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INFLUENCES OF MICROCLIMATES ON MORTALITY AND
GROWTH OF PLANTED WHITE SPRIUCE, JACK PINE AND
VHITE PHNE!

By L. B. MacHATTIE and K. W. HORTON?®

ABSTRACT

Relattoushipy between some microclimatic facters and mortality oand groweh
af planted coniters were studied on the north wnd south aspects of o ridge
in Favtern Ontario, 11 i showa that interactions between seicorological and
phvstosraplic faciors complicaie the classification of local dimare for plunta-
ton purpases. Correlations between mmortality of jack ping and white spruce
ardd maxinm remperatie, and between fieicht growth of white pine and mean
temmperatitre of the previons siuniner are suggesiive rather than conchustve.

SOMMAIRYE

Ley velations gui exisien] enive ley factenrs microckimuatiyues, fa sortalite et
let eredssance des coniferes de plantation ont ét¢ etidides sur Fes versants nord
et sud dune oréte dans Fest de P'Onario. Laection réciprogue dev Jactenrs
mctcorigres of plivsiographiqaes complignent e classerment du climar loeal a
des fins de plontation. Les corrdlations observies entre la maortabite du pin gris
of de Pepinctiv Plunche et I températare maximiern, et entre la croissance en
hautenr di pin blanc el la temperature moyenne de €6 précédent sont hypo-
thetiquey plutst qre probanies,

Tor Prosiem

P forestry practice it ks common te fook upon local chimate as o function
vt topographic position, with cmphasis on aspeet, Forest sites are often
chassificd inty broad calegories on this basis, with many variations depending
on local conditions und needs, For general deseriptive purposes this approach
ix usctul. bur there are purposes in silviculture which require a more refined
evaluation of locul climate.

Quustioas urise as to the relative significance of the primary metcoric tactors
thui muke up focal chimate- piccipifation, insolation. temperature and ventilie
oy and as to the interactions of these clements with physiography  amd
vegeralion. The wnswers mnay help to solve jmportant problems in artificial
reforestition, bFor example, climatic causes of seedling mortality may  be
deterinined with securacy, and relationships between Jocal climate and seedling
orowth rute muy be found, I omay be possible to classily the complexitios of
locst elimate for the eflicient locution of plantations, wnd o recommend in
detail the pratching of certain species te cortain tocal climates, This report
touches upon all these guestions to a fimited extent. bul seives mainly to
point ot the scope of the whole problem rather than provide specific answers.
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Tue ExvrriMeNT

To obtain conerete information on these issues, a study was initiated in
1954 at fae Petawawa FPorest Experiment Station in Fuastern Ontario (Lat,
457 56", Long 77 33, Elev, 600 Ft.y. It was conducted on a cutover »irip
on Green KRidge, a north-south-facing ridge 14¢. feet high, which provided a
wide runge in local climate, A physiographic profile is shown in idgune 1,

SOUTH -»

Sccles.—in—Feet

500 250 0 250 500 750
|-i2 Microciimotological Stations.....................Q
Local Climate Zones represented by the Stations. ...... l'\-l
Oumped Till,loamy finesand.......................... @il

Aeotian Cap.finesand......................... ...
Precambrian Bedrock Core
FIGURE 1. Profile of Green Ridge showing soil material and location of microclimate stations.

The ridge is forested with a mixed stand, lurgely of ouk (Quercus rubra 1.0
and white and red pine (Pinus strobus 1., P. resinosa Ail), which originated
after a fire some 80 years previously, In 1954 o three-chain-wide swath was
clear-cut along a north-south line 1500 feet long crossing the ridge approxi-
mately at right angles. Along the centre of this swath in « strip one chain wide
all shrubbery was removed, leaving only the herbaceous vegetation.

Along the centre line of the cleared strip eleven microclimatological stations
were established at points selected arbitrarily to represent the main topographic
positions. henee locil climates. A twellth station (no. V) was Jocated on a
knoll on the cast edge of the swath. In 1955 daily observations were made at
these stations from May 1 to September 30, Air temperature at the one-foot
level was read from shielded maximuni-minimum thermometers; the thermo-
meters were randomly redistributed cach week 1o minimize the effect of in-
strumental error on calculated mean temperatures. ‘Yemperatures at the four-
and cight-inch depths in mineral soil (covered by '3 inch of natural dufl) were
meusured withh bent stem mercury-in-glass thermometers. These soil temper-
atures were read at 7:30 am. and are close to daily minimum values. Fvap-
oration measurements of a sort were made with unshiclded Piché atmometers,
placed one foot above ground level, with surrounding vegetation clipped.

It is dillicult to obtain accurate and representative mcasurcments of soil
surface temperature. In this study mercury-in-glass thermometers were placed
on the soil which was exposed after removal of the dufl layer; then the
thermometer bulbs were covered with a double layer of burlap, a procedure
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adapted trom Haves (1941, Hali-hourly readings of these thermometers were
made on two sunny days, June 16th and August 9th, to determine the pattern
of diurnal variation.

To study vegetation reactions to local climates on the profile of Green Ridge,
seedlings were planted about May [, 1955, along the centre one-chain-wide
strip of the cut swath, The four conifers chosen were those most commaonly
used in reforestation in the region — white pine, red pine, jack pine (Pinus
banksiana Lumb.) and white spruce (Picca glanca (Moench) Voss). ‘They were
planted in rows approximately parallel to the contours and crossing the centre
line of the strip at right angles, cight specimens of one specics to a row, with
trees and rows spaced five feel apart. The species were assigned to Tows
randomiy in serics of four. The planting stock was graded to climinate weak
and abnormal specimens, A total of 2,080 trees was planted, all healthy
nursery transplunt stock (2-2) obtained from the Ontario Depurtment of
L.ands and Forests, Each tree was tagged and its development was recorded
annually, 1955-59 inclusive, Vegetation which might compete with the planted
stoch was removed periodically.

To relate seedling performance to the microclimatic records, the planted
strip was divided inte zones running across the strip; the boundaries are
shown on the profile in Figure 1. Bach zone has relatively uniform topography
and hence. presumably, local climate. In the analysis, cach zone was designated
by the number of the microclimatological station located necar its centres it
s assumed that cach station is represemtative ol the whole zone in which it
is Jocated, since a check on performance of trees immediutely around cach
station with that of cuch whole zone showed a close correspondence. However,
stations 4 and 5 were included in oone zone and their data averaged, and
an additional zone, TOA, was distinguished during the analysis, although there
is no microclimatie station to represent it

This manner of division resulted in unequal numbers of seediings in the
different zones, the numbers varying from a minimtim of two rows (16
specimens) of cach species in cach of zones |and 2 to twelve tows in zone 10,
tor the assessmient ol height growth, some seedlings in cach zone were omitted
because of feader Jdamage, mostly caused by deer browsing.

Physiographic Influences

Bofore procecding with comparisons between  seedling  development and
microclimate, other fuctors involved must be considered, As bBigure | indicates
the physiographic site conditions are not uniform. The slopes and contours
ol the bedrock and soil mantle vary considerahly, and the soil depth and
drairage vary accordingly. The predominant soil muaterial iy dumped il
ol stony loamy sand, bul a variable acolian cap of pure fine sand covers the
fowur notth side (zones 1-4).

Vor one physiographic reason or another, whether steep slope, exeessively
druined topographic position, shallow soil, or coarse soil texture, all zones
cawept namtber 2ocan be classified as oretatively  dry sites. The prevailing
matursl vegetution, particulurly the pine, oak and Vaccinium species. stppoits
this ssossment,

There wre however noteworthy local points of difference. About » teet in
cievation below stution 1 a bare sandy roadway crosses the cleared strip.
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Stationn 7 s unique in that the brow of the Precambrian bedrock s close to
the surtuce umd some secpage of ground water occurs. Station 10 on the
south slupe has somewhat finer soll wexture, heace more moisture-hokling
capacity. than stutions 6 and 7 on the north slope, Station 8 Is not truly
representative of the ridge top since 1 is situsied inoa saddle between two
kuolis (op one of which stution 9 i establishedy and hepce receives some
drainage from apove, Fhe effects of these features will be brought out later.

Resteras

Microclimate

A comparative report of the microclimatic data, written largely from the
meteorolopist’s viewpoint, hay been published by MacHattic and Mot ormack
(19611 fo o spatial and seasonul trends of air und soil temperature are
anulyzed: and o deduction about evapo transpiration mucle; the eleared Green
Ridge s compured with a similurly orionted, tforested ridge on which similarly
locuted microclimatological stutions were ostablished, and  significant eelated
phenelogival dida are presented. Only the sulient features of the observed
microchotic pitterns on Green Ridge will be comsidered here, They are
summarezed  in Figure 2.

tal Pichd BEvaporation - The pattern corresponds closely with the profile, in
vreasiivg with elevation, a termdency  which s attributed  to increasing
ventdation. '

(b) Air Temperature -—— The patterns of maximum and minimum awir tempera-
ture ure. in the main, mirror images: at the statons where the maximum
temperadure s lowest the minimum  temperatare is higbest, and  vice
versa, Lhe pattern of temperature extremes, like that of Pichd evaporation,
appears o be mainly a result of the increwse in ventilation which s
associnled with ap ingrease in elevation.

The most extreme femperstures ovvnr at stations 4 and 5, in an adr
catchment pocket.

the tow pnuximum air temperature (and 47 soil temperature} af stution
2 s due fo seepage water keeping the ground moist, with conseyguent
evaporative  cooling,

The unomaly of higher daily maximum temperature on the north slope
than on the south is explamed as being associated with Jower evapo-
trunspiration on the north-fucing stope. This in turn may be a result of a
difference in vegetation density or rooting depth, or may result from
fess soil moisture-holding cupuacity due to the steeper slopes and somewhat
courser soils.

(¢ Soil femperature — “Femperature at the 47 depth follows a different pattern
from air lemperature, being generally higher on the south face than
on the north fuce {at corresponding elevationy as a result of greater
direct insokstion reaching the ground surface. On the north fuce a larger
proportion of insolation is intercepted by vegetation {und does not reach
the aetual ground surfuce). ‘the 47 soil temperature is relatively high at
stations 3 and 4 which wre practicully horizontal amd iy very low ut
seepuge stulivn 1
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FIGURE 20 Season means of daily readings May 1. S¢pt. 30
cvaporation at the numbered stations.

. 1955, of temperatuie and Piche

8”7 soil temperature (not shown) at stations 1, 4, 8 and 11, averaged
for the four months May to August, was found to parallel the 4 tenipera-
ture at the same stations,

The maximum ground surface temperature observed at cach station on
June 16th (when half hourly readings were tuken throughout the day) is
shown in Figure 3, where it is plotted against the extreme maximum one-foot
aly temperature for the summer (which occurred on July Yth ut mos{ ot
the stations). The inordinately high temperatures at station 1 wiiil be discussed
latei. The low tentperatures at station 2 gpree with the preceding discussion,
buor the other eight stations there is a perceptible trend towards lower max-
'mums at higher clevations, which again is attributed to the increase ot
ventilation with elevation.

Season
The growing scason of 1935 wag an extremiely dry one. Total precipitation
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FIGURE 3 June 1ath maximum ground serface temperature plotted against the seasen’s maxi-
mum one-fout air teraperature,

at the Fxperiment Station for the five months of May to September was
8.81" compared with 15.36” average for the previous 20 years; there were
only 41 rain days (precipitation 0,017 or more) compared with 51 for the
average. The months of May, Jupe und September were particularly dry.

Mortality
During the summer, mortality of the scedlings planted about May 1 was
exceptionully high - - about 50 per cent for cach species. Actually this was
fortunate for the experiment sipce it accentuated the differences between
sites, The variation of mortality with topography is shown in Figure 4.
One might bave expected that the general pattern of mortality would show
some correspondence with that of Piché evaporation, increasing with the
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FIGURFE 4. Mortality obsorved Asg. 17, 1959, of scedlings planted abour Mav 3, 1955 and
height growth for the four year periad 1956-39 inclusive.

elevution of the profile on both aspects, particularly in thix droughty season
when the newly planted seedlings would be subjected o wiltg tMacHattie
and McCormack 1961). But i so far as there was a relationship belween
moriality and Piché evaporation, il was an inverse one. For instance. on the
south aspect, where the slope s fairly oaiform and hence the offect of
clevation should be more apparent, the average mortalily decreased rather
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than increased with elevation. This anomaly is probably related to the Piché
atmometer bweing o better indicator of ventilation than it is of drought.

When mortwity was comipared with muximum temperature, some relations
ships were Yound which appear to be significant, But the stgnificance of cor-
refution s conditional on the omission of station i data from the calcalution
of corielation coctlicients. The relationships will be deseribed tirst; then
reasons for ontting station | will be considered.

Mortality of seedlings in 1953 was plotted, species by specics, against
June T6th surface maximum temperature. No o refationship was found  tor
white or red pine. But for white spruce and jack pine a trend towards higher
mortality with higher temperature appeared; this is shown in Figure 5. Omitting
station | data. the correlation cocefticients are .78 lor while spruce, and 76 for
jack pine. These coeflicients lic between the 249 (U75) and 194 (LBO)  levels
of stgnificance.
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FIGURF 5. Mortality May-Aug., 1955, ploteed againee the June Toth maximum ground surface
temperature, Corrclition coetficienes (excluding station 1 data) are given.

The actual maximum temperatures to which the secdling stems were exposed
during Juoe are thought to have been considerably higher near the dufl surface
than those observed at the soil surface on June 16, because:

(a) the heat conductivity and the heat capacity of tine dry duff material
are much less than those for the minceral soil on which the thermometers
were resting: so for the same income  of  radiational energy  the
temperiature would rise higher, (Geiger 1950, p. 29y

(b) June {oth was not the hottest day in June.

Observed  ground  surface temperatures are used in Figure 5 only as an
indication of the probable runking of the stations with regard to dufl surfuce
temperature.

When the mortality data were plotted against extreme maximum one-foot
air temperature for the season, white spruce was the only species to show a
significant result (Figure 61 I we again omit station 1 data, the correlation
coefficient is .94, Practically the same coeilicient was obtained when the
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PIGURE 6 White swpruce mortality May-Aug, 1953, plotted agaisst the scason™  maximium
L IEEN 3’«1)(% AiF wmperalure.

average of the five highest of daily maximum wir empegatures ot cach station
wis used in place of the single extreme maximum,

Consider now the station 1 data on mortalily versus maximuim tempereture.
Somcthing & obviously odd when the soil surface temperature s TS F oon
w A’ northefucing slope, while the highest temperasture on the adjacent 57
south-facing slope is 110% F, The origingl report on the microclimate of Green
Ridpe (MucHattic and MeCormack 1961y atfributed the bigh soil surfuce
femperatures at station B o the orgapic matter which was stibsequently found
auxed with the mincral sotl at the point where stution | surfuce thermometer
was cxnased.

Tooking af Figure 3, i s apparent that it the station | muainun soil
strfiee temperature i odd, so s the maximom one-foot sir emiperature.
Possibly this is beeaive the station | site was more protected from wind than
the other sites and the thermometer shicld overheated: also the retfection of
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solar radistion from the bare sandy roudway may have been a {actor,
However, thae s no way of readily checking on these conjectures and the
reicction of ~ation { data remains an arbitrary decision.

There are two possible explanations for corrclations of mortality with
maxinium femperature: heat njury of stems, and soil drought. These effects
are ot separaie, for seediings are more susceptible o hewt imjury when they
are subjected simcltancously o drought,

The sensitivity of juck pinc to high soil surface temperature impliad by our
results may uppeur surprising considering the xerophytic tendency ol juck
pine, but studies in the Fake States (Shirfey, 1930, Anon. 1937) have indicated
that high swrface temperatore frequently kills or dojures jack pine seedlings
(ineluding 2V vear olds) and that heat causes preater mortality than drought.

The elfeets of heat injury are not always apparent immedintely, Referring
to Ursic’y wark with 1-0 loblolly pine scedlings, Hare ({9611 states: “Measare-
ment of subsequent growth is the most reliabic method of assayiog physiotogicul
heat injury and often the most practical, but sufficient time must be sllowaed
o wssure that delaved effects will not he missed. Ursie found that muny ping
seedlings appeared normal for two moenths before they died of heut trestment™.
Becuuse the resolts of heat injury may thus be sfow to appear. 3t s possable
the extent of mrtality due to heat has beeo underestimated generully, in the
literwture, in favour of drought,

Height Growth

Height comparisons were obtained by determining the average feader growth
for cach speciey and station over the 1956 growing scason, and for the tour-
vear period 1956 to 1959 inclusive. Variations in the height of the growing
stock when planied in 1935 invalidated the wse of total bheight in 1959 as
the growth criterion. The 1955 height growth was excluded to allow for
individuad variation in adjustment to re-establishment following transplanting,

Specimens affected by deer browsing, discuse or inscet damuage were ox-
chded, excepl in the case of juck pine which was browsed so thoroughly that
the umdamuged trees formed an inadequate sample. Despite this dumage the
juck pinc outgrew the other specics in practically every zone, The average
height growth of alf jack pine is used,

‘The topographic variation of height growth for the four-year period 1956-59
is shown in Figure 4. One might have thought that growth woeuld be poorest
where mortality was highest, but the reverse seems to have happened. Height
growth followed much the same pattern as mortality over most of the profite.

Doff and Nolan (1953) found that shoot growth in red pine is largely
determined by the growing conditions of the previous year; Mikola {1951)
stutes that height growth in Finland s closely related to the temiperature
during bud formation in the preceding year. Comparing our 1956 height growth
data with the 1955 microclimaie data, no significant correlations were found
with Pichd evaporation, with seasonal meuns of daily maximum air tempera-
ture or of minimum air temperature, o with mean durnal tange in air teompera-
ture. The only significant correlation found was between white pine height
growth and mean air femperature, and this was conditional on omission of
station 2 data. H the exceptional height growth of station 2 {which wus double
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that to be expected on the basis of its temperature) is attributed 1o its perpet-
vally moist soil, the remaining stations give a correlation coctlicient of .83
tp 001 Tor 19506 heigh growth vs 1955 meun air fcniperature.

Species differences in height growth, were clearly pronvunced. with jack
pine being superior in all zoones, particularly on the north slope. White spruce
wus the sfowest growing species in all zones, ‘Lhese inter-species Jditferences
reflect normal curly growth differentials. The four species maintain the same
rebative height positions in most zones, corresponding to theie aeeepted order
in the shade-tolerance scale, Lol the Teast tolerant jack pine is tudhest, and the
nrost tlerant white spruce shorlest. The noteworthy point is that the differences
v Jocal olimates between zones did not appreciahly affect this order over the
first fow critical years alter plunting.

CONCLUSION

This study relutes observations of summer scason surface microclimate to
performanee of planted conifers, The results indicate correlation  between
mortality and madmum ground surfuce tempersture for juck pine. between
rnurtexléty and maxinium air temperature for white spruce, and between height
growth and mwean air temperature of the previous summer for white pine.
There i, however. the possibility that the temperature-mortality  correlations
are meich symptomatic of some partivalar weakness in the specific planting
such us relatively poor root-shoot rutio. This could not be determined from
availuble data.

Mo correlutions were found hetween Piché evaporation and either mortality
or height growth of the scedlings.

From a broad viewpoint the results emphasize the complexity ol local
climate inrefation 1o seedling survival and growth, Regarding the influenee
vt topography, Geiger (19503 has pointed out the major impuitance of aspect
daring the day, and of cold air collection in low arcax at night, This study
ernphasizes the additionul streng isfluence of soil moisture on loval climate,
und the duytime signilicance of relative clevation. Increusing clevation usually
mewns incieasing ventilation, and increasing evapotranspiration. Decreasing soil
moisture can mean decreasing evapolrunspiration. hence increasing maximum
temperature. 16 i seen that dussification of focal climate in terms 0f aspecet
wlone s of very Hmited utility.

Interactions between meteorie and physiographic factors iovicase the difli.
culty of distinguishing the effeets of individual fuctors on seedling sarvival and
growth, The direct elfect of soil variation on seedling performance cannot
peadily be separsted from the indirect effects operadive  through soil-locud
climate interactions,
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