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- Abstract : .

The spatially diverse and often unsettled nature of the summer weather of isular
Newfoundland suggests that the influence of climate on biamass production should be taken into
consideration when examining potentil sites for wood energy plantations. The Kr.,w‘hﬁt shoot »
height and base diameter of three willow (Saliz) species in ad exferimental energy plantation
envirenment at Pasadena, Newfoundland (49 *OL'N latitide, 57 * 36'W longitude) w:s cexamined
during the 1985 growing season. va‘mmuht (clone number 0683, Sweden) was found to be the
most successful clone, achieving a final mean shoot height of 209 ¢m and a final mean shoot base
diameter of 149 cm. " Saliz purpurea (clone number 077, weden) and S.alba (clong number 5023,

l mean

Romania) shoots attained final mean heights of 183 crh and 180 cm respectively, and fi

base diameters of 1.07 cm and 1.4 cm respectively. ‘Thy three spiecies were significaritly different

in their final mean height and base diameter attainment.
The height and base diameter of S.viminalis, . purpurea and S.alba clones was recorded on
a weekly basis between Juse 10 and October 7, 1985. Tht seasonal pattern of shoot height and
base diameter growth of S.viminalia and S.alba clones was effectively explained by second-order
polynomial regression equations (multiple-* 2 98%). The seasonal patern of S purpurea shoot

* height growth was also described by a quadratic equation whereas base diameter growth during,

ki 1085 groving svason was deicrlbed b a eubie o i s pa BTVl FgIeAIG STHRLIoH.
Total shoot height of the three species wps recorded daily between June 21 and Augyst 14,
1085 and climatic vaiiables at the experimental plarfation site were monitored simultancously
ekt aad deorived isasic v.riaiey secorlad Jhe cupRiny day and the previous day were tested Yor
entry into multiple regression models with the daily shoot height increment change of each’of the

three spacies 28 the dependt variable. Maximum air temperature and the hours of dalight of

the curent day accounted for 69%, 50% and 55% of the varianee in daily height growth of

S purpurea, S.viminalis and S.alba shoots . Values of




. i .
for the previous day from measurements of net radiation aod moaeled values of the amount of

vﬂ\n‘tcr in the root zone, accounted for a further 10% and 3% of the variablility n daily height

grawth of S.viminalis and Spurpurea shoots respectively.

‘It is concluded from the results of This study that maximum biomass production of the three'

¥ spocies examined will be realised at plantation sites where the climate of the growing scason
* . cnables maximum photosynthetic efficiency via high mputs of solar energy and the avoidance of
'
" water deficit conditions. -
i 3
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Chapter 1

Introduction

1.1. Wood energy plantation forestry

The conceptyof wood energy plantations was first introduced by Szego and Kemp in 1973
(Anderson et al, 1983) in response to the world oil ‘shortage”. The concept attempted to address
the apparent under-utilization of photosynthetic energy available from sola jon to create
wood biomass, particularly in countries possessing few fossil energy |lepna|l.:[':i.::|\,lm)‘
Potential uses of biomass from energy plantations include wood for domestic fucl, for electric
power generation and for conversion to liquid and ;u fuels. A e 3 %

Wood energy plantations or *shori-rotation forests* (Fege, 1981) consist of genetically
improved, fast growing trees, which are intensively cultivated and subject Lo harvests every two
to ten years. Planting density and plantation size may vary according to availability of land,
choice of mechanization for harvesting, and Lree species grown. Hardwood tree species are most
suited to this lyp’ forestry due to their ability to re-sprout, which is necessary for the
plantation to persist through repeated harvests. Deciduous species that have beea-studied and
used for energy plantations in temperate climates include sycamore, maple, birch, ash, sweetgum,
black locust, alder, poplar snd willow (Fege, 1981).

The obvious goal of short rotation forestry is the maximization of biomass production. This
is attempted via the breeding of ganetic clones for high productivity and the matching of tree
species and genetic clone to st Preparation of the site through the removal.f exmting
vegetation and amelioration of the soil prior to planting s necessary to ensure maximum growth
and productivity. ‘The selection of an optimal plantiag deasity for the clone and the site in also
important. The determination of nutrient requircinents of the trees and choice of the method for

application of these nutrients will insure that growth is not reduced due to nutrient steess. In



addition. the choice of the most beneficial cultvation practices and the selection of methods of
- weed and, pest control are undertyken to enable maximum survival of trees in the wood energy
plantation

Cloning is the creation of genetic replicas of Lrees by vegetative propagation, Trees which

possess desired Lraits such as superior blomass characteristics, frost hardiness, pest resistance, etc.
may therefore be selected and reproduced. For species such as willow and poplar this is
accomplished by the.planting of stem cuttings which will root and grow nto sepéirate plants
(Anderson et'al, 1983). Poplar and willow species also hybridize readily so that two species both

ideal

J ussessing superior qualities may be bred together to produce interspecific hybrids

characteristics (ibid). Clones may then be matched to specific sites where they might produce
o

best under the existing environmental conditions.
‘The choice of site is very important in shart rotation forestry. Existing plantations are *
generally located on abandoned agricultural lands in Canada and the United States, and on

———  peatlands thac have been exploited for fuel in Sweden, Finland and Ireland (Anderson et af, 1983).
7

The availability of fand is an obvious restriction in the selection of sites for wood energy
plantations. Soil properties considered important for tree growth include structure, texture,
——TEIETT Eomposikion, aeration and moisture and nutrient availability (Fege, 1981). The roots of
plants must be able to easily penetrate the soil, respire and find available nutrients and water :

(Olsson ct l, 1984). Amelioration of the soil prior to planting is usually necessary in energy
plantation forestry if maximum growth is expected to occur. Measures employed include the

) 2 ] N v
removal of existing vegetation, plowing and cultivation to modily the soil structure, and the

application of lime and ferulizers (Fagz'osl ) .
Type of planting stock is dependent on the tree species cultivated. Por those species which
reproduce vegetatively, shoot cuttings measuring 15 to 25 cm in length are planted vertically,
cither flush with the ground or with at least one bud above the soil surface (Food and Agriculture
Organisation. 1970). The relatively narrow spacing of trees in wodd energy plznmllnns has made
conventional forestry planting machinery absolete. Although modifications to forestry and
-agricultural planting machinery have been made, the development of planting machinery
speciffeally geared towards short rotation fofestry is necessary (Fege, 1931). Planting of bare root
seedlings and containerized seedlings also occurs, but it is considered more expensive than the

planting of hardwood cuttings.
v

- .

.



3

Planting density is an important component of enérgy plantation forestry . The optimal
density will be dependent on the speeies grown and the methods of planting, cultivation and
harvesting (Anderson et al, 1983). Densely planted trees (i.e. 03 m by 03 m) will form a closed
canopy rapidly, inhibiting the growih of weeds. However, if mechanical s‘“ll tending s I\n take &
place, the spacing should be at least 3 m by 3 m (ibid). The control of weed growth is
particularly important during the first few years after planting 5o that the roots Au‘r able to firmly
establish themselves. The removal of competing vegetation will cnable the young plnts to make
fulf use of the available light, méisture and nutrients. If mechanical tending of the sail is '
undertaken on a regular basis, the growth of weeds between the rows will be controlled — In more
densely planted plantations where mechanical tending is not feasible, the application of herbieules
may be necessary for the cantrol of weed species.

ely to fesult in a higher demand for

The intensive nature of short rotation forestry s I
Rutrients per unit time than more traditional forestry practices (Anderson it al, 1083). Repeated
harvesting results in the depletion of nutrients on plantation sites due ta the regular remaval of
the existing vegetation and the subsequent lnnchir;g of nutrients. Knowledge of a tree species’ ’

™ specific demand for nutrients during growth is required inyorder to achicve optimal growth o an
Lenergy plantation environment (Fege, 1981). This type of information might be gained from
laboratory experiments examining the rate of ion uptake by. raots, the degrees and rates of
nutrient utilization for different shoot ages and seasnns, and the distribution of nutnenty within
the various plant components (ibid). _

N There is [owc{. no extensive literature on the nutreent requicernents of different species

for their optimal growth (Anderson et al, 1983). Nitrogen, phosphorus and potassim are

commonly used in wood encrgy plantations to enrich soils (Fege, 1081). Iligh concentrations of
nitrogen in the leaves of poplar have been found necessary for active growth Lo eeur (Anderson rt

al, 1983). The monitoring of nitrogen 'during the growing season is necessary as it ean be loached

ble 10 the roots for

away or may become bound to other materials in Lhe soil rendering it unaval;

uptake. Timing of applications, application rate and relative concentrations of ferulizers will be
dependent on the plantation site and the requirements of the species grown.
The examination of the susceptibility of various clones to pests and discases 1s necessary if

optimal production is to be achieved in wood energy plantation forestry. A single high yielding
4




clone m typically planted over a large area, and one berbivorous insect species could theoretically
destroy a plantation if preventive measures were not employed. Breeding of clones for resistance

Lo parti

dar insects and disrases that are known hazards is the most effective method of
protéction. Inseciicides and funigicides miay akio be used although the potentigl environmental
hazards should be carefully examined hefore their employment. Herbivorous mammals also pose a
thieat to wood energy plantations. Saliz app. (willow) energy plantations 1n Sweden experience

farge production fosses due to browsing moose and minor losses to deer, rabbits and voles

(C'hristersson and von Fircks, 1981), Preventative measures such as the fencing in of plantations
or the use of chemical repellents are considered extremely expensive, and environmentally
objectionable in the case of chemical use. The bréeding and selection of clones that are more
browseresistant than others may alleviate potential losses due to animalpests

Intensively managed, short rotation forests in temperate climates haye been developed -
relauvely recently and mosi of the yields reported in the literature to date are from areas where
clones are being tested for production under natural conditions. Yiekd projections are therefore
genorally made from small research plots (Fege, 1981), Reported yields of Populus spp. (poplar)
clones in Canada have ranged from § ia 19 tonnes of dry matter per hectare per year [t -

lones in

DM/h¥fyr) (ibid). Sweden has achieved impressivo results g Sali:

iwooil encrgy plantations. During the first growing season (season of planting) stem biomass yields

_are relatively low at 1 to 3 tonnes of dry matter per hectare per year. Yields following the year

of establishment range between 10 to 20 t DM/ha/yr depending on regional climate and the
intensity of management. The best yield attained in Sweden was 36 ¢ DM/ha/yr in 1985, when

the plantation was i

ated and fertilized regularly (Perttu and Lindroth, 1986).

1.2. Plant growth and climate

The selection of plantation site in wood energy production must take into consideration the
effect of the local limatic conditions on the growth of the plants and the subsequent production
of viable biomass. The vegetative growth of plants is the result Gf a éombination of physical and
physivlogical processes which create plant constituents from carbon dioxide, oxygen, water and

nutients.




The process of photosynthesis results i the conversion of absorbed light into chemical
energy used in the reduction of carbon-dioxide to form carbohydrates, and the uptake and
transport of water, minerals and assimilates (Gaastra, 1963). The quality of light that |\r(ulucm‘
an optimal rate of photosynthesis is species specific. Shade tolerant species are adapted Lo
maximize their rate of photosynthesis when exposed Lo less than full sunlight, whereas shade
intolecany apecies Will experience mAaXiniim ries 6f phoioayathesta when expased i Tall ight
(Jones, 1983). Photosynthess is one of the most temperature sensitive aspects of plant growth .
and there is a bramd:.: T

different species (ibid). Generally, photosynthetic rate increases with temperature Lo an optimum

but it declines at high’temperatures. The water status of the plant also affects the rate of
photosynthesis, which declines with decreasing water potential (1bid)

The process of respiration results in thevlormation of high energy compounds from the

oxidatios of carbohydrates to carbion-dioxide and water. The energy created by the respiration

process is used for"the growth and syathesis of new cell constituents aid for the maintenance of

cxlsl.mg cell structure (Jones, 1983). The amount of energy av1ll:\hle for growth, «ynumm and

maintenance is dircetly dependent on the ity of created by p
'

and thus is indirectly subject to the same environmental effeets. Réspiration rate is hghly
sensitive to changes in temperature, and inereases with increasing temperature (ibid)

Water comprises as much as 50% of the fresh weight of woody plants and therefore is
necessary to maintain the basic structure of plants (Jones, 1983). A maintenance of water
potential within the plant is necessary for growth to oceur, as cell expansion and divisionare.
dependent on turgor pressure created by the concentratiofjof water in plant cvlhf’(.lunm, 1083).
The water status of a plant will also affefl the aclivities of enzymep needed for fhemical reactions
which willin turn affect the rates of synthesis and degradation of céll cnmmue."u (ibid). An
adequate supply of water is also required for the metabolism of carbon and nitfogen and the <

. . P
synthesis of proteins.. Water is the solvent in which gases, minerals and othet folutes enter plant

- R
cells and are between cells and plany . It is also the reactant or substrate in
many biochemical processes and is fundamental in the process of photosynthesis (Raven et al,

1981).




Transpiration involves the loss of water vapour from the plant and 15 dependent on the
supply of energy and the vapour pressure gradieat hetween the surface where evaporation is
aceurring and the air (Kramer, 1983). It is the dominant process in plant-water relations as it is
this evaporative demand that results in the movement of water into the roots, through the plant
via the xylem and out through the stomata, the pores in leaves and stems through which gases
pass, as water vapour. Approximately 95% of water that enters a plant is lost via transpiration
while only the remaining 5% is used Tor metabolism and growth (ibid). When the transpirational
demiind from the atmosphere exeeegls the rate of supply that a plant is able'to maintain, the
water content, turgor, and total plant water potential is reduced and ‘stress conditions result.
Water stress conditions typically cause the closure of the stomata, which inhibits the uptake of
carbon-dioxide from the atmosphere and in turn limits the rate of photosynthesis (Eckersten,
1985). Water stress in plants leads to an overall reduction in growth due to the limitations it
imposes on all physiological and biochemical activities which are dependent on an adequate water
potential. High rates of lmnspir.:ntian m:;y Kaveppsitive effects in that the rate of absorption of
minerals miy be increased by the increased speed any quantity of water being moved from the . |
roots through the pa (Krsmer, 1083). )

Transloeation is the process by which the carbdhydrates created by photosynthesis are
transported via the phlocm, from the leaves to various sites within the plant where they may be

stored or ysed for growth (Raven d’a!, 1981). Although the mechanics of translocation are not

fully understood, it is thought lhnt‘ are ona ink basis,
where the sources are the leaves and storage areas, and the sinks are those plant parts that are
unable to meet their own nutritional needs to enable growth. Translocation of assimilates from
leaves is known to be reduced in water stress conditions for some plant species, although the
process does not appear to be as sensitive to water deficits as photosynthesis (Kramer, 1983). The
concentration of assimilates transported during water deficit situations is generally lower than
during nop-stress conditions. Wardlaw (1068) attributed this to the effect of the lowered activities
of both the source and the sink areas during water shortages, rather than the reduced ability of

the conducting system to transport materials.
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1.3. The effect of climate on growth in wood energy plantations

Perttu and Lindroth (1986) state that in Sweden, the single most influential cimatic fagior ~ #

in determining production in energy plantation forestry in northern latitules is aif temperature.
This is due Lo it's control over the length of the growing season. The regions of Sweden
considered suitable for energy plantation forestry are those which possess a minimum of 1100
degree days (threshold value of 5 *C) (Perttu and Lindroth, 1986).
€ Air temperaturés below 0 *C during the growing season pose a potential threat to
production in energy plantations, particulaly if the low temperatures result in the formation of

. ice crystals in the tissues of the plants (Christersson and von Fircks, 1981). Frost oceurring within
the growing season typically resulls in the death of the youngest parts of the plants where the
active megigtems are located. This suggests that elongation of the st would be severely
restricted by the freeinglof plant tissue, not only due to the death of meristems but also due to

g the destruction of plant parts necessafy for photosyathesis to oceur (ibid). Saliz species studied
under laboratory conditions in Sweden have shown'frost damage when exposed to demperatures
between 2and -3 *C. B
In s¥en, the effect of climate on biomass production in Saliz spp. energy plantations hes

begn investigated through the modelling of growth processes as a function of climatio variables. - . -~
The aim of the research is to provide accurate predictive models so that potential productivity for
various regions may be estimated for years with good, average and paor weather conditions
(Eckersten et al, 1983). :

The models are based on those previously developed for agricultural crops, for although the

plants are woody perennials, the hori ly b nature of ions make, them most

similar to agricultural ecosystems (Eckersten, 1985). The model proposed and testéd by Eckersten

(1985) is based on predicting biomass in tonnes of dry matter per hectare as a function of

pl is, a growth facfOP and a function. Daily potential photosynthesis
is estimated from incident light (400 - 700 nm) using the Michaelis-Menten equation. The effect
of plant water status on the rate of photosynthesis is taken into account due to'its effect on‘the
stomatal and mesophyll resistances, and the subsequent control imposed on the flow of carbon
di-oxide into the plant. The water-growth factot is derived from a complex plant water model

(Kowalik and Eckersten, 1084), which flates the movement of water through the plant using




contumuouly recorded valuesof aif temperature and reative humidity, slar radiation. oil water
potential and an empirically established value for stomatal resistance. The temperature function
in set at z5ro for days with mea daily temperatares below 5 * C and increases linearly to 3 value
of one at 15 *. The temperature function r:mzus constant at one for mean daily temperatures
above 15 °C. * o
The above el was tested agaiast measered vabues of dry matter accumulation in first .

clone 082 grows Ia an experimental caergy plantation 4t the

season shoots of Saliz viminal
Swedish Energy Forestry Project’s Studvik research station (58" 48' N. 17 24" E) (Nilsson and
Eriesson. 1986). The trees were planted at a density of 9 plants per square meter and were
fectlized and irrigated during the 1981 growing season (Eckeulen‘?sp The simulated values of
growth agreed well with the measured values and Eckersten (1985) {oncludes that (or Saliz shoots
in their first and second seasons of growth, the model appears to aceount for. the most essential
processes involved in controlling growth. It was also concluded that the effect of temperature and
plant water status on photosynthesis should be examined further, especially under field conditions.
One limitation of the model is that it has not yet been shown to be applicable to all clangs,

species, plantation sites and different ages of shoots.

1.4. Wood energy pl jon r h in Ne \' indkind .

The Newfoundlind Forest Research Centre of the Canadian Forestry Service began research
into the potential of Saliz spp. as an energy forestry crop in 1981 (Robertson, 1984). More than
140 Saliz clones were acquired from Eufopean, American and Canadian sources and established at
nursery sites in the castern and western regions o’l\he island of Newfoundland. The monitoring of

clones grown in test plots at these sites took place in an effort tq identify those clones which

might perform best under the envi conditions in 7
Yield estimates from the nursery trials show that the potential of Saliz speciés for energy
plantation forestry in Newfoundland is very promising. Various clones in their third-s¢ason of

groith produced yields of between 2 and 27 t DM/ha/year when lduted at a density of 30,000

stems per hectare (Rober*:, personal communication, 1086). "
The spatially diverse and often unsettled pature of the summer weather of ifsular (
Newfoundland suggests that the biocli feal control of bi ion should be closely




examined if maximum yields are expected. This particular study examines the growth of three
Saliz clones at the Pasadena nursery site in western Newfoundland during the 1985 growing

'
season: Measurements of shoot height and base diameter were recorded weekly throughout the

grgwing season. and daily duning the period of maximum growth. Daily growth increments were

examined with respect to climatic variables recorded at the site in an effort to determine the
.

effect of climate on growth of the three species under consideration
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Phapter 2 d
‘ ‘. Site Description and Data Collection

2.1. Site Description

.

The study mnk‘pl:.me at the Newfoundland Forest Research éemre's nurséfy "at Pasadena,
Newfoundiand (40° 01' N latitude, 57* 36" W longitude). Posadena is located in the western
- portign of the island of Newfoundland (see Figure 1<) at an elevation of 35 meters and is at the
westorn edge of the *Central lowlands * climati zone of Newfoundjand (Baafield, 1981). Total
{ annual precipitation within this zone is near 1200 mm, with an average of 27 % falling as snow.
[ Mean seasonal total pecipitation during the growing season (May to September) at the Deer Lake :
climatological station'(49° 10" N latitude, 57 * 26’ W latitude)" is near 400 mm. Mean potential
cvapotrasspiration (50% probability) within the region during the growing season is 350 to 400
mm (Agriculture Canada, 1976). The Clifatic Moisture Index, the ratio of seasonal precipitation
to the amount of water used by a crop under conditions of unlimited water supply, is 80 to 100 %"
(ibid). The average date of the last spring frost (0 C) at the Deer Lake climalological station is
June 8 and the average date of the first autumnn frost September 14 (Hemmerick and Kendall, ',
1072). The average length of frost ree conditions lasts 07 days. Summers within this zone are
generally warm, with maximum temperatures often-seaching 25-32 * C when the air flow is from a
SW-SE direction. The annual average degree days above 5°C is 1200. The central lowlands zone™
f is considerd the lsst windy and foggy climatic zone on the island (Banfield, 1981). b
Agriculture Canada (personal communication, 1985) has classified the soil in the area as an
Orthic Humo-Ferric Podzol. The parent materialis a gravel/pebble fluvial deposit, derived from
ted sandstone, grapsiltstone and granite rocks. The texture of the soil is predominantly a sandy

"This climatological station is distinguished from the *Deer Lake Airport® climatologieal station located at %0*
13N latitude, 57 ° 24 W latitude




- 1 J . 4

loam, and in an undisturbed state, the soil is strongly seudic (pH < 46). The soils within the
nursery have been enriched by years of cultivation, with fertiizers being applied at least once a
yearfor the last 5 years.

Approximately one-half of the nursery has been desigasted for the cultivation of willows, the
total area comprising approsimately ossthind of a ectare. The layout of this portion of the
nursery is shown in Figare 2-2. The bulk of the original Saliz clones were obtamed from the Long
Ashton Research Station, Bristol, England, the Swedish University of Agricaltural Sciences,
Uppsala, Sweden, 3ad the Montreal Botanic Garden (Robertson, 1982). The species of clones
upmem"c‘\?%uou hn‘m\tluziuhoni Europe and Eastera North Aménca.

Durf fe 1985 growing sépson all fields were fertilized during the fast week of May and
the last week of August at a rate.of 3 kg/ha with Ammonium nitrate (31-0-0, 100 kg /hal,
Phosphoric acid (0:20-0, 60 kg/ha) and Nitrate of potash (0-0-62, 180 kg/ha). The area hetween
tows was weeded regularly by Roto-tiller or by hand ‘with a hoe. Infrequent occufrences of Spiny
Elm caterpillar, the lsrval form of the Mourning Cloak butterfly (Nymphass antiopa (Linsseus]),
the Spotted Tussock moth (Halysidota maculata (Hartis) 0d an urknown caterpillar wore
treated by hand spraying with Malathion (C,H, (0,PS,). Malathion is an organophosphate
which is generally non-phytotoxic, and it has brief to moderate persistence (Worthing, 1979)

2.2. Data Collection

2.2.1. Growth Measurements
g

The willows studied d the 1985 growing season were located in the field labelled *A ®in

Figure 2-2. Approximately 2000 cuttings from phats established at Pasadena in 1982 were
planted in rows in field *A* during May of 1983, with a spaciog of 25 em®. The shoots of the
plants were cut to ground level on May 7, 1985.

Anarea of field A" was chosen where three species of Saliz had been planted in adjacent
rows (see Figure 2-2) and:thirty stools of each species were randomly selected and tagged on May
12, 1985. The three species examined in this study were Saliz purpurea (clone number 077) and

' S.viminalis (clone number 0683), both acquired from Sweden, and Salba (cjone mmber 1023,

Romania), acquired from the Montreal Botanic Garden.

Y

’
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, - Research conducted by the Swedish Esergy Forestry Project (Nilsson aad Eckersten, 1086) -
ndicates that the dry weight of willow stemis 1s related to measuremeats of shoot beight and base

diameier through the following equation:

M, = PeD el ; 21)

where; M, i the dry weight of the stem, -
P is a garameter, -
D is the shoot base diameter,

and 11 1g/the shoot height. | B -

" Shoot height and base diameter were therefore chosen as indicator variables of growth in

L3 - &
Uhis‘study. Height of the longest shoot on each of the ninety stools was measured to the nearest

0.5 cm with a standard tape measure and reconded on a weekly basis from June 10 to October 7.
Diameter of the same shoot at approximately 0.5 cm above where it emerged from the stool
(hencsforth referred to as base diameter) was measured fo the nearest 0.1 mm using Venier

t and base

catipers and was aso recorded on. H weekly_basis throughout the growing sesson. He
dl:mtlﬂ were recorded three times d:uJy. 240600, 14:00 and 2200 NDST (Newl'oundhnd
Daylight Shving Time), from June 20 to August 14. Measurements of the inety shoots took

approximately one hour to complete. »

2.2.2. Meteorological Measurements - -

A Stevenson screen was locatéd at *1° in Figure 2-2 and contained a Casella

thermohygrograph, maximum and minimum thermometers and wet- and dry-bulb thermometers
(see Figure 2-3)." The screen height was at approximately 1.5 m above the ground. Air

was recorded i by the from May 7 until October 7,

1085; bowever, the humi

arm of the thermohygrograph was inoperable for most of the study
petiod and therefore this data was not used. Measurements of maximum air temperaturé from a
metéuiy-in-glass thermometer and minimum air témperature from an alcohol minimum

B! i

thermometer were recorded at 06:00,514:00 and 22:00 NDST dai]y from June 20 to August 14.

The wet- and dry-bulb thert were y-in-gl and the wet-bulb was
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kept moist by a wick and reservoir apparatus. Wet-and dry-bulb temperatures were also recorded

at 06:00, 14:00 and 22:00 NDST daily from June 20 to August 14

Figure 2-3: Photograph of the contents of the Stevenson screen.

Three YSI temperature probes were established in each of the three species’ rows at *2* in

Figure 2-2, and were tested for accuracy prior to the study period. The probes were buried at 10,
20 and 30 cm below the surface in each of the three rows. Instantaneous readings of soil

ed by a YSI model 42SC tele-thermometer and

temperature to the nearest 0.5 C were dis,

recorded at 06:00, 14:00 and

00 hours daily from June 20 to August 14

The remainder of the climatic sensors were located in field *B* in which grass seed planted
early in June gradually grew throughout the study period. A Science Associates anemometer (see
Figure 2-4) was located at *3" in Figure 2-2. Wind speed in miles per hour at 3.0 metres above
the ground was recorded continuously throughout the study period by an Esterline-Angus recorder
(see Figure 2-5). Wind direction was recorded but/not used in this study due to the suspected
un-reliability of the wind vane and the potential influence of local and micro scale shelter. The
Pasadena nursery is sheltered on a local scale by the foothills of the Long Range Mountains to the

cast and on a micro scale by mature forest trees around the fields as shown in Figure 2-6.

Precipitation was measured by a standard AES type ‘B daily rain gauge located at *4* in Figure
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The rim of the gauge was 40 cm above the ground surface and the circular orifice measured

11.3 cm in diameter. Rain was funneled into a

plastic graduate and was recorded to

nearest 0.25 mm at 06:00, 14:00 and 22:00 NDST from June 20 to August 14

Figure 2-4: Photograph of the Science Associates anemometer

A Matrix Inc. radiometer was located a

and measured incoming shortwave solar

radiation (0.30 - 3.00 ym) at 2.0 m above the grassed sur

e of the field. Signals from the
radiometer, in millivolts, were recorded continuously on a strip-chart recorder. Occasional
malfunctions of the recorder meant that it was operational for only part of the study period. The
dates of complete solar radiation data collected are listed in Appendix A

An energy balance measurement system (see Figure 2-7), developed and constructed by Dr.
J.H. McCaughey of the Department of Geography at Queen's University, was being field tested at

Pasadena and was located at *

in Figure 2-2. The system was not in operation continuously
throughout the study period and the energy balance/of the site was not derived due to the
incomplete nature of the data set

This energy balance measurement system consisted of a Reversing Temperature Difference

Measurement System (RTDMS), four five junction copper-constantin thermopiles for the

measurement of wet- and dry-bulb temperatures, a Middelton model CN-1 net pyrradiometer, a



Figure 2-8: Photograph of the micro-scale shelter of the Pasadena nursery site

Sierra model RG 2501 tipping bucket rain gauge and a Campbell Scientific CR7 data system

(McCaughey, 1981, 1986). The measurements of wet- and dry-bulb temperature and net radiation
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as recorded by the energy balance measurement system were made available for this research

The dates of data collected by the system and used in this study are listed in Appendix A

L

Figure 2-7: Photograph of the energy balance measurement system.?

The psychrometer *cart® of the energy balance system shown in Figure 2-8 consisted of
wet- and dry-bulb sensors held within a styrofoam cylinder which was covered with reflective
aluminized tape to shield the sensors from the effects of radiation (McCaughey, 1986). An
aspiration fan was fixed to each radiation shield and the water was fed continuously through the
cotton wick to the wet-bulb sensor from the reservoir. Two psychrometer carts were fixed to the
elevator type RTDMS, at 1.0 and 3.5 meters above the ground. The RTDMS interchanged the
position of the psychrometers each half hour (ibid). The signals from the sensors of the

pyschrometer unit attached to the left side of the rail were sampled by the CR7 data logging

system every thirty seconds and converted into hourly average values of wet- and dry-bulb air
temperatures in degrees Celsius. The hourly avkrages given were the result of the signals recorded

in the preceeding hour

Note: only wet- and dry-bulb temperatures and net radiation data from m were used in the st



Photograph of the pyschrometer units of the energy balance
measurement system

fixed at a height of 1.5 m above the ground surface

The Middelton net pyrradiometer was
and was continuously purged with nitrogen. The signals from the net pyrradiometer were
sampled every 30 seconds by the CRT data system and converted into hourly average values of
net radiation in Watts per square meter. The hourly averages recorded were then caleulated from

signals received in the preceeding hour

2.3. Published Data

2.3.1. Deer Lake Climatological Station Data

The Atmospheric Environment Service’s *Deer Lake® station is located at 49 10' N
latitude, 57° 26’ W latitude, on the northeast shore of Deer Lake at an elevation of 11 m,
approximately 25 km to the northeast of the Pasadena nursery site. It is part of the Atmospheric
Environment Service’s climate station network and was chosen over the *Deer Lake Airport*
climatological station referred to in Section 2.1 as it was the closest station to the Pasadena

adena nursery

nursery site. Also, the proximity and relative position of Deer Lake to both the Pa

site and the *Deer Lake* climatological station meant that any moderating effects of the lake
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would be experienced simultancously at both sites. The station records of daily mean, maximum
and minimum air temperatures and daily precipitation during the study period were used in

certain aspects of this study. i s
'

2.3.2. Daylength Data

The length of time between sunrise and sunset in hours, for latitude 40° N, were taken from ¢
Agriculture Canada’s (1974), *Selected Tables and Conversions Used in Agrometeorology and ('
Related Fiekds*. The daily 'values are the output of a computer program (Robertson and Russelo,

1968) where sunrise and sunset are assumed to occur when the centre of the sun is 50 minutes . N

below the harizon. .




Chapter 3
Data Analysis Procedures

This chapter deals with the conversion of the willow growth and climatic varables collected

into values used in the analysis of the data.
3.1. Conversion of raw data to daily values \ .

3.1.1. Growth Measuremients RN

Total shoot height and base diameter, of the longest shoot on each of thirly stools of each

of the three specf@s, were averaged for recorded weekly the growing

season and for measurements recorded daily at 06:00 hours between June 20 and August L4, 1985.

The daily height and base diameter increment thange in centimeters, for the 56 day .
measurement period were calculated by subtracting the day's measurement of total shaot Height

and base diameter on each of the ninety stools at 06:00 hours, from the following day’s
—

measurements at 06:00 hours. Mean height and base diameter increment change for each sp
was caleulated by averaging the thirty values of height and base diameter increment change for

each time interval.

3.1.2. Alr and soll temperatures
< s
The hdurly average values of dry-bulb air temperature, recorded by the CR7 data logger
system of {he energy balance systcm were averaged Lo give values of mean daily air erponuuv
from 07)90 Hours to 06:00 hous the proceeding day. When the energy b balsace syuu-m was not

npemuonnl. mean daily air temperature was calculated from hourly values read from the chart of

the Casella thermohygrograph, from 06:00 fours to 05:00 hours the proceeding day
.

r

e
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) Values of maximum and minimum air temperature between 06:00 hours and 06:00 hours the
proceeding day were fecorded. Also, the daily range in air temperature over this period was

daily minimum air front daily maximum air temperature.

caleulajed by
Daily mean soil temperature at 10, 20 and 30 cm was obtained by averaging for éach depth,

the thres readings recorded daily at 06:00, 14:00 and 22:00 hours and at 06:00 hours the

“proceeding day. v e 4

3.1.3. Vapour pressure deficlt of the air
Yapou

Vapour pressure deficit of the air, in kilopascals, was calculated using-the following formula:

wpd = e = e (3.1)

4

s the saturated vapour pressure of the air (kPa), at daily mean air temperature (T),

where; vpd is the vapour pressure deficit of the air (kPa),

and ¢ s the daily mean vapour pressure of the air (kPa).

# Mcasurements of wet- and dry-bulb air temperature recorded by the energy balance system

were used when availdble to compute vapour pressure deficit. Hourly average values of wet- and

' dry-bulb temperature recorded by the CR7 data logger system from 07:00 hours to 96:00 hours dh,

the following day were averaged to give twenty-four hour average values of wet- and dry-bulb air

tempergiures.” When the energy balance system was not in operation, the average of readings of

wet- and dry-bulb air temperatury io the Stevenson screen, recorded at 06:00, 14:00, 22:00 hours

daily and at 06:00 hours the following day were used. . B
Values of saturated vapour pressure of the air at the daily mean air temperature were taken

from:the *Smithsonian Metcorological Tables* (List, 1979), using values of daily mean air

T I T T 1 TR O———

of the air was recorded from the same tables, using values of T - T, the mean daily difference of

wet- and dry-bulb temperatures, and daily mean* air temperature.




3.1.4. Net Radlation

Hourly average values of net radiation (W m®) recorded by the CRT logger data system of

the energy balance system were converted MJ m™® hour” (see Appendix B, and added 6 give
daily totals of net raduation (MJ m™® &), The daily totals represent the arithmetic sum of the
positive and negative hourly values recorded over each 21 hour period. -

Measurements of incoming solar radiation recorded by the strip-chart recarder of the

pyranometer were used to estimate daily total net raiation when the energy balance system was,

not operational. The following equation was used to estimate daily total net ra
|

(1-a) K1 + L

y
where; a is albedo = 0.25 (dimensionless), %
Ra is total daily net radiation (MJ m® d""),

IS} is daily total solar radiation (MJ m2 d™'), 5

find L' is.the longwave radiation Bjance (MJ i ")

are at the

A value of 0:25 was selected for the albedo of the plantation site. Field *A* was
beginning of the study period, since the prevjous year's crop had been cut to ground level during”
ﬁ\y’c first week of May. The Salfz specics then grew gradually throughout the study period and
were morphologically most similar to an agricultural crop than any other vegetation type. Oke
(1978) states that albedos of bare soil range between 0.05 (dark, wet) and 0.40 (light. dry), and
that agricultural crops and natual vegetation ess than o metre m height show albedos betwern

0.18 and0.25. Since the ground cover was x combination of sandy soil and vegetation, a value of

0.25 was chosen as a ive average for these comp
Careful examination of the’signals sent by the pyranometer to the strip-chart recorder

showed that the recorder consistently overestimated peak values of solar radiation. This was

i i daily Valiies of sola Filistion, askithing 85

b

atmospheric transmissivity of 0.75, to the daily maximum values registered by the recordery The

confirmed by comparing theore

hourly measurements of incoming solar radiation in millivolts were therefore ndutg«}_b),‘!.‘i% vue

to the suspected over-estimation by the strip-chart recorder of the signals sent by the
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pyranometer. The reduced millivolt readings from 06:00 to 21:00 bours daily were converted to
values in MJ m™ hour™! (see Appendix B), and added to give total daily solar radiation in MJ m™
a i

The longwave fadiation balance, L*, (MJ m® d"'), was modelled using Jury and Tanner

.
(1975) equation:

L= 01+ (00 KL [ Kl (€, =€) 491071 (33)

where; (0.1'+ [0.9 ...) is a cloud correction factor,
K} is the measured total daily solar radiation (MJ m? d™').

K1, is total daily solar radiation under clear sky conditions (MJ m™* d™!),

€ . is the effective emussivity of the atmosphere (dimensionless), o
€, = 0.96 is the assumed emissivity of the vegetation (dimensionless), -
4.9:10° is the Stefan-Boltzmana constant (MJ m¥d! K,

and T is the daily mean air temperature (K).

"The daily total solar radiation under clear sky conditions, Kl pgqr Was calculated from 0.75
K1, where K1g is the daily total solar radiation at the top of the atmosphere for 49° N (Russelo,
1974). The co-efficient of 0.75 was deefned apprdpeiate for the ofe die 1 N::leely ‘clear’
atmosphere of western Newfoundland in summer. Similar values have been reported for y
comparative sites (Gates, 480).

Spittlehouse (1981) tested various equations for the estimation of the effective emissivity of &
the atmosphere [Idso and Jackson (Aase and Idso, 1978), Swinbank, 1963, Brunt (Monteith, 1961),
Brutsaert, 1975, 1dso, 1980, Satterlund, 1979]. He found that Brupt's equation as modified by
Monteith (1961) gave the best agreement between measured and\alt\lln!.cd net radiation in
Douglas fir forests in central Vancouver Island and ni'.vihnzed this to the fact that the equation

was calibrated for a humid environment.

e




Hence, the effective emissivity of the atmosphere, € _, was calculated using Brunt's

equation, as modified by Monteith in 1961:

€, = 053 + (0206.)°) (3.4)
where e_is the daily mean vapour pressure of the air (kPa)
The daily mean vapour pressure of the air was caleulated by the method explamed

subsection 3.1.4. . v

Daily. total net radiation calculated by equation (3 2),was Lested for accuracy by analysing
thirteen days within the fifty-six day study period when measured net and solar radiation data

were available. The equation predicted daily total net radiation with a standard error of 181 MJ

", The results of the regression are contained in Appendix I
When data were not available from the enefgy balance system or the pyranometer, duly
total fet radiation was estimated from measurements of maximum and munimum air Lemperature

from the Deer Lake climatological station. This was done for the period between May 14 and ¥

June 19, 1985 and for six days between June 20 and August 14, 1985. A muuple cegression

« -
cquation was created using fifty-two days of net radiation data from the energy balance system

and measurements of daily maximum and mini air temperaturés from Deer Lake. The

resulting equation was as follows: <
Rn o= =18 + 07 (T, ) - 03 (T,.) .

where; R is daily total net radiation (MJ m™® d'")"
T, 1y 1 daily masimum air temperature (*C),

and T, is daily minimum air temperature (C) -

Yrﬁe statistics'of the regression equation (3.5) are icluded in Appendix 13
& 14 O
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3167 Evapotranspiration

Various methods of modelling evapotranspiration from vegetated sites have been developed
and tested aver the years. Approaches such as Thornthwaite (1948) imply that potential
evapotranspiration is dependent mostly on air temperature and tead to show poor agreement with
measured values fur periods of less than one month (Spittichouse and Black, 1984). Models such

25 Monteith's (1964) combination equation take into account the resistance parameters imposed

by the vegetation cover. An approach of this nature is preferred as it would lead to a more
accurate estimation of evapotranspiration on a daily basis; however, data on the stomatal
resistinee rhmumuu of willows were not available for this suldy Federer (1979, 1982)
proposed a detailed water flow model of transpiration which requires {detailed analysis of the soi
and raot concentration at various depths and this information was also not available for this
study g

Daily values of evapotranspiration in millimetres were modelled using the approach of
MeNaughtn™et"al (1970), where the maximum daily transpiration rate is limited by the hydraulic
tesistance of the soil-plant system (Spittichouse and Black, 1984). The model considers actual
transpiration (E) from a dry canopy to be the lesser of two rates; the "energy” limited rate

) and the “soil* limited rate (E) and Black, 1981). Evaporation was assumed

to acear on days with precipitation and to take place at the energy limited rate of transpiration.
The energy limited rate of transpiration was calculated by Priestiey and Taylor's (1972)

equation:

E,, = aE @6)

where; E,__ is the energy limited ate of transpiration (mm d™!),
a is an empirical coefficient (dimensionless). \)(
and E, is the equilibrium, rate of transpiration (mm d™!) )
-
The coelficient a was assumed ta be 1.36 for the purpose of this study. This value was first
proposed by Priestley and Taylor (ibid) for advection free water surfaces aad fasirared tasd

surfaces. Davies and Allen (1073) also found that a value of 1.26 was ucuule'h‘)l predicting daily
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evapotranspiration for well watered grass 1n southern Ontario, and Stewart and Rous (19731
found simijar results for 3 saturated sedge meadow near the coast of Hudson's Bay ) MeCaughey's
(1078) results for a mature Balsam fir stand under pol(‘n':l:ll conditions also N‘hulmni anaof 126
Many mature forests examined have produced a values of 07 to 10 (Spittichousa and Black
1984). The total area of willows plgated at the Pasadena nursery site comprised approximately
aivestliFd ot Helare sid the Rolda wereieparated wnd varvounded by waturetiees. The v
within approximately 0.5 km of the plantation site was comprised of approximately 15 % %

buildings and pavement and 85 % grass and /or trees and therefore the plantation site would

5 »
—— likely experience some differential advection according to wind direction. However, it was
assumed for th purpose of this-study that the natare of the fet¢h around the study site produced ~
only slightly varying advective effects; thus an a value of 1.26 was selected. .
The equilibrium rate of transpiration, . was calculated from the following equation
Eg=(s/l(a+1)L o |)(R -G) (a1

where; E,, is Lheveqmllbrium r:ue,o[,tmnfpi{nlion (mm day™),
5.i5-the slope of the muﬂua vapour pressure/temperature curve (kPa * 1),
7 is the psychrometric constant (kPa "c"), -
L, is the latent heat of vapourisation of water (MJ k).
»,, = 1,000, the density of water’(kg m3),
R, is the daily total net radjation (MJ m2dr),

and G is the daily total soil heat flux (MJ m™? &*).

The*values for slope of the salurated vapour pressuré/temperature curve {s). 2t daily mean
aif temperature, were taken from the *Smithsonian Meteorological Tables* (List, 1979). The
values for the latent heat of the vapourisation of water, L, at daily mean air temperature, were
"tiken from Oke (1978). These daily values are displayed in Tables B-1 and B-7 in Appendix f
THe sl o daily votl sy radiation discused mtmﬁmn 3.1.6 and caleulated from
cquations (3.2) and (3.5) were used for values of Ra i cquation (3.7). The daily total soil heat

flux, G, was estimated as a percentage of tatal daily net radiation. It was assumed to be 25% of
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total daily het radiation on June 20, 1985, as the soil then had mimimal vegetation cover since the
previous year's growth had been cut to ground level during the first week of May, and the present
scison's growth had just begun. The value of 25% might be considered a reasonable estimate of
the daily total heat flux as a percentage of total daily net radidtion for a bare soil (Oke, 1978)
“This percentage was then eeduced, as shown ia Table B-7 of Appendix B, throughout the 56 days
of the study period to a value of 10% of total daily net radiation when the canopy was mature
and closed

Equation (3 7) gives a value for.the equilibrium rate of evapotranspiration in metres per
day. The resulting values were multiplied by 10° to obtain estimations in mm per day.

The soil water supply limited rate of transpiration was calculated by the following equation.

as suggested by McNaughton et'al (1979)

® £ =0b0 . ® (3.8)
where; b = 24 ;nm day™? (see below)

and, N -

Bo= L0 By VIl By = By ) ) @9
Uhere: 0, is the fraction of extractable water in the root zone (dimensionless),
\ ©is the volumetric water content of the root zone (dimensionless),
N

8,.in = 011, the volumetric water content at the permanent, wilting point {dimensionless).

and 0, = 030, the volumetric water content at field capacity (dimensionless).

N

Equation (3.8) therefore assumes that a linear relationship exists between the soil limited
rate of transpiration and the !mu’fnf extractable water in the root zone, §,. The root zone was
considered to be the top 20 em of theoil, as this is the extent of maximum concentration of the
toots,of plantation‘grown willows ik their third season of growth (Eriesson, 1984). - The value of b
= mm d™! was estimated from mnsldcmunn of the typical moisture mennon pmpemu of the

wll and the dtnvnuon of this value is cnnlall\ed in Section B.4. of Anvendu I]
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The volumetric water content of the root zone, ¢, was estimated on a daily bags by

performing water balance catealations using daily precipitation data and extimates of

evapotranspiration during the study period. The methodology used i calrulating the darly water
balance is discussed in Subscetion 3.16 ;
Values of the volumetric water content of the root zone at the permanedt wilting pont (-20
bar suction) and at field capacity (-0 1 bar) are typical values for a sandy loam sail (Spittlehouse.
*

personal communication)

The d:

v water defigit wa

caleulated as the energy limited rate of evapotraospiration

(E, ) minus the actual rate of transpiration (Eq). This represents the mability of the v tion

to meet the daily atmospheric evaporative demand for water when the amount of avglable water

i the soil is low (Spittlchouse and Black, 1981).

3.1.6. Water Balance Calculations

A water balance of the top 20 cm of the soil at the Pasadena nursery site was estim:

twd time periods; May 14 to June 19, and June 20 fo August 14, 1985, The first time period was
examined in an attempt to estimate a starting value for soil water content on June 20, whon
meteorologieal vatiables and the growth of Saliz were analysed on a daily basis for an eight week
period. v -

May 13 was the date of the last recorded snowfall (2.0 cm) at the Dol Lake climatological
station and snow was still présent in small patches at the nursery site on this date. It was
assumed that the soil moisture was at field capacity (-0.1 bar) on May 13 and therefore that the -
water content of the top 20 cm of the soil was 60 mm (0.30 x 200 mm). The daily energy and soil
lunim\:g rates of evapotranspiration were calculated using equations (3.6) and (3.8) respectively

The values of daily total net radfation for May 14 to June 19 were o

sted by hgation (3.5)

using measurements of maximum and minimum daily temperatures from the Deer Lake

climatological station. Daily soil heat flux, G, in equation (3.7) was assumed to be 25% of daily

total net radiatioh. Daily total precipitation in mm day*" recorded at Deer Lake was used in the
caleulation of the water balance during this time period. The danly value of E L orl, N
whichever was less, was subtracted from the daily water Cunle‘.m of th€ soil on days without
precipitation. On days when precipitation occutred, the energy limited rate of evapottanspiration

’
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was subtracted from the amount of precipitation recorded. and the result wds added or subtracted
from that day's vallue of the water content of the soil It was, therefore, assumed that intercepted
ramfall evaporated at the same rate as transpired water. Water content of the soil in excess of 60
mm was assumed Lo be lost to ruo-off. The values used in the calculation of the daily water
Walanee for 1hib time period are displayed in Section B\S' of Appendik B

The calculation of the water balance for May 14 ko June 19 indicated that the soil was
likely still at field capacity on June 19, I‘JBS‘ The d\:uly water content of the soil for June 20 to
August 14 was ealculated as above, with the exception that the energy limited rate of
evapotranspiration was calculated using either i) measured values of net radiation at the site or 1i)
madelled values of net radiation from on site measurements of incoming a_ghr radiation or iii)
modelled net. radiation from o site measurements of maximum and minimum daily lemperatures
using cqll:\l,iv‘bn (3.5). The values used in the calculation of the daily W:.\l.‘e\‘ balance for June 20 to

August 14 are displayed in Section B.6. of Appendix B.

. Wind speed

Hourly values of wind speed in miles per hour, read from the strip-charts of the Esterline-
Angus recorder were converted to values in metres per second. The hourly values were converted
to daily mean values by averaging the readings from 06:00 hours to 06:00 hours the proceeding
day. The daily mean values of windspeed between June 20 and August 14 are contained in

section B.7. of Appendix B.

3.2. Statistical Analysis

3.2.1. Growth measurements 1\

Weekly mean height of Saliz purpurea, S. viminalis and S. alba shoots for June 10 to
October 7, 1085 were platted against Julan day and a regression line was fitted to the data.
Weekly mean base diameter of Saliz purpurea, S. viminalis and S. alba shoots was also regressed
against Julian day for the period between June 24 to Ottober 7. An analysis of variaace of the
final shoot heights and base diameters of the three species as recorded on October 7, 1985 was

conducted to determine if a significant difference existed between the species in overall growth.

\ s
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Daily total shoot height -and base diameter of cach of the theee species between June 20 and

2
August 14 were also plotted against Julian day and an unphoned comparison among the
tegression cocfficients (Sokal and Rolbf, 1982) was conducted to determine f a dfference evited

for the within-season pattern of growth

3.2.2. Dally growth and climatic varlables

The daly values of each of the chmatic variables were separately regressed against the

corresponding daily mean height and diameter increment change for each specios from Jung

Au 14, 1985. A T-test of each of the regression coefficients (Neter et al, 1983) was performed

1o test for & significant linear relationship between the climatic variables and the daily height and
base diameter increment ‘change. Each of the previous day’s climatic variables was also regressed
* against the daily mean . - diamgger increment changes for exch speqs T [y
a significant linear relationship with a T-test of the resulting regression cfefficionts. :
A stepwise multiple regression (Dixon, 1985) was performed with daily growth increment
change of each of the specics as the dependent variable, and the daily value of cach of the
* climatic variables that proved to have a significant linear relationship with daily growth, as the
independent variables. ’
% Several criteria were set for the s(‘lccli:)n of the independent variables used in the multiple
regression model. The F” statistic of each independent variable was calculated al each step in the
"« selection procedure. The F' statistic is equal to the regression mean square divided by the error .
mean square of the independent vaiablé about to be entered into 4he mudel, and is therefore
measure of LX;L- reduction in the total variance associated with the use of the variable (Neter et al,
1983). The minimum acceptable value of the P statistic was set at 100 which is the critieal
value for F at a sigaificance level of 0.05 with | 324 50 degees of freedom. R
The degree of correlation among the independent variables cligible for entry into a multiple
r;gression model will affect the igterpretation of the final results (N‘r'll-r et al, 1983 If the
independent varigbles included 1 the multiple regression model are intercorrelated with each

other or gre correlated with any other independent variables associated with the dependent o~

variable not included in the model, the regression cannot be interpreted effectively (ibid). The

magnitude of the regression coefficients will be dependent on the other variables included in the
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madel and thase which have not been included. The tolerance of a variable sbout to be catered
inta the model s the reciprocal of the variance inflation factor, o \minus the r-squared value of
the variable (Neter et al, 1083). The tolerance assigned in thestefwise selection procedure in the
present study was 0.80. Therefore, a variable was not entered into the model unless it's multiple
correlation coefficient with the other variables already in the nrodel was 0.20 or less. A variable
was also not entered if it entry caused the multiple correlation coefficient of any previdusly
entered variable to exceed 0.20 (1.0 minus the tolerance value, 0.80)

for each

The BMDP 2R program (Dixor, 1985) iniially calculated an F* statist
independent variable eligible for entry into the model. The independent variable with the highest
F* statistic was selected first for entry into the model. The program then fittéd the regression
moel using two independent variables, with the first variable selected being one of the pair. F'
statistics were calculated-for each indgpendent variable not yet entered into the model and the
independent variable that, when combined with the first variable entered, resulted in the highest
F* statistic was entered next into the model. This procedure contiued untilall independent

variables that met the seléction criteria discussed above were exitered into the model.
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'Chapter}
Results

4.1. Growth Measurements

4.1.1, Weekly helght growth, June 10 to October 7, 1985

The total mean heights of Saliz purpurea, S.vimunalia and S.alba shoots recorded once
weekly from June 10 to October 7, 1985 are displayed in Figure 4-1. Maximum rate of height
growth for all species occurred between June 17 (Julian day 168) and July 20 (JD 210). All three
species had achieved 50% of theig final mean heights by July 15 (JD 106). Saliz purpurea and
S.alba had grown to 90% of their final mean heights by Augist:12 (JB 224) while Sviminalis did
ot reach 90% of it8 sl mean height until August 26 (JD 238).

Table -1 displayShthe results of a least-squares regression of iweekly total mean Teight of
each of the species on Julian day. BMDP program SR (Dixon, 1985) was used 1o test the

 applicability of fitting a polynomial regression model to the data. The program caleulates 2 -
statistic for each degree of the independent variable. A significant value of L indicates thal the
regression coeffcient at tht degree is not equal to zero and therefore that the term is needed 1n
describing the model (Neter et al, 1983). Al three species showed that Jinear and quadratic effect
coefficients were significant in modelling the response funetion of height growth from June 10 to
October 7, 1985,
The BMDP SR program also caleulates a goodness of fit test at each degree of the

regression for the ial of the next highest degree. The numerator of «

the F statistic (F")is the sum of sqghres attributed to the orthogonal polynomial of the next

highest degree ald the denominator is the residual sum of squares from the fit to the next highest
degree orthogona) polynomial. A significant F statistic therefore indicates that a higher degree

polynomial should be considered in the model (Dixon, 1985)
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Table 4-1: Results of least-squares polynomial regression of total mean shoul
height on Julian day, June 10 to October 7, 1985
o= 18, critical value of ¢(0.001; 17) = 3965

Standard -
crror
Degree of the
of the Regression | regression Multiple
Species | poiynomial | coefficient | coefficient L e
Spurpures 0 215 85.5 BYEG ]
1 07 0.79 1350
2 -0.021 0.0018 ~1152 098
Swviminalis 0 -1070.2 56.0 -1881
1 933 0.53 1714
2 002 00012 | -1430 099
B sae 0 -1079.8 61.5 1756
1 052 057 1675
2 002 0.0013 -13.96 0.99

B ’
i .
Table 4-2 displays the results for the goodness of fit test for the second-order poly nomial
models created to exphin the vaiation in height growth of the Saliz species studied in 1985, The

goodness of fit test for all three species indicated that a second-order model was adequite in

describing th@pattern of height growth of the Saliz spectes examined in 1985, Festatistics
calculated for the zero and first degree of the polynomials were both significant at the 0 001 level
indicating that a higher order polynomial was required in the model. “The F-statstic calculated
for the second order polynomial for all thice specics was not significant at the 0001 level and
therefore suggests that a higher degree of polynomi is not required Lo descrabe the pattern of

height growth in 1985.
%
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Table 4-21 Results of goodness of fit test for least-squares polynomial
regression of total meap shoot. height on Julian day,
June 10 to October 7, 1985, n=16.

Degree Numerator | Denominator
of the degrees of | degreesof | Critical F
Aecies polynomial F freedom freedom value(0.001)
Spurpures 0 "3\3.5 3 14 9.7
1 §oes 2 oM 8
2 1.0 1 14 = I
Sviminalis 0 10900 3 o 9.7
. 1 1377 2 1 1.8
2 58 1 1 17 - AN
S.alba 0 6824 3 14 0.7
o 202 2 it 1.8
N 2 12 1 14 17.1 k .

The rmiean lotal height of Suiminalis shoots recorded on October 7, 1985 was 208.7 eri.’ -
S.purpurea and S.alba shoots grew to final mean heights of were 183.3 and 179.6 cm respectively. «
The fial mehn heights of the species were tested for equality i an effort to detect differences in
overall height attainment during the 1985 growing season. A BMDP 1V program (Dixon, 1985)
for analysis of vatiance was used to determine whether the mean total shoot heights.of each of
the three species recorded on October 7, 1085 were sigaiicantly different from one another. The
results of the one-way analysis of variance are displayed in Table 4-3. The F value of 10.53 for 2
and 87 degrees of freedom is significant at the 0.0001 level, indicating that the three species were

significantly different in their mean final height attainment.




Table 4-3: One-way analysis of variance table of mean total shoot height recorded
L on October 7, 1085, by specics.

Source of Sum of Degrees of Mean
, Variation Squares Freedom |'  Squre F Value | Significance
Between Species 14,084 2 TA02 10.53 D000t
‘Within Species 61919 87 T
Total 76003 89

4.1.2. Dally height growth, June 20 to August 14, 1985

The total shoot height was measured on a daily basis for eight weeks between June 20 and

sed on Julian

August 14, 1985. Daily total height of the thirty shbots of éach species was regre
day from June 20 (JD 174) until Augast 14 (D 226). A'linear relationship hetween dsy and total
v shoot height was determined ro_x all three species and the results of the regressions are displayed in
Table 44, Figure,4-2 displays the daily mean total shoot height of each of Suliz piErpurea,
Suiminalis and Salba 55 3 fanction of Julian day from JD 171, (3 JD 226, The messurements

for the thirty shoots of ead species were not displayed on the diagram due to the large number of
: <
observyijons in the data set \
~ % &

Table 4-4:  Results of least-squares regression of daily total shoot height on
Julian day, June 20 to August 14, 1985, n = 1219,

P eritical value'of F(0.001; 1, 1247) = 108
Standard Standard
. Error Error
Reg. of the F of the Multiple
Species Intercept Col. Reg. Coef. | Ratio Esumate s
Spurpurea | -518.0 3.12 0.022 206049 |- 126 094
Swviminalia | -476.2 203 0.016 34337.9 902 0.97
S.alba -440.2 | 27 . 0.018 21830.1 106 0.95
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The regression coefficients of the linear regession models di splayed 1n Table 1-4 were tested
for equality by an unplanned comparisan of the regression cocfficients (Sokal and Jtohlf, 1981)
The absolute difference between a pair of regression coefficients was compared (o the *mmmum
significant difference® (MSD). The MSD was caleulated as the critieal value of the studentized
augmented range (Q') at 2 and 1247 degrees of freedom and 4 sigmificance level of 0 01, multphed
by the maximum value of the standard error of the regressun eneffcients heing comparel 1f the
absolute difference between the regression coefficlents was greater than the caleulated MSD then
the regression. coefficients were considered significantly diffrent at the 0 01 leel The results of
the unplanned comparisons of the tinea- regression coefficients of shaot herght growth from June

20 until Avgust 14 are contamned in Table 4-5

Table 4-5: Results of unplanned comparisons among the regression coeff
from the linear regression of total shoot height on Julian d
August 14, 1085, Q'(0 01,2, 1247) = 3 653

ot

y, June 20 to

Maximum
Standard Error Absolute
of the Difference of
Species |, Regression the Regression
Compared Cofficients MsD Coefficients
S.purpurea
S.viminalis 0.022 0080 019
S.purpurea
Salba 0.022 0.080 042
S.viminalis N
S.alba 0.018 0066 -~ 023

“The compasison of all paes of regsession cdolficients rpulted is the absolste difference
between them being greater than the caleulated value of the minimum significant difference at the
0.01 level. Therefore it was assumed that the slopes of the'linear regression models of the three
species’ total shoot height from June 20 and August 14, 1985 were significantly Hifferent from one
another.

The mean daily height increment change of each species from June 20 (JD 171) to August

14 (JD 226) is displayed in Figure 4-3. Measurements of daily mean shoot height increment
;
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change were msing for Julian days 187, 194 and 195 The greatest values of mean daily hewht 1
growth for all species occurred between days 175 (June 24) and 179 (June 29). The largest :

) _amiunt of growth 1n 3 24 hour feriod was expertenced by Suliz alba shoots on JD 170 when mean
/>° " hght growth was 56 em. Dy height growth increment chaage was least for all spectes on

Julian day 226 when th> mean height growth was less than 10.cm for all three species
H
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. Weekly base dlameter growth, June 24 to October 7, 1085

Figure 4-4 displays the weekly mean shoot base diameter of Saliz purpurea, S viminalis
and S ;llbn frora June 24 (JD 175) to October 7 [JD 280). The base diameter was too difficult to

measure prior to June 20 due to the small size of the shoots (< 06 em base diameter)

S.iminalis and S.alba shoots grew Lo 2 mean base diameter of 15 cm and 1 1 em respectnely on
October 7, while S purpurea attained a final mean base diameter of 1 Uem.  purpurca grew to

90% of 1ts total mean base diameter by August 15 (JD 227). S.aiba and S mmunalie attaied

90% of their final mean Byge diameters by August 26 (? 238) and September 2 (215)

respectively.

A least-squares polynomial regression model was fitted to the weekly measureme

total base diameter for each of the Lhree species using the BMDP 5R program (Dison, 108

results are contained in Table 4-6. The regression of Saliz purpurca on Julian day resulted i 2
oy

third-order polynomial with the t-tests of the seyicssica coefficients of all three degrees of Lhe

polynomial being significant at the 0.001 level. The regression S.viminalia and S.alba Woth

resulted in a second-order polynomial model with the linear and quadratic coefficients sign

at the 0.001 levek. &

Table 4-7 displays the results of the goodness of fit test (Dixon; 1985) at cach degree of he
polynomial regression for Saliz purpurca, S.viminalis and S.alba weekly base diameter growth in
1085. The Fstatistic for the third degree of the polynomial regenssion for S.purpurca was not
significant at the 0.001 level indicating that a higher order is not required to model weekly base
diameter growth in 1985. S.viminalis and S.aka had nn{|<l|gniﬁ:;\nl F-statistics at the second
order of the poly nomial suggesting that the qladratic term was satisfactory in modelling weekly

base diamater growth from June 24 to October 7 and a higher order was not required.
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Figure 4-4t

Base diameter growth of Saliz species at the Pasadena nursery site,

June 24 to October 7, 1985.



Table 4-6:

Results of least-squares polynomial regression of weekly total mean

00t base diameter on Julian day, June 21 to October 7, 1985, n = 16,

critical value of (0.001; 15) = 4073,

Standard
error
Degree of the
of the | Regression | regression Maltiple
Species polynomial | coefficient | coefficient v 2 .
S.purpurea 0 -13.4 19
1 017 0.025 656
2 -0.0006 0.0001 5
3 0.0000008 | 0.000G002 510 099
S.viminalis 0 -3.01 0.38
& 1 0.038 0.0031 .
2 -0.00007 | 0.000008 -8.80 0.99
Salta 0 -5.60 046 [ 1211 |
1 0053 0.0041 1285
.2 -0.0001 | 0000000 | -11.04 0.90




Table 4-

.

Results of goodness of fit test for least-squares polynomial

regression of total mean shoot base diameter on Julian day, June 21 to
October 7, 1985, n=16.

Degree Numerator | Denominator
of the . degrees of | degreesof | Critical F
Spegies polynomial F freedom freedom | value(0.001)
S.purpurea o 500.4 4 1 103
1 1206 - 3 11 116
2 10.5 2 it 138
- 3 48 1 11 19.7
S.viminalis 0 508.0 3 12 108
1 45.7 2 12 13.0
2 26 1 12 18.6
S.alba 0 4305 3 iz 108
' 83.1 2 12 13.0
2 > 58 1 12 186
Ko .
.
P
/ . s
- *»
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Saliz purpurea shoots grew (o a final mean base diameter of 1.07 em and the mean base

diameters of S.viminalis and S.alba recorded on October 7, 1985 were 1.49 and 144 em 4

respectively. The results of an analysis of variance of final mean shoot base diameter by species is

displayed in Table 4-8. The calculated F value is highly significant, indicating that the final mean

base diameter attainments of the three specics were significantly different.

. &
One-way analysis of variance table of mean total base diameter

Table 4-8:
recorded on October 7, 1985, by spec
Source of Sum of Degrees of Méan
Variation Squares Freedom Square F Valu Significance
Between Species 315 2 158 36.39 0.0000
Within Species 3.77 87 0.04
Total 602 | 89 *

4.1.4. Daily base dlameter growth; June 20 to August 14, 1085

l;kly total base didmeter for each species of all shoots measured was regressed on Julinn
day from June 20 (JD 171) to August 14 (JD 226). A linear regression mudel was determined for.
all three species and the results of the least-squares regressions are contained in Table 4-0. Figure
4-5 displays daily mean total base diameter of each of Saliz purpurea, S.yirninalis and S.alba as
a function of Julian day from JD 171 to JD 226. The daily mncans of each species are shown

rather than the measurements of all ninety <hcots as the number of data points (1,219) was oo

large to be displayed. .
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Flgure 4-61 Daily base diameter growth of Saliz Species at the Pasadena

nursery site, June 20 to August 14, 1985.
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Tabie*4-9: ults of Jeist-squares fegression of daily total shoot base
diamel ulian day, June 20 to August 14, 1985, n = 1219,

critical value of F(0.001; 1, 1217) = 10.8
Standard Standfrd
Error Error
Reg. of the F of the Multiple

Species Intereept Coef. Reg. Coef. Ratio Estimate ~
S purpurea 0.0100 0.00019 o 06
S.viminalis ~1.58 0.0128 0.00026 015 ne7

S.alba -1.93 0.0145 0.00026 31004 015 o7

The regression coefficients from the linear regression models of each species displayed
Table 4-0 were tested for equality by an unplanned comparison af the regression eoefficients as
deseribed in Subsection 4.1.1. The results of the unplanned comparisons of the linear regeession
coefficients af daily boss dismeter growth fror June 20 to August 14 are contained in Fable 4210,
The comparison of all pairs of regression coefficients resulted in the absolute difference hetwern
them being greater than the calculated value of the minimum significant difference at the 0.01
level. The slopes of the linear regression models of daily total base diameter wege therefore
considered significantly different from one another.
The mean daily base diameter increment change for the three species between June 20 (J)

171) and August 14 (JD 220) is displayed in Figure 4-6. Daily base diameter increment change

* data was not recorded for Julian days 187, 194 and 195. Shrinkage of the stems was recorded for
several 24 hour periods from June 20 to August 14, 1985. The s;cifl varied in their amount of
daily base diameter increment change, with some species showing a shrinkage and others showing

an inerease during the same 24 hour period (i

JD's 172, 176, 180, 190, 191, 197, 212 etc.). The
largest recorded stem shrinkage in a 24 hour period was experienced by Saltz viminalis shoots on
Julian day 218 when the mean base diameter of all shoots was 0,06 em less than that recorded on
the previous day. Mean daily base diameter inereases of 0.07 cm were experienced by Spurpurea

shoots on Julian day 221 and S.viminalis shoots on Julian days n" 27,

i
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a

b -
Table 4-10: Results of unplanned comparisons among the regression coefficients
from the linear regression of total shoot base diameter on Julian day, June 20

to August 14, 1985, Q'(0.01, 2, 1247) = 3.653,

~
. Maximum M
. Standard Error Absolute
" of the Difference of
Species $ Regression | the Regression
Compared Coefficients MsD Coefficients
' S purpurea T
S.viminalis 000026 000005 0.0028
) $ purpurea '
S.alba 000026 0.00005 00044
Swiminalis :
Salba 000026 0.00095 00017
~ -
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4.2. Daily growth and climatological measurements

The daily increment growth measurements of shoot height and base diameter between June
20 and August 14, 1985 were examined with respect to daily climatic variables recorded at the
site in an effort to determine the effect of the local climate on daily growth. Stepwise multiple
linear regression was performed on the data in an attempt (0 ascertam which climatic variables
exerted the most influence over the daily growth of the Saliz species examined during the 1985

growing season.

4.2.1, Testing for linear relationships between dally growth and climatological

measurements

An assumption of stepwise multiple linear regression is that each of the idependent
variables included in the model has « significant linear relationship with the dependent vanable
(Neter et al, 1983). The daily mean values of height &nd base diameter increment change from
June 20 to August 14 for each of the three specics were regressed against the daily values of each

climatic variables monitored, using the BMDP 1R program (Dixon, 1985). Daily values of

:&n height and base diameter increment change were ‘also regressed against the values of the
.

previous day’s climatological variables for the same time period. Table 4-11 contain a list of the

climatological variables tested for sigaificant linear relationships with daily mean shoot height and o9

base diameter growth.

The results of the individual least-squates linear regressions are contained in Appendix
C. The presence of a significant linear relationship between each climatological variable and daily
height and base diameter increment change was tested by examining the ¢ statistic for each linear
regression coefficient. The e ic:l'vmllz of t at a significance level of 0.001 for 50 degrees of
freedom was 3.50. A significant linear relationship was assumed to exist between the
climatological variable and daily height or base diameter increment change if the value of the L

statistic was greater than the critical value.




Table 4-11: . List of daily climatological variables tested for significant linear +
relalionships with daily height and diameter increment change. &

Climatological Variables

Mean air temperature (*C)
Maximum air temperature (* C)
Minimum air temperature %c)

) .

Mean soil temperature at 10 cm (*C)

Range in air temperature (

Mean soil temperature at 20 cm (* C)
Mean soil temperature at 30 em (* C)
{ Mean vapour pressute deficit of the air (kPa)
Total net radiation (MJ m™ d!)
Evapotranspiration (mm d'')

Mean wind speed (m sec™!)
Soil water content of the root zone (mm)
- - Water deficit (mm d"')
¢ Hours of daylight (hours)

Tables C-1, C-3 affd C-5 in Appendix C contain the results of the least-square$ linear
regressions of the mean daily height Increment change of each of S.purpurea, S.viminalis and
S.alba shoots on each of the climatie variables measured the current day. Tables C-2, C-4 and
C-6 display tl;e results of the least-squares linear regressions of the mean daily height incrément
ehange for each of the three species on each of the climatic variables recorded the previous day.
Those climatic variables that showed a significant linear relationship with daily height increment
change in each of the three species are displayed in Table 4-12.

* Tables C-7 through C-12 of Appendix C contain the results of the regression of daily base

diameter inerement of cach of the three specics on the'daily and previous day's values of the

climatic variables. None of the climatic vai howed a linear relationship with daily base
/

diameter increment change in any of the species at a significance levél of 0.001.
5 N




Table 4-12:  Daily and previous day's elimatic variables shown to have a
significant linear relationship (*) with daily height ‘increment change, June 20
o August 14, 1985,

Climatic variable S purpurca | S viminalis S alba

Hours of daylight ? . . .
Daily maximum air temperature . . .
Daily range in air lemperature ERS|

Datly mean air temperature

D, S— . . .
Daily total net radiation ‘ L .
Daily total evapotranspiration % . oo

Previous day's hours of daylight . .

Previous day's net radiation

Previous day's evapotranspiration L - ¥ E ¥

4.2.2. Stepwise multiple regression of dally helght Increment change on climatic

variables

The daily height increment changes of Saliz purpurca, S.vimiialis and S.alba shoots from

June 20 to August 14, 1985 were regressed on the indepeqdent climatic var: v

5 that were

identified as having significant linear relationships with daily height grawth of each of the species

in subsection 4.2:1. The BMDP 2R program (Djxon, 1985) for stepwise multiple regression was
used to create a multiple regression model of independent elimatic variables and their explanation
of the varisnce in daily growth of the cach of the Saliz specis. |

The results oY the selection of independent variables by the BMDP 2R program are
contained in Tables 113 through 4-16. Table .13 contains the results for step 0 for each of
Spurpurea, S.viminalis and S.alba daily height increment change. The tolerance of all the
independent variables is equalto 1,00 snce no varisbles had been enlm-d into the equation at this

step. The partial correlation coefficient of each variable with the dependent variable is displayed,



as is the F ratio for each independent variable ie. the F ratio that would result if that variable
were entered into the model. These values are termed the *F to enter values® in Table 4-13
are a measure of the reduction ¢ the variance in the dependent variable associated with (he use

of cach Tdependent varable (Neter et al, 1983) : bl

¥ y P
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Table 4-13:  Results of stepwise multiple regression for step 0, o iiidependeat
wariables ehtered in the model.
Critical values; F(0.05, 1,60) = 4.00, Tolerance = 0.80
" Fto i
Variables Climatic Partial Enter X
Species Entered Variable Correlation Value Toleranee
S purpurta, mean temp. < 0.50 16.57 100
max. temp. 0.57 2140 . 1Loo
vap. def. 047 14.56 100
net rad. 0.18 15.21 Lo
: evapotran. 0.49 1579 1.00
hrs. daylight 056 2311 100
prev. evapo. 0.18 1.00
) prev. hours 0.57 100
daylight
S.viminalis | 7 max. temp. 0.58 . 2505 1.00
. range temp. 045 1291 oo ¢
vap. def. 054 20.45 100
net rad. 0.56 23.10 100
! evapotran. 0.56 23.20 L00
hrs. daylight 0.46 13.53 100
prev.net rad: 0.55 22.15 1.00
- | prev. evapo. 057 L00
prev. hours 0.46 100
. daylight
S.alba max. temp. 0.55 21.30 1.00
: vap. def. 0.54 2089 1.00
netrad. 0.47 112 100
evapotran. 044 1223 1.00
hrs. daylight 0.46 13.43 1.00
. prev.net rad. 0.40 13.10 1.00
| prev. evapo. ‘042 1085 1.00
<



$tep 0 of the selection procedure resulted in “daily maximum temperature’ having the
highost caleulated F ratio for all three species if it was to be entered first into the regression
model. Table 4-14 contains the results for step I of the selection procedure. Maximum daily
temperatufe had been entered into each of the regression models and the partial correlation, F to
enter and lolerance values were all re-calculated for each independent variable, assuming two
independent variables were now in the model, one being “daily maximum temperature’. The
regression of Saliz purpurea daily height increment growth on ‘daily maximum air temperature’
and ‘previous day's hours of daylight” resulted in the highest calculated F ratio. The regression of
Sviminalis and Salba daily height growth on ‘daily maximum temperature” asd ‘hours of
daylight' resulted in the highest calculated F to enter value. The tolerance level of both ‘previous
day"s hours of daylight" and "hours of daylight’ with ‘daily maximum temperature’ was 0.09
meaning that the two independent variables entered in each model were virtually incorrelated
with one another.

Table 4-15 displays the results of step 2 of the stepwish multiple regression procedute for

each of the three models. 'Previous day’s hours of daylight’ was the second indepéndent variable

to be eatered into the multiple regression model

th Saliz purpurea daily height growth as the

deperident variable. ‘Ifours of daylight’ was the sccond independent variable to be entered into

the multiple regrsssion models with each S.viminalis and S.alba daily height growth as the

dependent varianies. The partial correlation, F to enter and the tolerance values were all re-
calculated for-models with' three independent variables. The highest F to enter value for

S purpurca daily height growth with {wo independent variabled already entered in the model”
would result from the entry of ‘daily mean air temperature’ as the third independent variable.
However, the tolerance level of mean daily air temperature was below the minimum acceptable
level of 080. The F o enter Volue of the previoes day's evapoffanspiration was the next highest
and the tolerance of the independent variable was above the acceptable level.

Q




Table 4-14:  Results of stepwise multiple regression for step 1, one independent
variable entered in the model. ' .
Critical values; F(0.05, 1.50) = 4.00, Tolerance = 0.80.

Variables Climatic Partial F::::r
Species Entered Variable Correlation Value Taolerance

Spurpures | max. temp. T

mean temp. 008 035

vap. def. 010 0T

net rad. 032 LRl

evapotran. 047 0o

hrs. daylight 073 0o

prev. evapo. 048 097 :

¥ prev. hours 073 00

daylight

Swiminalis | max. temp.

™~

range temp. 023 260 0
vap. del. 0.20 207 o
net rad. 052 1775 081
-7 evapotran. 057 n 096
hrs. daylight 062 3020 099
prev.net rad. 085 i =
prev. evapo. . 058 2496 097
prev.bours A 061 276 0%
daylight =
S.alba max. temp. \
vap. def. 025 o
net rad. 031 500 081
Vs evapotran. 041 1003 08
hrs. daylight 050 %75 —t
prev.net rad. 033 501 080
prev. evapo. 040 018 e
. _
4 o




.~
Table 4161 Results of stepwise multiple regression for step 2, two independeat .
variables entered in the model.
Critical values; F(0.05, 1,50) = 4.00, Tolerance = 0.80 .
b Fto
Variables Climatic Partial Enter
Species Entered Variable Correlation Value Tolerance ’
Spurpurea | max. temp.
pr. hours : .
daylight N
. mean temp. 053 18.68 031 -
vap. def. 0.05 0.10 0.46
net rad. 0.04 0.06 0.68 i
evapotran 0.21 2.96 0.77
hrs. daylight 004 007 0.01
g prev. evap® 033 587 084
S.viminalis | max. temp.
hrs. daylight g
range temp. 001 0.00 0.64
vap. def. 018 ( 161 0.46
net rad. 038 / 7.03 0.68
evapotran. 042 1031 078
prev.net rad. 035 6.49 -0.78
prev. evapo. 048 1463 |° o084
) prev. hours | -002 002 001
daylight
'L ¥
Salba | max. temp.
hrs. daylight
vap. def. 024 295 0.46
et rad. 010 047 " oes "
' . evapotran. 021 224 078
. . prev.net rad. 019 177 0.78 N
- \w . prev. evapo. 0.24 280 0.84 ' :
. <
s - \




65

The second step of the multiple regression stepwise procedure for the dependent variable
S.virmunalis daily height growth resulted in the entry of the independent variable hours of

. oot
daylight’. The re-calculated values of partial correlation, F to enter and tolerance for each of the

variables not yet entered into the model are displayed in Table 4-15. ‘Previous fy's

evapotranspiration’ also resulted in the highest F to enter value when combmed with the already
entered independent variables of "daily maximum air Cemperature’ and hours of day light
"Previous day's evapotranspiration’ was also the oaly indepgndent variable not yet ensored 1 the
model with a tolerance value above the minimum acceptable level

The stepwise multiple regression ptocedure for S alba daily height growth, the second step
resulted in the entry of hours of daylight. The F Lo enter and/or the tolerance values caleulated
for the independent variables not yet entered in the model were all below the assigned mimimum
levels for variable entry .

The results for step three of the selection of independent varidbles for the regression of daly
heighit increment growth of Saliz purpurea and S.viminalis shoots is displayed in Table 4-16. A
third independent variable was not entered in the multiple regression model for daily height
growth of S.albashoots because the remaining variables did not meet the selection eriterion for

: minimum F to enter value and tolerance level. .

' was the third variable entered i the

™ ‘Previous day’s
multiple regression models for both S purpurea and S.viminalis daiy height growch. The partial
_‘mrrelalinn, F to enter and the tolerance values were all re-gaJculated for.madels with four
Wenl variables. The independent v::xjnables not yet entered in the madels all had [ to enter \

and /or tolerance values below the minimum acceptable levels of 4.00 and 0.80 respectively
: s




Table 4-16: Results of stepwise multiple regression for step 3, three independent
variables entered in the model.
Csitieal values; F(0.05, 1,50) = 100, Tolerance = 080,

F to
Variables Climatic Partial Enter
Species Entered Variable Correlation Valle Tolerance
S.purpurea max. temp,
pr. hours
* P daylight
- prev evapo
mean temp. 051 16.64 0.30
vap. def. -0.02 0.02 0.44
net rad. -0.06 018 063
evapotran. o1 0.54 061
hrs. daylight 0.02 0.03 001
S.wiminalis | max.’temp.
hrs. day light < d
prev. evapo. - «
'
° range temp. 0.06 0.17 0.63
vap. def. 010 . 0.50 0.44
- net rad. 0.2 4.25 0.63
evapotran. 0.26 3.20 062
prev.net rad. 0.05™ 0.11 0.46
prev. hours ‘001 0.01 0.01
" daylight , .
The stepwise procedure of the selection of independent variables for the multiple regression
models of daily height increment change in the tiree species examined during the 1985 growing
¥ season resulted in the selection of three independent climatic variables to explain lkje‘ variation jn
daily height growth of Saliz purpurea snd S.viminalia andtwo for Salba. The relevast
statistics dssociated with each of the multiple regression models are displayed in Table 417. The
. tolerance value for all of the variables in each of the three models was 0.84 or greater, meaning

that the correlation between the independent variables in each model was not more than 0.16.
'




Table 4-17:  Results of multiple regression of daily height increment change on

daily climatic variables, June 20 to August 14, 1985,
F(005;1, 50) = 100)

Std.
Eror | , .
Dependent Indep. Reg. of the Multiple
Variable Intercept | Variable | Coef. |RegCoef | FRatio | Toleranece I
Spurpurea | -1950 7
height maximum 017 ooz LR 0ax
increment temp.
change pre hours 114 018 AT 086 060
daylight
previous 017 007 587 K 072
evapotrn. !
Swviminalis | -1238
height maximum | 0.15 002 wn 005 031
increment temp.
change bourd of . 0.70 0.16 1045 086 0.59
daylight . :
previous | 0.26 0.07 1403 081 0.60
= evapotrn.
S.alba -17.30 :
height maximum 0.7 0.03 3615 0% 0.30
increment temp.
change hours of | 1.01 0.20 075 099 2.55
daylight g
?
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' Chapter 5
— /
Discussion and Conclusions .
, A
This chapter provides a discussion of the results of the staustical analysis of the data
collected on willow growth and the potential effect of climate variables recorded during the 1985
growing season, The results are discussed with respect to the findings of related studies that

examin: the inflience of cligfate on growth in other plaat species.

5.1. Seasonal growth during 1985

Weekly measuremenis of height and base diameter growth of the three Saliz species studied s
during the 1985 growing season at Pasadena were fitted to polynomial regression curves in an
effort to provide a mathematical description of the pattern of growth over time. A large amount
o the variation in weekly height growth of shoots for all three species (multiple r* > 08%) from
June 20 Lo October 7 was accounted for by second degree polynomial equations. The quadratic
equations derived indicate that seasonal bt growth progressed in a uniform curvilinear Fashion.
The degree of curyature of the weekly he.gm growth curves is defined by tie regression coefficiet

* of the quadratic or squared term in the polynpmial regression equnnons (Hunt, xgsﬂ) This term
describes the rate of change in the regression coefficient of the linear term in the equation. The
rate of change during the 1985 growing season of the linear terms for each of the three species
was equal (-0.02), The weekly growth in shoot height of each of the three spegies followed an
overall similar pattern, with a majority of the growth occurring between thend of June and mid

to late August. L

a < .
5 The weekly growthig base diameter of Saliz viminalis and S.alba was described by second
“>——Srder foly nomisl regression models which accounted for 99 % of the variation in growth for both *
s 5
species. The degree of curvature described by the quadratic terms was low in comparison to the

J '
¢ -




60

magnitude of the linear terms. suggesting the rate of changg i the regression coelficiont of the

linear terms slowly and gradually declined during the 1985 growing season, The third order
polynomial (cubic) equation derived to describe the sensonal progression of weekly base diameter

growth of S purpurea shoots indicates a gradually diminishing dechine 1n the rate of diameter

increase between June 20 and October 7. The cubic equation accounted for 99 % of the variation

in weekly base diameter growth of S purpurea shoots during the 1985 growing, season. The

majority of the base diameter growth in S.purpurea shoots occurred between mid-June and mul-

August. S.alba 3nd S.viminalis shoot base diameter growth was mostly completed by the end of

ugust \

Similar patterns of seasonal growth have been reported for some farest species af trees
Hilley and Cunliffe (1923) examined the height growth of Larch. Sitka spruce and Corsican pios

for three consecutive growing seasops in Britain during the early 1920°s. Height growth was

defined as initiated when an increa

aof 1 mm or greater was measured m a 21 hour period Al
three species commenced height growth betfeen Lhe end of April and the h(-pm:m)( of June,
depending on the species and year of measurement. Sitka spruce and Corsicag gane trees had
ypically completed 80% of their total seasonal height growth by the middle to end af July, and

Larch trees typically completed 80% of their stasonal growth by mid-Augnst. Worrall (1973 .
studied the witkin season srawth of Norway Spriice in Ontario aad found Height growth b gan

near June 10 and began to slow by mid-July. The mean date for the initiation of radial growth

was May 28 and the meaa date of cesggtion was August 13, allhough cessation date was highly

in, initiated height

variablg_Birch Betula pubescens srgwing 3t 570 m in the Pennincs, Brit

growth in early June and experienced nearly 90 days of linear g before slowang at the ead of _

August (Millar, 1965). .
A similar pattern of growth has been shown in agricultural crops grown in cemperate
climates, WAl et al, (1983) examined the accumulated weight of hay in tonnes per hectare
within consecutive growing seasons in the Peace:River region of Alberta and seasonal growth .
showed a curvilinear tread similar to that of this study. Girowth of the hay commenced at the %
end of May and began ta slow by mid-July. b .
: ﬁm‘z viminalis clone 082 grown at the Studsvik and Kopping rescarch stations in Sweden

during 1981 also showed similar seasonal growth patterns to the weekly height and diameter
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‘l‘r)wlll of willow species examined at Pasadena in 1985 (Eckersten et al, 1983; Nilsson and
Fickersten, 1982 Perttu and Lindroth, 1986). The within seison accumulated biomass of stems in
Lonnes of dry matier per hectare was derived from non-destrictive measurements of shoot height
and base diameter. Growth of willows in Sweden during 1981 commenced in mid-May wd
continued in a gentle curvilinear pattern until early September, when the rate of growth slowed to
almost zero (Nilsson and Eckersten, 1983). "This general pattein was also seen in the weekly
height and diametee growth of Saliz viminaKs and S.alba clones and the height growth of
S.purpure clones at Pasaden in 1085, althéugh slowing of growth occurredisooner (A ugnst)
S.purpurca shoots showed a slightly different pattern of base diameter growth than S.viinalis
and S.albd"shoots in that the weekly increase in base diameter between June 24 and October
wag described by a third order polynomial equation. Base diameter increment growth of

S purpurea began to slow at an earler date than did the other two species (mid-August).

_The thee species were significantly different from one another in their mean shoot height
and base diameter attdinment recorded at the end of the growing season on October 7, 1985. The
final mean height of 5.viminalis shoots was m;)re than 20 cm greater than that of the other two
sprclcs examined. S.alba and S.purpurea shaots were sxmllnr in their final mean height
attainment as were S.alba and S.vminalis in their final base diameter attaioment. The final
iesn s dinmeter of S gurprea shaota was vaore than 0.35 con loss than that of the other two

species and this appears to be partly due to the fact that growth slowed earlier in the season.

A W -

5.2, Daily growth, June 20 to August 14, 1985

Daily shoot height growth between June 20 and August 14 of all three of the Saliz species
- examined during the 1085 growing season had ‘wlinear relationship when regressed against Julian _
day. Spurpurm shoots were l'mmd to haye the fastest rate of d:nly height giowth at just over 3
em per day. The rates of S.viminalis and S.alba daily shoot height increase were 29 and 2.7 cm
: mpmwrly The rates of daily ne.gm growth of lhc three species were shown to be significantly .

X different from one another by an unpl:mntd mmpmsun of the three regression coefficients.

° " Values'of daily height growth have been reported in other tree species. White (1074)
— heights of four and five year old Scots pine (Pinus sylvestris L., birch (Detula

pubescens, Eheh.) and rowan {Sorbus aucuparia L.) cvery one to ten days on the Pennines of




England and the measurements were converted to mean values of height increment per day

Daily height growth for all three species ranged between 0 and 0.8 cm per day. Millar (1905) Aso
measured height increment growth'of Betula pulescens on the Penuines every two to cleven days
during the 1058 growing season. The mean daily growth rate for various periods between early
June auid Tate September ranged between 0.0 and 0.50 cm. The daily growth rates of these
studies were much lower than those reported above for the three Saliz specics examined in the
present study. This would be expected since the species examined in Millar's (1066) and White's.

. (1974) studies were growing under "natural” conditions, not undergoing the cultivation practi

s

and fertilizer treatments that were conducted at the Pasadena nurscry during the 1985 growing

season and in previous years. The clones used in this study were also sprclrlnlly bred-and tested,

for high rates of growth in temperate climates, and therefore faster than typical growth rates
wouJd be expected. Worrall (1073) reported similar increments of daily height giowth of Norway

spruce trees in Ontario to those reported for Suliz specigs in the present study. Daily height

growth of four Norway spruce during June and July, {967 ranged between 0 and 3 cm per day.
The daily base diameter growth of the three species between June 20 mnd August 1§ !
appeared more variable than héight growth although linear regression equations were effeotive in
describing the overall pattern of daily growth. The linedr regression cquations derived explained
71, 60, and 67 % of the variation in daily base dismeter growth of S.purpurea, S.viminalis, and

S.alba respectively. S.purpurea shools had the slowest rate of daily base diameter increase at 0.10

mm per dsy.  S.sininalis shoots had n;li;hnylmy;u rate of growth of 0.13 mm per day and
St ok viere Ao BSYE B HIgh AL FaLE o growth at 0.15 mm per day. The shoot base
diameter was measured with hand held calipers Lo the nearest 0.1 mm 8o the potential for
inaccuracy, gondldering the relatively small increments of daily growth, was high. A measurable
decrease in base diameter was noted in all three specics on certain days within the eight week, .
pefiod of daily measurements ang it i likely that a more aceurate measurement of shoot base
diameter was required if mminzm interpretation of the results was to be expected. The
diameter growth in trees is typically measured by dendrometer bands which are affixed to the tree

and provide continual reéordings of changes in the overall diameter (Kozlowski, 1968)
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5.3. Daily growth and climatological measurements

: Daily height increment changes between June 20 and August 14 in each of the three willow
specics examined were tested for si;niﬁ::\nl lineas relationships with u@enty-eight climatic
variables, fourteen from the current day and the same fourteen variakfes secorded the previous .
dny"l'h'e daily height increment change in all thiee species showed a significant linear ,
relationship with the current day's *hours of daylight’, ‘maximum daily temperature’, ‘daily mean
vapour pressure deficit’, 'daily total net radiation’, ‘daily total evapotranspiration’, and the ’
previous day's 'daily total evapotranspiration’. Daily height growth of Saliz purpurea and
S.viminalis shoots also showed a significant lincar relationship with the previous day's ‘iours of 2 1
daylight’ and S.viminalis and S.alba shoot height growth showed a significant linear relationship
with the previous day’s 'daily total net radiation’. The current day’s "daily mean temperature” '\
and the previous day's ‘daily range in air temperature’ showed significant linear rex onships with
lieight growth of S.purpurea and S.viminalis shoots respectively

The daily base diameter increment change in all three species had no significant

telationships with any of the climatic variables measured in this study. This is attributed to the

teasons discussed in the previous section.

6.3.1. Climatic varlables with non-significant linear relationships to dally ‘height

growth ,

Several climatic variables were shown to be not related to the variation in daily height
growth of willow species examined in this study.¥ None of the current day’s or previous day's

values of

mean soil ure at @ 20 or 30 em, mean'wind speed,

soil water content nf\:_n')ul 20mé of water deficit Were shown to have a sigaificant linear

relationship with daily height growth of the unl\e species studied. ) . .
. lilley and Cunliffe (1923) found a slight positive correlation existed between daily minimum

air temperature and daily height growth of Sitka spruce, Corsican pine and Larch. This might

indicate that extreme lows of air temperature result in lower amounts of daily growth in these

specics. Lanner (1064) argued that climatic variables such as minimum air temperatire are

. difficylt to dsscss in terms of their affect on tree growth since the measutement gives no

ation of the duration of these temperatures. Growth would likely be alfected differently by
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lops temperatures that persist for several hours rather than a low temperature experienced briefly
before sunrise. The minimum air temperatures experienced at Pasadena in 1985 were cither not
extreme enough to be a significant determinant of height growth or the measurement itself was
not effective in assessing the impact of low ait temperatures on growth.

All measurements of mean daily soil temperature also showed no significant effect on the
variation in daily height growth of the three willow species studied. Kramer and Kozlowski (1960)
determined that maximum growih rates of roots are'dependent on the temperature of. the soil,
when moisture is readily available in the soil. Soil temperatures therefore may have had an effect
on root biomass accumulation of the Saliz species studied but since this growth variable was not.
monitored, it is impossible to assess. The temperature of the soil has the potential to affect the

_fate at which water and minerals ove into the roots and through the plant bt this effect is
typically only realised with very &soil temperatures (Monteith, 1081).

Daily mean wind speed also had no detectdble effect on the variation in daily height growth

A of willows during 1985. Increased wind speeds are often assumed Lo result in increased rates of
transpiration in plants, although Grace (1981) states that this may be an unreasonable
assumption. Pitcairn and Grace (1984) studied the effect of wind on the growth of an
agriculturally cultivated grass (Festuca rundinacea) and found that wind speeds between 19 and
7.0 m sec™ reduced the rate of growth. The authors concluded that the'wind caused abrasions on
the leaf surface which increased the stomatal and/or cuticular conductances. Tgese increased
conductances resulted in an increase in the rate of transpiration and the subsequent decreast in

the plant water potential, leading to a reduction of the rate of growth. The highest value of duily

mean wind speed recorded betiveen June 20 and August 14 at Pasadena 1.8 m seex’ on July
13 and typical values were less than 1.0 m sec™'. These comparatively low wind speeds were
: ¥ P

unlikely to have caused any surficial abrasions to the leaves of the Saliz species that might lead
10 the reduction of growth. The nursery sité at Pasadena was sheltered from high wind {pecds
both on a micro scale, by the mature trees surrounding thedields, as well as on a local scale, by
the foothills of the Long Rafge Mountains. Thompson (1081) examined the influgace of artficial
shelter oa the growth of Sitka spruce and Lodgepole pine seedlings for five years folliwing B

:

sing dry

planting and concluded that the effect of reducéd wind speed was significant in incr

weight aceumulation, but gnly aftef five years of growth. "eer:ngniard that the netting wed Lo
Jd -
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“whelter the pl‘:nu from high winds was potentially modifying the surrounding air temperature and
the amount of solar radiation intercepted by the plants. .
Persistent, strong winds occurring in arid environments tend to have a dramatic effect on
plant growth, as the resulting desiceation can lead to sevére damage of plant components (Jénes,
1083). The comparatively humid enviroament of the Pasadena ursery site Ineant that this =
poteniial effect was unlikely to be realised. Wind also has the potential to reduce extremes of air  *
" temperature and Iugh humidity due to the effect of advection, where Heat and water vapour are
. transferred from areas of relative excess to those of relative deficiency (Slayter and Mellroy,
,‘i‘ % 1967). This partie |5hr effect of Wmmuld not be exzmmedl in the present study, although the
nursery site was unlikely to be free fom the effects of advection. This.will have influenced the
estimation of the energy limited rate of evapotranspiration by the Priestley~Taylor equation
(1972) which ot AdVeeHAves FFTAEE A e SORUNCIERLEY 1:000 However,Hlice
most of the area surrounding the plantation site was vegetited«(approximately 85 %) it might be
assumed that these effects would be minimal. : ( ;
The daily soil water content of the root zone and the daily water deficit did not show
sigaificant linear relationships with the daily height incremental growth of the Saliz species
N * studied during 1985. This mjght not be expected since some literature supports measurable

itions of different soil water potentials. Smith and Gatherum

ok srowth differences under con
(1974), for example, tested the effect of five different soil water potentials on various plant.
processes of aspen-poplar hybrid clones under controlled conditions. The authors found that
. increusing water potentials between -15 bar and +1/3 bar resulted in increases in net

- photosynthesis, ledf turgidity, leaf area, stem height and fresh and dry weight. Soil water

potentials above <1/3 bar resulted in a decrease in all of the above variables and this was
attributed to oxygen deficiency and/or earbon-dioxide toxicity due to the decreased aeration of

* the soil at high water potentials. Although a dependent relationshiy t be expected between

N

shoot height growth ard soil water content in the present experit¥n@8ue to the anticipated
( inceease fa-net photosynthesis with increasing soil water cantent, it is possible that the leaves may
. have experienced an increase in area and/or weight. It may also be assumed that the soil water
potentials expetienced between Jyne 20 and August 14 displayed in Table B-7 were adequate
enough. to support a steady rate of growth and that the day to day differences were not extreme

% enough to show ajrestriction in growth under conditions of lower soil water contents.
. o o
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\ The dany water deficits caiculated between June 20 and August 14, 1085, which represent
) the difference between the encrgy and soil limited rates of evapotranspiration, can also be used to™
sapport the claim that soil water was generally at adequate levels during this period. There were
only five days of thefifty-six day study period that water deficits may have existed if daily
evapotranspiration was restrcted by the amount of water in the soil and took place at the soil

Y o J
limited rate rather than at the energy limited rate. The small number of days that this was

hypotliesised to occur means that it would be unlikely that a significant linear relationship would

exist between daily growth ahd daily water deficits. The five days of potential water deficits all
occurred between August 5 and 11, and a significant restriction in growth may nave been noted i
they had occurred more regularly throughout the study period. A
- The effect of water deficits on plant growth has been well documented in the literature
(olowski, 1968; Kramer, 1983; Raper and Kramer, 1083). Water deficit conditions exist in
munugﬁs where the water potential and turgor of a plant are reduced o the extent that it
restricts the normal functioning of the plant (Iiramer, 1983). The initial response of plants to
water stress is a reduction in the rate of cell division and expansio (Monteith, 1981). Secondary
tesponses may incige wilting, the partial of complete closure of stomata and reduction in growth
~frérames< 1983). Giles et af (1985) estimated growing season soil water deficits by summing water
deficit values calculated by the same method used in this study, over entire growing seasons.

Yearly base inerement of Douglas-fir stands were found to be correlated with caleulated growing

season sml water deficits. Zahner and Stage (1966) calculated daily moisture stress as the

difference between 3 ite's potential iration and calculated soil moisture
U depletion and found that it accounted for 72 % of the variation in annial shoot growth of 30- to
40-year old red pine.

-,
. 'Step-wise multiple regression of dally helght growth on dally climatlc variables

- Those climatic variables that showed significant linear rilatignships with daily height
increment growth of the three Saliz specics between June 20 and August 14, 1985 are listed at
. the béginning of this section, The selection of variables by the stepwise multiple regrémion
procedure wil be dijcussed in the following subscction. The three species ware treated separately

because the unplanned comparison of the régression coefficients of-daily shoot height, on Julian

¢ o
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day indicated that the rate ofgrowth was sigaifigantly different for each of the three species. The
analysis of variance of the final shoot height and base diameter also suggested that the three

species were sigmificantly ditferent in their final height and base diamefr attainment.

6.3.2.1. Current day's maximum dally temperature |

The current day’s maximum daily temperature was the first climatic variable to be selected
in the stepwise procedure for all three Saliz species, indicating that "Y accounted for most of the
varishee in daily height growth. This was demonstrated by the high F-to-enter values calculated

by the stepwise multiple regression program for daily maximum temperature. The partial

carrelation coefficient of daily maximum temperature and daily héight growth in cach of the three

species was afso the highest value calculated of all the climatic variables eligible for entry into the
multiple regression model. Maximum daily tempefature was the only measurement of air

which Hiad a significany, linear with the daily height growth of S.alba

pers
temperature of the current day also

clones, Mean daily temperature and daily range in

nificant linear relationships with daily height growth of S.purpurea and S.vimimalis

showed
shoots respectively

Millar (1965) also found that maximum daily temperature was the most significant
measurement of air temperatlf in determining the daily growth rate of six year old birch shoots

on the Pennines of England ¥ The daily height growth of Norway spruce was found to be

dependent on daily mean air Icmperall}re (F* = 0.49), although the effect of maximum
temperatures was not testea (Worrall, 1973). Temperature is considered to be one of the main
environmental factors that directs the rxvnnsgn& extension of plant organs (Monteith, 1981).
The rates of metabolic processes within a plant are typically dependent on temperature, although
the degree of sensitivity may l:e extremely variable and the complexity of the interaction of the
cffect of temperature with that of other environmental variables difficult to ascertain (ibid). The
fates of elangation of leaves in cereal plants have be shown to possess well defined base
temperatures, (i.e. the minimum temperature required for growth to océur), as well as optimum

temperatures, where clongation occurs at a maximum rate (ibid). Monteith (1981) also states that

temperatue is likely to be most influential when other onvi al factors are not

‘The models tested by the Swedish Energy Forestry. Project for the influence of climate on

the growth of willow plantations (Nilsson and Eckersten, 1083; Eckersten et al, 198.3: Eckersten,




1985), include a temperature dependent coefficient. This coefficient is based on daily mean air
temperatures and is set a zero for daily temperatures less than or equal to 5 “C. It is also
assumed that mean daily air temperatures above 15 C do not alter the rate of growth and the

coefficient for these temperatures is set equal to one. For mean daily air temperatures between &

and 15 * C, a linear relationship is assumed 2fl} values of the coefficient would therefore range

between zero and one. The overall model, includes an estimated rate of photosynthesis and

a water-growth factor, effectively simulfted seasonal above-ground biomass accumulation of a

)
willow plantation. Monteith (1981) re-iterates this relationship by stating that for agricultural

<crops, increasing temperature up to the optimum’will tend to result in an increase in yield through

the maintenance of a more rapid, or maximum rate of photosynthesjs. The present study ha

shown, however, that fof Saliz alba and S.viminalis daily shoot height growth during 1085, &
sigificant linear relationship did not exist with daily mean air temperature. In addiuon, daily
maximum aif temperatue accounted for a greater*amaunt of the variability in height growth of
S.purpurea shoots than did daily mean air temperature. )

1t is interesting to note that 75% of the days within the period of d:uly height growth
measurement experience a daily mean air temperature above 15 *C This would support the

Swedish Energy Forestry Project’s assumption that mean air tempbratures above 15

contribute no further change to the rate of growth of willows. However, in this study there did

.
exist a relatively strong relationship between maximum daily temperature and shoot hight

'
growth in all thre: species. Incoming solar radiation exerts a strang control over near-suface

nths and

summer m

maximum air temperatures experienced at mid and high latitudes during th
it would therefore be Expected that high daily maximum ai temperatures at the Pasadena
nutsery site occurred on days where relatively clear sky conditions prevailed. It is probable that

the inereased amount of height growth experienced by all theee Safiz species on days with high
’

maximum air temperatures were partly a result of the increased amounts of light avarlable for

ction to nereased maximam

photosynthesis under conditions of clear skies, rather than solely a rea

air temperatures.

=




5.3.2.2. Hours of daylight
The current day’s hours of daylight was the second vafiable selected by the su-pwlse’
procedure to explain the variation in daily height growth of Salit viminalis and S.alba clones,
The previous day’s hours of daylight was the second variable selected to explain the variance in
daily height growth of S.purpurea shoots. The F-value calculated for the previous day's hours of
daylight in the regression model of S.piurpurea height growth was only slightly higher (0.12) than
the F-vhlue cnlculnmi for the current day's hours of daylight. Thus, it is assumed that there was
~ no significans Lim:‘lng in the effect of this variable since Ll?e day to day change in the number ot
hours of daylfght was quite small, and the difference in the F-values was slight,

v The decreasing number of daylight hours or photoperiod may serve as a preliminary
indicatar that the plant should be prepariag for the ofiset of dormancy. Milar (1965) found that
during the late part of the growing season (September), the daily height growth rate in birch was
strongly dependent on photoperiad. This period of shortened daylight hours was also .
aclompanied by decreasing air and soil temperatures, qnd_|(he author found that it was impossible

- to distinguish between the photoperiodic induction of dormancy and the slowing of growth due to

low temperatures .

The sc!uc’tion of the variable of hours of daylight indicates the lmprl)rlnnte of photoperiod in
the control of daily height growth in Saliz species in 1085. The fact that it was essentially

uncorrelated with maximum daily temperature (tolerance = 0.99) over the study period might *

-
indicate that the cffect is separate from a combined effect of these two variables that could be
considered a measure,of the Jength of the growing season. During the period June 20 to August

14, 1085, the highest dally maximum temperatures did not coincide with the period of longest

daylight hours. In addition, late July and early August would appear to be a premature time
period for the preparation for the onset of dormancy. '

. The maximum number of daylight hours occurred at the period centered on the summer
solstiee (June 21) and gradually decreased until August 14, when the daily measurements of
growth concluded. The increased number of daylight houss may provide a greater length of time
for photasynthesis to occu, resilting in the greater accumulation of assimilates durfng longer

. days. Stanhill (1960) also speculated that the short, cool nights that typically accordpany long

3 #
days in the northern henfisphere might aid in the reduction of assimilate losses due to night time

o resfiration. * & 4 1 L - » L
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Eckersten's (1985) model for willow growth estimates daily potential photosy nthesis
incorporating measures of spacific leaf weight, measurements of light above and below the canopy,
a light extinction coefficient and assigned values of maximum photosynthetic rate and
photosythetic éfficiency. This value is integrated as a function of times of sunrise and sunsbt,
indi¢ating the potential effect of day length on the overall daily amount of potential
photosynthesis: The site in Sweden where the model was tested was located at latitude 58° 48' N
and around the summer solstice would typically experience days that were approximately tvo
hours longer than those experienced at uze' Pasadena site in tho’present study. - The number of
hours of daylight would decrease more rapidly jnflate summer, however, at the more anrthemiie
in Sweden. Regardless of the greater range in day length experienced in Sweden, it does scem
possible that the effect ol' longer day length on growth at the expetimental plantation in
Newfoundland was realised through it's e[l‘(-cl.\\im(y photosynthesis.
5.3.2.3. Previous day's evapotranspiration .

The final climatic variable selected for the multiple regression model derved to

the daily variation in shoot height growth of S.purpurea and S viminalia shoots was the

caleulated value of total evapotranspiration of the previous day. Nane of the chmatie vanables

not yet selected in the' regression model explaining the daily height growth variation i S alba

clones met the assigned level of the minimum :\‘rnl:\lllﬂ F-to enter value. The fact that the
previous day's total evapotranspiration was entered into both regression madels before the current
day's value of the same variable suggests that a slight time lag may exist between the action of
evapotranspiration and the effect that it has on measurable shoot growth.

The positive relationship between growth and transpiration has been demonstrated in

various other ‘plant species, and it is gendrally acknowledged that a positive relationship exists

between accumulated dry matter production and accumulated transpiration (Wallis et al, 1983)
.~

Rose et al (1972), found growth of a cultivated legume (Townsville stylo) in Australia to be well

correlated with modeled values of i This ip hetween i and
growth‘formed the basis of Wallis et al's (1983) model of hay crop growth in the Peace River
region of Alberta. The growth of above ground dry matter of hay during four growing seasons
was eﬂgctively modeled from estimates of Lran!pimliol{ and the ratio of growth to transpiration

for hay. Wallis et al (1983) advocate the importance of this relatiodship in the modelling of




growth since the estimate of transpirati the effect of the li imposed by
both the supply of energy and the supply of water.

Stanhill (1060) demonstrated that for well watered grass in seven different locations between
Trinidad and Denmark, a linear relationship existed between potential evapotranspiration and
growth. This relationship gives rise to the term "water use efficiency’ which is the ratio of dry
matter produced o the amount of water used in transpiration (Blake et al, 1984). Stanhill (1960)
found water use efficiency was highest at higher latitudes; and attributed this to the effect of
short cool nights which limit losses of assimilates via respiration as discussed in paragraph 5.3.2.2.
Blake ct al 1984 studied the water use cfficiency of seventeen pbplar clones and hybrids used in
short rotation forestry and found that those clones which had increased resistance to water loss

produced the gréatest amount of dry matter in relation to armount of water used. This waswell

. L P " .

cortelated with high stomatal resistance characteristics found in the most water efficient clones
[

and the subsequeat restriction in water loss via transpiration,

The values of daily evapotranspiration used in the present study were caleulated by the

method wsed by Walls et al (1983) where ev_apnmnsmmuon was caleulated as the lesser of
energy limited and soil limited rates. Spittichouse and Black (1081 caleulated the water balance
of two Douglas fir stands in Dritish Columbia using the single layered root zone model employed

in this study and found good agreement between measured and modelled soil water content on a

daily basis. The success of modeling soil water content i Spittlehouse;and Black's experiment

indicates the effectiveness of the estimation of daily evapotranspiration which is used in the
model, Sinee soil water content was not measured in the present study. it is impossible to

-y . . - .
ascertain the accuracy of the daily evapotranspiration estimates. ldeally, the coefficients used in

the model should be tsl:\hlisgcd empirically through the detailod measurement of the water

* balance (Spittlchouse and Black, 1981). . . g

Regardless of these limitations, it appears that the calculated values of daily
evapotranspiration used in this study might be considered reasonable estimates since they did
have a significant relationship with daily height growth. [t s difficult to assess the relativé
importance of this variable as compared to those not sclected by the step-wise procedure since the
FAI:‘ enter values w‘ﬂt calculated with respect to the variables already entered into the model.

The positive relationship between the previous day's évapotranspiration and daily height growth
-— !
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suggests that there was adequate available water in the soil to support maximum rates of
transpiration between June 20 and August 14, 1985, This 1s confirmed by the low ntimber of days.
that were thought to have potential water deficit conditions, where the rate of evapotranspiration
was limited by the low amount of water injhe soil. A negative relationship would m‘rw have

existed between calculated daily evapotranspiration and daily shoot height growth had water been

al of

limiting as the demand for water from the atmosphere would lower the internal water poten
the plant and stress conditions might result. The closure of the stomiata is an imitial response o
stress conditions, limiting the inward flow of carbon-dioxide from the atmosphere and lowering the
rate of photosynthesis. :

Eckersten's (1985) model for willow growth in Sweden includes a complex *water-growth-
factor* which simulates the flow of water through the plant. It icorporates the degree of
potential water stress conditions as (i) a function of the ratio of daily actual transpiration to daily
potential transpiration and (ii a parameter which estimates the relationship between this rato

and the ratio of actual to-potential photosynthesis under non-water limited conditions, Actual

growth is equal to the rate of potential p multiphed by the temperature funetion

discussed in paragfaph 5.3.2.1 and the h-t; . The h-factor 15 equal to

one when transpiration s occurting at a maximum rige and s not subject to limitations due to

low amounts of available water. This in tusn would mean that it was not restricting the rate of

photosynthesis due to the increased stomatal and mesophyll resistance created by limited
available whter. The model showed good agreement with actual measured growth of plantation
grown willows in Sweden, and Eckersten (1985) concluded that the essential processes had
therefore been included in the model. The presgnt studg appears to support the importance of
water availability in promoting maximum rates of growth, since the previous day's
evnpmmnspimicn;?cnunted for part of the variance in daily height growth for two of the speeies®

examined
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5.3.3. Differences between the species

The daily height llﬂ.‘lh of each of the species was regressed separately against the climatic
variables for the reasons discussed in subsection 5.3.2. The step-wise mulliple regra‘smu
procedure resulted in the se],;clion of three climatic variables which accounted for 72 % and 69 %
of the variance in daily height growth of S.purpurea and S.viminalis shoots respectively. Two
climatic variables were selected to account for,55 9 of the varianee in the daily height growth of

" Salba shoots. , "
The low correlation among the independent variables ( < 0.16) entered in the model means
“ that it'ls possible to speculate on the relative importance of the climatic variables. It myst be
romembered, however, that these variables were correlated with independent variables related to
the dependent variable of daily height growth and not entered into the model. This means that

terms of the inherent effect of the

the regression coelficients should not be consideres
independent variable on daily height growth, but rather as a partial effect (Neter <t al, 1983). In
addition, the independent variables were selected for entry into the multiple regression model with
fespect Lo the variables already entered into the equation. For example, the second independent
variable entered into the multiple regression models created in this study were those whicl:
explained most of the variance ip.daily height growth when combined with the already entered
variable of daily maximum air temperature. Variable selection was therefore dependent on the
first independent variable entered.

Daily maximam aif temperatare of the carreat day was the frst climatic variable selected
to explain the variation in daily height growth for all three species. The three regression
coefficients for maximum air temperature were nearly equal (see Table 4-17) indicating that the

* three:specien responded fa & similar sy o high/Alr temperniares between June 20 and August 14,
1985, =

Hours of daylight also was shown Lo be an important Yariabl® influencing daily height

growth. Al three Saliz species examined during the 1985 growing season experienced ihe greatest

incrense in shoot height under conditions of long daylight hours. The only distinguishable

difference between the species was the fact that a third vdriable, namely the previous d:ly s -

evapotranspiration was entered into the multiple regression models of S.purpures and S.viminalis

daily height growth. However, this variable was not significant in influencihg height growth of




_processes through variables derived from climate measurements, Byrne & al {1986) modeléd the

5 alba shoots when combined with the effects of m'.um»;lm daily air temperature and the number

of daylight hours. S alba clones also had the lowest number of ndependent chmatic ¥anables with

signficant linese relatvbnships to daily height growth This would appear to indicate that Stba

clones were Iess\mﬂuenfed by the chmatie vanables ncluded in this study than the other (war

species. = ’ .
S wminatis clone 0083 was the most successtul cone studied at Pasadena in terms of

overall height groth during the 1085 growing season The daly rate of height growth between s

June 20 ahd August 14 of S purpurea clone 077 was greater than that of § vminalie gud ygt th
¥ >

final mean height of Spurpurea shoots was considerably less than that of S wminatis, Ths '

might be partially altribitable to the :\hllny of the § viminalia clone (o continue highor Butes of -
growth late in the growing season as mosv. of the dxfk-u-nrr n Iu-lghl was realised #fter Sugust 19, B
1085, The S purpurca clone and S alba clone 5023 showed a rapid dechne 1 the rate of height

growth after this date whereas, the dechine for S vsmunalis shoots was more gradual

% E »°
3 B # u e
5.3.4. Summary and conclusions 5 )
o Theinterpretation of theeffect of climatic variabies on the within season growth of Salir
cionaaeudieia b Pasadens nursery site during 1985 must be considered ml.h respect to the .

fict that shoot height was-a indicator variable of stem biomass accumulation  Measurements of

leaf and root biomass increase were not considered and hence th

study canfot quantify the

degree that elimate influences the overall biomass accumulation ofthese components. 1lawever,
studies conducted in Swedea (Nilsson and Ertesson, 1080) indicate a strong, relationghip between
shoot height, and stem dry weight,ond thercfore it-was assumed that shoot height.was an effective
indicatof of stem-biomass growth. The measuremeats of shaot base diameter could not'be” .
Inrllld;m the final analysis due to the non-significant relationships found between daily hase
dlnmeler increment change and the climate variables recorded

The principle difficulty in assessing the influence of climate on gfowth of planta under
natural conditions is the unknowa effect of the interaction af environmental factors on the ‘
physiological and metaboli processes mvolved i growth. A preferable mothod of asesing the

response of plants to climate under field conditions might be to madel the physiological plant

i . . '



T TR BHOROR AT P P b S iy matter,
production within a given time intcrval was proportional to the amount of short-wave radiation
absdFbed by the canopy. Other climate variables were considered as indices governed by the
limitations they would theoretically impose on maximum rates of photosynthesis. Booth and
Ryan’(1985) advocate the use of derived weather variables in the form of indices rother than
oiginal variables such as rainfall and mean témperature. The two methods were vompared by
performing two separate step-wise multiple regressions using original and derived climate

variables. The variables derived from climatic indices of ¥ght, moisture and temperature -

accounted forsa greater percentage of the variante in monthly base diameter growth of plantation

grown Hoop pine in Australia than did original climatic variables -

The climate variables

to be influential in ing daily height growth of the

(Saliz species studied during the 1985 growjng season, namely, maximum duily ait temperature,

rinbles

urs of daylight and daily total evapotranspiration, re-affirm the choice of important
inelgded in growth models such as Eekersten's (1085) model of willow growth in an envrdy -
plantation environment. Eckersten was able to ‘n.'ﬂecl.ivcly estimate the within-season pattern of
above ground biorhass decumulation of a Saliz viminalis clone by modeing of the process of
Photosy nthesis as a furiction Ty g —— ——

*temperature function® were considered due to their potential influence on overall growth a

Newfoundland

function of photosynthesis. The daily height growth of willow specics at Pasade
was affected by climate variables that would ibfluence the main components in Eckersten’s model.

Models such as this are uscful in that they attelnpt to explain growth through the physiological *~

. Processes that result in biomass accumulation. The advantage of their use means that eventually

it would be possible to predict the potential biomass production of plantation

tes based on
! g .
relatively simple dhd easily attainable measurements of ‘climate. -

Ackimowledging the potential superiority of climate-based growth madels, the results of ris

study are not withou€ use. The weather of the 1985 growing season (May {n September)
> fd

typical for the region when compared to the long term climate normals (Atmospheric

‘Environment Service of Environment Canada, 1985) for the Deer Lake climatologicil station
The mean air temperature of the 1085 growing season (May to September) was identical (12.5

*C) when compared to the long term record for 1951 to 1980. ‘Mean maximum and minimum air




! 85 X ) \ -

N .
temperatures were within 0.4 *C of the long term means. Precipitation during the 1985 growing
season was 19 mm (12%) greater than the lopg term average which re-affirms the final conclusion

that water available for the growth of the willow specics examined during the 1985 growing

season was adequate, and therefore, potential water deficit conditions at the Pasadena nursery site

__were L-xv.remcly “infrequent. .
Energy nlanLnnon faresuy appears well suited to bnrenl chmzles due w the pasmve\
influence of long days on the daily height growth of the wlllow species examined during the 1985
growing season. It would be beneficial to examine the record for solar radiation when considering
SiLL‘! for Saliz energy plantations as regions which experience a relatively high frequency of clear

AR e oW IR SR B hm'u,e_ potential of maintaining high rates of daily

growth providing other environmental factors were not limiting. The:island portion of the

province of rdland supports only onc
 bservations &f global radlation, while obscivations of sunshine duration Tad mea cloudiness
during the sun:lmer months are recorded at ten climatological stations on the igla’nd (Banfield,
1981). Esiimated averages of global radiation for these ten stations, empirical)y derived from
cloud and sunshine observations, arg alsb published buhe)u@;hmc Environrient Service of
Environment inada (MeKay and Morris, 1085). Those coastal stes which experience frequent
_aceutrences of fog du}ing the summer. months would be unlikely to support maximum rates of
growth in the willow spmes c‘(;\mmtd in this study, not only due to the infrequency of days with
cleat sky conditions, but also due Lo the cooler air temperatures associated with foggy
covironmehts. o
The maximum production of biomass in willow energy plantations will be realisedat sites
which make best use of the energy available for photosyathesis by avolding water deficit
conditions that may be associated with high rates of evapotranspiration. This may be overcome

through the choice of sites with adequate amounts of rainfall during the growing season or the use
\

of irrigation under conditions of low precipitation.

station (St.John's West) which records
-
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App‘endix‘A
Energy Balance and Solar Radiation Data
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- Table A-1: Dates (*) whea energy balance and solar radiation data were callected
@ | Energy Solar
, Julian | Balance iation
. Day Date . Data . Data
17 June 20 2 N
172 2 ¥
173, 4 M . -
% N 74 23 & & *
175 24 M
. 176 25 .
i T
. 178 2 .
4 - 170 28
; 180 20
b 181 30 .
182 July 1 .
5 183 ) ¥ v
184 3 %
g . ‘ Tl oass EI Y
# . 186 b .
187 6 G
h 188 7 .
. - 189 8 s
’ 190 9 ¥
191 10 .0
192 1. <
103 12 C
194 13
195 14 g
B 106 15 .
197 16 * - # °
198 17 ’ &
199 18 1 .
- 200 19 *
b 201 20 ké
202 21 v N
{
4 -



s v
2 _ Energy Solar R
Julian Balance Radiation
Day Date  Daa, - Data
203 Tuly 324 S . !
204 23 ¥ =
L205 [=  m = .
206 2 . .
' . 207 2 - g .
208 by s . 8 .
200 2 v ¥
210 2 * *
m 30 R ® N
) 212 3t E b
213 1 & .
214 °|° 2 -
215 3 3
216 Kl
27 5 S
218 6- . .
219 ] "o ,
gy 8 3 # :
2} | % ¥ 4
= lazg] 10 o . ,
% n * *
® 224 2 % #
[ 225 13 " " = *
226 1" # $ .
N
. s € &
.‘\
-
. N . E
=i
. - z &
- .
= - .
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Appendix B

‘Calculations and Data Used in Chapter 3.

g . . R



Hourly values of solar radiation in MJ m™h™! from 06:00 hours to 2190 hours daily gere added
to give daily total incoming solar radiation in MJ ™® d'._The hours included in determining the

daily total of solar radiation wete based on local times of sunrise and sunset.

B.1. Conversion of net and incoming solar radiation data.

1. Conversion of net radiation data collected by the en

W om™ & 6978 = langleys min~
langleys min™"

MJ

umul}'valnu of net radiatics ia MJ m™ ! from the hour ending 07:00 to the Jour ending 06:00
[ G v

-

m™? min ~!

X #0.04186

Original values: hourly average net radiation in W m%.

ejy balance measurement system

\

MI m™ min '

X 60 = MJ m~? hour™"

the proceeding day were added to give daily total net radiation in MJ m? d™'.

. Conversion of incoming solar, radiation data measured by the Matrix Inc. pyranometer.

Original

tangleys
MJ m™

millivolts X 00194 + 0.000 = langleys’ min™" (Matriz Inc)

values:

min™!

amin™! 00 = MJ mT? oa7h

+

n

*

nurly.u-mlin'ge of solar radiation data in mil

yolts. *

X 004186 = MJ m™* min”'
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B.2. Comparison of calculated and measured daily net radiation,

June 20 to August 14, 1985, at the Pasadena nursery site.

A fitted least-squares regression with.an intercept of zeto was pegformed using thirteen days

e
When both net and solar radiation data were available.  The R-square value was 97 % and the
standard error of the estimation was 1.84 MJ m'* &' A scatterpbt of the data and the
regression line with 95% confidence intervals is shown in Figure B-1. The model was not as .
accurate at predicting low values of daily total net radiation a8 it was at predicting high values
Values of daily total net raciation below 7 MJ m d"! were consistently over-estimated by the
model. .
L +
» s
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o
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Comparison of calculated and measured daily net radiation
A
for the 1985 growing season at the Pasadena nursery site.
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B.3. Regression of daily maxi and
from the Deer Lake climatological station and daily total "
net radiation at the\caaadena nursery site. i

A multiple regression of measured daily total net radiation at the Pasadena nursery site on

daily values of maximum aad minimum air 2 at the Deer Lake clii station
produced a multiple correlation co-efficient of 0.86 and a standard error of the estimate of 1.85.
The F ratio (regtession mean square/error mean square) was significant at the 0.001 level

(im air tempefature was 0.89, indicating a

(N=51). The tolerance valce for maximum and mi

low level of correlation between the independent variables, The resulting equation was as follows:

maz

Rn = -182 + 066 (T _ ) - 027 (T

\ =

B.4. The derivation of the co-efficient b for the calculation of the

soil limited rate of transpiration.

The model used .o predict daily transpiration (Ey) as the lesser of B (the energy limited

max
+ 1até) or E, {the soil limitéd rate), assumed that a linear relationship existed between the soil

limited rate of transpiration and the fraction of extractable water in the root zone, 4%, The use

_of the model requires a critical value of the amount of extractable water i the root zone (4, ),

below which the amount of extractable water is not enough to maintain daily evapotranspirati
at the energy limited rate. There will be a unique value of 0, for every value of E_, (the
equilibrium rate of evapotranspiration)?. Figuré B-2 displays the ratio of the fraction-of

!

extractable water in the root zone to the equilibrium rate of evapotranspiration ( = ), versus
&

the ratio of the actual ratg of daily transpiration (E;)! to the equilibrium rate of

. a Bp ¥
evapotranspiration (7 ).
“

e equation 30

3,




. the supposed efficiency of willow roots at extracting water from thé sol

101 “

The plotting of the fraction of available water in the root zone and the daily rate of

evapotranspiration as ratios of the equilibrium rate of evapotranspiration creates two distinct lines
b
e o . o -
which intersect at =~ = . It follows that when =~ > I , transpiration would occur at
e o :

’

the energy limited (B ) rate and when Ei < 3. transpiration would occur at the soil

ited (E,) rate. .
A value for volumetric soil water content (f), is needed where the water becomes less easily
extractable as a result of the relatively low amount of water in the soil. Figure B-3 displays the
s0il moisture retention of a typical sandy loam soil as a function of volumetric soil water content.
The soil moisture retention, or soil water potential (), at various values of water content

was caleulatéd using Clapp and Hornberger's (1978) equation:

ve=v,0/0 )" .
where:  is the soil water potential in bar, . ’
. ¥, =-0.012 s the assumed saturation'water potential in bar,

0 is the volumetric soil water content (dimensionless),

0, = 0.45 s the-assumed total porosity of the soil (dimensionless),

and m = 5.30 is an empirical coefficient (dimensionless). --
The assumed values are given by Clapp and Hornberger (ibid) for a typical sandy loam soil.
A soil water potential of -5.0 bar was assumed to be the value below which water would be

less easily extractable by the plant. This value was thought to be a reasonable estimate based on

“The volumetric water

content of the soil at -5 bar potential is 0.145 and the fraction of exvractable water in the root

zone (4,) is 0.18°

On Julian day 203 a maximum value oI‘Lhe equilibrium rate of evapotranspiration [th], of

. s
3.45 mm occurred. It was assumed Ef,, = E, when ‘F«‘ = 3 . Substituting the assumed
Y »

critical value of 8, = 0.18 and @ = 1.26, the coefficient b is equal to 24 mm > ¥

Scaleulated using equation 3.0
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Flgure B-3: Soil moisture potential as a function of soil water content for a

typical sandy loam soil




B.5. Csl;:ulntion of the early season water balance, May 14 to

June 19, 1985,

© " Table B-1:

Temperature dependent values used in the calculation of the
. energy limited rate of evapotranspiration
May 14 (JD 134) to June 19 (JD 170), 1985,

104

Julian | Tpe, L, s
Day °C M kg! i
134 33 2.502
135 55 2.408
136 3.0 2.502
137 6.0 2.495
138 85 -2.488 u
139 145 2471
140 2] 2.488
1 118 2481
142 133 2.7
143 115 2.481
144 95 2.485
45 98 2.485
146 2.0 2.488
u7 2.0 2.488
18 73 2492
149 7.0 2492
150 80 2488
151 78 2488
152 13.0 2478
153 125 2478
154 15.5 2aun 0.1161
155 11.0 2476 0.1037
156 133 2478 0.0979
167 7.0 2402 00087
158 11.0 2.481 00872
159 10.0 2485 | 00822
| oazs 2.478 00079
7.5 2.488 00730
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E Julian | Trean L, s B
. ‘ Day C Mikg! | kPa'C }
162 73 - 2.492 0.0687
. 163 65 2.492 00687 |
B ']54 9.5 2.485 0.0822
. g 165 | -+ 90 2.488 0.0775 T
166 120, 2.481 0.0924
167 120 2.481 0.0924
' ‘ 168 125 2478 | 0.0079
169 158 2471 . 0.1161 J =
170 10.0 fgs 0.0822
N 1
' +
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B-2: Values used in the falculation of the

energy limited rate of, evapotransp

tion

May 14 (JD 134) to June 10 (JD 170, 1985.

Julian | T - R, [N [
Day e ¢ Mim?d* | MIm2a! mmd!
134 EY 20 180 |- 120
135 00 1.0 544 1.36
136 -10 70 C 307 017
137 10 160 | 082 246 184
138 25, 145 7.07 (g Li5

® 130 80 210 088 247
140 6.0 L5 115 104 E
141 10 195 097 2.40
142 2a 25 12.88 322
143 6.0 7.0 T o118 1.95
14 .0 _ 00 1165 201 .
15 10 205 11.08 3.00
146 05. 18 .59 210
147 1.0 10° 6.34 1.50 130
148 25 £ iro 1008 2.52 195
149 1.0 100 370 093 on
150 20 140 0.88 172 137
151 EH] 180 1074 260 214
152 70 190 883 221 201 —
183 | 05 155 584 146 133
154 | K0 26.0 1399 350 341
155 11.0 17.0 6.42 161 150
156 85 180 7.76 19 177
157 10 100 370 o.aA 0
158 10 180 898 25 105,
159 80 120 304 090 083
160 20 2.0 12.82 321 202
161 5.0 100 343 086 008
162 45 100 256 080 009
163 10 20 304 , 076 050
164 00 190 10.72 2.08 226, "
=y
&
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Julian | T - 216 Ernax
ay °C ‘C | Mim?d! | mm g '
165 \75 105 017’ 0.63. -
106 0.0 18.0 21 1.88
167 55 18.5 223 1.98
168 20 230 32 2.92
169 90 22.5 " 2.65 2.58
170 40 16.0 192 161
B} »
2
P
\ . S
’
Ay % o
g —
-
. -
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Table B-3:  Water Balance of the top 30 cm of the sonl,
May 14D 134) o June 19 {JD 170), 1985
Soil
Water
Julian | Content B s | Ppt | Contnt |
Day mm ) 0 mmd! [ mmd! | mmd' | mmd!
134 60.0 “0.30 1.00 2100 082 082
135 50.2 030 100 2400 102 L
L,/s ~g8.2 039 095 2380 052 052
137 s7%7 020 005 230 184 +16
138 60.0 030 100, 2100 145 +376
139 60.0 030 100 2100 11 006
140 50.0 030 100 2100 18 +305
141 60.0 030 100 24,00 35 128
142 60.0 030 100 2100 6
143 58.7 029 0.95 2280 RES
144 57.0 029 095 280 216 210
145 54.4 027 081 .16 253 263
146 519 0.26 079 18.96 97 6 047
147 515 0.6 079 1896 130 REY
148 50.2 025 0T 1776 L3 06
149 9.6 025 0T 1776 071
150 18.9 0.25 04 1778 06 07
151 8.1 024 068 1632 10 s
152 47.0 024 068 16.32 30 009
153 6.0 023 063 15.12 EEY
154 447 0.22 0.58 13.92 g T
155 413 021 053 1272 150 118 +13.30
156 54.6 027 084 20.16 177 17
157 52.8 0.26 079 18.96 071 375 +3679 -
158 | +60.0 030 100 24,00 1.95 1.2 +2.25¢
159 60.0 030 100 200 | ,083 083
160 59.2 030 100 21.00 292 2.6 03
161 58.9 0.20 095 2280 0.08 34 +272
162 1.00 .14.00 0.69 0.30 -0.39
163 - 100 24.00 0.59 & 0.0
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B Change in
Soil
Water
ulian £, Emae Ppu Content
Day 0 o, mmd”! mm d! mmd' | mmd!
- 104 o 500 0.30 1.00 21.00 1.2 -1.06
165 57.9 0.20 0.95 22.80 0.63 28 +2.17
166 60.0 030 1.00 21.00 ,1.88 -1.88
167 581 0.29 095 2380 108 198
168 56.1 028 0.90 21 Gﬂ\ 292 6.5 +3.58
169 600 030 1.00 2400 258 24 -0.18
170 508 0.30 1.00 2400 161 12 +1259
N .
-
-
i .
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B.8. balculation of the water balanc®@ of the soil,, June 20 to
T August 14,~1985. S

Table B-4i Values used 1n the calculation of net radiation Ssing
. solar radiation data, June 20 (JD 171)7o August 14 (JD 226), 1985,

Julian [~ Kl Kl N Rn
Day | Mm% | MIm®d! kPa Mim a7
s & 171 17.23 3197 130 908
172 2095 | 3084 103 1069
175 2001 3197 100 0736 696 S8 15,08
198 918" 30.77 163 , 0793 690" -208 180 B
199 1530 30.66 137 w1’ 678 T B0R
- 200 1539 3056 151 0.783 687 30 |2
202 2600 {3040 148 0.781 747 aso |
203 273 | 3028 155 0.781 7.36 T 1463
204 24.40° s016 | V142 0.776, 7.2 536 JEXI
205 2820 | 3004 [/ 135 | 0760 71 437 | T8
o 206 25.06 2092 |. 150 o078 | TH0 560
Lo 211 054 20.24 150 0.782, 691 ;| s
212 2844 20.10 101 <0731 682 730
213 16.80. 2002 e . | 07852 695 12 2
214 1436 2886 i3 | 0770 660 316 750
! 217 2270 2810 1 0.799 718 64
Table B-5: ,Values used in the calculation of nct r@diation using ]

temperature data from the Deer Lake Meteorologieal Station,
June 20 (JD 171) to August 14 (ID 226), 1985

s | T T R .
Tog . s | Day e “C Mim™?da!
m | 5o 1564 )
5z & 180 75 - 869 -2
E 181 60 010 4
oo " 194 55" 15
: 2007|120 748
e . ’ drms | 70 1378 -
. s | e 100 1363 .
# ) s
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Table B-8:  Values used in the caleulation of the
Energy Limited Rate of Evapotranspiration, .
June 20 (ID 171) to August 14 (JD 226), 1985.

Julian L, . s Ra ] G Eaae
Day Mikg' | kPa'C [ MIm?*d' | %ofRa | Mim?d! | mmd’
171 147 2473 0.1d98 908 5 227 7
172 . 1o 2483 0.0872 10.69 2% A 267 235
173 78 2.488 0.0730 9.22 2 231 184
174 108 2.481 1524 25 381 a3
175 157 2471 | 0.6l 15.08 2 3 366
176 ) 16 2473 0.1098 14.54 25 364 347

a7 152 2471 | 0.1008 1402 | 2% 351 -3.35
178 159 2469 | 0.1161 1386 | 2 333 343
179 196 2461 | 0.1448 1664 o 375 119
180 1n2 2483, | 00872 | 860 24 200, '\ 191
181 130 2478 | 00979 9.10 2 200 (4213
182 17 2473 15.27 2 351 375
183 175 80 2 363 113
181 | T107 1284 2 282 353
185 183 838 2 - 184 222
186 16.1 |76 2 .| 1n 197
187 211 13.97 2 293 396
188 [ 174 636 PTE TN 167
189 20.1 1080 21 s, 2 303
190 182 973 0, 1.95 264
191 219 14.20 20°. | 284 414
192 221 9.42 2 188 275
193 185 s 19 220 324
194 152 1154 19 “219 298
195. 209 12.40 19 236 3.60
106 178 9:46 18 170 263
107 153 078 18 014 020
108 151 480 18 086 + | 125

‘199 138 8.08 ” 1.36 207
200 147 825 17, 140 2.25
201 158 7.48 17 w2 |, 02

2
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Julign L s Ra + B
Day MIkg" | kPaC | Mim®d' mm d!
202 2.469 01228 13.59 377
203 2461 0.1448 1483 - 435
204 2.466 0.1208 1294
205 2.466 071298 178 15
206 ° 2461 | 01448 1320 15
207 2457 0.1612 12.35 15
208 175 2466 | 0.1208 538 15
200 154 2471 | 0.008 13.44 15
210 19.0 2466 | 01371 1126 u
a’m 155 2.:73 0.1161 437 "
212 L2 2476 0.1037 14.03 13
213 156. | 2471 | o6l 825 13
214 19 2481 | 00024 7.50 12
‘215 18.1 2468 | 0.1208 1378 12
216 193 2461 | 01371 1363 ¢ 1
27 17.9 2460 | 0.1208 1239 1
218 217 2457 | o0a612 |’ 1200 19
" 210 203 |“2450 | o1aad | 033 10
220 200 2.459 01448 |CTooo | 10
221 187 | 2464 | 0a371 | 573 10
222 06 2461 0.1448 5.00 10
223 187 2464~ 0.1371 866 10
224 184 2.464 0.1208 6.49 10
205 | 151, | 2471 | 0.1008 932 10
226 116 2481 | 00024 |- 3.8 10
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Table B-7: Water Balance of the top Xcm of the soil,
June 20 (JD- 171) to August 14 (JD 226), 1985.

Change in
Soil " ) Soil
Water Water
Julisn | Content E Ema | Ppt | Content
Day mm 0 ‘, mmd' | mmd' | mmd' | mmd’
171 60.0 030 100 24.00 217 217
172 578 029 095 2274 235 025 -2.10
173 557- 028 090 21.60 184 -184
174 539 0.7 084 2016 331 33
175 506 025 074 1776 266 -366
176 109 0.23 063 1512 347 347"
177 434 022 0.58 13.92 3.35 -3.35
g | 400 0.20 047 .28 343 ”
170 306 0.18 037 888 119
180 324 0.1q .26 6.24 1.01 28.18
181 587 0.29 095 2274 213
182 506 0.8 090 2160 378
183 528 1806 413
181 487 16.42 353
185 52 1812 | 222 050
igs 135 1392
187 115 1272
188 a7s 10.08 570
189 115 1272
190 1008
101
192 050
103 '
194
105
106
107 5 7.60
108 2184
199 279
200 279
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.
= Change in
* Soil Soil
Water € Water
. Julian | Content E, Eras Ppt. | Content
Day mm 0 .0, mmd? | mmd [ amd! | mw®
201 513 0.26 070 18.96 202 15 +255
202 539 0.27 084 2016 37 77
203 50.1 025 074 17.76 435 «1.35
204 458 0.23 0,63 1512 166 ~3.66
Tl o 2.1 0 053 [ 122 13 428
206 379 010 042" | 1008 306 306
207 339 017 0.32 768 as83 -3.83
208 30.1 o1s 021 «5.01 L70 -1.70
209 284 0.14 0.16 384 -3.64
210 218 012 005 120
Y 236 012 005 120 863
e 310 016 015 621
213 n2 0.14 0.16 384 - 233 22
214 72 204 o.16 381 200 |- o4
215 3Y| o7 032 7.8 4 .
. 216 30.2 015 7|, om 504 110
07 26.0 0.13 o 261 a7 |
28 23.4 012 005 20 e |-
- 219 222 o1l 0.00 0.00 206 L '
220 22 ol 0.00 000 320
221 22 o1l 000 000 178 251
222 2.0 012 005 120 159 1he
223 27 012 0.057 120 269
‘224 25 o1t 000 000 198 4
225 ‘251 013 o 264 267 02
26 [+ 227 011 0.00 0.00 0.95
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-B.7. Daily measurements of wind speed, June 20 to August 14, £
1085.
+ " Table B-8: Daily mean values of wind speed in m sec’!, June 20 to
B Aggust 14, 1985.
o ) " = [ Wind speed X
Julian Day | m sec”! t
) N 171 08
172 02
s Jms 05
174 03
175 05
& 7’
176 03
A" 177 03
’ 178 02 g
170 03
130 02
5 181, 03
- & 182 03
¥ 183 ‘03
. 184 06
k 185 06
186 02
e ° ) L Y
. 188 02
~ ~ 189 08 |
190 09
) 191 08
192 18
‘) ) 193 09
» 194 0.5
I 105 12
’ § 196 11 '
107 05
) 108 06
199 03




Juliaa Day

200
201
202
203
204 09
205 12
206 17
207 8}
208 14
200 18
210 08
2u 08
a2 . 0.6
213 05
214 0.0
215 08
216 0.6
27 02
218 06
219 03

.220 03
21 .| o3
222 03
5] 08
224 03
225 LX)
226 0.5,
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" Appendix C
[
Results of the linear least-squares ,
regression of daily climatic variables and
.. daily mean shoot height and base diameter.—
increment change.

]
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. : Table C-1:  Results of regression of Saliz purpurea daily
shoot height increment change on daily values of climatic
variables; 1(0.001, 50) = 3.50.
Standard Standard
Error Error Core
Climatological Regr. of the of the Caelf
Variable Intercept | Coelf. |Reg. Coef. | t Value Istimate ()
Mean air temp. -0.04 0.172 0042 | 407 0.99 025
Max. air temp. -1.31 0172 0035 195 003 033
Min. air temp. 235 0.047 0036 132 e 003
Range in air temp. | 2.03 0.063 199 110 007
Soil temp. 10 em -1.84 0.266 0.084 ERE R 017
Soil temp. 20 em 073 0.203 0.007 210 100 008
Soil temp. 30 em 073 0.123 0098 |° 125 e oo

Vapour pressure

deficit 1.89 e | o | am 1

- 'Net radiation 1.20 0.152 0030 390 100

Evdpotranspiration | 177 0430 | - o1l 307 0.99
Soil water content | 2.02 0028 0013 L76° LIt 0.06
Water deficit 2.94 -0/275 0202 |7 -1.37 L2 0.04
Wind speed - 275 0177 0.302 045 | Lig 0.00
Hours of daylight | -15.42 1172 1oam 0.4 0.32
— r

i 3
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Table C-2:. Results of regression of Saliz pupurea daily
shoot height increment change on the previous day’s values
of climatic variables; t(0.001, 50) = 3.50.

N Standard Standard

“p Error Error Corr.
Climatoiogieal of the’ of the | Coelf.
Variables Intercept Reg. Coef. | tValue | Estimate [ (r)

| Mean"air temp. 2.66 0.051 0.23 115 0.00
~ Max. air temp. 1.96 0,045 0.82 L1 0.01
Min. air temp, 3.13 0.036 -0.68 L15 041
Range in air temp. | 231 0034 €13 0.03
Soil temp. 10em | 2.64 0.005 115 0.00
Soil temp. 20 cm 294 0.103 -0.04 115 0.00
Soil temp. 30 cm 337 0. 5‘1 . 020 115 0.00

Vapour pressure

deficit 267 0.531 0.64 L15 0.01

Net. radiation 144 0012 318 105 017

1 Evapotranspiration | -1.60 .ot 421 1.00 027
Soil water content | 1.38 0013 320 1.05 017

. Water deficit 303 0.190 -3.11 1.05 - 0.16
Wind speed 2.04 0.307 -0.31 115 0.00
Hours of daylight -16.73 0.256 4.90 0.94 0.33
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Table C-3: Results of regression of Saliz viminalis dail
shoot height increment change on daily values of climatic
variables; t(0.001, 50) =

] 2
) i - Standard Standard T \
) Error Error | Corr
’ Climatological Regr. of the of the P Coeff.
Variable Intercept | Coeff. |Reg. Coel.| tValue | Estimate | ()
Mean air temp. 0.52 015 | 0010 | 340 0.1 010
Max. air temp. -0.98 0.156 0.031 5.00 0.82 0.34
Min. air temp. 282 -0.002 0.032 -0.07 101 C0.00
! Range in air temp. 1.55 0.093 . 0.026 3.59 0.90 021
Soil temp. 10 em 0.173 0.148 0.079 1.87 0.98 0.07
Soil temp. 20 em 1.08 . 0.097 0.089 110 : 100 0.02
Soil temp, 30 cm | 2.36 0025 | 0080 | o028 o | ot
. Vapour pressure
deficit N 1767 0.39 452 085 020

. Net radiation 097 0176 | 0031 [ 575 078 040
Evapotranspiration |  1.68 J 0418 | 0003 182 084 032

Soil water content * 2.38 0.011 0.011 0.96 1.00 - 0,02 ) &
‘Water del‘icii 2.83 -0.139 1 0.181 -0.77 101 0.01

Wind speed‘ 2.52 0.432 0.343 1.26 100 0.03 .
Hours of daylight | -1052 | 0853 | 0232 | 308 0.90 0 [¢
i . B :
v * .
. T - .
~ N )
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. Table C-4:  Results of regression of Saliz viminalis daily
. shoot height increment change on the previous day's values
of climatic variables; t(0.001, 50) = 3.50.
Standard Standard

< Error Error | Corr.
Climatological Regr. | of the of the | Coefl.
Variable Intercept | Coeff. |Reg. Coef. Estimate (%)
Mean air temp. 273 0003 | 0015 102 000

Max. air temp. 1.56 0os0 | 0040 1.00 003 |
Min. air temp.  |* 346 | -0.062 |. 003t~ 098 008
Range in air temp. | 166 0083 | 0028 094 015
Soil temp. 10em | 358 | 0045 | 0084 102 001
Soil temp. 20 em 400 0.069 0090 g 001
Soil temp. 30 cm | 425 | -0085 | o088 1 | 002

J Vapour pressure
deficit 234 [ orme | o458 170 0% | oos .
Net radiation 106 0164 | 0034 48 | L0814 032
Evapotranspiration | 154 0494 | 0001 545 0.80 038
Soil water content | 1.65 o031 | o011 2n 09§ 013
Water deficit 202 | 0463 | oam1 | -270 095 013
Wind speed 289 -0.174 0351 -0.50 1.02 0.01
Hours of daylight | -11.04 [“"0885 | 02i6 360 091 021
5 o )
A .
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# Table C-51 Results of regression of Saltr alba d
shoot height increment change on daily values of climatic
. variables; 1(0.001, 50) = 3,50,
- Standard Standard
Error Error Corr
Climatological Regr. | yof the of the | Cooft.
ariable Intercept | Coeff. |Reg. Coef.| tVale | Estmate | (%)
Mean air temp. 0.30 Q.140 0.043 32 Lot 017
Max. air temp. -1.24 0.160 0.035 462 0.93 0.30
Min. air temp. 2.56 0.007 0.035 021 L1l 0.00
- - | Range in air temp. lti: 0.092 0.029 an o2 016
. Soil temp. 10 cm 0.11 0.143 0.088 1.63 Log 0.056
. Soil temp. 20 cm L19 0.082 0.008 081 L1 001
: Soil temp. 30 cm 255 0.005 0.007 005 L 000
Vapour préssure
deficit 156 1.958 0128 4.67 0.93
o> Net radiation | 11§ 0.144 0038 [, 376 0.08
Evapotranspiration | 168 0.388 o 3.50 1o .
Soil water content, | 242 0.006 0013 | 047 L1
o Water deficit 260 /Rg@186 | 0.199 093 Lio 5
Wind speed 2,387 0.423 0379 12 110
8 Hours of daylight ,‘.1"1.95 0.004 0.255 3.66 099 0.21
L5 - )V v . /‘ .
.
~
. .
X~ W e
b . L ‘ ¢
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Table C-8: Results of regression of Saliz uu-a daily
shoot height increment change on the previous day’s values
of elimatic variables; 4(0.001, 50) = 3.50. _
Standard Standard
Error Eror~ | Corr.
- Climatological Regr. of the of the | Coeff
ariable Intercept | Coeff. |Reg.Coef.| tValue | Estimate ()
Mean air temp. 274 -0.008 0049 -0.16 L10 0.00
Max. air temp. 149 0.046 0.043 107 109 002
Min._ air temp. 3 -0.067 0.034 -2.00 1.06 0.07
Range in air temp. 146 0086 0031 279 102 014
Soil temp. 10 em 280 -0.011 0.001 012 1.10: 0.00
Soil temp. 20 cm 200 0022 | 0008 022 110 "0.00
Soil temp. 30 em 343 -0.047 0.006 -0.49 L10 000
| Vapour pressure .
~ deficit 213k 0856 0496 173 1.07 006
Net radiation 1.00 0.153 0.039 3907 0.959 0.24
Evapotranspiration 1.62 0.395 | 0.111 357 0.98 0.21
Se Ir.w:u:r content 19L 0.019 0.013 ~1.48 1.08 0.04
Water deficit 271 0.193 172 107 006
Wind speed 266 0.380 -0.22 Lo 0.00
Hours of daylight -11.61 0.910 0.260 . 338 0.99 0.19
-
N
-
A ‘ < -
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Table C-7: Results of regression of Saliz purpurca daly "
shoot base diameter increment thange on ('i:\ily values of chimatic
variables; (0,001, 50) ='3.50.

L)
E Standard | . Standard
- Error Error Corr
! . Climatological Regr. of the of the Coeff
Variable Intercept | Coeff. | Reg. Coel.| t Value | Estimate
Mean air temp 0013 | -00002 | 00001 01 002 o
ke Max. air temp. 0.015 -0.0002 | 0.0009 024 (I*S 000
" ) A
g o001 | -00008 | 00007 | -1 002 003 f
Range in air temp. | 0021 | -00008 | 00007 | 122 aof Lo
Soil temp. 10em | 0M7 | -00004 02 002 0 N
Soil temp. 20em | 0.019 | -0.0005 025 002 o0
Soil temp. 30 em 0.026 00000 044 0o 0.00 .
Vappun,pressure g '
% " i | ¢\
Feficit 0.019 -0015 I ‘0011l -1a oo 004 B
Net radiation 0019 | -00048 | o000 | 092 002 oo
Evapotranspjration | 0098 | -00008 | 0003 0 002 0.02 .
\
Soil water cofitent 00002 | 00003 073 002 001
o Water deficit -0.008 0.004 195 0.02 LXC
Wind speed 0.007 0.005 0008 002 Tom
Hours of daylight | -0.108 | 0007 0,006 0oz oo3
R .
. »
N
s . . .
.
e
5§
. 7 .
1 »
= . . >
. - |
- ¥
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) Table C-8; ~Results of regression of Saliz purpurea daily
L shoot base diameter increment change on tie previous day's values
of climatic vnr}ablcs, (0.001, 50) = 3.50.

Standard Standard

Error . Error Corr.

Climatological Regr. of the of the Coeff.

Variable Intereept | Coeff. | Reg. Coefl. | t Value | Estimate (r%)

Mean air temp. -0.001 0.001 0.001 062 002 0.01

Max. air temp.® | 0015 0001 0001 113 002 0.03

Min. air temp. 0.010 -0 00003 0.0008 <0.03 E;ﬂ‘l 0.00

Range in air temp. 0002 00006 0.007 086 002 002

Soil temp 10 em 0006 00003 | 0.0019 013 0.02 000

Soil temp. 20 cm 0013 00002 | 0.0021 -0.00 002 " | 000

Soil temp. 30 cm op1o | 00005 | o0.0021 025 002 0.00

Vapour pressure

deficit 0002 00131 | 0.0108 124 002 003

Net radiation 0.006 00015 | 0.0000 1.63 002 0.05
Evapotranspiration | 0,006 00016 | 0.0027 060 002 001

Soil water content [ 0.016 00002 | 0.0003 081 002 0.01

Water deficit . | 0008 0007 | 0.004 171 *002 0.06

Wind speed 0012 | -00038 [ 0.0081 047 002 0.00
Hours of daylight | -0.004 0007 0.006 104 002 . 003

\
\
. ;
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Results of regression of Saliz viminalis daily -

shoot base diameter increment change on daily values of climatic
variables; 1(0.001, 50) = 3 50

. \ Standard Standard ﬁ
S\ Error - Error Core
Climatological Regr. of the of the Coeff ¢
Variable Intercept oefl.  |Reg. Coef | t Value | Estimate. () -
Mean air temp. 0013 | 000003 | 0.0013 002 0030° 000
Max. air temp. -0.001 0006 0.001 053 003 001
Min. air temp. 0010 00004 | 00010 030 0@ 000
Range in air temp. 0014 0.000 0,000 000 0,03 Soo
Soil temp. 10 ci 0.033 -0.001 ol'm)-: -0.15 003 000
Soil temp. 20 cm 0039 0,001 0.003 054 003 4| o0
. Soil temp. 30 cm 0.038 -0.001 0.003 -0.53 0.03 0.01
Vapour pressure . | .
deficit 0014 -0.001 0.014 008 003 0.00
Net radiation 000r’ o.dot 0.001 - 1.06 0.03 .02
Evapotranspiration |  0.010 0002 0.003 0.48 0,03 L 0.00
Soil water content | . -0.000 00004 | 0.0003 L 0.03 002
Water deficit “o013 0004" | 0.005 0.70 0.01
Wind speed 0.014 00005 0.010 0.05 /| o000
Hours of daylight | -0.118 0.008 0.008 110 0.02
A
Y 0 -~
' <
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Table C-10:  Results of regression of Saliz viminalss daily
shoot base diameter increment change on the previous day's values

- of climatic variables; t(0.001, 50) = 3.50.
E Standard | Standard
.| Error Error Corr ~
Climatologlcal  * 5 Regr. of the of the - Cu:ﬂ'
Variable Intercept | Coeff. |Reg. Coef.| tValue | Estimate &)
N Mean air temp. 0.009 0.0003 0.0013 0.20 0.03 s 000
Max. air temp. -0.001 0.0006 0.0012% 0.48 0.03 0.00 ‘g
Min: air temp. 0031 | -0.0017. | 00009 184 003 0.06'
Range in air temp -0011 0.0018 0.0008 212 A0.03 0.08
Soil temp. 10 cm -0.016 0.0017 0.0024 0.68 0.03 o001
Soil temp. 20em | -0.017 | 00017 | 00026 064 003 | oor
Soil temp. 30 em | -0.002 | 0.0000 | 00026 033 003 0.00 ’
Vapour pressure - i 7
. deficit 0.001 0.021 0013 160 | 003 0.05
Net radiation -0.003 0.0015 0.0010 1.25 0.03 0.03 :
Evapotranspiration 0.007 i 0.0025 0.0033 0.76 ~0.03 0.01 3
. Soil water content 0.002 0.0003 0.0004 0.82 0.03 0.01
Water deficit 0012 0033 | 00050 |- 052 003 0.01
Wind speed 0009 | 00067 | .0d102 0.66 0.03 0.01
~ 1lours of daylight ;O.BBV 0.007 0.008 0.82 0.03 - 0.01 -

[ s
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Table C-11: Results of regression of Salir alba daily N

shoot base diameter increment change on duly values of ¢limatic

vanables; 4(0.001, 50) = 3.50.
Standard Standard
| Error Error Corr.
Climatological Regr. of the of the Coeff
Variable Intercept | Coeff. |Reg. Coel.| ¢ Vale | Estimate (r*)
Mean air temp.: 0001 | 00009 | 0.0010 088 002 [ 002
Max. air temp. 0,02 00015 | 0.0000 17 002 0.06
Min. air temp, 0009 | 00005 | 0.0007 o ooz 001,
"Range in air temp™ | 0008 | 0.0005 | 0.0007 069 002 ool
Soil temp. 10 em 0011 .| 00002 | 0.001 a1 002 0.00
Soil temp. 20 cm 0019 | -0.0003 | ‘0.002 013 002 0.00
Soil temp. 30 em 0022 | -0.0004, | 0.0019 0 002 0.00
Vapour pressure
deficit | 001§" | -0.0013 | 0.0110 o 9.00
Net radiation 0010 0}0005 0.0009 051 0.01
Evapotranspiration 0.005 020042 0.0030 140 094
Soil water contens | 0008 | 0.0002 | 0.0003 0.60 0.01
Water eficit 0016 | -0.006 0.001 -145 0.04
Winc. _peed 0017 | -0004 | o0.008 s 002 0.00
Hours of daylight 106 | 0077 0.000 128 002 0.03
/
. Lo
—
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Table C-12: Results of regression of Saliz alti daily
shoot hase diameter increment change on the previous day’s values
of climatic varinhlesbt(n.oﬂ!, 50) = 3.50

N Stardard Standard
Error Error Corr.
Climatological | Regr of the of the Coeft.
Variable Intercept |, Coeff. |Reg. Coef.| tValue | Estimate (%)
Mean air temp. 0015, | -0.00005 | 00010 | -0.05 0.02 0.00 .
Max. air temp. 0,007 0.0008 0.0009 0.93 0.02 0.02
Min. airemp. o022 | -00008 | 00007 | -1.08° | o002 002
Range in air temp. | -0002 | 00012 | 0.0007 1.69 0.02 0.06
Soil temp. 10 em 005 | 000007 |-00019 | -0.04 0.02 000 P
Soil temp. 20 em 0010 o002 | 00021 | 011 0.02 0.00 ;
Soil temp. 20 em 0010 o0z | ooo21 | o010 0.02 0.00
Vapour pressure .
" & ° deficit 0.007 0.0107 ; %5 T 002 | 003
' Net radiation | 0.003 0.0009 113 002 003
Evapotranspiration | 0015 00020 | -0.14 0.02 000
R Soil water contet | 0.063 000028 | 0.52 0.02 001,
Water deficit 0011 L 00040 | 239 002 010,
Wind speed 0015 00081 -0.26 0.02 L000
Yy B Hours of daylight | 0000, | 00071 0.0066 1.08 0.02 .02
R »
- ’ Y .
w - ]
”
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