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ABSTRACT

The first two years of an ARDA-project to determine whether
it is possible to menage blueberries on a commercial seale in
Manitoba, as undertaken in the Maritime Provinces, revealed that
the limiting factors are frost, competing vegetation and drought,

Menagement in open fields, which is the usual practice in
eastern Canade seems to have disadvanbages here; therefore this
investigation was designed to determine the importance of shade, as
a means of minimizing the effects of drought, on a blueberry popu=
lation when it emerges afber fire-pruning,

Five plots (15m by O.3m) were used., They were comparable in
number of blueberry shoots, abundance and composition of competing
vegetation, soil, moisbture and shade. They were burned in early
spring and, immediately after this, shade was provided artifically
by wooden screems giving the following ranges: 0%, 25%h, 50%, T5%
and 100% shade.

For the lowbush blueberry (Vaccinium engustifolium) it takes

twokyears after fire-pruning to produce the first erop. This inves-
tigation was concerned with those vegetative or "firsteseason”
characters, which had in other experiments been found to be posi-
tively correlated with yield.

Quadrats with low demsity of blueberry shoots before the
burn showed & higher rabe of increase in shoot number than those

which were already densely populated, regardless of shade. The

time of emergence of shoots after the fire and the time of apical
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aborbion were not influenced by shade. Barly dieback resulted in
branching (often frost-induced), late disback in cessation of growbh.
The final shoot size increassd with increasing shade; the percentage
of branched shoots, the number of branches per branched shoot and
the increase in shoot density showed a negative correlation.

The results are in contrast Lo those obtained in Wew Brumswick,

and can be explained by the different climate.
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INTRODUCTION

From 1965 to 1969 the Menitobse. Government has participated in
an "Agricultural Rehebilitation and Development Act" (A. R. D. A.)
project to study the feasibility of managing the native blueberry

(Vaceinium angustifolium Ait,) on a commercial scale, Since this

crop is of comsiderable economic importance in the Maritime provinces
of Canada and in the north east United States, there is a substential
body of informetion on managemént preactices from these areas,

When this project was started, essentially the same field
practices were applied as in Bastern Canada since the same species
waes involved., After two yeers it had become clear that the limiting
factors were frost damage, competing vegetabion and drought. Very
little can be done aboubt late frost, but the effects of burning and
herbicides on competing vegetation are presently under investigation,
as are the importance of irrigation and shade on minimizing the eff-
ects of drought.

In comparing open stands of blueberries with those under for-
est cover several differences were observed, Plants growing under
shade were often taller, showed less frost damage, had larger berries
and appeared more vigorous. A considerable proportion of the young
shoots that emerged after fire=-pruning dried up and died at the
height of the summer when fully exposed to the sun. The competing
vegebation that followed a burn was more abundent in the open; this

was particularly the case with bearberry, fireweed and several grass

species.




This invesbigation is a quantitative assessment of the
responses of blueberry shoobs emerging after fire=-pruning to varying
degrees of shade,

To appreciate the experimental design it is necessary to

briefly review the sequence of responses in V. angustfolium after

N

fire-pruning, This blueberry is a low shrub, growing to a height o

5

30 em in Manitoba. The aerial shoots are connected by subberranean
rhigzomes. Fire-pruning removes the old, relatively unpreductive,
aerial shoots, and subsequently young, more productive, shoots emerge
from buds on the stumps of the pruned shoots and from buds on the
rhizomes. Vegebative growth occurs in the first season. Abortion
of the apical meristem stops elongation of the shoot, From This time
on fruiting buds are initlated in the axils of leaves close Lo The
apex of the shoot, while vegetative buds develop farther down. The
following season the fruiting buds give rise to spikes of flowers
and the vegetative buds develcp inte branches. These branches
again initiate fruiting buds near thelr apex and vegetative buds
toward their base after apical dieback has occurred. This sequence
of branching and dieback is conbinued season after sesson and the
much=branched appsarence of an old shoot is gradually restored.
(Barker et al, 196l).

The appearance of a shoot for three seasons after pruning is
shown in Figure 1. Vhile a single shoot (Fig. 2.1) is most fregquently
encountered at the end of the first growing season, Fig. 2 shows other

types which are founde If dieback occurs early in the season the

shoot mav resume crowth after a short pause by elongation of a
Y g P N g




single axillary bud (2), or by development of severszl branches (%),
In very rare cases branching was found prior to the abortion of the
Uorimary™ shoot (l).

It will be realized now, that at least two seasons' investiga-
tions are necessary to fully assess the response of blueberry shoots
to shade. This project deals with vegetative aspects, while it is
plemmed to conbtinue during the summer 1968 to investigate the sexual

reproductive characters.




Figure 1., Reproduction of Vaccinium angustfolium after
fire-pruning.

il | iy i | G i | e — |
OLD SHOOT FIRE-PRUNING FIRST SEASON SECOND SEASON THIRD SEASON

Black tips indicatbe sborted apices; fruiting buds are

large and swollenyj vegetative buds nerrow and pointedj
the inflorescences are spikes,

Pigure 2. Types of one=-year-old shoots,

For explanation see text. (Page 2)




LITERATURE REVIEW

This investigatlion had two facebs: +the effect of shade, and

the conseguences of burning on Vaccinium angustifolium,

Shade:; Hastera Canade and the north sastern U, S, A. have been the
fatdaiisdeiidl

centres of blueberry research. In these areas lowbush blueberries

ustifolium and Vaccinium myrtilloides) are grown in open

fields and therefore little work has been done on the effects of
shades
Hall (1958) showed that the shade cast by compebing vegeba-

1

tion had a2 debrimental effect on blusberry plants. The size of the
shoots, the diamebter of the stems and the nuuber of flowsr buds per

snoot decreased in proportion to increasing shade, which h
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zht intensities {5000, 3000 and 2500 foob candle) found that
the number of flower buds was reduced significantly by shade.
Chendler and Kason (1946) found that more than 80% of Full sunlight
was required every year for large yields, while Kender and Brightwell

(1968) stated that when sunlizht intensity was reduced by 70% to 80%

with shade cloth, flower bud formation and vegstabive growth in high-
bush blusberries were grsatly reduced, During the following season
many of the berries on these bushes dropped prematursely or failed %o

I -

develop normally. ‘hen the normal lizht intensity w

gr

5 reduced by Ca.
50%, the effects were not so pronounced bub were still guite obvious.

These results emphasized the importance of good pruning practices to

admit maximum light to all parts of the bush,




Even though these authors seemed to agree that the open
habitat is the best from the economic point of view, there are other
invesbigations which restrict this general coneclusion,.

Vhen sbudyiag the floristic changes following the cubting and
burning of a woodlot for blueberry production, Hall (1955) considered

it importent that the change in habitat of Vaccinium angustifolium

and V, murtilloides from the forest to the open should be gradual and -

slow, He stated:s "This study shows that on this site clean-cutting
of forest trees when followéd in one year by burning failed to give
a good stand of blueberries, No blueberry seedling mede 'its app=
earance, After growing in heavy shade, mamy of the small blueberry
plants will be killed by a subsequent fire., If, however, the burn=-
ing is delayed several years until vigorous plants develop, greabter
success will probably be obtained. If there are weak blueberry
plants in the ground cover, the forest trees should be selectively
cut until enough light enbers to encourage vigorous plant develop=
ment before the plants are subjected to further treatment. Where
areas have been thinned by pulpwood cutting, vigorous plants have
been found in the woods. .These plants when given a favoursble en-
vironment will act as centers from which new rhizomes will spread.
When it is desired to enlarge a producing field by clearing land
from adjoining woodland, blueberry growers at Tower Hill (N, B.)
have found it best to cut a narrow strip, two or Three feet wide,
each year, This procedure stimulabtes the spread of exisbting plants
rather then the growth of seedlings,"

Moore and Ink (194,) dealt with the effect of rooting medium,




shading, type of cutting, and cold storage of cubttings on the pro-
pagation of highbush blueberry varieties. They found that shade
was not necessary for successful propagation in Beltsville, Maryland.
They menbioned, however, that propagation of bluseberries without
shade has sometimes been unsuccessful in Michigan and concluded that
the necessity of shading needs to be determined for regions of dif-
ferent climatic conditions.

Smith (1962) made an ecological study in Alberta. Vaccinium

myrtilloides Michx and V., vitis-idaea L. var. minus Lodd. preferred

low light intensities; however, a minimum requirement of light for

normel growth and development was indicated. Vaccinium myrtilloides

hed a wider adapbtability in this respect. Smith (1962) explained

the disagreement of his results with those of Hall (1958) , who worked
in New Brunswick, on the basis of climatic differences. Eck and
Childers (1966) stated: MAlthough good light is essential for maxi-
mum growth end fruit production, it is not necessary for actual
ripening and colour development of the berry." Hindle, Shutek and
Christopher (1957) found that berries picked while wnripe turned
blue in complete darkmess, They also covered some blueberry clus-
ters on bushes with light-tight aluminum foil and found that the

berries ripened normelly with no harm to the flavour.

Fire-Prunings Pruning by fire influences both the vegetation and

the soil and these effects will be discussed separately.
There is general agreement that burning is the cheapest and

most effective method of pruning a blueberry field. For example,

Barker et al. (198l stated that "where the fields are managed,
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either through private ownership or on long term government leases,
lowbush blueberries are heavily fire-pruned to keep the shoobs
vigorous and productive, a procedure that also exerts some control
over insects and weeds.”

Dow (1955) wrotes ®Most blueberry growers burn their fields
every two or three years. This is the only practical method that
has been found to date for pruning lowbush blueberries. Periodic
burning also aids in controlling certain insects and diseases.”

In their conclusion Eaton and Hall (1961) indicateds %Strong
new shoobts are needed each year Lo ensure continued production.

These can only be obtained by severe pruning, The use of fire is
accepted as the simplest method of pruning out the old stems.™ Others
who support this view are Hall (1957): ™Burning is essentiall& a
pruning process. Old, highly-branched bushes have fewer flower buds
and they must be replaced by single shoots that are more productive.”
and Kinsmen (1959): Y. . . blueberries are produced on vigorous
one-year old shoots, so blueberry plants must be regularly pruned to
produce maximum yield., Burning has proved to be the most economical
method of pruning.”

In considering the effects of fire on the competing vegstation,
the Menitoba Government Blueberry reports (1966) stated: %There was

o decrease in cover of bearberry (Arctostaphylos uva-ursi) by 55% and

a decrease of grasses by 1L% the first season after the fire-pruning
compared to pre=burn conditions." Bearberry and grasses are the main
competibors in south eastern Manitoba., Paul (1966) stateds "Blusberry

stands in all forest reserves are most affected by the number of




bearberry plents present. A& strong negative correlation resulted
from the analysis of the association between blueberries and bear-
berries, Sandilands and Agassiz Forest Reserves were surveyed
approximstely one month laber than the Bel-air Forest Reserve, and
there is a suggestion from the results that grass species begin to
compete with blueberries later in the summer.®

Burning, however, has disadvantages. Dow (1965) stated:s
®On the other hand, burning has some disadvantages in that it pre-
vents an increase of organic matber in the soil and results in
the loss of all nitrogen from the burned plants. The fire hazard
in burning also is a serious menace to adjoining fields and
woodlends.® Eaton and Hall (194l) wrote: “Burning mey destroy
Tthe organic layer and lower the moisture=holding cepecity of the
soil, It is importamt to burn the entire area without leaving any
#islands®™, since old plents provide refuge for meny insects and
fungus pests,”

Burning is important because it chenges the physical and
chemicel properties of the soil. A grest deal of work has been
done on this subject; this review will be restricted to soil fypes
similar to that encountered in this investigation. The severity of
changes introduced depend to a large extent on the temperature of
the fire, and it can well be for this reason that there are cone-
trasting records in the literabure on almost every chafacteristic
investigated.

Temperatures of up to 850° F in forest fires have been re=

ported by Hoffmen (192), which resulted in the complete destruction
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of all soil organic matter. Fire also effects the temperature of
the soil for some time after its cccurrence., This is partislly the
result of removing the insulating vegetation; more significantly, it
is the result of increased light absorption by the blackened sur-. |
face and by the presence of charcoal in the soil. (Boyce (1925),
Isaec (1929), Isaac (1930), Lutz (193L), and Tryon (19L8).

The role of fire in increasiﬁg erosion and surface runoff,
and in changing soil moisture characteristics has been investigated
by meny authors., In general ‘there is agreement that a fire in
wooded areas increases erosion. Bell (1889), Preble (1908), Kolok
(1931), Lutz (1931), Trimble and Tripp (16L9), Buch (1951). Yo
increase in erosion was reported bys Veihmeyer and Johnson (19Ll),
Adams, Ewing end Huberty (19L7), and Biswell and Schulz (1957).

Vhether a burn incresses the fertility of the soll depends
largely on the severity of the fire and subsequent ercosion and
leaching. When the topography is level at least a temporary im-
provement is expected. Since ash is rich in alkaline minerals, its
lesching into the ground with the rain water will decrease the
acidity of the soil solution, This increase of the pH and the
addition of minerals will increase the fertility. The following
workers support this statements Alway (1928), Barnette and Hester

(1930), Isaec and Hopkins (1937), Uggla (19L9), Ferrell and Olson (1952).

However, no significant change in soil acidity after a burn was repor-
ted by Lutz (193L), Beadle (19L0), Beard and Darby (1951).

The duration and temperature of the burn will determine %o

what extent soil organic matter is destroyed. Closely interrelated
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with the orgenic matter is the scil nibtrogen, and eny change in
the former will effect the latter., Nitrogen does not always follow
the same trend, since an increase of nubtrients in the soll through
the ash increases the microbiasl activity including that of nitrogen=
fixing bacteria, Results are therefore only comparable if the
semples are taken immediately after Tthe burn. This is one reason
for controversial reports in the literature as to nitrogen changes.
A loss of soil organic metter with burning was shown by Osborn. {1931),
Fowells and Stephenson (1933%), Domahue (19L2), and Trimble and Tripp
(19L9). Mo Loss of soil organic matter was reported by Wicht (1948),
Beard and Darby (1951), and Bruce (1951).

A decrease in nitrogen was revealed by the investigatioms of
Barnette and Hester (193%0), Osborrn (1931), Lutz (193L), and Trimble
and Tripp (19L9), while the work of Heyward and Barmette (193h),
Garren (1943), Tryon (19L8), and Lunt (1951), indicated an increase
in nitrogen.

A few of the more important cstions (Ca, P, ¥, Mg) will be
brisfly discussed.

The change in caleium conbent is closely correlated with soil
acidity. Aan increase was found by Barnetté and Hester (193Q),

Powells and Stephenson {1933}, Isaac and Hopkins (1937}, end Garren
(1943). On the other hand, Seaver snd Clark (1912) showed a decrease
in available calcium. An incresase in phosphorus was indicated by

Lusz (193L), Lunt (1951), and Uggla (1958). No significant change

in soil ophosphorus after & burn was reported by Fowells end Stephenson

(19%3), Lutz (193L), and Isaac and Hopkins (1937). An increase of
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potassium was revealed in the publications of Isaac and Hopkins (1937),
Kivekts (1939), Lutz {195%), and Uggla (1958). Wo increase in soil
povassium afber a burn--presumably because of subseguent leaching=--was
shown by Finn (193L). Austin and Baisinger (1955), mentioned an

increase of avallable magnessium following a forest fire,

Very little work has been done on minor elements., Ahlgren and

Ahlzren (1960).




SETTING OF THE AREA

a) Location

The study area was locabed in the Agassiz Forest Reserve in the
south east corner of Manitoba, approximately 60 km east of Winnipeg.
The exact location was 96° west, 50° north, township 11, range 10,
sections 28 and 29. It falls into the south eastern‘lake'Terrace" M
area of the physiographic subdivision ®Manitoba Lowland" (Weir,

1960) , and into the ®Lec du Bonnet™ map sheet of the Manitoba soil

survey (Smith and Ehrlich, 1967),

b) Geology and Physiography

The bedrock formations of southern Menitoba with respect to
their surface contact are shown in Fig. 3. The western part of the
area is underlain by limestone, dolostone and minor quanfities of
shale and evaporite of the Red River Formation and the eastern part
by sandstone and some shale of the Winnipeg Formation of the Ordovie
cian Period, These sedimentary rocks plus acidic intrusive rocks
from the Precambian Shield have all contributed to the glacial
drift deposited here.

The south eastern "Lake Terrace®™ (Fig. L) lies between the
f£lat lacustrine plain of the Red River valley and the Precambian
Shield. It is part of the Lake Agassiz basin. The terrain is a
complex of landforms that have resulted from the deposition of
glacial till, glacio=-fluvial outwash, the scouring of the higher sites

by weve action, deposition of lacustrine sediments and the ponding

and swemping of depositional sites. A surface mantle of unconsolidated
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material covers the bedrock formation through most of the area,
These unconsolidated materials--drift, glacio=7luvial oubtwash and
lacustrine sediments--constitute the parent maberial from which the
soils have developed. Smith et al. (1947).
The invesbtigation area has an altibtude of ca. 900 feet and
lies close to the divide bebtween the Brokenhead River and the ¥#ianipe

ITH

River basins, The principal relief and drainage feabures are shown
Figure 5. The Brokenhead River drains most of the Agassiz Forest

Reserve, flowing from the swampy lowlands of the south eastern

ake Terrace into Lake Winnipeg. The upper portion of the river

and a tribubtary, Hazel Creek, meander through poorly=defined valleys
and overflow Gheir banks frequently. In its lower region the river
flows in and is confined to a channel averaging more than 3 meters

in depth. Smith et 2l. (1967),

c) Soil

The soil of the study area has developed on a ground moraine,
A surface layer of 30 to 90 oem of coarse sand grades inbto fypical
"pboulder till®, In the "Lac du Bounet" soil map, the area falls
7

go 6) characterized by

into the Carrick-St. Labre soil group, (Fig

Grey Wooded and Rego Tumic Gleysol soils on water-worked strongly
calcareous glacial till, However, profile enalysis (Fig. 7, Table IX)
show it to be a Gleyed Podzol (Stobbe, 1956). According to Smith
(1968) this soil is characteristic of the Lone-sand-iintergreen

soil group. OSmith et al, (1967) described it as follows: "The Lone-

sand series consists of impsrfectly-drained Gleyed Podzol soils developed
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Figure 5, Topogrephy of Lac du Bonnet Aresa.
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Figure 6. Soil Groups of the Lac du Bonnet Area
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Figurs 7, Soil Profile, (Representative Torm all profiles
taken.,)
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on siliceous sandy outwash. They are associated with numerous
moraines that extend from the hamlet of Contour in the south,
through Milner Ridge in the central section to Vietoria Beach in

the north of the ares mapped. The topography is generally level

t0 irregular and very gently sloping. Surface drainage is slow and
internal drainage is impeded by a high water table.

The Lonesand soil profile has a light grey, iron-stained,
strongly acid Aeg horizon and a loose to very friable, brown, strongly

acid, iron-stained B horizon with a weak concentration of iron and

organic matter. The C horizon is acid to a depth of about lm to l.2m

where - . traces of lime carbonate are encountered.”

d) Native Vegetation

Using Rowe's (1959) classification of Canadian Forests, the
Agassiz Forest Reserve is in the "Manitoba Lowland" section of the
¥Boreal Forest®™ region--B 15 (Fig. 8).

The prevailing vegebation on the flat, poorly-drained sites

consists of patches of black spruce (Picea mariana), with interven=

ing grass and sedge swamps. Well=drained sites usuelly have a tree

cover of white spruce (Picea glauca), aspen (Populus tremuloides),

end balsam poplar (Populus balsamifera); scmetimes mixed with balsem

fir (Abies bslsamea) and white birch (Betula papyrifera). Very

well-drained sites, like the study area, support jack pine (Pinus

benksiena). Other species present locally in this section are elm

(Ulmus smericana), green ash (Fraxinus Pennsylvanica), Memitoba

maple (Acer negundo var. interius), end eastern white cedar (Thuja

occidentalis).
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Figure 8. Native Vegetation of the Lac du Bonnet Area.

Black circle indicates study area,
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e) Climate

In relation to world-wide conditions the Agassiz Forest Reserve
is within the Dfb climatic region by Képpen (1936). The climate is
typicelly Mcontinental®, being a great distance from the oceans and
their moderating effect, Summer temperatures are higher, winter bGem-
peratures are lower, and the annual Gemperature range is much gresater
than the world average for this latitude.

There is a definite summer maximum of precipitation, approxi-
mately 70% falling as rain during the period of April to October and
about 30% as snow during the winter months, The mean monthly winter
emperature is below 0°C, while the mean summer Gemperature is above
109C, Trensition from winter is abrupt, occurring normally in fpril,
and the change from summer to winter is usually in October. Temper-
sbures are particularly variable during the spring, fall and winter
seasons when the area is affected by frequent frontal disturbances
between cold "continental polar™ air from the north and warm dry
"marine polar® air from the south. In winter fromtal acbivity is
gonorally more complex and intensive. (Weir, 1940),

Referring specificaily to the Agassiz Forest Reserve, the
average frost-free period ranges between 11l and 127 days, while
the annual precipitation is slightly below 51 cm (20 inches). MNost
of the precipitation, both in summer and winter, is frontal in
origin accompanying numerous successions of slow-moving cyclonic
storms or areas of low pressure.

Table I compares the more importent eco-climatic parameters

of Manitoban Blueberry areas with those from eastern Canada. The
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effects of the more continental climate are obvious: precipitation
is less in Manitoba, mean July btemperature, evapotranspiration and

water deficit are greater,
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METHODS AND MATERIALS

a) Selection and Subssquent Preparation of the Ploks

An area in the Agassiz Forest Reserve had been prepared for
burning in the spring 1967 and was used as the site of this invese-
tigation,

1t was decided to use 5 plots 30.5 em (1 foot) wide and 15.5
m {50 feet) long to take into account clonal variation., Trevets
(1962), Barker et al, (1944). The competing vegetation on these plots
was of comparable abundance and composition (Teble VI), Further
points taken into consideration were uniform topography, comparable
soils, a similar water table depth and the absence of decaying tree
Grunks or stumps, which would have provided a more fertile substrate
for blueberry shoots growing close by. It was furbher assured that
the light conditions were uniform before the trees were cub, so thatb
the clones to be exposed to varying degree of shade had had a similar
history.

The plots were divided into Pifty 93%0 om® (1 foot?) quadrats,
which were numbered 1 to 50, going from west to sast. All plots
contained between 550 and 650 blusberry shoots and all had a density
range from 1 shoot per 930 cm® to 30 shoots per 930 cm® in their
quadrats. Of the 50 quadrats 10 were selected for a detailed study
from each plot. Selection was made with regard to a desired range of
densities, since several blueberry characters have been described
as densiby-dependent, Trevett (1962). Table II lists the seleched

quadrats in each plot with their densities and location, Low=

density quadrats were duplicated as a precaution against sampling
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loss. The total number of shoots selected for detailed study was
122 per plot. This was considered an adequate ssmple size (Paul,
perscnal communicetion), since a further incresse in shoot number of
60% to 80% was expected after the burn. To relocate the plots after
the fire, bounderies were marked with aluminum stakes. The blueberry
shoots were then fire-pruned with a propane burner mounted on a trac=
tor. The ground temperature was 12506 to 250°C, sufficient to prune
the blueberry shoots, but not to destroy the organic surface horizon
of the soil,

Agter the burn the plots were re-established by comnecting
the aluminum stakes with sbtring. Individual quadrats were marked with
wooden stekes. ©Shade was then provided over these plots artifically
through wooden screens. The slats of the screens and the spaces
between them alternated in such a way as %o give the renge in shade

intensities shown in Table III,

TABLE IIX

Plct Numbers and Treatments

Plot No, Treatment
1 0% shede (open conditions)
2 25% shade

' 50% shade

L 75% shade
5 100% shade

The individual units of the screens were 120 by 120 cm, and

1L of these were used for each plot., The orientetion of the plots
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wes east-west; a wooden framework (5 x 10 om timber) supported the
secreens at a height of %0 cm above the ground on the south side rising
%o 80 cm on the north side. (Fig. 9).

This design had the following advantages: (a) The desired
alternation of light and shade was ezperienced over most of the day,
(v) The screens were high enough to allow measurements to be baken
under them without removing them. (¢) Free air movement--important
for temperature and humidity exchange--was possible, and (d) The
narrow and inclined screens did not greatly interfere with preci-
pitation; however, they were wide enough, compared to the width of
the plots, to prevent an "edge-effect”™ (Odum, 1959) on the latter.

To prevent the translocation of water and nutrients into and
out of the plots through the blueberry rhizomes, a 20 cm deep cub
wes made around each plot at a distance of 40 cm from the boundaries.
The average depth of rhizomes was found %o be 6 em, determined from
20 randomly selected plants, (Table IV)., The complete sequence of
events from the appearance of the site before the burn to the erected

screens is shown in the photographs in Fig. 10, A comparative side

view of the different shade percenbage screens is given in Fig., Q.

He

b) Analysis of Blueberry Characters

All 10 guadrats in each plot were investigated twice each
week in June and July and once each week during the remeinder of
the season. for each quadrat a mep wes mede and emerging shoots were
plobted and numbered. Time of emergence, size, btime of apical abore

tion, frost demage and amount of branching were recorded in a Table

sccompanying each mep., (Table V), Tagzing had been used in
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Figure 10. Preparation of the Plots

v Appearance of Plots Before the Burn
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Figure 10 Continued -

Appearance of 75% Shade Screen (left), 50%
end 25% Shade Soreens (right).
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Menitoba in previous years, but this seemed to have a harmful effect
on sensitive young shoots. Tazgs also may affect or even prevent the
emergence of new shoots directly under them because of their weight
and the elimination of light, and this would introduce errors.

Since the selection of quadrats was not random, at the end of
the growing season all 50 quadrats in each plot were investigated for
number of emerged shoots, finsl size of shoots and amount of branch-
ing., No significant difference was found between these results and
those from the 10 "selected™ quadrats. It can therefore be assumed
that the sample size was representative,

To be able to compare the response of Vaccinium angustifolium

to shade in Manitoba with results obtained by Hall (1958) and Hall
and Ludwig (1961), who worked with the same species and a similer
experimental design in New Brumswick, fifty blueberry shoots were
selected randomly in each plobt, and the shoot size, stem diameter
at the soil surface, average leaf size and internodal length were
determined. Leaf size was estimated by removing the leaf from the
shoot end comparing it on a diagram wilh 10 Ygrades® of predetermined
leaf sizes, drawn from a previous collection. Fig. 11 gives the
grades and the corresponding areas in mme, which were used in the
subsequent anslysis.

A computer was used to assist in the sbatistical analysis of
the data, Bvery numbered shoet had been allotted a card, onto
which all important characters had been punched. This is a perman=-

ent record to which date from the summer 1968 and subsequent infor=

mation can be added.
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Figure 11, Leaf Type Variation and Areas (mm®).
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Treatment of the Competing Vegetation
It should be emphasized at this stage, thet the plots were

c)
Vaccinium angusbifolium in an

laid out for a detailed amalysis of
area where competing vegetabion was of little importance., The
results obbained will therefore not give a representative picture of
the competiticon problem in lNenltoba's blueberry areas.
The competing vegetation was analyzed three times: (&) before
April burn; (b) after the burn at the end of June; and {c) at

the
The first assessment was part of the method for

the end of August,

establishing the plots.
A summary of the pre-burn investigation is reproduced in

Only woody species, evergreens and mosses could be
Cover

Table VI,
identified with any degree of accuracy at this early date.

and frequency values were determined for each quadra®t in sach plot,

-

modification of Braum=-Blanquet's (19%2) cover values was applied,
The June analysis was mede to deter-

)

P
b

This is given in Table VII.
mire the spring competitors or the pioneer species, which emerge
The August analysis was done to check

first after a forest fire,
whether there was any change in composition of The competing vege=

tation as the season advanced.
Abtempts were made to correlate compebing vegebation with

An index of competition

shade and with blueberry performance,
was worked out by multiplying the freguency by the averasge cover

value for each species, which were subsequently rated as to their

importance as competitors,
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TABLE VI

FREQUENCY OF COMPETING VEGETATION
BEFORE THE BURN

g g
£ o g 3 §o s« & o &
g 3§ % F f B B¢
E % S é’ oy &) = s} w1 Py f;?
0% {6 L 22 L 36 22 16 2
o5% {20 Lo L2 2 é2 1 L
5oz (Lo L8 22 8 Lb 8
5% |72 62 L2 38 36 28 10
10045 {70 32 & 52 12 Lo L 1o 16

TABLE VII

COVER VALUES (Modified from Braun-Blanguet, 19%2)

1 = presence and up to 5% cover

2 = &b to 25%

3 = 264 to 50%
i = 51% to 75%

5 = 765 to 100%

Decimsls used for conversion when using cover value scales

0 = 0% 1.8 « 5% 3.6 = L1%
002 Eooz% 2o0 4 6% 5 8 ) .16%
Ooly =0.1% 2,2 & 10% Le0 = 51%
006 8006% 20)4- -] 1.—!{0 Ll. 2 @ 557
008 HO.S% 206 =2 18% L}. -}. 2 6070
1.0 = 1% 2.8 = 22% L6 = 65%
1,2 = 2% 3,0 & 26% 118 & 70%
1l = 3% %2 m 31% 5.0 = 75% end higher
1‘6 =B Ll% 3 Ll- 56%
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d) Treatmeat of the Soil

Soil samples were obtained from 8 sites; 3 from a comparable
unburned ares surrounding the inveshigation plots, and 5 composite
samples from the 5 burned plots, all selected at random. AL each
site a sample was collected from each horizon (L-H, Aej, Bmgj, B=C,
Cgi)s (Smith, 1967). Soil pits were dug in the unburned area, while
auger cores were used in the plobts to avoid undue disturbance. The
composite samples for each plot consisbed of mixtures of 3 randomly
selected core samples,

Mechanical and chemical analyses were undertaken in the De-
partment of Soil Science, University of Manitoba. The soil texbure
was determined through the sedimentation technique (pipette anelysis)
outlined by Kilmer and Alexander (1949). Methods used by Burns (1952)
and Beaton (1959) were employed to determine water infiltration rates.
A steel eylinder, 20 cm high, with a cross ssctional area of 125 om®
was driven 10 cm into the mineral soil. A piece of wire screen,
fitted to the inside, was pubt on the groumd to prevent disburbance
of the soil which would introduce an error in time taking, when
water was poured into the cylinder. The time required for 1000 ml
of water to pass into the so0il was measured to the nearest sec.
Twenty replications were done in both burned and unburned areas in
2 random menuer.

Using the methods outlined by Atkinson, Giles, Maclean and
Wright (1958), the following chemical properties of the soil were
determineds pH, conductivity in mmhos per cm, percent calcium

carbonate equivalent, percent organic mabber, percent total nitrogen,
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sodium bicarbonate extractable phosphorus in ppm, cation exchange
capacity in meq. per 100 g., and the exchangeable cations (Ca, Mg,

K, Na) in meg. per 100 g.

e) Determination of Micro-Climatic Factors Under the Screens
A series of measurements on light (duration and intensity),
temperature and moisture were made to find out to what extent the

conditions under the screens differed from those in the open.

1) Light: The east-west orientation end the inclination of the

screens o the south influenced the durastion of light and shade
received under Ghem by the plots., They caused a relatively rapid
alternation of light and shade in the mornings and evenings, since
at these times the sun's path crossed the soreens, while at mid-day
light and shade alternated slowly. At this time the sun's path
more or less paralled the direction of the plots.

The exaob lengths of time during which a point came into light
and remeined in it, before becoming shaded agein, was measured at
reguler intervals over the entire day to the nearest minute. This
wa.s done for the 75% shade screens and the 50% shade screens, and
interpolated for the 25% shade screen. Two instruments were used
to measure the actual light intensity received under the screens.
The Westion Illumination Meter (Model 756) proved very useful,
since its measuring or sensitive area corresponds closely to the
ares covered by a blueberry shoot (ca. 13 cm?), in its first

growing season after fire-pruning. ©Since only one instrument was

available, measurements were wmade when light conditions were consbant




for a period of time, sufficiently long to take several readings,
Under the screems both the greatest light inbensity on the illum-
inated strips and the lowest light intensity in the shaded strips
were measured. A weighted mean intensity was then computed by
considering both the intensity and the durabtion of each. This
procedure was repeated for each plot and served well for compari-
sons.

Light intensity was always measured by putting the instru=-
ment's measuring panel flat on the ground with the sensitive cells
pointing vertically upward. Measuring directly against the sun was
not accurate, since on a bright day this light intensity would
exceed the sensitive range of the instrument. Three measurements
were taken in a short sequence, one at the ground in the open, the
second under the screen on a shaded strip and the last under the
screen on en illuminated strip. Shade was defined as reduction in
light intensity and computed By subtracting the weighted mean light
intensity under the screens from that measured in the open.

The second instrument used for lighbmeasurements was the
pyrheliometer of the Belfort Instrument Company. Compared to the
Weston Light Meter this instrument was rot .as useful since the
sensitive black and light metal plates are many times larger than
the area covered by a blusberry shoot. Also, in the 50% shade
plot, they extended over two light and one dark strip. The values
measured were therefore averages. Iwo pyrheliometers were used.
They were first checked for deviation by setbing them up under the

same light condition. One was then left in the open at an elevation




of 10 cm above the ground, the other was set up under a screen at
the same elevation. A 10 cm height was chosen to prevent the
shading influence of vegetation. After a two-day run the instru-
ments were moved to the next pleot uwntil all plots had been investi-
gated, A Polar Planimeber (Hughes-Owens lodel 29012) wes used to
compute the aress under the lines of the charts recorded by the
instruments. Again, shede was considered as reduction of “open®

light intensities and expressed as a percentage,

2) Temperature: The sxbent to which the temperatures under the

screens differed from those in the open was investigated using a
Tele-thermometer (YSI Hodel li2 SC). This was connected to a 12
line switch box, which allowed the simultaneous record of vp to

12 thermistors. To obtafna complete Yprofile® of temperatures in
o D

the open and under the screens, thermistors were established at

following levels: (a) one at a height of 120 om., This is the

e

elevation at which temperatures are usually recorded by weather
buresus and since Lhis was above the screeans only one bthermistor
was reguirsd. Pairs were then set up at (b) %0 em, {(c) 3 om, (d)

ot the soil/air interphase, {e) 3 cm below the ground, and (£) 20 cm

below the ground. Tempsratures were measursd simulbaneously over

oo

the entire day abt intervals determined by the frequency of alter-

nations of light and shade. In other words, an atbempt was made

£

A1 kn 3 H 4 L

to measure “extremes”, For instance, the btemperabture of a spotb

a0

was measured which had been in the light for The maximum length

of Hime, just before it was covered by shade, or, at the other

exSreme, the temperature when it had been in the shade for the maximum
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length of time. This method was repeated for all plots over a periocd
of several days. A temperature of %2°C at 120 cm height was then
selected To compare the trends under the different screens. This
temperature had been measured on 3 plots and was interpolated for
the remaining 2 plots. For comparative purposes, a weighted mean
temperature was computed, taking into account the values obtained on
the light and on the dark strips and the duration of each under the

screen in question.

3) loisture: Abtempts were made to compere the moisture relation-
ships on the plots, and to find out, whether and to what extent the
screens interfered with precipitation. Two methods were employed.
Firstly, the rain was measured in the open and under the screens by
using large fumnels of 20 cm diameber directed into 1000 ml botiles
which conbtained 20 ml paraffin oil to prevent evaporation of the
collected water, Unforbunately only 3 runs of measurements could
be made using & fuanels at a time, then the aresa was closed off
because of forest fire dange, prohibiting the completion of record-
ing the data on this study.

The second method used was the indirect debermination of
aveilable soil moisture with a Bouyoucos Lioisture Neter (llodel BN=-2B),
Gypsum blocks were buried in the soil at depths of 2, 8, 16 and 30 cm.
Records were made throughout the summer, These moisture blocks
proved somewhalt unreliable in this coarse-textured soil, but served

well for comparative purposes. The instrument was calibrated in

the laboratory using the same type of soil. In the section on




Ly

results and discussion tables with moisture meter readings are
reproduced to show the effects of the screems on the available soil

moisture after a period of drought.




RESULTS AND DISCUSSION

&) Analysis of Blueberry Characters.

‘Emergence and Apical Diebacks All plots were burned on April 28

and the iirst shoots emerged on June 3. Fifty percent of all shoots
emerged during the following 2 weeks, while The remainder were
spread over the rest of the growing season. Apical abortion was
detected first on Jyne 18 and by July 1L had occurred in 50% of all
primary shoots. Both emergence and dieback showed a normal distri-
bubion, if frost-induced diebsck was not considered (Fig. 12). If
June 17 and July 1l vore taken as the average dates of emergence and
dieback then the time of elongation of the primary shoot was about
one month, No difference was observed between the shoots under
various percenteges of shade in this respect. Shoots that emerged
early did back early; in shoots which emerged late, apical abortion
ocourred iatee

However, early dieback did not necessarily result in cessa-
tion of growth. If it occurred before June 30, then 75% of the
aborted shoots developed several branches, while the remainder re-
sumed growth through elongation of a single axillary bud., If
dieback occurred later than July 28, then 75% of the aborted shoots
ceased growth. Between these two dates abortion was followed more
than half of the time by further growth of a single axillary bud;
the proportion of branched shoots decreased, while the proportion
of shoots with no further growth increased as The season advanced
(Fig. 13). This figure includes frost-induced dieback, which

caused the secondary pesk around June 26. The fact that apical
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abortion spread over the entire season supports the conclusion of

L7

Barker and Collin (1963) that it is not controlled photoperiodically,

This trend has practical implicatioms. If it were possible to
arvifiicially induce abortion early in the season, the proportion

of branched shoots could have been increased.

Shoots Per Unit Areas The increase in number of shoots per unit
P

area over pre=burn densiby was highest in the open and decreased
progressively as the shade became more inbtense. The open plot
showed an increase of 97% over the pre-burn demsity, while the 75%
shade plot showed an increase of only 7%%. For all practical pur=
poses the 75% shade plot will be taken as the limit, 100% shade has
never been observed in a natural blueberry stand and has therefore
no significance (Fig. 1L). The increase in number of shoots is
also influenced by the density of the quadrat before the burn (Fig,
15). Guadrats of a low pre=burn density increased at a much faster
rate than those which already had a high density before the burn.
The relationship is logarithmic, A quadrat containing 1 %o 5
shoots per 930 om® (1 foot?) incressed its density by ;75%; a
quadrat which already hed 35 to LO shoots per 930 cm® increased by
only 35%9

The practical importance of this trend is that the "patchi-
ness™ which is observed in s nabural stend (Trevebt, 1942; Barker
et al. 196l) would graduslly give rise to a more uniform and contine-

nous population after repeated burning.
POor p
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Final Shoot Size and Growbth Rates: The final shoot size increased

as the amount of shade increased. There is a positive correlation

up to the 75% shade level, followed by a sharp drop toward the 100%
shade level, However, as already mentioned, 100% shade is not

found in a natural stand and need not be considered. The average
shoot size in the 75% shade plot was 12.9 cm compared to 11,0 cm in
the open plot. (Fig. 16). Taller shoots have following two advan=
tagess (1) they have more branches, and (2) they have more fruiting
buds then shorter shoots. Trevett (1942), This trend is in contrast
to the findings of Hail (1958) and supports in part the conclusion
of Smith (1962).

The growth rates of the shoots in the open and in the 75%
shade plots are shown in Figure 17. The larger final size in the
shade was due to two factors: (1) a steeper gradient or faster
growth rate, and (2) a slightly longer growing season. The average
time of emergence was the same., [Migure 17 includes the elongation
of branches., The final shoot size is positively correlated to the
time of emergence (Fig. 18). This supports the findings of Eaton
and White (1960) of the economic importance of an early burn. Lastly,
the density of the quadrat in which a shoot grew influenced its
final size. This has already been stated by Trevett (1942). Figure
19 shows the negative correlation. Shoots growing in quedrats with

2

densities 1 to 5 shoots per 930 cm™ attained en average height of

1% cm, while those growing in densely populated quadrats (35 to LO)

averaged 12 cm, Higher densities were normslly not encountered.

Ther they did oceur, it was the result of exceptionally favorable
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soil conditions. Under Shose condition the shoots wers also Haller
than expected and did not follow the above treud. Thess plots are
shovn as solid dots in

igure 19; they are based on single observa-

tions and were anot considersd when drawing bhe regression line,

Branchings Forty per cent of the shoots in the open had branches

4

hade. The negabtive

(o]

compared to only 18% of the shoots under 75% s
correlation is linear., (Fig. 20). & significant proportion of the
branching was frosteinduced. A heavy frost on June 26 damaged 27% of
all ths shoots in the open, which hed at the time emerzed, 17% in the
25% shade plot and 7% in the 50% shade plot., No damage was observed
in the remaining two plots., Frost damage never resulbted in deabh of
the shoot, but 65% of the affected shoots developed branches., Thus,
without frost influence the differsnces in psrcentage of branched
shoots betwesn the open and the shaded habitat would have besn less

pronounced. Hot only was the percentaze of branched shoobs higher
in the open, but also the number of branches per branched shoot was

reater (Fig., 21), The average number of branches per branchad

g9
(443

hoot in the open was 3.2 compared to 2.); under 757 shade. Branched
shoots have more fruiting buds (Trevebt, 1942) thus these two char=
acteristics put Tthe open habitabt in this respect into an advantage-

O

ous position from the commercial point of wview.

Comparison of Responses in Manitopa and New Brunswicks The almost op-

posite trends in certain characters of Vaccinium angustifolium when

exposed To varying degrees of shade in Manitoba and in New Brumswick is

shown in Figure 22, Attention should be directed to trends rather than
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to absolute amounts, since it was not possible to repea

-

experiments of Hall {1958) and Hell and Ludwig (196l) in every detail,
This contrast can only be explained Ghrough the influence of the

more continental climate of Manitoba, a conclusion slready obtained

by Smith (1962).

b)  Analysis of the Competing Vegetation

Frequenciss and Cover Valuess BSince there was no significant

difference in composition or abundance of the main compsetitors
Yy

bebween the different shade-psrcentage plots, Table VIII is in
essence & summary. 1t lists the tobal frequenclies and cover values
of the 10 quadrats in each plobt, analyzed on June 30 (&) and
bugust 30 {(A).

Salix, Populus, Alnus, Pteridium, Petasites, lMelampyrum,

Apocynum, and Ledum were found in only one or two of the plots,

[~te

and their frequencies wers alweys less than 10%. They were there=-
fore of little importance as competitors,
In general compebtition became more intense as the season

advanced. Only a few important spring specises, Halanthemum,

Epilobium, Anemone, and Lathyrus showed a significant reduction in
5 b g

cover valuss beltween June and August. This was more than compensated

for by a great increase particularly of Cornus, Diervilla, Fragaria

and Gaultheria., The most lmvortant compebitors in the spring werse
i & o

Maianbthemun, Cornus, Diervilla, Epilobium, Gress sp., Anemons, and
3 2 > oy 3 By 2 2

F

ragaria. These were sarly fire-followers and often appeared before

the first blueberry shoots emerged. In August the rank of importance

wass Cornus, Diervilla, Maisnthemum, Gaultheria, Fragaria, Grass sSp.,




Figure 22.

RESPONSE OF VAC. ANGUSTIFOLIUM TO SHADE

24¢ IN MANITOBA AND NEW BRUNSWICK
21-’\\
18} N.B
g
o
et
g 12 _oMAN. oo T
£ loee—m————" ~
7} o ~%
s ol
<
N
7] [ 1Y L I n I 1 I 1 L A Iy
[+ 10 20 30 40 50 60 TO 80 S0 100
% SHADE
175,
£
€
e
w0
o~
S
s
k]
13
2
Q
504 A N} A 1 L L F 1 | 2 N 3
[¢] 10 20 30 40 50 60 7O 80 SO 100
% SHADE
2 —o-_
& p—nNA per T
- e
© -
= _MAN. o7
2 - \ﬂ\\
B
g 1 L A 5 k1 i iy L L ' A

0 10 20 30 40 8 60 70 80 S0 100
% SHADE




=

eousgIodwy

0¢ asndny = Y
o¢

O
i

~

Jo_Jjuey

P:9UO0D emg = L
2°0 0°1 2 0 0 0 0 0t Y
Mm M 2 ofl o 0 oto o o o O Iy satndog
602 y g°¢ | a7 G°¢ 0°G6 &°2 Ge¢ G { of og o 0 09 ¥
Nam © ° ° ° 0T 0 0 P |TIOUTNBY)
Bl D718 Ge B 87 on I AR % o o v
Lot 7°2 /| o1 | g°0 6°0 G2 8°0 8°C g} o6 of of 02 0% I BTABIBIT
6 | of C o bes e ot o1 0T 4 gr{ o¢ ot o1 O 0 ¥
¢tl 8 §°0F) o1 0 0 09 9°0 G&° 9 fo o or O Ol P vsoy
1] ¢1 Gog= Jeo { ¢*0 o0°1 o©0°T ©O°T 2°0 gl o1 o082 02 0¢ O ~ ¥
9 | 20t ze¢ L o°1 G°0 §6°¢ 0°01 O°1 2¢t o¢ o1t 02 O 09 I oTOWe Ty
g o1t} _, Geg | G°2 0°9 O°T 0°2 O°t fif] o6 oz o0¢ 05 0% v
Gl gott © of ¢°g | G°2 ©0°9 G°T 0O°T O°T o] o6 oz oOf 04 0% e s88dD
g | 9 . T°g | 0°¢ o0°CT 6°6 o°g ot lz2gj oL 06 06 06 OL ¥
cleoet! ® F# 0’2 190 G2 o°1T 0°G 0°1 o} o¢ 06 05 06 09 Iy BTTTALOTA
¢t} 02 gl 0°0T 006 {2 o o o0 O 0T ¥V
11} O1 8 #| 2o 0°92 {2 0 0 0 0 01 Iy XTTRS
T 096 6°9f 0°0Tl 0°0T O°ffT 0°9 0°8 0°3l 961 00T 00T 06 00T 06 Y
2| ota | 9| ¢ |g¢ G off o 900 |9L) o8 oot 08 08 O F snuI0
Lt &l 5o 5= (c*z | c°1 o°T O©O°ff 0O 0°1 figl o2 o¢ 05 O 0% v
1 et (1 0 &7 0°6 0°01T &°2 gzl o oy of o7 o2 e TmtqoTTdy
¢} 8e | gog- (6°G | o*01 &°6 0°c 0°9 0°9 06§ 00T 06 08 08 OOT V
T} 0601 (g°1T| 0°02 0°8 0°G 0°8T 0O°8 261 00T 08 00T 08 OO £ UWNWOURUSTEN
% % % % % |#
2y Q oot GL 05 & O 2k ooor 6L 06 G 0
581 & 3 § 9
e¥y 3 | 2% 30Td = % °Psus " & 3014 = % °ePpeus setoedg
S I 7o
m 8 nm VAR LT r% Kouenbeag

SIOTd FALE TTV Y04 NOIIVIEDIA HNIIEANOD J0 STVIOL

ITIA UIEVL




57

12
4
87

G
1

8t
LT
Lt
8T
91
Ot
03
a1

ol
ct
91

Ui
1T
a1

Jo_juey

eoueqrodur
wota1aeduos

E%cu;jr4u\paxx301<}é£

0O OMDO
PETYRACIRA

JOo Xepuy

% 40800

Ql
°

AV]
°

°
VO OO0 OO0~ O

LJ @

Q O N0 g
® @ o a © e o
e ONH OO e~ O

?

A4

N\<>r~~4C§4>CU<3\O

o 8800

—l

o3BI9AY

o
-3
o0

(@) o
@ o [}
NeNe¥r

[ OOOOO
~ MO MO -
MY

0°9
0
0°1 0
0 O0°T
0
0°T
0
4°0
0°1
0°04
0°92
G0
G°¢
G°z 0°1
0°T 0
0°1
0°9
% %
6L 04

n0Td = % OPBUS

9% Je40Q

2 9
Qe O O

°baag Teq07

NNCOCOO\O(\J\ON—:I‘NCOOC\JON

o3BJI0AY

01

QO O O

02
01
01
o1
0%

(8751
Ot

o1
02
0%
02
0%
o1

001

6L

0¢ gsnény = Y

0 0
0 0
0 0
0 0
0 0
0T O
0 0
0 0
0 01
0 )
0 0
0 0
0T OT
02 OT
0T O
0T O
0 0%
o 0f
0¢ 0
0 0
01 02
0

05 &2

0 ewnp = p
0 Y
o} e
0 Y
0 Iy
0 v
0 e
0 Y
0 e
0 v
0 e
0 v
0 r
0 v
0 g
0 Y
0 e
0 v
01 [
0T v
0 g
ot v
0 e
0

q07d = % ePuvyS -

Louenbeag

wnpe
umukoody
unJfdurs el
seqTsBY0d
J058Y
MTPLILSsd
wngestnby
snuty
gnalyy sy
eT0aLg

BOBUUT

setoedg

(p,au0n) S30Td ©ATd TTV <£0F woTgegedep Supgedwon Jo syejof - ITIA S198]




58
and Epilobium. The same main species were involved but Gaultheris

and Fragaria had become more important.

Correlation with Blueberry Performance: No correlation was found

between blueberry density or vigor and abundance or composition of
associated vegebation., It was surprising to find That shade had no
influence on the latter; however, the performance of individual
plants was not checked, as had been done with blueberry shoots.

It was possible that enough daylight came onto the plots from the
sides so that all plents could survive, even though they may not

naturally be found in deep shade (e. g. Epilobium, Lathyrus, Grass

sp.). Of the plants encountered, Populus, Pteridium and Cornus were

also lisbed as important "weed® species in blusberry fields in
eastern Canada. (Barker et al. 194L).

It should be born in mind, that these plots were established
becauss of blueberry density and not with regard to competing vege=

tation. This is obvious from the fact that bearberry (Arctostaphylos

uve-ursi), the main competitor in Menitoba's blueberry areas (Paul,

1966) was not present.

¢) Analysis of the Soil

A brief profile description is given in the section on "setting
of the area”. Table IX lists the chemical properties of the horizons
and the changes caused by the burning. From the standpoint of agri=
culturs the soil is poor in nutrients except for the surface L-H
horizon. It should be remembered though, that nubtrient deficiency

is a relative term. Blueberries do very well on this type of soil
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TABLE IX
THE EFFECT OF BURNING ON SOME OF THE CHEMICAL PROPERTIES OF THE SOIL
b
» T § 5
0 =1 o ~N 5]
[w] 1)) 9 ﬂ w0 N1
3 5 o 57 2 S5
il 3 25 1 ¢ B S
[=] $4 g [0} ) ol
e} =] > = &) R E
11,83 0.3%6 0.59
Unburned 5.13 0.2 0.65
s 5.0 0oL7 0.71
[ ]
5e25% 0.2 0.18
Burned 5036 0.98 0.72
5.53 2,18 0.93
L.30 0.17 0.09
Unburned l,70 0.21 : 0.15
= 5.23 0.2 0.25
¢
Lie37 0.1l 0,00
Burned 11,59 0.17 0,17
11,93 0.17 0.52
L.78 0.20
Unburned .12 0.22 =
“D
o 5.80 0.26
faa]
5.10 0,08
Burned 5¢25 0.10 -
5,60 0,11
Le95 0.20
| Unburned 5.116 0.2% -
&) 6.62 0.26
)
@ 5.23 0.0L
Burned 5e7h 0.06 -
6027 0.08
L.87 0.1h
Unburned 586 0.22 -
35 7.01 0.25
6.00 0.0L
Burned 6.37 0.06 ——
6.70 0,11

(Cont'd)




Table IX - The Effect of Burning on Some of the Chemical
Properties of the Soil (Cont'd)

. o 28
2 ; ¢ o8 25 %5
8 kL) o B 3 388, 8870 &
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55. 64 0.80 39.9 L9k
Unburned 58,70 0.9 66.7 55,01
5 62.19 1.10 91.8 61,60
o |
61,01 1.11 81,7 53,65
Burned 68,20 1.27 111,0 65.68
79.27 1.5 136,8 T6.11
0.53 0.019 7.4h 2,19
Unburned 1.17 0.0%3% 12,6 3,8y
- 1.4 0.0%8 12.1 L.bL5
<
1,10 0.030 6.2 2,60
Burned 1.2 0,039 7.8 Li.31
1.81 0.0L6 9.2 L1.86
0.18 0.01L 7.8 2,8%
Unburned 0.10 0,02l 22,7 3,68
— 0.83 0,030 38.9 L.01
80
& 0.%6 0,016 1914 3, oLy
Burned 0.54 0,022 25,7 3,80
0.72 0.026 3.6 L.57
0.1L 0,01l 2.6 1.13
Unburned 0.28 0,018 13.1 2.51
0.li3 0,022 2L.2 . 3,22
- ,
8 0.29 0,011 L.5 1.22
< Burned 0.62 0,016 11.9 2,08
@ 1.35 0,019 18.1 3,10
0.Lo 0,009 L2 0.89
Unburned 0.70 0,011 6.8 1.38
095 0,012 1.2 2.00
B 0.3%0 0.005 3,0 0.68
© Burned 0.L9 0,008 5.8 1.21
0.95 0,009 6.9 2.23
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Table IX = The Effect of Burning on Some of the Chemical
Properties of the Soil (Cont'd)

[0}
-
§ B Exchangeable Cations m. €3/100 g.., c’é‘§ §
ol a3 )
& ol | o P
§1 & s £ “ s J5%
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-1
32,2 8oly 1.62 0.06 L2.29
Burned 38,80 980 1,78 0.07 50145
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Unburned 1 007 0 OLLS 0 009 0 oOLL 1, 65
1.40 0.98 0.11 0,10 2.17
M)
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Burned 1.02 0038 0.11 0,02 1053
1.%6 0.60 0.13 0,03 1,79
0.80 0.16 0.05 0.0% 1,31
Unburned 1,00 0630 0.08 0.05 1.43
2,20 0.12 0.12 0.06 2.7
¥ 0.80 0,16 0,09 0.02 1,15
A | Burned 1,05 0.23 0.11 0,02 1.1
L.il 0.30 0.1% 0,02 1.7%
0.80 0a2h 0.03% 0,02 1,12
Unburned 1,0l 0.%1 0.05 0.0l 1.1
1.0 o4l 0,07 0.0l 1,95
I~ 0.52 0.0l 0.0% 0.01 0.6k
© | Burned 0.75 0.22 0.05 0,01 1.03
m 1,00 0.2 10.08 0.01 1.19
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Unburned 0.L43 0.17 0.0k 0.03 0.67
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and it has been described by Trevett (1962) and Eck and Childers

(1966) as being the typical soil for this plant,

Effects of Burnings: No drasbic albterations have occurred bhrough

burning. In gemeral, changes are caused by 3 factors: (a) imbemn=
sity and duration of the fire; the hobtbter a burn and the longer it
acts, the more organic matter will be destroyed. (b) *he amount
of combustible fuel present on the soil; +this will influence the
intensity and duration of the fire and also the amount of ash
deposited on the ground. (e) ¥The time bebtween the burn end the
sampling for enalysis and the weather conditions preveiling during
this time. Dry and windy weather will remove a grest proportion of
the ash before it becomes incorporated inbo the soil, and the
deeper horizoms will show little change. TWet weather stabilizeé
the ash and washes it into the soll with bthe rain water. The
observed changes will be greater. Too long a period between burn=
irg and sampling will show a reduced effect, sirce microbes, plant
roots and leaching remove minerals and add H%;ions, and the general
trend 1s to re=esbablish the former conditions.

In this study a moderate temperature had been applied for
the sole purpose of pruning the old blueberry shoots. The soil
was not effected amd little ash had been added. The weather had
been dry between burning and sampling the soil. Any observable
changes, ‘therefore, were restricted to the surface L=EH horizon;
changes in the others were due o natural variatioms, as can be

seen from the ranges given for each property investigated.
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The surface horizon shows a slight increase in pH, conduchtivity,
Ny, P, tobal minerals and cabtion exchenge capacity., However, only in
the case of Ca and P was the increasse significant at the 5% level,
A larger sample size would have been necessary Lo detect changes in
the other properties. The trends observed are supported by the lit-
erature. An increase in cablons supplied by the ash is generally
accepted. Alway (1928), Barnebte and Hesters (1930), Isasc and
Hopkins (1937), and Uggla (19L9). The accompanying increase in pH
and conductivity is reporbted by the same authors, As to ¥ and P the
opinions vary. Lutz (193L), Osbora (1931), Garren {(1943), Lunt (1951),
Organic matber cannot increase by burning. These data, again,
reflect too small a sample size. The result of the mechanical anale
ysis are incorporated in the profile description given belfore.
These analyses plus width and colours of the horizons maks this soil

a "Gleyed Podzol®. Stobbe (1946).

Infiltration: The average infiltration rates for 1000 ml water per

125 eme area were 2 minubes and 2 ssconds, fLor undburned soils,and 2

minutes and 38 ssconds for burned ones. Great variation was observed
in both, so That the compubed differences in means were not signifi-

cant, Scobter (198L), who worked with a similar soil, also did nob

find differences in infilbration rabtes caused by forest fires,

It can be concluded that improved blusberry performancs
after the burn was not dus to an improved soil fertility. Changes

in the soll were restricted to the surface horizon while the bulk of

the blueberry root system was located at deeper levels, Hall (1957).
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d) Analysis of the Microclimate Under the Screens
Light: The duration of light under the screens relative to the time
of day 1s shown in Figure 235. It can also be used to compute the
duration of shade by applyinz following conversion factors: for the
25% shade screen (x 1/3), for the 50% shade screen (x 1), and for the
75% shade screen (x 3).

The screens influenced the light received by the plots for a
daily period of about 12 hours, Considering the 50% screen, the
alternation of light and shade took place at 8 minube intervals at
08600 hr. and increased in a logarithmic manner to a maximum inter-
val of 1 hour and L8 minutes at 14,00 hr. This was followed by a
similar reduction in albernation time in the afternoon, The general
sequence was the same for the 25% and 75% shade plots, only the
magnitude differed. (Fig. 23).

Any plant which came into a light strip at 12.00 hr. remained
in it for a relatively long period. (Fig. 23), Since midday is also
the time of maximum insolation, the environment of this plant will be
markedly different from that of a plant, which is shaded at this time.
The change in inclination of Tthe sun is not rapid enough to compensate
for this "strip effect®, therefore the screens were changed at
weekly intervals, giving light where there had besan shade at the
same time The previous week.

Table X lists a comparison of the three methods employed to
debermine shade. A desired gradient was obtained. Ope reason why

no closer correspondence was achieved, was that bobh instruments
s

1L it

also responded %o "day light", while the screens were mads to
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interfere with sunshine only. For instance, the 100% shade sereen,
under which no direct sun light was received, showed values of 9&f%
shade for the Weston light meber and 91% for the pyrheliometer,

indicating the influence of "indirect light®™ or daylight.

TABLE X

COMPARISON OF THREE METHODS FOR DETERMIVING WSHADE®

Screen 0% 25% 50% 75% 100%
Weston Light Meter 0% 26% 10% 65% 96%
Pyrheliometer 0% Leg* 53% 68% 91%

*This unexpected high value wes obtained, because the space bebtween
the slats in the 25%-shade-screen exceeded the dimemsions of the
Pyrheliometer. In order not to record “open® conditions the instru-
ment had to be placed under one of the slats of the screen, which
covered one=third of the instrument’s metal plates. This shade value
would therefore more closely represent a 33%-shade-screen.

The maximum and minimum light intensities measured under the
screens are reproduced in Fig, 2. All values were converted to %
of total light (open conditions). The computed average light inten-
sities take into account meximum snd minimum as well as the duration
of each, using Weston light meter values. No only did the duration
of light and shade (Fig. 23) result in a lowering of the weighted
meen light intensity when passing from the open to the 100% shade
plot, bub also the light received on the "illuminated strips" became

less intense and the shade in the dark strips beceame more severe;

both resul%ed: in lowering the mean light intensity.
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Figure 23. Duration of Light and Shade Under the Screens
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Temperatures Figure 25 shows a comparison of the Temperabture changes

introduced by the screens., Weizhted mean temperatures were used,
which took into account maximun and minimum values and duratioms,
The differences were most marked at +the ground level, being 25°%
between the open and the 100% shade plot. The sequences of
temperature changes at the ground was as follows: Vhen a particu=-
lar spot came into light more radiation was received than emitted,
its temperabture gradually rose and reached the highest value just
before this spot came into shade again, The longer the insolation
could act, as ab midday, the greaber was the temperature increase.
On the other hand, when in the shade, more radiation was emithed
han received, and the temperature dropped to reach its lowsst
value shortly before this spot passed into light again. The
maximum sand minimum temperatures which could be obtained were those
prevailing in the open and under 100% shade, These were never
reached under the 25%, 50% and 75% shade screens because of the
constant alternation of light and shade (Fig. 2L). This relation-
ship between light and temperature is well know, this cxporiment®
served only to establish the quantities involved. Fig. 26 shows

the correlation.

Moistures: It was only possible to do 3 sebs of precipitation

measurements using large funmnels. The average values obtained were
375 ml in the open, compared to 33l ml under the 50% shade screen

and 226 ml under 75 % shade.

Available soil moisture measurements with gypsum blocks were
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Figure 25, Comparison of Average Temperatures Under the
Screens
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made over the enbtire season. These blocks were not too reliabvle in
the coarse-textured soil. The force with which water is held in a
soil is inversely proportional to the pore size. Yong and
Warkentin (1966). It is therefore reasonable to assume that the
gypsum blocks held water with greater force or longer than the
coarser-Hextured soil surrounding them, thus indicating too high a
waber content during drying. On the other hand, once they were dry,
waber entered them more slowly than it percolated through the sand,
because the velocity of water flow through a soil is proportional
to the sguare of the‘radius of the soil pores. Yong and Warksntin
(1966) . Under these conditions the blocks would indicate too low a
value until equilibrium was esbablished. However, the errors intro=
duced by this method were the same for each plot, because the same
s01l was involved and comparisons could still be made. Tgble XI
gives moisture meter readings for three dates after a drought period
to show The ftrends observed under the different screens,

The data reveal that more moisture was available for a longer
period of time as the amount of shade increased. This brend indicates
that the sereens did not decrease the available soil moisture,
Enough water must have come to the plots through the spaces in the
screens, from the open north and south sides and through horizontal
movement within the soil. The screens might even have improved the

“water balance™ of the plots by decreasing the temperature at the

soll surface and thus evapobtranspiration rate,
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TABLE XI

HOISTURE IMETER READINGS FROM THREZ DATES SHOWING GRADUAL DEPLETION
OF AVAILABLE SOIL HOISTURE AFTER A DROUGHT PERIOD

August by, 19675 1.23 cm rain hed fallen the previous night,

Depth 0% Shade 25% Shade 50% Shade 75% Shade 100% Shade
2 em 100% 100% 98% 100% 100%
8 cm 100% 97% ol% 100% 100%
16 cm 100% 100% o&h 100% 100%
%0 cm 100% 100% 98% 100% 100%

August 28, 1967: No rain had fallen,

Depth 0% Shade 25% Shade 50% Shade 75% Shade 100% Shede
2 om 15% 15% %% 20% 20%
8 cm 15% 18% Lo 70% 50%
16 em 38% L27 8% 7% 82%
30 cm 87% 81% 96k 98% 100%

September 5, 1967: No rain had fallen.

Depth 0% Shade 25% Shade 50% Shade 75% Shade 100% Shade
2 cm 15% 15% 19% 15% 15%
8 enm 15% 157 20% %2% 22%
16 cm 15% 20% 6% kA %%%

30 cm L&k 2% 75% 95% 100%




SUMMARY

As the soil and compebing vegetation did not vary

jele

significantly between the plots, it is reasonable to assume that any

change in blueberry performance was dus to the direct or indirect
influence of shade, The most importent indirect effect of shade was
the decrease in temperature, which is turn lowered the evapotrans=-

#

iration and thus improved the ®water economy? under the screens.
s y

Vaceinium ancustifolium exhibited a great tolerance range
g g g

with regard to shade. It grew well under open conditions, as well
as under complete shade. When light intensity was reduced, typical
"shade characters" (larger leaves, longer internodes and thinner
stems) became more pronounced, but typical "symptoms® of etiolation
(loss of chlorophyll, greatly elongated inbternodes, spindly growth
end immature, unexpanded leaves) were not encountered.

Of the characters investigated, emergence and apical abortiocn
did not show asny correlation with shade. On all plots, shoéts began
to emerge five weeks after fire-pruning. Dieback occurred four weeks

after emergence., Usually, early dieback resulted in branching and

late dieback in cessation of the season's growth., AL intermediate
times growth was often resumed through elongetion of a single branch,
Table XII gives a summery of those characters (computer

results), which have been shown to be positively correlated with

yield,




72

TABLE XII

SUMMARY OF ECONOHICALLY IMPORTANT CHARACTERS

% Increase In Final % of Yo, of Branches
Shoot Number Shoot Size  Braunched On Branched
Plot Afber Burning in cm Shoots Shoots
0% Shade o 10.90 29,6 7,10
25% Shade L% 11,20 37 Lu 2.874
50% Shede 87%4 12,2044 38,547 2.75
75% Shade T5%AL 13,0044 18,044 2.37#
100% Shade 58744 10,8044 6944 2.064

Significantly different from preceding value at C.05 1evel%f
at 0,01 levelfd

Two opposing trends were observed. Shoot size was positively
correlated with shade, while branching and increase in shoot number
after fire-pruning showed a negative correlation. Frost damage also
showed a negative correlation. In the open 27% of the shoots were
effected; 17% of the shoots under 25ﬁ shade; and 7% under 50% shade.,
o demage was observed under 75% and 100% shade. Branching was
observed in &5% of the effected shoots. It can therefore be assumed
that without the influence of frost the diffsrences observed between
the plots may not have been significant,

Another assumpbion thet can be made is that with repested
burning the density of a blueberry stand proceeds towards a maximum,
which is the carrying cepacity of the site. ¥hen this 1s reached, it
is doubtful whether shade would have any effesct. The final shoot

size increases with increasing shade; here the data obbained are in

favour of the "shade™ habitat.




Most of the trends observed are in conbrast with those found
in Tew Brunswick and can be explained by the different climatic condi-
tions of these two regions. (Table I; Fig. 22), While shade is
considered detrimsntal for blueberry production in the Maritime

Provinces, it appears that in HManitoba it is essential for maximum

growth of this plant,
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APPENDIX

Scientific names of plants referred to in the Gext (after Scoggan,

1957)

1, Abies balsamea (L.) Mill.

2, Acer negundo var. interius (Britt.) Sarg.

%, Alnus crispa (Ait.) Pursh.

L, Anemone quinquefolia L. Var. interior Fern,

5. Apocynum endrossemifolium L.

6. Arctostaphylos uva=ursi (L.) Spreng.

7. Aster ciliolatus Lindle.

8. Betula papyrifera larsh.

9. Cornus cenadensis L.
10, Diervilla lonicera Mill,
11, Epilobium angustifolium L.
12, Equisetum arvense L.
13, Geaultheria procumbens L.

1}y, Frageria virginiane Duchesne,

15, Fraxinus pennsylvanice Marsh. var. austini Ferm,
16, Lathyrus jeponicus Willd. var. glaber (ser.) Fern,
17, Linnecs borealis L, var. smericana (Forbes) Rehd.
18, Ledum groenlandicum Oeder.

19, Lycopodium complanatum L.

20, Maisnthemum canadense Dest.
21, lelampyrum lineare Desr.

op, Pebasites palmatus (Ait.) Gray




3%
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Picea glauce (losnch) Voss
Picea mariana (Mill,) BSP,.
Pinus banksiana Lamb,
Populus balsamifera L.

Populus tremuloides iichx.

8ly

Pteridium aquilinum (L.) Kuhn var. latiusculum (Desr.) Underw,

Pyrola secunda L.

Rosa acicularis Lindl.

Salix humilis Marsh.

Thuja occidentalis L.

Ulmus smericena L.

Vaccinium angustifolium Ait.
Vacceinium myrtilloides Michx,

Vaccinium vitis~idasa L, var. minus

LOddo




