cupressus and this was demonstrated only when flowering was
‘giSberellin induced (Pharis et al, 1970). As daylength is a factor that
does not vary from year to year, it can be ruled out as a factor governing
yearly variations in forest trees (Holmsgaard, ]972).
However there is wide evidence of the quantitative role of light

(as distinct from pﬁotoperiod) in flower initiation. Trees in the open

or on the edge of a stand come into flower earlier than those grown in a close
stand or in shade (Matthews, 1963). There are numerous reports that shading
apple trees will reduce flowering initiation, and evidence also from pine.
(Jackson and Sweet, 1972). From Finland it is reported that the formation

of female flowers in Pinus sylvestris is most profuse in full light, those

in the shade having few or none. Male flowers are however often formed on
trees in considerable shade. (MattheWs,ll963).

Further indication of the importance of exposure to direct light is
the observation that dominant trees produce more’ than 90% of the total seed
production (Beckers 1972). Kirby(1962) considers that the size and position
of the crown in relation to sunlight in white spruce is more important than
age. In northern latitiudes the greater part of a cone crop is borne on the
southern rather than the northern side of the crown of a seed tree. The best
cones, fruit and seeds are generally found in the middle and upper part of
the crowns, being regions receiving most light and showing most vigorous
shoot growth (Matthews, 1963). Winjum and Johnson (1964) reported that high
light intensity produced the highest density of ovulate buds. .

Increased light intensity Incréaﬁes the dry matter production
in Douglas fir‘seedlings in two opposiﬁg ways. It increases the rate of
photosynthesis per unit area of leaf and it decreases the leaf area added
per unit of dfy matter produced. (Brix, 1967). After spacing, trees become
better producers (Beckers, 1972). In a study of 18 year old Pinus »

resinosa, it was found that the numbers of cone per tree tended to increase.

with spacing and the numbers per acre also increased. (Stiell, 1971). AT
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. A unit of measurcment which takes into account both temperature

and light is the solar-thermal unit (Caprio, 1971). |t is claimed that there
is a direct relationship between solar-thermal units and evapotranspiration.

This, then, is potentially a most useful unit if solar radiation measurement

is available. ‘

Precipitation

Although water is a requirement for general growth, it may be a lack
of it that is important for flowering. In citrus, moisture stress is used to
induce flowering (Jackson and Sweet, 1972) and is associated with flower formation

in Fagus sylvatica (Matthews, 1963). Holmsgaard (1972) considers that spruce

in Denmark is regulated by climatic phenomena, not too different from those
regulating flowering in beech. Water deficits in trees affect growth by both
direct and indirect mechanisms, with the latter influencing, food, hormone and
mineral relations. (Kozlowski, 1971)

It was shown that moisture stressin Douglas fir at about the time of bud
determination produces an enhancement in the number of floral buds later and this
was attributed to centinuation of floral develépment rather than initiation.
(Ebell, 1967). However Lowry (1966) showed no correlation between moisture
and flowering. ‘

) “!t may all be a matter of timing. In pine, irrigation on occasion had
effect on male but not female flowering; on another occasion female flowering
was increased. (Jackson and Sweet, 1972). The actions of drought conditions may
be upon dry matter or upon flowering hormone production, or upon nitrogen
liberation in the humus layer. It is not known. (Matthews, 1963).

The influence of wind may be direct or indirect on forest trees. It may
affect cone crop production directly at any time of year by breaking branches. Th
cone crop, often associated with the upper layers of the tree, is likely to be
pruned. ,
' Indirectly, the influence of wind may be felt by its ability to modify
the heat distribution in a stand (Stanley, 1971), cooling or warming it, thus

affecting transpiration and photosynthesis.

In addition conifers depend upon wind for pollination. 2 maet ool B o,
: ] FF conni nlathg i PBrieg,, b ror o
Cyclical Nature of Cone Crops ..., AN it T

Even if the weather is perfect for cone production, whatever that may mear
it is abnormal to have a good Douglas fir crop each year. Some places appear to de¢
this rule (eg the Golf Course at Duncan, B.C., CoQ Pass near Cowichan, B.C.) but,
there is no scientific backing to the exceptions. (Beckers,1972).

Beckers (1972) considers that it is impossible for Douglas fir to have twe

consecutive years with many seeds, because during the first-year too much of the




reserves are consumed,A1eadjhg to a lack the following ycaf.

The work of Griffith (1968) shows thke pattern well (fab!e 1).
At Héney near Vancouver a relatively good crop is preceded and succeeded by a
felatively poor one from 1957 to 1967. The exception is seen in lSéliendwlg§2,
both being goed, but neither very good :years. BRI TRk AR
' It has been observed that a big cone harvest in either of two preceding
yeare, but especially in the year before the present one, has a markedly
deterioratingVeffect on the abundance of a crop (Holmsgaard, 1972). It was also
seen in Douglas fir, grand fir and ponderosa pine that a good year was normally ‘
followed by one or two Vg ff~years''. Very'rarely were there two heavy cone crops

in consecutive years, but two medium crops may follow each other. (Eis et al, 1964)
Bl el

With pine, evidence exists for the competttnve‘dxséanﬁtage of first year
cones during the period of rapid growth of second year cones. Two successive
years cf high summer temperature might result in the initiation of two large cone
crops, only the first of which would reach maturity (Dickmann, unpublished).

With white spruce very good seed years may be separated by 10 to 20 years
in Alaska (Zasada and Viereck, 1970). In more southern climates heavy cone crops
can be expected every two to six years with light crops in between. The alternation
is necessary as strobnlx*formed in lateral buds,ﬁbtherwnse form vegetative shoots.f
Therefore the crown must regenerate short branchlets before a new crop can be

produced. (U.S. Department of Agriculture, 1972).

Doubtful Validity of Time as a Measurement of Progress of the Cone

In the realisation that a cycle ofkat least two years must be expected
between good cone crops, there remains the question of when a particular climatic
parameter may be important during the cycle. It has long been known that develop-
ment is correlated to a higher degree with the thermal than the time factor. Accord
ing to Sarvas (1965) it is poorly correlated with time. The annual period of
a given sequence of events in a given tree population comes to an end at a

certain temperature sum regardliess of the length of the growing season. ‘ﬁfi

The Douglas fir crop is one month later in Belgium than inyg;s;fj;ed in

Denmark it is six weeks later then B.C.~(Beckers, 1972). Trees from Kelsey Bay
‘B.C. initiated seed cones early in Augustlabout one month later then trees in

Victoria, (Owens and Molder, 1973b), which is 2° in latitude, 2%© in longitude and

180 miles to the south east.

o direr ?Ylge difference in the timing of events is important if climatic parametersA
(are related Sslfhexr happenlng Indeed these climatic parameters may be responsibl
. for their happenxng at different times and this leads back to the advantage of

using a unit of measurement like the heat sum.

 Within a species the factors which most obviously affect the differences in

timing of various parts of the life cycle are altitude and latitude, which are

closely related to temperature differences. Temperature drops approximately

[ ! v s - o e . . o



Table 1. Cone Production of 154 Douglas Fir Trees for the Years 1357
to 1967 (From Table 29, Griffith, 1968).

Year Productivity

Rating per tree

1957 - 3.48
1958 0.0k
1959 L7
1960 0.21
1961 3.89
1962 5.10
1963 0.00
1964 1.65
1965 0.36
1966 11.98
1967 0.00

* Average | 2.81
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1°F per 300' elevation. Silen (1967) reported that as elevation increased,

. the times of bud initiation and development occurred progressively later in
the year. He also reported that the number of reproductive buds in Douglas
fir decreases linearly as elevation increases. Saméles at four different
elevations revcaled about the §amc number of buds per sample in the spring.
By September, 90% had developed at 2,000 feet, whereas 93% had aborted at
3,600 feet. The majority of abortion occurred in July irrespcctive of

elevation. The difference in cone crops scemed to be based on differing

& WIS

“amounts of abortion rather than failure of floral bud initiation.
Climate in high altitudes is characterized by wide fluctuations
in day and night temperatures. High day temperatures could lead to bud

burst followed by frost damage. Natural selection for Douglas fir in high i

LA
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altitudes may result in an optimum day length when danger of night frost is fkc
low. In low lands, fluctuations are smaller and pressures less. {lrgens-Moller,
1957).g%§g3¢23202ﬁ§t suffered most severely from frost were usually from
localities having the least seasonal variation in temperature. (Squillace and
Silen, 1962).

It is well known that forest trees in the northern part of their
range (or high up in the mountains) carry much less seed and have less
frequent seed years then under milder climatic conditions. Spruce seed
crops of Central Europe are 100 times greater than in stands in the most
northern part of their range. It was noted by ~ Sarvas (1957) that
there was & reduction in the number of seeds per square meter from 1,000 to
50 in moving from latitude 60° to 67° in Finland. (Holmsgaard, 1972) .

Growth is known to vary inversely with altitude arnd directly with
Iétitude in ponderosa pine. (Squillace and Silen, 1962). Slope and aspect
also influence potential growing season days (Cleary and Waring, 1969) and
these vary considerably in British Columbia over short distances. However
specie;ymay not all be affected similérly because white spruce crops are
consistent over large areas. (Eis and Inkster, 1972).

Upon analysis then, the problem seems to get worse rather than
better. Climate is a collective term deséribing conditions which may affect
the reproductive cycle of conifers in different ways at different times. It
also is shown to have different degrees of effect depending upon where the
tree is growing and these effects may not be related to the calendar. To
ﬁake matters even worse, considerable variation in seed quality and time

of maturation is found between individual trees and stands of the same

species. (Allen, 1950.)




ot

-9 -

The Stages to Cone Formation

One way to tackle the problem is to determine the'variousAstages
through which a conifer must pass to produce seed, and which are probably |
sensitive to climate. |If each stage is examined in turn for a species which
is well understood, the relative importance of each climatic parameter can
probably be estimated. For some stages, the timing of the event is known for

some locations. If an analysis is made of the weather preceding a recognized

good cone crop, the important parameter for each stage must have been sufficient

to have led to that crop. Therefore several analyses leading to several
good crops will reveal the worst conditions that still allowed a good'crop
to develop. The siting of seed orchards in locations that do not provide
these weather minima can be avoided by examination of weather records re-
lating to the proposed site.

An advantage of this approach is that, although species mey vary in
their weather requirements, it is unlikely that these requirements are more
than those of degree. If, for example, the weather minima established for
stage 5 for Species A is ''at least 6 inches of rain over a four week period"
it is unlikely that species B .during that same stage will require Hdrought''.
Indeed it may be possible to work backwards and establish when a certain stage
is reached in a species which has been little understood, by looking at the
important parameter related to that stage.

A great deal of work has been done on Douglas fir and much of it
the V:ctorla area. For this analysis Douglas fir is chosen.

The stages which lead towards cone and Seed formation and which may

o
[

sensitive to climatic variation are:-

"Induction of Reproductive Cycle

Cold exposure

Lateral bud initiation
b hy 7 4
Lateral bud development

Pollen cone initiation/transition and early development

Seed cone initiation/transition and early development

Meiosis

Bud burst

Pollination

© W 0 N Oy N W N e

Fertilization.
s Hew /S e s /}%/{//‘//’ P

Stage I

Stages 1 and 2 have been recognized only in relation to work

which has correlated good cone crops with weather conditions in the preceding

v
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months. (Lowry, 1966; Eis, 1973) It was found that there was a strong correlation:
between a cool, cloudy summer and a good crop 2 yvears 1q}er. A dry summer

was often associated with a cone crop fallure:‘gﬁgag Zéé summer did not necessarily
lead to a cone crop success. (Eis, 1973). The most important month in the analysis
was July, followed by June and then August. A physiological mechanism is

not suggested . and the connection may even be with the populatioﬁ dynamics of

pests.
However these high correlations between crop abundance and a

weather pattern 26 months before the crop is ready for harvest, is the first
indication that any physiological change may be occurring in the tree.
It is possible that this stage 1 may be the period of the induction of the
reproductive cycle. It is likely that good healthy vegetative growth is a
prerequisite for a good cone crop and that cool weather during summer assists
this growth. z;/ 1177 ,,/ meris Gercd o el 1o bigger™axis i o idger beodd, —Fe< Auritehs 172
Based on experiments with fruit trees, it has been shown that there
is a short term antagonism between Vegetative growth and flower bud initiation.
VegetatiVe growth is ahparently an essential precdrsor of fruit bearing and
in general the best means of increasing the long-term fruit bearing potential
of a tree is by improving its growth. (Holmsgaard, 1972). On this point,
climatic variations cause quite large yearly variations in ring width and
_ vo]ume growth of forest trees. In central Europe and Denmark, most species
i respond strongly to variations in rainfall during May to July, (Holmsgaard, 1972)
while in northern parts of Scandanavia, temperature seems to be more decisive.
For a successful stage 1, then, a cool; cloudy July is suggested.
The pérameters of temperature, sunshine and precipitation may all contribute
to.these conditions. The various correlations suggest that temperature is the
most important parameter, followed by precipitation. (Eis - conversation). The
study of low temperatures in July, possibly by low heat sums from early
spring until the end of July, and precipitation figures to the end of July,
‘may be the most useful in providing a figure for this stage.
Stage 2
Whereas Stage 1 may well be the time of induction in the reproductive
.cycle, stage 2 is more of a mystery. Stage 2 is recognized principally by
AEis, (1973) the winter months, 19-21 months before harvest, being unusually cold
and sunny.
| It is well known that some plants require a period of
vernalization prior to 'Flower'iﬁg, and similar influences may be present

during stage 2. But, how the additional cold exposure can perform an




-11 -

‘important physiological function in a conifer, which normally endures a
cold winter climate is hard to understand. It is possible that light rather
than temperature is the imporﬁant parameter (Eis - conversation).

Despite the interesting correlations of stages 1 and 2, nevertheless
there is a possibility that they are coiﬁcidental.

Some consider that most irregular cone production in Douglas fir
results not from variations in floral initiation but from variations in
subsequent floral development. (Ebell, 1970; Silen and Copes, 1972).

This is'seeru in work done by Owens (1969) in which he show; that
a similar number of vegetative shoots are induced each year irrespective 6f
the later cone crop. There is no significant difference between the number
of primordia initiated from year to year. The cone crop depends not on the
number of primordia initiated but on the proportion that completely develop
into cones. (Owens, 1973c) ‘

Despite this strong arggment, the fact that stages 1 and 2 may

.

‘ TR a0 P Y,
be prerequisites to cone formation should not be ignored in the light of the

correlations already referred to and in the light of work done on other
species. (Lester, 1967).
Stage 3

Stages 3 to 6 are difficult to separate but all are necessary since,
in some conifer species, the vegetative apex alters to male or female at
different times. It is also difficult to separate the development of the
very young reproductive primordigﬁfrom its initiatign or transition, since
the processes are continuous. There is reason to believe that these stages
are the most critical as regards climate, since the reproductive buds are
at shch a tender age that conditions other than optimum must affect them
strongly.

It is necessary to define clearly what each of these stages
represents. Stage 3 denotes the time when the lateral bud is initiated. It
refers to the earliest stage of bud formation. Stage 4 refers to the o
development of this bud up to the time that it differentiates into a pollen
or seed conelet. Stages 5 and 6 refer to the pollen and seed conelet respectively.

They cover the time of initiation or transition and the subsequent early de-

velopment when latency or abortion are likely.
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Returning to stage 3, the timing of which is known
precisely for Douglas fir in the Victoria area. Lateral buds are initiated
by or in the first week of April. (Owens, 1969; Allen and Owens, 1972)’

For differentiation of the primordia, it would seem that the
weather should be moist and cloudy (van Vrederturch and LaBastide, 1968;
Eis, 1973. It is thought that the temperature within
the meristematlic tissue should be within an intermediate range. (Eis, 1973)

In the Netherlands,no correlation with sunshine has been found
during this stage. In that country there is normally little precipitation
during March and this may be a controlling variable (van Vredenbirch and La
Bastide, 1968).

Stage 4

The most critical périod in cone production in some species
is the one just after initiation, during which time bud primordia are growing
and differentiating. (Puritch, 1972). This brings the future cone to stage
L, which bridgeé the gap between the initiation of the lateral bud and its
determination.as a male or female.

The importance of the stage lies in the tender condition of the
developing buds. The high proportion of latent and aborted buds present
in some years suggest that the great variation in cone production from year
to year in Douglas fir results from the'proportion’of buds which develop
rather than a variation in the number of primordia initiated- (Silen, 1967,
Owens, '1969). Observations indicate that buds will'usually be found in
adequate numbers in enough trees in most stands to produce cdne crops almost
every year if all the buds continue normal development. (Silen, 1967).

During the 11 weeks after lateral bud determination, the buds are
most plastic with regard to future development. From March to July is also
the period of rapid growth of the subtending cones of the current year's '
crop and they would interfere by acting as a sink for nutrients. (Owens, 1969).

For at least a month after lateral bud initiation, the weather.
should be warm and dry to prevent latency or abortion. Cool, cloudy weather
leads to a cone crop failure, whereas warm, sunny weather may lead to a cone
crop failure or success. (Eis, 1973). Drought treatment in May and June on
potted clones of Douglas fir increased the numberkof ovulate

conelets (Ebell, 1967).

E
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Stages 5 and 6

Stages 5 and 6 are képt separate only because seed and pollen cones
afeyinitiated at different times in some specieé of conifer. The fundamental
change to the flowering condition may not occur until some time after
meristematic activity first commences (Jackson and Sweet, 1972).
It takes 11 weeks in Douglas fir.
‘ Axillary buds become determined as vegetative or reproductive

buds during late May to mid-June, and the 2 stages occur concurrently
(Allen and Owens, 1972).

' A major problem encountered in attempts to predict cone production
or correlate cone production with environmental factors, is that the time
and method of cone initiation is not known for most conifers (Owens, 1973).
It may be necessary to remove an inhibitory substance before flowering can
take place or there may be promqtion of flowering by the translocation of
flowering hormones and photosynthates. It appears that reproductive buds
have a much higher nutrient requirement for development than vegetative buds
(Owens, 1969) and it would seem that some substance must reach a certain
level at the ﬁime of some important step in primordial differentiation.
Concentration of this substance may not Be'the same in all parts of the tree,
ﬁeither may all trees need the same concentration at any time. A low con-
centration may cause the thresholdto be reached in small numbers of primordia,
resulting perhaps in a light crop at the top of the crown. (Eis et al, 195&).

_ Ebell (1970) showed that the nitrate N could be connected with water
stress and this increased the levels of amino acids, particularly arginine,
and stimulated flowering. Ready availability of water (or ammonium N) led
to én increase in protein levels and did not promote flowering.

The transition to a reproductive apex is marked by increased mitot}c
activity, apical size alteration and changes in apical zonat?on (Owens and
Molder, 1973b). In the vegetative apex of- Douglas fir in Victoria there is
a marked increase inmitotic frequency and the average relative amount of
DNA per nucleus in the middle of June, (Owens and'Molder, 1973a) which
coincides with a high level of starch and soluble sugars (Owens and Molder,
1972). Work has not yet been done in the axillary bud primordia from which
the cones develop (Owens, 1973c) but their proximity to the vegetative apex is such tl
the timing of this activity is unlikely to be different, and it can be assumed
that in Victoria, initiation of seed and pél]en cones occurs during the middle

of the 15th month before harvest.
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A certain minimum of heat is necessary for flower initiation and

this is probably higher than that required for the formation of vegetative
buds. (Matthews, 1963). Beckers (1972) considers that a particularly favourable
condition for the development of floral primoria is rising temperature due
to cloud cover. A good sced crop is determined by warm sunny weather in June
and July. Heat and sunlxght arg the basis for photosynthetic activity, which in
turn increases thekﬁiggggnglgiwof carbohydrates. A good quantity of reserve
material in the plant is imperative for a good crop (Beckers, 1972). ‘

- Ebell (1970)‘thought that drought in the early part of the growing
season greatly enhanced floral bud numbers, attributing this to continual, floral
development rather than actual floral initiation. (Silen and Copes, 1972). It
may be that a correlation exists between growth and precipitation and that a
lack of precipitation impedes the translocation of photosynthates, so that

" flower buds develop strongly.

During this period of differentiation a great nuﬁber of primorida
abort and are transformed into vegetative buds. This is produced under
the influence of rain and especua]]tfg{zzgﬁzgfw sza?m&cgri,ﬁgzpny June leads
to successful bud development over the stage. (van Vreéenburch and La Bastide,
1968; Eis, 1973). Abortion is mostly over by July. (Silen, 1967).
Stage 7

Stage 7 may or not be important as regards weather. |In Douglas

fir meiosis occurs about mid-February in Victoria §¥ both pollen and megaspore
mother cells, and bud burst occurs about the 1st of April (Al]eh and Owens,
1972). This means that during meiosis the apices are well protected by
bud scales. For the same species in Belgium, meiosis occurs in April

l
frdses

(Beckers 1972) and so the buds Aay have burst by this tlme and the apices Z i i

will not be so well protected. ‘
However there is a possibility that it should be warm during the

winter before a good harvest (Lowry, 1966; Eis 1973) and this may be
associated with meiosis, although the important monph is January. No
physiological mechanisms are offered, except that microspores and megaspores
may need warmth during formation (Lowry, 1966). This was also a period when
wind velocity became significant, but this may be due to wind breékage
(Eis, 1973).

Beckers (1972) considers that atmospheric conditions do not have
an influence during the process of mexosxs, except perhaps during periods

s D sevens arthesst

—
of low temperature espec:al]y/lgﬁﬁpﬁil. Thts takes the seed into stage 8,

EFrbsser R fu@écﬁ? Pl Lorfe meie /s, # Sous” /’t’//;éﬁ'/k?ﬁ_f;//ﬁ .
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when night fro;t is practically certain to do great damage shortly after
bud burst. .
Stage 8

Temperature is the most important parameter for stage 8, which will
continue until the threat of frost disappears. It is also worth recording that
the development of reproductive buds has Seeh successfully arrested by .
cooling plants with a cold water spray. (Schmidf and Marshall, 1970; Silen and Copes
Stage 9 | ' 1972)

For pollen dispersal, in stage 9, rain free days with high temp - '
eratures and low humidities are required after the male cones have reached
maturity (Ebell and Schmidt, 1964). Rainfall prevents dispersal (Beckers, 1972).
The most favourable weather for pollen release is a high pressure syétem and
the most unfavourable, a low pressure system and frontal activity. Duration
may be from 7 to 43 days but 80% may occur within 5 days. (Ebell and
Schmidt, 1964). )

For Douglas fir in Victoria this period is between April 1 and May -

10. The stage, though important, is unlikely to be decisive since only
four days are necessary for mass release of pollen (Ebell and Schmidt, 1964)
and precipitation would have to be parficular]y persistent to cause failure.
Stage 10 v '

The last stage, that of fertilization, may not be affected by weather
althoﬁgh an extreme drought can prevent the seeds from reaching maturity.
(Beckers, 1972). June should not be cold (Eis, 1973) but no explanation is
offered with assurance. ‘ howt cold 7

The stage is primarily inéluded in this list inldeferéncé to some
unpublished data by Eis, which showed that for cone crop success, precipitation
‘was a. requirement during the third week after pollination (Eis - conversation)
(This was the only instance noted in his work on correlations between weather
and abundant cone crops that so short a period as a week had been important).

It is probable that fertilization occurs during this week.

Table 2 shows the ten stages in relation to an expected weather

pattern for cone crop success in Douglas fir in the Victoria Area.

Other Species

Various observations on other species in relation to these stages

are now added.

opon
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Table 2. The stages of seed development in conifers. Months before
harvest for each stage are given for Douglas fir (Allen and Owens , 7.
Probable weather‘%equirements for cone Crop success are
given for each stage. .
Months to
Stage Occurrence Weather D. fir

(harvest Sept.)

1 - Induction of cool, cloudy 26

Reproductive
Cycle

2 Cold Exposure cold, sunny 21 - 19

3 Lateral Bud moist, cloudy - 17
Initiation =

4 Lateral Bud wérm, dry, sunny 16
Development

5 Pollen Cone warm, dry . .. 15 {7

Initiation/
Transition

6 Seed Cone warm, dry X 15
Initiation/
Transition

7 Meiosis no extremes 9

8 Bud Burst no extremes 6

9 Pollination some sunshine 5

10 Fertilization rain third week L
after stage 9

/. kaa@?ﬁwnf’4 Mo fros 2 #-3
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Stage 1 A survey of 54 months before cone counts of red pine in Wisconsin

showed that the mean temperatures between July and September two years before

counting was positively associated . with variation in cone counts (Lester, 1967)

Stage 3 In general Douglas fir and grand fir seem to produce cones in the
same year and so a similar combination of external, probably climatic factors,
.initiate the steps necessary for differentiation of reproductive buds in

these species. A different combination is apparently necessary fér pine,

or pine initiates flower buds at a different time. (Eis et al, 196L4).

Stages 5 & 6 As long ago as 1935, Tirén stated that temperature during

RaS Y §20 08T a1RE" 1372  oBBTYST s eoHelen (3 trena  voatisgted Jthe qone harvest
1895-1933 (Holmsgaard, 1972). Differentiation of bud primorida occurs
during the year preceding pollination for most species (Eis and Inkster, 1972).
However, it is evident that it is not the same mechanism that governs flower
initiation in different species, (Eis et al 1964), although good seed years
may -be common to several species. On the other hand high July temperatures
and initiation of reproductive primorida in abundance in Douglas fir
mountain hemlock and grand fir are possibly related (Ebell and Schmidt 196L4).
For spruce in Sweden, the influence of temperature is limited to
June until August, with temperature in July showing the chief influence.
High June and August temperatures intensify the influence of July and the
intensity of temperature is more important in northern fhan southern Sweden.
(Holmsgaard, 1972). Precipitation only produces a very slig@t influence
on the following year's cone harvest, but lack of raingggzxgén June and August
seems to.have a stimulating effect on the setting of flower buds. Long
continuous periods of drought have no special effect (Holmsgaard, 1972).
Eklund (1957) reported on spruce and pine in northern Sweden and
considered that cone production was significantly correlated to the number
of days in which the maximum temperature reached 21°C during the last half
of June and first half of July the year before flowering (Holmsgaard, 1972).
Sarvas in the same year reported on spruce in Sweden and over the period
1900-1955 showed that the five really good cone years corresponded with
temperature and rainfall patterns during the year of bud setting. Many
“summefs with high temperature and drought were not followed by abundant
flowering, so he decided that the temperature/drought factor could hardly

be regarded as one of decisive importance for the occurrence of good spruce

years. Rather it may be a factor providing the impulse (Hoimsgaard, 1972).
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r74’/ An increase in DNA throughout the apices of white spruce in early
ggljf7s possibly also the time of transition.of vegetative into reproductive
apiées. (Cecich et.al. 1972). The transition to a reproductive apex is
marked by an increase in mitotic activity, apical size alteration.and changes
in apical zonation. Transition has been studied in detail in cypress, cedar and
hemlock and is found to be the same (Owens and Molder, 1973b).
The importance of high summer temperatures for flower bud initiation
add development has been shown for pfne, beech, larch as well as spruce.
(van Vredenburch and La Bastide, 1968). It is possible that floral
differentiation is connected ismeconmected-with cessation or inhibition of vegetative
" growth.
In white spruce, bud abortion takes place before the end of August
so counts of the reproductive buds in September give a good indication of
the prospective cone crop. (Eis and Inkster, ]972).
Stage 8 A heavy frost soon after the opening of floral buds can destroy good
crops which happened for white sprhce on May 26, 1966 in the Prince Gearge area
of B.C. (Eis and Inkster, 1972) 4
Stage 9 In Finland the quality and quantity of the seed crop in pine and
spruce is closely related to amount of pollen production. (Ebell and Schmidt
1964). For pollination to occur in red cedar on Vancouver Island a heat sum
of 100 to 200 degree hrs. must accumulate in excess of -50°F. In loblolly
pine this heat sum must be 2,000 degree hours.
Overall In summary, none of the observations on species other than Douglas
fir indicatesthat there is a marked climatic requirement for good cone crops
that differ from the requirements already detailed for that species. ‘
Timings and degree may be different, but the stages do not seem to require
a different external influence for successful comgletion. -
Work done on loblolly pine by Allen (1958) may support this statement.
As the result of a study over a period of 22 years he considered that the pe}iods critic
to seed development were:-
a) differentiation of reproductive primodia
b) soon after pollination
c) fertilization.
The parameters that he studied were precipitation, mean temperature, evaporation

and the number of days with more than 1 inch of precipitation. He found that:




a) " ‘more than l}iOth ‘ach of rain was needed during July, when the flower
primodia differentiated. (This is stage 5 and 6).

b) high temperature and evaporation shortly after pollination in May
_reduce seed crops except in seed tree‘stands where evaporation is

not signiricent as competifion is,smallv(This is stage 9)

c) Cool, moist weather in March hinders fertilization, whereas warm
Tlins i diirence P

dry weather in April favours it (This is stage 10)

It can be seen that, for the stages covered by Allen, a new factor'
is added to stages 5 and 6 in that some precipitation is required.

[t is apparent that for a majority of trees of a particular species
in one area to produce a good cone crop all the 10 stages must be success-
fully completed. The weather during each of these stages must be favourable-
Therefore if the timing of the‘stage is known, an analysis of weather

parameters during that stage must show conditions that are favourable.
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By comparing similar stages in several cone crops, it should be possible
to see which worst conditions étill allovwed a good crop to develop. This
will more precisely define the weather requirements for successiul‘completion
of the stage. -

The reverse cannot be expected to hold true. Weather conditions
during each of the stages leading to a poor harvest cannot be blamed, gecausé
adverse conditions, not necessarily ;limatic, in only one of the stages,
may be responsible. Tn addition, the differing requirements of stages 1, 5
and 6 during the same months of the year, must lead to an alternating Crop.
Thus two good crop years in a row are apparently'impOSSible with Douglas fir
and perhaps other species as well, Once again; the work of Griffith (1968)
near Vancouver shows the pattern (Table 1).

There are reasons apart from climate that Qork against two consecutive
cone Crops. For example, after stage 8 in'Douglas fir, seed cones undergo
very rapid growth from early March until July, thug producing a "sink"” effect
attracting nutrients and hormones away from the new elongating shoot and
its axillary buds of stage i, The deyeloping cones cause a certain proportion
.of‘axillary primordia to become latent or abort, and these Qgéég have
otherwise become reproductive buds (Owens, 1969; Jackson and Sweet,1972).

As a summary, Table 3 shows the Wgather parameters -in order of

probable importance that will allow the passage of the developing Douglas fir

cone through each stage.
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Table 3 Weather parameters related to stage in probable order of..importance
for Douglas fir in the Victoria area of B.C. '

Stage Weather parameters
1. a. low temperature July D 5 '
St i o . <‘§b'““\\\\7- L ., -
repro. cyelS b. low heat sum to end of July : ?/ ”“ﬁ?’
* c. low levels of precipitation June and July. 7
2. a. moderate to high solar radiation December and January
b. low temperatures December and January
3. a. low to moderate heat sum April Lidafy &
Lotral beed 4_7 g/ .
P b. low to moderate precipitation March and April
L, a. high heat  sum to end of June
Lotorer bt e
(gﬁwwwoﬁﬁf’ b. low precipitation May and June
aeve/oprerdt .
c. high solar radiation May and June
5 and 6 a. high heat sum July = ‘
Lotler & geed .. . . B
cone /700 b. low precipitation July ) se®
F Pronss iy - . /
ﬁgééfabeﬁwwé, c. high temperatures July
oSt 7. a. moderate to high temperatures January
b. low wind January
' a. no frost late March
Lo betrst ’
b. moderate temperatures March
. . 9. a. low precipitation in April
Lo/ ooy i .
b. moderate temperature in April ‘
C. low ‘to moderate wind April
10. a. low to moderate precipitation May
S T Eer e ,

°

moderate temperature June
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Availability of Meteorological Information in British Columbia

Having noted the weather information that is probably important to

each stage, it is time to find out what meteorological information is available.

The mzteorological stations of Canada are listed every January and
July in a publication produced by Environment Canada which is called
"Monthly Record of Meteorological Observations.' .Location,of the
station is given in latitude, longitude and height above sea level. In.
addition to the name or authority responsible for the observatfon,
there is shown the types of record available at each station. These
are shown in Table 4 together with the number of stations that regularly
made observations in B.C. over the last three decades, to show how the
service has grown. ' '
Appendix A lists the information avaflable each month in this publication,

which has been produced for over 40 years.

The Atmosphere Environment Service of the Canadian Department of
the Environment produces a series of blimatic normals covering a 30 year
period, the latest being 1941 - 1970. The Climatic”infbrmation is
put into six volumes and these are shown fn Appendix B together with
the number of‘stations involved in B.C. Volumeé 1 and 2 are combined

for B.C. into one publication. (Environment Canada, 19717)

Cone Collections and Weather Pairing

Having decided the important parameters for each stage and determined
the availability of weather information, the two must now be combined.
The most satisfactory way to do this would be to discover several years
in which the cone crops were considered to be abundant everywhere. 1959
and 1966 were both good years, but these years are not enough to provide
much data. Good cone crops of Douglas fir before the 1959 crop are not
sufficiently supported by climatic data. An alternative was adopted,
which was to select good crops near weéther stations in any year.

This raises the problem of what is a good cone crop and how near a stétion
it must be for the relevance of information from that station. 7

Cone crop collection records of B.C. are held at Duncan Forest Nursery.

In addition to abundance, there is recorded on each form the latitude,
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Table 4 Types of observation available at the Meteorological Stations of

B.C. showing the growth of services over a 30 year period.

Precibitation
Temperature
Synoptic

Hourly Winds
‘Sunshine

Soil temperature
Solar radiation
Rainfall intensity

Evaporation

1973
449

319;

51
76

59 -

3
8
94
18

1963

325
271
55
29
30
1

3
20
3

1953
224
162

19
26
20

1943
204
102

21
12
16




longitude and elevétion‘of collection. An assumption was made that a large
collection indicated a good crop in the vicinity.

The locations of the meteorological stations in B.C. were next examined.
Statlons were paired with cone collections. Ideally,'the cone collection should
be in the vncxnlty of a station, particularly when seeking information on
precnpltatlon (Holmsgaard 1972), but it was decided to accept a 5' variation in
]atétude, 10' in longitude and 1,000 feet in.elevation, on the presumptlon that
latitude is more important than longltude. Using this limitation, and after
pairiné, the farthest away that a cone collection would be from a meteono]oguca]
station is ten miles. ‘ .

~Table 5 shows the cone crops (taken from a list of over 50 gobd crops)
that were close enough to a weather station, which provided more than the
minimum information. The table also shows Haney U.B.C. Forest Station in 1966
based on the well;documented work done by Griffith (1968). The crop at
Cowichan in 1959 and 1966 is shown to be good by Eis (1973) and these are included.
Mr. Bruce Devitt, formerly Superintendent.of Nurseries in the Reforestation
Division, was able to remember clearly the locations of good crops in the
generally gobd year of 1966. Where these coincided with weather stations, they
have been included in the report.

It may be considered that Coastal and Interior Douglas; fir provenances
should not be mixed in the same analysis, having known different timings during
certain phases, such as flushing and germination. However, the major
obstacle in.this analysis has been lack of information and where to draw the line
around comparable situations. Apart from intraspecific differences in Table
5, there are differences in location of 2026' in latitude, 8025' in longitude and
3,000 feet in elevation. If generalisations are to be disallowed, this form

of .analysis is worthless.

Stage 1 as an Example

-Stage 1 has been chosen as an example of how weather records may be used
to find the minimum criterion for the most important parameters. For stage 1,
timings are probably not as critical as later stages and the latitude and

altitude errors may not be so great.
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Table 5, Selected cone crops showing abundance and proximity to paired meteoro

Cone Crop Location Abundance/ . M
Lat. Long. Elev, Authority Remarks
Eis (1973) C
49%s6' ©  124%0' - 850-1250 351 bu. 315 trees N
. . 40-100 yrs old
50 12 122 55 1500-2500 1370 bu, R ’ A
B. Devitt
50 00 125 20 500 2188 bu: S . C
48 52 124 22 1500-1900 1480 bu, 14 Long. . ,C
B. Devitt 1000 trees o
48 50 124 05 640~ 800 557 bu. C
700-1000 Griffich(1968) H
B. Devitt v
lo00-1100 =  B. Devitt P
48 52 124 22 1500-1900 1480 bu. 1000 trees Y
51 18 114 wm 2900-3200 18% bu. v 90 trees G
50 4o 119 10 . 2000-2500 150 bu. 100 trees S
" k9 52 125 20 1000 2000 bu, 500 trees C
. ) . over 40 yrs old
51 16 116 55 2500~ 3500 400 bu.,. : 400 trees G

40-100 yrs old

v

%

# Denotes Met. Stations that have since moved location.



- 26 -

As already discussed the most likely weather parameters

in their order of importance for this stage are:-

c.. low temperatures during July
b. low heat sums to the end of July

c. a small amount of precipitation, June/July

As can be seen in Table 6, taken from the Monthly

Record of Meteorological Observations:-

a. the highest mean daily temperature for July was
63.6°F at Salmon Arm. Here a reasonable crop
was produced in a generally poor year in 1968

2 miles away and 500 feet higher up.

b. the highest heat sum to end of July was 1874 degree-

days at Salmon Arm.

c. the least precipitation for the months of June
and July was 3.6 inches at Campbell River A. A

very good crop was found near here in 1971.
. In summary, if Stage 1 is to be successfully passed, a mean
temperature of $63.6° T should not be exceeded in July, the heat sum

to the end of July should not exceed 1874 degree - days,

and as a third priority there should be at least 3.6" of precipitation
during June and July. (This information can of course be updated

as more accurate data becomes available).

Weather records of potential seed orchard sites should

be compared with the established minimum criteria. Any contravention .
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Table 6 Selected Meteorological Stations showing weather parameters
. considered important for Stage 1. Data refers to year in which
Stage 1 is relevant. Figures starred (%) indicate extreme measurement.

July Heat Sums to

Date  Station o sl (0F) (Bsme 42%) Jome. ong. ury (i
1957 - Cowichan Lake Forestry - C58.4 1636 5.7 ‘
- 1957 Nanaimo A 59.0 1728.9 b

1964 Alta Lake 57.2 1019.6 .3

1964 Campbell River 59.6 1413.1 6.7

1964 Cowichan Lake Forestry 60.7 1441.5 5.1

1964 Cowichan Lake Weir 60.4 14141 5.6

1964 Haney U.B.C. Forest 60.3 1450.8 13.6

1964 Pemberton Meadows 62.6 (1545) 3.9

1964 Youbou 61.6 1551.8 7.5

1966 Golden 61.5 1436.5 -

1966 Salmon Arm 63.6 1874 5.3

1969 Campbell River A 61.3 1800.3 3.6%

1963 Golden 62.9 1860.1 4.0.
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of these criteria should weigh against the selection of the site and only
be ignored if safeguards are available to provide artificial assistance to

the successful completion of a particular stage. For example, the stage j P

conditions may be pfoduced by shading and irrigation during July.

Table 7 shows a list of possible seed orchard sites. |If Douglas
fir is to grown here, it can be seen that without artificial assistance during
Stage l:- ‘ ' ‘
A

a. Duncan, Salmon Arm, Saltspring Vesuvius and Vernon do not
e

seem to be suitable.
b. Only Campbell River and Williams Lake are suitable under

the precipitation requirement, which is a third priority.
Discussion

The approach outlined here to seed orchard selection by rejection
is laborious, but since the results of incorrect selection will ke realized
only years after the decision is taken, the labour may be worthwhile.
Present methods of selection are at best good common-sense appreciations,

which have not a]waYs proved sound.

However, the limitations of the described'approach are obvious.
Weather records'in the vicinity of an abundant cone crop for even Douglasy
fir are scant. Those records which are available may not be safficienfly
near the crop to be relevant. That a large number of cones was collected
does not necessarily mean the crop was abundant, for each tree may have been

carefully stripped.

The approach depends on the knowledge that a particular stage
is passed in a certain period of time. The period may be known for Douglas
fir in Victoria, but how altitude, latitude, slope, aspect or age delay the
stage is unknown. Nor is there much information available for other important

conifer species. -Indeed the present knowledge available for seed orchard
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Table 7 Possible Seed orchard locations with Stage 1 parameters listed for
comparison with Table 6. Stations indicated thus (+) show data that
are ¥S worse than desirable. (Temperature normals were not available for

Chemainus, Metchosin, Victoria Highland).

Department of the Environment Climatic Normals.

Information taken from

Mean Daily Heat Sums to Precipitation

Station " Max Temp (°F) July 31st (Base 42°F) June & July (in
Campbell River 63.3 1667.6 3.6
Comox A | . 63.2 1723.3 2.6+
Cowicha; Bay ' 63.2 1732.3 2.2+
Cowichan Lake Forestry 63.3 11659.3 3.2+
Duncan - 65. L+ 2032.5+ 2.2+
“Duncan Forestry 62.6 1756.8 2.0+
Elk Lake , 62.5 1741.8 1.9+
Nanaimo A 62.8 1701.7 2.5+
Saanichton C.D.A. .61.8 1649.9 1.9+
Salmon Arm \ 67.3+ 1889. 4+ 3L+
Saltspring Island 62.8 1750.8 2.3+
Salspriﬁg Vesuvius 63.9+ l§75.0+ 1.9+
Shawnigan Lake 63.0 1714.3 2.3+
Vernon ; 68.3+ 2087. 4+ 2.7+
Victoria Tillicum 62.4 1799.5 1.6+
Williams Lake 60.3 980 5.1
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selection by rejection is inadeguate.

A compromise is indicated. |t is necessary to continue with
commoqxsense selection of seed orchards, but climatic limitations should be
recognized and listed as they become available so that the aim of progression
towards-a more analytical approach is furthered. As a first step, weather
records of khown good seed;producing areas should be started by placing

instrumentation in these areas. v/

Commonxfense selection has been guided by observation of natural
cone crops and the points about them which follow may have already been

introduced earlier in the paper.

It is well known that forest trees in the northern part of their
range (or high up in the mounains) carr? much less seed and have less frequent
seed years (Holmsgaard, 1972). Better yields are found in the Southern most
pért of a species range(U.S. Dept. of Agriculture, 1972). A warmer climate
hastens the onset of flowering(Matthews, 1963) and at the same time longer
periods of daylight reduce the heat requirements of crops, particularly those
that thrive in cool weather(Holmes and Robertson, 1967). A southward
transfer for seed production is recommended and clones transferred thus
flower there at the same heat sum as in their normal habitat, showing a fwrﬁﬁf
physiological isolation. However as a limit to distance, 200 degree days is
advised since longer transfers may lead to weakening of the general vitality

of clopes(Sarvas, 1970).

There may be a temptation to move a species outside its southern
natural range in order to produce seed free of (wild type) pollen contamination,
but caution should be used in planting outside natural areas‘as there may be
climatic limitations involved (Bethune, 1960). Morgenstern and Roche (1969) suggest

that latitudinal displacement of seed cones exceeding 2° is not recommended

- for reasons of hardiness adaptation and it is also considered by King and

Dawson (1971) that, except where experiments justify it, seed should be used ¥ ér" 7 sy,
. . . . . . e e _ e . R f‘ff/’d?.'
within 50 miles of its planting site to minimize the risk of susceptibility AT

to environmental stress.
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As to local conditions, the site should not be high in elevation
as there is a delay in flowering of up to five days for every 1,000 feet
(in ;tne) ( Ebe11l and Schmidt, 1964){ﬂ:z3%;}§7 day average delay in
flushing found between 1,000 and 3,500 feet (Schmidt, 1968). On the other
hand, flower buds are sensitive to frost damage, so orchards should never be
selected.in low~lying areas where air movement is restricted or in hollows
in rolling terrain (Sarvas, 1970). A southern slope is preferable to a
northern slope as the warmth of the slope affects the flowering date (Matthews, 1963)
Amounts of full seed per cone are higher on southen aspects.and highest in
the south-west aspect ( Brown, 1973). ) _
| | | ol apslope wmide wmportot F
To avoid contamination, the orchard should not be upslope of
similar species sources, but po]len.transport also occurs along a valley

floor and even along the contour of a hill(Ebell and Schmidt, 1964).

These then are the common-sense conditions for seed orchard
. A @rc/a’yﬁﬁ/'// o W2 rys .
establishment: Select an area to the south of where the seed originated.
The distance south should not be outside the natural species range and the
guide lines of 2° and 200 degree days may be helpful. The orchard should
not be on a north facing slope, should not be at a valley bottom and
should not be at any great altitude. To avoid local'po]len contamination, the site

O G mebrer AEC s iy, 7 P o
should not be uphull of the same species or down the prevau]g‘ng wind, from it. Zeréw,

Conclusions

Seed orchard selection as regards climate has been based on common
sense, land availability and\observation of local natural stands. This
generally means the selection of a site towards the southern part of a species
range.

There is little wrong with this method, but a supporting analytical
approach may help to avoid unfortunate mistakes.

This approach should be based on an understanding of the physiological
processes leading towards seed production in the individual tree. Since timings

+ will differ according to species and location, the emphasis should be on the stage

through which the tree must pass to produce seed at all.
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It is auggested‘that the climatic parameters related to each stage for
most conifers will not be markedly different to the 10 stages described here. As more
knowledge of the physiologicalprocesses in each of these stages becomes available
and as the 'rules' on timing for latitutde and altitude become clear, the
information can be used to update seed orchard crlterla or to assist managers
to prov1de artificial cl:matxc stimuli.

Recommendations

The following recommendations are made as a result of this etudy:-

1. Meteorological instrumentation should be sited in known good cone
producing areas.

2. Work should be continued to determine the minimum weather require- -

ments-In all stages for Douglas fir.

3. Computer programming advice should be sought to resolve time
differences in the stages due to differing locations.

4. Weather criteria and timings for each stage in other important

conifer species should be attempted.

G
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Appendix A
Contents of '"™Msuthly Record of
Meteorological Observations"

1. General Synopsis of Temperature and Precipitation by Districts
~and Province.

2. Map showing Difference from Normal Mean Temperature
* 3. Map showing Total Precipitation.
L. Temperature and Precipitation Summaries
a. Temperature mean maximum, minimum and daily; difference from
normal; date of maximum and minimum; number of days with
freezing temperature.
b. Precipitation amount; difference from normal; number of
days with.01 inches or more; date of heaviest fall in
month; snowfall amount; number of days with measurable

sums; amount of snow on ground at end of month.

5. Daily Maximum and Minimum Temperature by Day of Month, and Mean
Maximum and Minimum for Month.

6. Daily Precipitation and Total for Month.

7. Summary of Observations of Pressure, Temperature, Humidity, Cloud
Visibility and Wind at Fixed Hours at Selected Stations.

8. Summafy of Winds at Hourly Reporting Stations.:

9. Summary of Hourly Winds. N

10. Daily Bright Sunshine.

11. Summary of Sunshine Records

12. Soil Temperature

13. Total Daily So]ar Ra&iation Received on a Horigontal Surface.

14. Recording Rain Gauge Data.

15. Class A Pan Evaporation Data

16. Meteorological Stations in Canada (in the January and July issues only).
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" Appendix B _
. Information Contained in the 6 Volumes of Climatic Normals
produced by the Department of the Environment. Number of
participating Meteorological Stations in B.C. also shown.

Volume 1. Temperature

" This shows mean daily temperature by the month and year, mean daily
maximum and minimum temperatures, extreme maximum and minimum temperatures
and the number of days with frost in the year. 165 Stations.

Volume 2. Precipitation

This shows mean rainfall, snowfall and precipitation, number of days
of measurable rain and snow, and the maximum amount of rainfall in 24 hours.
256 Stations.

Volume 3. Sunshine, Cloud, Pressure and Thunderstorms
This shows by month and year:-
a. number of hours with bright sunshine
b. mean cloud and frequencies of amount
¢. mean sea level pressure
d. number of days with thunder

28 Stations.

Volume 4. Humidity

This shows mean and dew point extremes for each month, dry
and dew point temperatures, and the relative humidity. 41 Stations

Volume 5. Wind

This shows percentage frequency of winds and average wind speed
and computed annual maximum wind speeds. 23 Stations

Volume 6. Frost

This shows average frost free periods, date of first and last
frosts, the shortest and longest frost periods. 170 Stations.




