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Abstract 
Reflective tarpaulins are used extensively in Westem Canada to protect tree seedlings against solar radiation dur
ing transportation and on-site storage prior to planting. This report outiines heat transfer characteristics of new 
and used reflective tarpaulins, and a FIST (Fiberglass Insulated Seedling Transporter) canopy. Containerized white 
spmce (Picea glauca (Moench) Voss) seedlings were exposed to heat while stored in boxes under tarpaulins. In a 
separate laboratory experiment, seedlings were pre-conditioned and exposed to heat. A l l seedlings were outplanted 
in nursery plots, and survival and growth were monitored. 
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Summary 
Millions of tree seedlings are planted in Westem 
Canada each year. Most are stored in central field 
caches near the planting area for several days, and then 
transported by pickup tmcks or all-terrain vehicles 
(ATVs) to die planting site. Reflective tarpaulins are 
used extensively to protect seedling boxes from direct 
solar radiation in botii central and field caches, and 
during transportation operations in the field. 

The main objectives of this study were to determine 
the effectiveness of new and used reflective tarpaulins of 
various qualities in resisting heat transfer, and to deter
mine if survival and growth of seedlings are affected sig
nificandy when seedlings are stored under such tarpau-
luis for various lengths of tune. A FIST (Fiberglass hi-
sulated Seedling Transporter) canopy and an unprotected 
seedling box were included among die tieatinents. 

Three experiments were carried out by the autiior: a 
field experiment at Red Rock Research Station in June 
1992; a controlled conditions experiment at FERIC in 
January 1993; and a laboratory experiment at tiie 
University of British Columbia and Red Rock Re
search Station in June 1993. 

The field experiment consisted of storing white spmce 
container seedlings in standard seedUng boxes under 
various types of tarpaulins for up to six days, while 
temperatures in the boxes were monitored continuously. 
Each day, seedlings were witiidrawn and outplanted in a 
nursery plot. Needle samples were collected after stor
age, but before plantmg, and tiie electiical conductivity 
of these needles was measured. Survival and growth of 
the seedlings were measured for three growing seasons. 

In the controlled conditions experiment, three pieces 
were removed from each of the new and used tarpau-
luis used in the field experiment. Each piece was tested 
for its ability to resist the transfer of heat applied to 
the tarpaulin surface by two photographic lights. 

The latioratory experiment was designed to uivesti-
gate if pre-conditioning the container-grown white 
spmce seedlings to higher temperatures significandy 
affects siuvival and growth of heat-stiessed seedlings. 
Seedlings were pre-conditioned for four and eight days 
prior to being exposed to three temperature levels for 
two time periods. Electrical conductivity of needles 
was measured following heat-stress treatinents. Seed
lings were then outplanted adjacent to those in the field 
experiment, and survival and growth were measured 
for two growing seasons. 

The results of the temperatiire monitoring in tiie field 
test and tiie heat tiansfer testing under controlled con

ditions showed fliat using one particular type of tar
paulin (SilvicooI®2) was not significandy different 
from leaving tiie boxes ur^rotected. No significant dif
ferences in performance were foimd between ttie types 
of new tarpaulins with respect to heat transfer, but the 
new ones were significandy different tiian tiie used tar
paulins. The FIST canopy had a higher accumulated 
heat sum tiian the new tarpaulins because the heat 
inside the canopy dissipated more slowly, once the 
temperature in the canopy had risen. Seedlings boxes 
loaded directiy from cool storage can be expected to 
maintain lower temperatures for longer in tiie FIST 
canopy than in boxes protected by tarpaulins because heat 
transfer through the canopy insulation is slower 

Relative conductivity analysis indicated no damage 
occurred to cell membranes in white spmce needles 
as a result of being exposed to temperatures up to 
35°C, and being stored up to six days. 

The storage of white spmce seedlings at temperatures 
ranging up to 35''C for up to six days did not cause 
mortality in seedlings outplanted m nursery beds. In 
fact, the mortality of ttie test seedUngs was lower than 
normal for seedlings planted in tiiese beds. 

Statistical analysis of the growth in total seedling vol
ume after two growing seasons indicated that there 
were no significant differences between treatments. 
Neither was growth in each of the first, second, and 
tiiird growing seasons significantly different between 
treatinents. Also, no significant differences in seedling 
volumes after three growing seasons were observed re
gardless of length of seedling storage, up to six days. 

Results from the laboratory experiment indicate that 
containerized white-spmce seedlings are very heat tol
erant. Temperatures of up to 40°C for 48 h did not kill 
tiie seedlings and did not reduce growth; rattier, grovvth 
was actually enhanced. Pre-conditionmg of seedlings 
may have been beneficial in the short term for seed
lings exposed to the 48-h heat stress. However, tiie 
seedlings were outplanted in a nursery bed; had the 
seedlings been planted on a harvested site, the results 
may have been different. 

Very few incidents occur where stored seedlings are 
accidentally heated for more tiian a day as a result of 
a malfunctioning refrigeration unit, and subsequently 
disposed of; however, it does occur and tiie practice 
should be re-evaluated in the case of container-grown 
white spmce seedlings. 

Further studies to confirm the findings of this project 
and to determine the heat tolerance of other species 
would be valuable in order to define acceptable heat 
stress limits for planting stock. 



Sommaire 
Des millions de semis sont plant6s dans I'ouest du 
Canada chaque ann6e. La plupart d'entre eux sont 
entreposes pendant plusieurs jours dans des abris 
situes h. un endroit central pr^s de la superficie k 
reboiser, puis transportes par camiormette ou par 
vehicule tout terrain (VTT) sur le site de plantation. 
L'emploi de bSches reflechissantes est tr^s repandu 
pour proteger les twites de semis contre les rayons 
directs du soleil tant dans les abris centraux que sur 
le terrain, ainsi que durant les operations de transport 
sur le site. 

Les principaux objectifs de cette etude visaient k 
determiner I'efficacite de bSches reflechissantes 
neuves et usagees de diverses qualites k resister k la 
transmission de chaleur, et k determiner si la survie 
et la croissance des semis sont affectees de fagon 
significative quand ceux-ci sont entreposes sous les 
bSches pendant des periodes de temps variees. Un 
pavilion FIST (pavilion k mousse isolante pour le 
transport des semis) et une boite de semis non protegee 
faisaient partie des traitements. 

Trois experiences furent effectuees par l'auteur: une 
experience sur le terrain k la station de recherche de 
Red Rock en juin 1992; une experience dans des con
ditions contr6iees k FERIC en Janvier 1993; et une 
experience en laboratoire ^I'Universite de Colombie-
Britannique et k la station de recherche de Red Rock 
enjuin 1993. 

L'experience sur le terrain consistait k entreposer, 
jusqu'i six jours, des semis d'epinette blanche en 
recipients dans des bottes standard de semis sous 
divers types de bSches, en surveillant continuellement 
la temperature dans les boites. Chaque jour, des semis 
etaient retires des bottes et mis en terre dans une 
placette en pepiniere. Des echantillons d'aiguilles 
furent recueillis apr^s I'entreposage, mais avant la 
plantation, et laconductivite eiectrique de ces aiguilles 
fut mesuree. La survie et la croissance des semis ftiient 
mesurees pendant trois saisons de croissance. 

Dans l'experience en conditions contrSiees, trois 
pieces fiirent preievees siu* chacune des bSches neuves 
et usagees utihsees dans l'experience sur le terrain. 
Chaque piece fut soumise k des epreuves pour 
determiner sa capacite k resister k la transmission de 
chaleur appliquee k la surface de la bSche par deux 
lampes photographiques. 

L'experience en laboratoire consistait k etudier si un 
conditionnement prealable k des temperatures plus 
eievees, de semis d'epinette blanche cultives en 
recipients, affectait de fagon significative la survie et 

la croissance des semis exposes k un stress tliennique. 
Les semis furent soumis au conditionnement prealable 
pendant quatre et huit jours avant d'etre exposes k trois 
niveaux de temperature pendant deux periodes de 
temps. La conductivite eiectrique des aiguilles fut 
mesuree apr^s les traitements de stress thermique. Les 
semis furent ensuite mis en terre k c6te de ceux qui 
provenaient de 1 'experience sur le terrain, et la survie 
et la croissance furent mesurees pendant deux saisons 
de croissance. 

Les resultats des suivis de temperature dans 1 'essai sur 
le terrain et de I'epreuve de transmission de chaleur 
en conditions contr6iees montrerent que l'utilisation 
d'un type particulier de bSche (Silvicool™ 2) n'etait 
pas differente de fagon significative de celle de boites 
sans protection. Aucune difference significative de 
performance ne fut constatee entre les types de baches 
neuves en fait de transmission de chaleur, mais les 
bSches neuves etaient differentes de fagon significative 
des bSches usagees. Le pavilion FIST avait une 
quantite de chaleur accumuiee superieure a celle des 
bSches neuves parce que la chaleur a I'interieur du 
pavilion se dissipait plus lentement, une fois que la 
temperature dans le pavilion avait augmente. Les 
boites de semis chargees directement a partir de 
chambres froides peuvent probablement maintenir des 
temperatures plus basses plus longtemps dans le 
pavilion FIST que dans les boites protegees par des 
bSches parce que la transmission de chaleur a travers 
1'isolation du pavilion se fait plus lentement. 

L'analyse de conductivite relative n'indiquait aucun 
dommage aux membranes des cellules dans les 
aiguilles d'epinette blanche, par suite de I'exposition 
k des temperatures allant j u s q u ' i 35 "C, et de 
I'entreposage jusqu'a six jours. 

L'entreposage de semis d'epinette blanche jusqu'i six 
jours k des temperatures allant jusqu'i 35 "C n'a pas 
entrame de mortalite des semis plantes dans les 
planches de pepiniere. En fait, la mortalite des semis 
de I'essai etait plus faible que la normale pour les 
semis plantes dans ces planches. 

L'analyse statistique de la croissance en volume total 
des semis apres deux saisons de croissance indique 
qu'il n'y avait aucune difference significative entre les 
traitements. La croissance dans chacune des trois 
saisons n'etait pas non plus differente de fagon 
significative entre les ti-aitements. De plus, aucune 
difference significative ne futobservee dans les volumes 
de semis aprSs trois saisons de croissance, peu importe 
la duree d'entieposage des semis, jusqu'i six jours. 

Les resultats de l'experience en laboratoire indiquent 
que les semis d'epinette blanche en recipients sont trts 



tol6rants ilachaleur. Des temperatures jusqu'^ 40 °C 
pendant 48 heures ne tuferent pas les semis et ne 
r6duisirent pas la croissance; en fait, celle-ci se trouva 
plut6t favoris6e. Le conditionnement pr6alable peut 
avoir 6t6 b^nefique i court terme aux semis exposes 
au stress thermique de 48 heures. Cependant, les semis 
6taient plant6s dans une planche de p6piniSre; s'ils 
avaient 6t€ plant6s sur un parterre de coupe, les 
r6sultats auraient pu etre diff6rents. 

II se produit tr^s peu d'incidents oii les semis 
entrepos6s subissent accidentellement un 
echauffement pendant plus d'une joum6e par suite du 
mauvais fonctionnement d 'un appareil de 
refrigeration, et sont subsequemment mis de c6te; 
cependant, cela arrive et la pratique devrait Stre 
reevaluee dans le cas de semis d'6pinette blanche 
cultiv6s en recipients. 

D'autres etudes pour confirmer les conclusions de ce 
projet et determiner la tolerance h la chaleur d'autres 
essences seraient importantes afin de definir des limites 
acceptables de stress thermique pour les stocks de 
plantation. 



INTRODUCTION 
Several hundred million coniferous tree seedlings are 
grown and planted in Western Canada every yean The 
vast majority of these seedlings are grown in contain
ers, mostly of the Styroblock*type. Seedlings slated for 
spring planting are lifted in late fall, sorted and put into 
bundles that are then packed in paper or polyethylene 
bags and placed inside waxed cardboard boxes for 
overwinter freezer storage, hi the spring, the boxes are 
removed from the freezer and the seedlings are allowed 
to thaw for a short period. They are then shipped in tem
perature-controlled semitrailers or trucks to a central 
cache at or near the planting area. Seedling boxes are 
stored at the central cache imtil distributed to satellite 
caches in the planting area, where planters replenish their 
supplies of seedlings. Field storage of seedlings may last 
a week or longer depending on the progress of tiie plant
ing program.' 

Seedling performance may be affected by root exposure 
to drying conditions, handling, storage conditions and 
length, shipping, temporary storage in the field, and 
planting (particularly microsite selection) (DeYoe 1986, 
Rietveld 1989). Although high temperatures can occur 
in the absence of other envirorunental stresses, tiiey are 
commonly accompanied by both atmospheric and 
ed^hic water stress (HSllgren et al 1991). Some re
search results indicate that seedlings should be kept at 
temperatures below 10°C at all times until planted to 
avoid the damaging effects of high temperature and to 
reduce evaporative demand (Baker 1929, Binder and 
Fielder 1995, Levitt 1980, Seidel 1986) (see Stjemberg 
1995 for a full literature review). Covering boxes with 
reflective tarpaulins is one technique used to protect 
seedling boxes from direct solar radiation and slow the 
rise of temperature within die boxes. They are used ex
tensively in all planting operations in Alberta, British 
Columbia, and Saskatchewan, to cover boxes in seed
ling caches and during local transportation of seedlings. 

Different brands and qualities of tarpaulins are commer
cially available. When new, all reflective tarpaulins are 
white on one side and silver coloured on the other side. 
Tarpaulins should be used widi the white side facing 
upwards/outwards. However, as a tarpaulin is folded, 
stretched, scuffed, and exposed to the elements in nor
mal use, delamination, decreased reflectance of the white 
surface, and general deterioration occurs. When this h ^ -
pens, the tarpaulin's ability to resist heat ti-ansfer may be 
reduced, thereby decreasing its effectiveness in protecting 
seedling boxes from solar radiation. 

The British Columbia Ministry of Forests' (BCMOF) 
Silviculture Contracts specify that only reflective tarpau
lins, in good repair and approved by a B C M O F Officer, 

can be used to cover seedling boxes ( B C M O F 1989). 
Otherwise, however, no standards exist for the quality 
of tiie reflective tarpaulins to be used by planting con
tractors. As a result, some very poor quality, wom out 
tarpaulins are in use; very little is known about how 
effective die tarpaulins are after one or more years of 
use in the field. This project was designed in 1991 to 
provide information about various types of tarpaulins, 
and to determine if there are any measurable effects on 
the stored seedlings. The project was extended with a 
laboratory experiment after preliminary analysis of first-
year seedling growth. 

OBJECTIVES 
• Determine the effectiveness of new and used 

reflective tarpaulins of various qualities in resisting 
heat transfer. 

• Determine ifimmediate and measurable detiimental 
biological responses occur in seedlings stored under 
these tarpaulins for different lengths of time and at 
different temperatures. 

• Determine if survival and growth of seedlings are 
significantly affected when stored for different 
lengths of time and at different temperatures. 

• Determine if pre-conditioning seedlings to higher 
temperatures significantly affects survival and 
growth of heat-stressed seedlings. (This objective 
was added after the first year.) 

EXPERIMENTS 
Field Experiment 
Materials, Methods, and Instrumentation. The project 
was designed to test a number of different types of re
flective tarpaulins, by recording temperatures in seed
ling boxes stored beneath them for a number of days, 
and to determine if seedling survival and growth are af
fected by storage for different lengths of time. The ma
terials selected for testing are described in Table 1. 

Seedling Shelters. Seedling shelter frames^ were cov
ered with reflective tarpaulins (Table 1), extending to 
the ground on all sides. Two shelters were constmcted 
from each test material. The shelters and the FIST 
canopy were set up in three rows on a grassy area be
side die Red Rock Research Station, 15 km south of 
Prince George, British Columbia (Figure 1). 

Container-grown white spmce (Picea glauca (Moench) 
Voss) seedlings in a standard box were placed in each 
of the shelters. Two boxes were placed in die FIST 

R.F. Bowden, Regeneration Specialist, BCMOF, Victoria, B .C. ; 
ersonal communication, September 1995. 
Made of 1 x 2" wood, 120 x 90 x 50 cm in size. 



Table 1. List of Treatments and Test Materials in the Field Experiment 

Treatment Test material Type^ Status 

1 Lightweight Silvicool* S*" 8x8 New 
2 Standanl Silvicool® 3 12x10 New 

Original Silvicool* type' 18oz. New 
4 Econocool 8x8 New 
5' Silvicool* 2 12x12 2-years old 
6: Original Silvicool* type 18 oz. 7-years old 

7 Original SilvicooPtype 10 oz. 1-year old 
:t - Unprotected box 

FIST canopy* 
N/A New Unprotected box 

FIST canopy* N/A New 
10 Silvicool* 2 shelter* 12x12 3-years old 

" Reflective tarpaulins are distinguished in two ways, i.e. by the weight, in ounces per square foot (e.g. 18 oz), and in the case of woven 
materials, by the number of strands per inch in two directions (e.g. 8x8). Silvicool* is a registered trademark of Bushpro Supplies Ltd., 
Anmore, B.C. "The Original Silvicool*reflective tarpaulin was a custom-made 12 oz. vinyl material. ''The Fiberglass Insulated Seedhng 
Transporter (FIST) canopy has a sandwhich construction consisting of two fiberglass skins (each 2.5 mm thick) covering 35 mm of solid 
insulation (R12), reinforced with 2 x 2" wood. It is manufactured by the Horizon Fiberglass Products Ltd., Delta, B.C and was loaned to 
FERIC by the manufacturer. "Treatment 10 consisted of a commercially purpose-built shelter made of Silvicool* 2 tarpaulin material. The 
dimensions of this shelter was somewhat larger than for those set up for this trial. 

Seedling Box Temperatures. The temperatures inside 
the boxes were measured on a continuous basis using one 
diermocouple placed in the physical center of each box. All 
diennocouples were scanned every 10 seconds and the 
average value for each 15-min period was recorded by 
a data logger Recordings started at 2100 h on June 8, 
1992, and continued unintermpted for 144 h. 

Environmental Measurements.The ambient tempera
ture was measured with a thermocouple placed inside 
the Stevenson Screen at Red Rock Research Station. 
Ambient air temperature, wind speed, and solar irtadi-
ance were measured at the same intervals as the tempera
tures in die seedlmg boxes, using die same data logger 

Electrical Conductivity Measurements. Any damage 
to cell membranes may cause the cell contents to leak, 
and this can be measured in an electrical conductivity 
test. Needle samples for conductivity tests were collected 
each day (Times 1-6) at a rate of 120/day (Figure 2). 
The conductivity measurements to be used as the con
trol were obtained at Time 1, i.e. before tiie seedling 
boxes were placed in the shelters. Conductivities were 
measured and analyzed according to methods used by 
the Research Laboratory of the B C M O F and others 
(Colombo etal 1984). 

Outplantings. The experiment had a split-plot rand
omized complete block design with repeated measure
ments witiiin the experimental imits. The sample plot 
layout is shown in Figure 3. Seedlings were outplanted 
in prepared nursery beds at tiie Red Rock Research Sta
tion. The first outplanting, i.e. Time 1 used as Control 
for the experiment, was removed from seedling boxes 

Figure 1. Reflective tarpaulin shelters set up outside 
the Red Rock Research Station, Prince 
George, in June 1992. The Fiberglass 
Insulated Seedling Transporter (FIST) 
canopy is seen in the far left corner The 
shelter to the left of the canopy is Treatment 
10—the commercially purpose-built shelter. 
The ambient temperature was recorded inside 
the weather station shown on the right. 

canopy, and two were left unprotected as contiols. Seed
lings were stored at -i-5°C until placed in tiie shelters. 

To maintain tiie same physical environment in the boxes 
after seedlings had been withdrawn for planting, the va
cated space was filled by other seedlings. 



and planted on June 8 before the boxes were placed in 
the shelters. The following day, June 9, was rainy and 
cold, and no planting was done. Samples of seedlings 
were then withdrawn from die stored seedling boxes 
daily on the next five days , i.e. Times 2 ( = June 10, 
etc.), 3,4,5 and 6, and planted according to the layout 
shown in Figure 3 (Figure 4). 

Figure!. Collecting needle samples for conductivity 

Root collar diameter and total height of each seedling 
were measiu-ed and recorded immediately after planting. 
These measurements were repeated after die first, sec
ond and third growing seasons, hi addition, survival 
surveys were done each spring. 

Statistical Analysis. Statistical covariance analyses of 
the growth data were carried out in SAS*.^ 

Conductivity data were statistically analyzed using analy
sis of variance* (ANOVA) in SAS*. The statistical model 
used for growth data analysis, minus the Block' factor, was 
also used for tiie conductivity data analysis. 

^ S A S * for Windows, Version 6.08, SAS/STAT Module, SAS* 
Institute Inc., Gary, N C . 
•* The variance is a measure of variation which considers the po
sition of each observation relative to the mean of all the observa
tions. The square root of the variance is called the standard de
viation. 
' The Block factor is a part of the statistical model which consid
ers the effects of having seedlings planted in different blocks 
within the sample plot. 

6 Blocks 

6 Times/Block 

V 

2 Replications/Treatment 10 Treatments/Time 

Figure 3. Schematic layout of sample plot with a split-plot randomized complete block design, with repeated 
measurements of the experimental units. Each of the six blocks was divided into six time zones; each 
time zone was divided into ten treatment parts and each part was planted with two replications of four 
seedlings, in an alternate fashion. 



Figure 4. Outplanting of seedlings in sample plot. 

Controlled Conditions Experiment 
Three 40 x 40 cm squares of material, removed from 
each tarpaulin used in the field testing, were tested un
der contioUed indoor conditions at the FERIC office. The 
squares were placed over the opening of a heavily-in
sulated wooden box. Two 250-W photographic lights 
were directed at the surface of the tarpaulin and turned 
on for 30 min. Thermocouples, located 2.5 cm below 
tiie surface of tiie tarp and 2.5 cm above it, were attached 
to a data logger and scanned every five seconds. The av
erage temperature for each minute was recorded. The 
ratio of heat sums below the tarpaulin to tiiose above it 
was used in the statistical analysis of the data. 

Laboratory Experiment 
This experiment was added after first-year results of tiie 
field experiment indicated a possible pre-conditioning 
effect on the seedlings resulting from storage under the 
tarpaulins. 

Materials and Methods. White spruce container seed
lings, from tiie same seedlot as used in the field experi
ment, were used for tiiis experiment. One-tiiird of the 
seedlings were not pre-conditioned, one-third were pre
conditioned at 30''C for three h/day for 4 consecutive 
days, and one-tiurd were pre-conditioned at 30°C for 
tiiree h/day for 8 consecutive days. The heat stress treat
ments were applied immediately after prs-conditioning; 
seedlings in paper bags were placed into incubators for 
8 h and 48 h at temperatures of 30°C, 35°C, and 40°C. 
The contixil seedlings were left in tiie cool storage facil
ity at 5°C. The seedlings, which had been shifted by cou
rier fix)m Prince George to ttie Forest Sciences Department 

of the University of British Columbia in Vancouver for 
the experiment, were returned after heat stressing and 
then outplanted in prepared nursery beds at Red Rock 
Research Station. Seedlings were planted in one plot 
witii an irrigation facility (Plot I) and in one without (Plot 
NI). The plots had a completely randomized design. 

RESULTS 
Field Experiment 
Environmental Conditions. On the first day (Jime 9), 
the weather was cool and cloudy with rain most of the 
day. The weather then improved for the rem ainder of the 
test, and tiie last three days were sunny with cloudy pe
riods. Solar radiance peaked at about 1000 W/mMur-
ing tiie last four days. The wind increased as the experi
ment progressed and nsached a maximirai of about 5 m/s 
during the fifth day. 

Seedling Box Temperatures. The minimum tempera
tures (Figure 5) were generally reached between 0600 
and 0700 h while the maximum temperatures (Figiu-e 6) 
occurred approxunately bebA'een 16()0 and 1700 h. Daily 
temperamres within the boxes followed the same pat-
tem. Figure 6 shows that tiie first two days (June 9 and 
10) were substantially cooler than the following days. 
Treatment 8 (unprotected seedling box) predictably had 
the highest daily maximum temperature, while Treat
ment 9 (FIST canopy) usually had tiie lowest daily maxi
mums. This was expected since tiie FIST canopy is in
sulated and the inside temperature increases at a slower 
rate. On the other hand, the temperature also decreases 
more slowly at night, reflected in the highest minimum 
temperatures (Figure 5). 

Heat sums,' in degree-hours, were calculated for each 
treatment using a base temperature of 10°C (Table 2). 
Outplanted seedlings were exposed to less heat than is 
shown in Table 2 since ttie samples were removed gradu
ally over a period of six days. 

An analysis of variance of the heat sums indicated sig
nificant differences between ttie treatments. In Table 2, 
heat sums shown with ttie same letter are not signifi
candy different (a=0.05). 

Treatments 1,2 and 3, all new tarpauUns, have ttie low
est heat sums. The new tarpaulin in Treatinent 4 was 
not as effective in resisting heat transfer as tiie other three 
although there was no statistically significant difference 
between tiie four new tarpaulins. Treatment 8 (unprotected 
lx)x) has tiie highest heat sums, while Treatments 5 and 10 
are only slightiy lower The heat sum for Treatment 5 was 

Heat sum = (T - 10°C) • No. of hours at the temperature T. 
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Figure 5. Daily minimum seedling-box temperatures for the 10 treatments in the field experiment. 
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Figure 6. Daily maximum seedling-box temperatures for the 10 treatments in the field experiment. 



Table 2. Heat Sums after 144 Hours for Treatments 1-10. Heat sums shown with the same superscript letter in 
this table are not significantly different. 

Treatment Test material Status Heat sum 

ec-h) 

1 Lightweight Silvicool*3 New 844.9 f 
2 Standard Silvicoor 3 • New 840.5 f 

Original Silvicool* type New 832.2 f 
4 Econocool New 985.1 
S Silvicool*2 2-years old 1262.2 

Original Silvicool*type 7-years old 1116.8 "̂̂  
Original Silvicoortype 1-year old 1045.5 

8 Unprotected box New 1373.0^ 
9 H S T Canopy New 1025.2 
10 SilvicooPZ 3-years old 1193.2 
cf. Ambient air temperature 

in Stevenson Screen 
912.6 «f 

not significantly different from the unprotected box in 
Treatments. 

Heat sums for outplanted seedlings are shown in Fig
ure 7. These heat sums are calculated from the time the 
seedlings entered storage (Time 1) until the time Uiey 
were withdrawn for planting. Since the seedlings from 

' the various treatments were planted in a random order 
each day, die times of removal from the shelters varied. 

Electrical Conductivity. Reladve conductivities (RC) 
for all 720 samples ranged from 5.7 to 12.4, widi an av
erage of 8.4 (standard deviation = 1.2). Interaction be
tween Time and Treatment was significant at the a = 0.05 
level but no pattem can be established. 

Seedling Survival and Growth. Seedling survival was 
very high. Of the 2 880 seedlings in the field experiment, 
only seven had died after three growing seasons. There 
was no discernible pattem in terms of Times, Blocks and 
Treatments for dead seedlings. 

Growth in the second growing season (G2) (see Termi
nology in Appendix I), and total volume after the sec
ond year (V3) were analyzed. Results showed signifi
cant interacdons between Time, Block, and Treatment 
for both V3 and G2. The presence of significant inter
actions in the analysis signifies that treatments gave dif
ferent results in different blocks, and that seedlings from 
the same time period grew differentiy in different blocks. 
Had diere been a treatinent effect it would have been 
equally evident in all blocks. Also, had there been a time-
in-storage effect, it would have been similar in all blocks. 
However, growth of the seedlings was different for all 
times and treatinents depending on where within the plot 
the seedlings were located. Generally growth increased 

towards the westem side of the plot and towards the 
northem side (Figure 8). This variance within and be
tween blocks was unexpected and unpredictable, result
ing in a complicated analysis which has been reported 
elsewhere (Stjemberg 1995). 

Data obtained after three growing seasons were also sta
tistically analyzed. Each block was analyzed separately 
since each contained complete sets of time and treatment 
combinations. There were no particular pattems to the 
volume differences that caused the interactions. This 
indicates that treatments gave different results for dif
ferent storage times and location in the block. No par
ticular pattem can be established which would explain 
the treatinent differences for different lengths of storage. 

Soil and Foliage Analysis.To determine what may have 
caused the growth differences in the various parts of the 
plot, soil and foliage samples were collected and com
mercially analyzed.^ Foliage samples were collected 
from seedlings adjacent to die soil sample locations. The 
results indicate that the differences in growth are related 
to available soil nutrients. Most nutrients analyzed 
showed increased levels to die west and north of the plot, 
consistent with growth differences. One foliage sample 
from the southeast comer of die plot showed a toxic level 
of iron and higher than average level of aluminium. The 
corresponding soil sample had lower tiian average lev
els of copper, zinc, iron and manganese. Growth in this 
comer was lower than further west and north in the plot, 
suggesting a nutrient imbalance. 

Pacific Soil Analysis Incorporated, Richmond, B .C . 
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Figure 8. The mean growth in the second growing season (G2), plotted in the sequence that treatments were 
located in each block. Blocks are in the same order as in the plot. 

Controlled Conditions Experiment 
The test of taipauUns under controlled conditions deter
mined die relative heat transfer characteristics between 
samples of seven of the tarpaulins used in the field ex
periment. The average ratios for the samples from each 
tarpaulin type were expressed relative to Treatment 1, 
i.e. the new Ughtweight Silvicool®3 tarpaulin. Treatment 
1 had the lowest heat transfer of all the samples tested. 
The relative heat sum ratios are shovm in Figure 9. 

Laboratory Experiment 
Electrical Conductivity. The absolute values for rela
tive conductivity' were about double those foimd in the 
field experiment, i.e. 16 compared to 8. Statistical analy
sis of tiie data showed sigruficant two-way and three-
way interactions between Pre-conditioning, Heat, and 
Time, but there does not appear to be a pattern of tieat-
ment effects. However, relative conductivity did increase 
for seedlings pre-conditioned 4 and 8 days in tiie 48-h 
treatinent at 35°C, and in tiie 48-h treatinent at 40''C, 
regardless of tiie pre-conditioning treatments. 

* Relative conductivities are an indication of the state of the cell 
membranes. If the membranes get damaged, the contents of the 
cells leak, indicated by an increase in measured electrical 
conductivity. 

200' 

0)150 
(0 
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CD 

.c 
> 
1 50 
0) 
DC 

Treatment No. 1 = 100% 

3 4 5 6 
Treatment (no.) 

Figure 9. Ratios of relative heat transfer for pieces 
of reflective tarpaulins taken from 
Treatments I - 7. Treatment 1 was set at 
100%. Tarpaulins in Treatments 1 - 4 were 
new, while those in Treatments 5 -7 had 
been used. This test was carried out under 
controlled conditions, using floodlights as 
a heat source. 
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Seedling Survival and Growth. Survival of die seed
lings was very high. After die first growing season, only 
one seedling had died, and five were dead after die sec
ond season (<1%)—two in Plot I and three in Plot NI. 

Growth in the first and second growing seasons for Plots 
I and NI were analyzed. The significant factors in the 
mean growth in die first year were interactions PlotS'Pre-
conditioning'Time and Plots»Time. Pre-conditioned 
seedlings grew better dian those without pre-condition
ing in both plots after a48-h heat stress treatinent. Seed
lings with the 48-h stress treatment and no pre-condi
tioning in Plot I had higher mean growth than those with 
the 8-h stress treatment Regardless of pre-conditioning, 
mean growth in the two plots was different for the two 
exposure times. Growth in Plot I increased for the 48-h 
heat stress treatment compared to die 8-h treatment, 
while in Plot NI it decreased slighdy. 

Mean growth in the second year was significantly dif
ferent for the two plots, witii significandy less growth 
of seedlings in Plot NI compared to those in Plot I. 

In Plot I, seedlings exposed to the heat stress for 48 h 
had higher mean volume (data not shown). No signifi
cant differences were present for the growth in the sec
ond growing season. 

In Plot NI, pre-conditioned seedlings had higher growth 
when exposed to 48 h of heat stress compared to 8 h of 
exposure. 

DISCUSSION 
Field Experiment 
Environmental Conditions.The environmental condi
tions recorded during the field experiment are typical of 
conditions in late spring or eariy summer at planting sites 
in the Central Interior of British Columbia. Tempera
tures on June 9 and 10 were low compared to the fol
lowing four days and below the 30-year mean daily tem
perature in June for Prince George airport—12.9°C (En
vironment Canada n.d.). The highest levels of solar ra
diation occurred during the aftemoon hours and the wind 
speed typically peaked in the eariy evening hours each 
day. Some wind was present during the early part of the 
night. While solar radiation is the source of any heat 
buildup in the seedling boxes, tiie presence of a wind 
will affect tiie rate of the accumulation and subsequent 
decrease of heat during the night. 

Reflective Tarpaulins and Seedling Box Temperatures. 
Minimum seedling-box temperatures varied littie among 
treatments during the first 72 h. The FIST canopy had 
the highest minimum temperatures each day of the experi
ment (Figure 5). This unit has 35 mm of foam insulation 

between the outside and inside fiberglass skins. The ef
fect of the FIST insulation can be seen in its daily maxi
mum seedling-box temperatures which were some of 
the lowest recorded (Figure 6). Because heat transfer 
always proceeds from a warmer to a colder region (Gates 
1980), heat is transferred into the FIST canopy during 
the day, and out during the night provided the outside tem
perature is lower than Uie inside temperature at that time. 
However, because of insulation in the walls and roof of the 
FIST canopy, heat tiansfer is slower in both directions 
compared to heat transfer in the tarpaulin shelters. 

Heat sums for Treatments 1 - 4, all new tarpaulins, are 
tiie lowest and significantly different (a=0.05) from the 
rest. Though the heat sum for die new tarpaulin in Treat
ment 4 is higher by about 17% than the heat sums for 
the other tiiree, Uie difference is statistically not signifi
cant. The heat sum in Treatment 5 was not significandy 
different from the unprotected box which recorded the 
highest heat sum. The reflective tarpaulin in Treatinent 
5 had a layer of black plastic between the white outer 
surface and die scrim (Stjemberg 1991). This layer was 
expected to make the tarpaulin completely opaque even 
when well-used. However, the black plastic acted as a 
heat sink and retained heat conducted from the white 
outer layer. This resulted in a heat sum for Treatinent 5 
about 50% greater than for the best three new tarpau
lins. Treatment 10 was a commercially purpose-built 
shelter somewhat larger in size than the other shelters. 
Although the tarpaulin material was the same as for 
Treatinent 5 and appeared to be in better condition, there 
was no significant heat sum difference between the two. 

The heat sum for Treatment 9 (tiie FIST canopy) was 
about 25% higher than for tiie three tarpaulins with the 
lowest heat sums, but was not significandy different 
from Treatments 6 and 7. The higher heat sum for the 
FIST canopy is a direct result of the rate of heat trans
fer through the canopy insulation. However, in a typi
cal planting operation the FIST canopy would normally 
be loaded with many more boxes of seedlings than was 
the case in diis experiment. The amount of heat required 
to increase the temperature in a fully loaded canopy 
would be much higher, and as consequence die buildup 
of heat during the day would not be as high as shown 
here. If the inside temperature remains below the out
side temperature for all or a portion of the night, less or 
no heat would be transferred to tiie outside. Operation
ally, the FIST canopy can be expected to have a much 
lower heat sum than reported in tiiis experiment. Von 
der Gonna (1990) found that die temperatures inside the 
canopy remained well below ambient air temperature 
when the canopy was carrying a full load of seedling 
boxes. In this experiment, tiie FIST canopy attained 
greater heat sums tiian ambient air temperature. 
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The tarpauHns used in Treatments 6 and 7 were both of 
the Original Silvicool* type, but were different ages. 
However, the difference in their heat sums was not sig
nificant. There were significant differences between new 
and used tarpaulins but die differences widim each group 
were small, and not significant in the case of new tar
paulins. It is shown that tarpaulin usage resulted in in
creased heat transfer and thus decreased the efficiency 
of the tarpaulins. However, age by itself is not neces
sarily a good indicator It is the quality of the material, 
and the abuse it has taken, which will determine the ef
ficiency of the tarpaulin. 

Seedlings were wiUidrawn daily, and at different fimes 
during the day for each treatment in a randomized or
der with the result that heat stuns for outplanted seed
lings differed (Figure 7). The first two days of storage 
did not add much to the heat simis but by Time 4, die 
differences between treatments were clearly established. 
The heat stun mcrements after Time 4 are very similar 
in size for all treatments. The heat stun differences be
tween Treatment 8 (unprotected box, i . e. control) and 
Treatments 5 and 10 are small. If high heat sums, with 
a base temperature of 10°C, induce physiological 
perturbations ia the seedlings, one could have expected 
tills to be displayed in relative conductivities, and per
haps in survival and growth in Treatments 5, 8 and 10. 

Electrical Conductivity. The relative conductivity test 
determined if cell membranes were damaged by tiie heat 
buildup (heat sums) in tiie seedling boxes. Damaged cell 
membranes would allow the cell contents to leak. This 
would be indicated by an mcrease in the electrical con
ductivity of the leachate. This technique is commonly 
used to detennine frost hardiness in seedlings (Colombo 
et al 1984, Hawkins and Binder 1990) and has been used 
by Binder and Fielder (1995) to detect heat damage in 
seedlings. Preliminary heat exposure tests done before 
the field experiment indicated that a relative conductiv
ity of above 30 should be expected after significant dam
age to cell membranes. 

The results from the electrical conductivity measure
ments in the field experiment gave a relative conductiv
ity in the range of 6 to 12. While there was statistically 
sigruficant interaction between Time and Treatinent, tiie 
relative conductivities were too low to signify any cell 
membrane damage. Natural variations among the seed
lings could accotmt for the small but sigruficant differ
ences in relative conductivity. Analyses of tiie relative 
conductivities for time in individual treatments do not 
show a pattern that can be correlated with tiie heat stress 
received over time. 

Treatinents 8,10 and 5, which had ttie greatest heat sums 
by tiie last planting (Figure 7), did not have ttie highest 

relative conductivity (RC) at Time 6. In fact, Treatinent 
3 with the lowest heat sum had the greatest RC. This 
further suggests tiie present R C data were indicative of 
natural variations among the seedlings rattier ttian physi
ological damage induced by heat. In short, it appears 
tiie level of heat sums observed in tius experiment did 
not result in any cellular membrane damage for seed
lings of this spruce seedlot. 

Seedling Survival and Growth. In the field study, all 
but seven seedlings were alive after three growing sea
sons—a survival rate of 99.8%. No pattern relating the 
dead seedlings to any time or treatment effect is discern
ible. Three-year survival rates of this order suggest the 
heat treatments had mduced no physiological pertiu-ba-
tion in the stock. Mortality of 1 to 2% in the first sea
son is usually expected in this common garden at Red 
Rock Research Station.' High survival as observed 
could result if the seedlot had a high degree of heat tol
erance, if it was of exceedingly high physiological qual
ity at the time of planting, or i f ttie heat treatments were 
of no physiological significance. The best, or any, hy
pothesis cannot be selected at this time. 

Analyzing tiie growth of the seedlings presented a sta
tistical challenge. The experiment was designed as a 
split-plot randomized complete block with repeated 
measurements within experimental imits. The statisti
cal model included all main effects (Block, Time, Treat
ment) but also two-way and three-way interactions be
tween tiiese effects. A l l sigruficant interactions must be 
explained. The total stem volume after two growing sea
sons (V3) and the stem growth in tiie second growing 
season (G2) were chosen as starting points. 

Unfortunately, there were sigruficant three-way interac
tions between Block, Time and Treatment both in G2 
and V3 . Analysis showed distinct differences between 
the blocks firom soutti to north in the plot (Figure 8). The 
plot was established in a bareroot forest-seedling nurs
ery field where soils have been regularly cultivated, and 
where there were no visual differences among blocks. 
However, when volumes for the treatments were com
pared to the volimie of the control there were obvious 
differences between the blocks. An examination of G2 
found no pattern imtil tieatments were plotted in tiie 
same sequence that had been randomly selected for the 
outplanting in tiie blocks. The data tiien clearly indicate 
the increase in growth toward the west end of the blocks. 
This was confirmed by regression analysis, which 
shows more effects on growth from microsites than from 
any heat treatment or storage time. 

' C. Hawkins, BCMOF, Red Rock Research Station, Prince George 
B.C. ; personal communication. May 1994. 

11 



When the three-way interaction effect was included in 
the error term, analysis still showed significant Time and 
Treatment interaction, and Time and Block interaction 
for the total volume after two growing seasons (V3). How
ever, when the mean volumes are plotted in the same order 
as the tiieatments were planted, the variations within die 
blocks are reduced. This indicates that where in the plot 
the treatment was located had an effect rather than the treat
ment - time combination. Again, analysis showed planting 
microsite had greater influence tiian all otiier variables. 

When more data had been collected, growth in the third 
growing season (G4) was analyzed block by block. Time 
and Treatinent interactions were present in most blocks. 
However, tiiere were no significant interactions in Block 
6 and tiie growth in the third growing season confirms 
the previous trend of increasing growth towards the west 
part of the plot. Not unexpectedly, the analysis of G4 
and G5 ftuther confirmed the observation of the first two 
analyses: planting location had a far greater effect tiian did 
tieatment and storage duration. Therefore, it was decided 
to do soil and foUar analyses to see if site-related growth 
differences may be related to nutiient deficits or excesses. 

Soil and Foliage Analysis. Most of tiie soil and foliage 
nutrients increased towards flie west and north, the same 
tiend as demonstiated with die seedling growth (Figure 8). 
This may help explain microsite growth differences. A 
foliage sample taken at the soudieast comer of the plot 
showed anomalous readings of iron (408 ppm) and alu
minium (468 ppm). These are very high compared to tiie 
readings from seven other nearby samples that averaged 
134 ppm for iron and 205 ppm for alumiruum. While 
references to aluminium levels are not readily available, 
foliar iron was at a toxic level and is a likely cause for 
the depressed growth (van den Driessche 1989). The soil 
sample taken from the same location in the plot also 
showed levels of copper, zinc, iron, and manganese that 
were lower than the average from 15 other locations in 
and adjacent to the plot. Further, total nitrogen, sulphur 
and organic matter were lower in diis comer tiian the 
averages from samples in other parts of tiie plot. This 
may explain why seedling growth in this comer was 
much lower than in the rest of the plot. The soil sample 
values are not easily interpreted because different nu
trients may have off-setting or compensating effects at 
different levels.'" These data indicate the importance 
of knowing your site prior to planting. Ideally, soil sam
pling should have been done before block layout. That 
would have shown the differences in uniformity among 
the blocks and could have minimized microsite differences. 

Controlled Conditions Experiment 
The test of the tarpaulin samples resulted in the same 
ranking of the tarpaulins as in the field experiment (Fig
ure 9), though two tarpaulins were in reverse order 

(Treatments 3 and 4). The light spectrum for the flood
lights contains more infrared light than solar radiation" 
and this is most likely the cause for differences in tiie 
two experiments. If deemed cmcial by tiie silviculture 
industry, tarpaulins could be tested for their efficiency 
before decisions are made to retain or dispose of them. 
However, based on the present results obtained under 
longer than normal operational durations, there is no bio
logical evidence to suggest tarpaulin quality was an is
sue in this one spmce seedlot experiment. 

Laboratory Experiment 
Electrical Conductivity. Based on tests carried out prior 
to tiie field experiment, relative conductivities above 30 
would be indicative of cell membrane damage. Because 
relative conductivities were low, survival was high and 
no obvious treatment or storage duration effects were 
evident for tiie initial planting in 1992, it was postulated 
that tiie diurnal fluctuation of temperatijres pre-condi
tioned the seedlings prior to planting. This possibility 
was alluded to eariier in this report when altemative 
explanations suggested that the seedlot had a high de
gree of heat tolerance, the heat treatinents were not 
physiologically significant or the seedlot was of exceed
ingly high physiological quality. A laboratory pre-con
ditioning experiment was conducted to assess if this 
phenomenon was present. 

Relative conductivities observed during the laboratory 
experiment were in the 15 to 20 range, indicating very 
littie, if any, damage to the cell membranes as a result 
of die treatments. These values were about 7 to 10 rela
tive units greater than for the field trial. There may be 
seasonality in relative conductivity even when the same 
seedlot is grown in tiie same nursery witii only the year 
different. As with relative conductivities in the field ex
periment, natural variations among seedlings would 
explain the small differences that did occur and the in
teractions shown in the data. There was no demonstrated 
effect from tiie pre-conditioning treatinents or from tiie 
8-h ti-eatinent at any temperature. Several readings for 
tiie 48-h treatinent stand out, but their standard devia
tions were large (i.e. 19.9+/- 4.1 and 21.0+/- 7.1). It is 
therefore reasonable to conclude that the heat stress 
ti^atments did not cause significant cell membrane dam
age. This conclusion is supported by flie results of other 
studies (Alexandrov 1964, Helgerson 1990, Burret al 
1993). Alexandrov found that the temperature of irre
versible damage to cell components ranged from 48.5 
to 56.4''C in eight different species. Burr et al (1986) 

R. van den Driessche, BCMOF, Vic tor ia , B . C . ; personal 
connmunication, March 1995. 
" Michael Norris, General Electric; personal communication, 
Apri l 1995. 
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recorded much higher electrolyte leakage in cell mem
branes when the temperature increased from 48 to 52°C. 
Binder and Fielder (1988) reported that conductivides 
increased in needle segments in 30 and 40'C treatments after 
72 h. Increased relative conductivities could have been ex
pected, had the present experiment continued past 48 h. 

Seedling Survival and Growth. In the laboratory ex
periments, tiie seedling survival, 99.5% after 2 grow
ing seasons, is high given the heat stress treatments ap
plied. At the least, this particular seed source is very 
tolerant to heat stress. Binder and Fielder (1995) re
corded less than 10% mortality in white spruce seedlings 
after one growing season when they exposed tiie seed
lings to a 48-h 40°C heat treatment. Mortality increased 
to above 50% when the duration was extended to 72 h. 
In the present laboratory experiment the maximum du
ration was 48 h. The length of exposure to die heat stress 
is therefore important and has been confirmed in other stud
ies (Baker 1929, Binder and Fielder 1988, Colombo and 
Timmer 1992, higram et al 1990). 

The seedlings in tiiis experiment were exposed to two 
transportation segments of 800 km each—before and 
after tiie various pre-conditioning and heat stiess treat
ments—by courier in vehicles tiiat were not temperature 
controlled. Transportation distances for seedlings in 
British Columbia and Alberta typically average less tiian 
400 km, with most of it in a temperature-controlled en
vironment. Very few seedlings are tiansported in excess 
of 1000 km in total (Stjemberg 1996). Thus, die seed
lings in this experiment were exposed to extreme ship
ping and handling conditions, although tiie conditions 
are assumed to be equal across treatments. 

When tiie field experiment data for tiie first growing sea
son were analyzed, the data suggested a pre-condition
ing effect for seedlings at temperature exposures of up 
to 35°C. Reports indicate tiiat seedlings can withstand 
temperatures that normally would be fatal, if tiiey have 
been pre-conditioned by higher-than-normal tempera-
tiires (Burke 1990, Colombo et al 1992, Howartii and 
Ougham 1993, Koppenaal et al 1991). 

When tiie interaction Plots»Pre-conditioning«Time data 
for growth in tiie first growing season (G1) are plotted, 
pre-conditioned seedlings tiiat were heat stressed for48 h 
appear to have grown better tiian seedlings that were not 
pre-conditioned. However, even the seedlings not pre
conditioned grew better in one plot. There were no sig
nificant differences in growth between pre-conditioned 
and non-pre-conditioned seedlings exposed to the 8-h 
stress tteatinent. This indicates tiiat tiie differences lie 
only in tiie lengtii of exposure. A significant PlotS'Time 
interaction suggests that seedlings in the "irrigated" Plot 
I grew better than in die otiier plot, even tiiough tiiere 

was no actual irrigation. The distinct differences in soil 
nutrients within the adjacent field experiment plot may 
also be present between the Plots I and NI, diough this 
was not investigated. However, the non-irrigated plot 
was more exposed to desiccating winds, particulariy in 
the late fall and early spring when the soil was frozen 
and there was no snow to offer protection. Over-winter 
foliar injiuies were observed in the NI plot. Seedlings with 
the longer 48-h heat stress exposure had better growth than 
did those with tiie 8-h exposure. 

The Pre-conditioning»Heat interaction for the second 
growing season growth (G2) was significant but with
out consistency between the various combinations. At 
temperatures at and below 30°C tiiere was no effect fi-om 
pre-conditioning. However, at 35 and 40°C a pre-con
ditioning effect was indicated, albeit wifliout pattem. The 
analysis does show a significant difference between G2 
in Plot I and G2 in Plot NI. As discussed above, tiie most 
likely cause is related to the winter injury acquired in 
Plot NI. Plot NI seedlings had considerably more win
ter injury than any other seedlings planted in 1993 at 
Red Rock Research Station.'^ 

To eliminate the confounding differences between plots, 
the data for each plot were analyzed separately. This is 
valid because there was no irrigation done and the plots 
were therefore equally treated with respect to irrigation. 
Interpretation of results from Plot I are straightforward. 
Only a time effect is significant, confirming that the 
longer heat stress duration resulted in higher growth. 
However, it does not explain why. The clearly indicated 
pre-conditioning effect in Plot NI for the growUi in the 
first growing season (Gl) is not present in the second 
growing season (G2). This could result if winter injury 
in 1993/94 was so severe it became the major factor 
regulating seedling growth. The pre-conditioning effect 
is also difficult to interpret when it is interacting with 
the levels of heat stress, although this interaction is very 
similar for both growing seasons. In the first year, the 
8-day pre-conditioning appears to increase the volume 
growth with increasing temperature, but some of this 
effect is lost in the second year. Again, this may in part 
be attributable to winter injuries in Plot NI. 

The overall interpretation of the data suggests that the 
48-h stress duration increased growth in the first yean 
This is opposite to what other studies have found (Binder 
and Fielder 1995) and also contrary to what was intui
tively expected in this experiment. The reasons are 
elusive. Seedlings that underwent the 8-day pre-condition
ing and 48-h heat stress treatment had several noticeable 

C. Hawkins, BCMOF, Red Rock Research Station, Prince 
George, B .C. ; pwsonal communication, March 1995. 
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physical features: buds on the lower laterals had started 
to flush; needles on upper laterals had turned yellow; 
seedlings had no or a limited number of white roots and 
very brittle needles. Many of the seedlings with the 
shorter pre-conditioning and heat stress treatments had 
white roots growing after die treatments were finished. 
Light is obviously not required to initiate root growth 
in white spruce. Binder et al (1995) report die same to 
be true for Sitka spruce (Picea sitchensis (Bong.) Cart.). 

Temperatures in the incubators were stable and varied 
only within a few tenths of a degree from the settings. 
However, the temperatures dropped slightiy when the 
bags of seedUngs were placed in the incubators, with a 
delay before the temperatures again reached their tar
gets. No formal measurements of the bag temperatures 
were made. This decrease in temperature is difficult to 
avoid and has been reported in ottier similar experiments 
(Binder and Fielder 1988). However, it is not likely to 
have influenced the results. 

CONCLUSIONS 
Field Experiment and Controlled 
Conditions Experiment 
The results of the temperature monitoring in tiie field 
test and tiie heat transfer testing under controlled con
ditions show that using tarpaulins made from the 
Silvicool® 2 material would not be sigruficantiy differ
ent from leaving the seedling boxes unprotected. 

The new tarpaulins showed no significant differences in 
performance with respect to heat timisfer The determining 
factors for purchase should be the quality of tiie material. 

The insulated FIST canopy had a higher accumulated 
heat sum than the new tarpaulins, mainly because the 
heat dissipated more slowly once it had accumulated in
side. A FIST canopy loaded with seedling boxes directiy 
from cool storage will have a lower initial temperature 
and can be expected to maintain low box temperatures 
longer tiian boxes protected by tarpaulins, because of 
the slow rate of heat tiansfer through the insulation. 

There is a defirute increase in heat transfer capacity af
ter a tarpaulin has been used for a period of years, tiiough 
differences between different types of used tarpaulins 
are not great. 

Relative conductivity analysis indicated no cell mem
brane damage in the needles of seedlings as a result of 
exposure to temperatures up to 35°C, and storage time 
of up to 6 days. 

Storage of white spruce seedlings at temperatures rang
ing up to 35°C for up to 6 days did not cause mortality 

in seedlings outplanted in nursery beds. In fact, the mor
tality of the test seedlings was lower than normal for 
seedlings planted m tiiese beds. 

Results of the stiitistical growtii analysis are interpreted 
as showing no significant differences between tieatments 
in total seedling volume after 2 growing seasons, or in 
the growth in each of the first, second and third grow
ing seasons. Furthermore, interpretation of the data in
dicate no significant differences in seedUng volumes after 
three growing seasons, regardless of length of seedling 
storage which ranged up to 6 days. 

The survival and growth results apply only to contain
erized white spruce seedlings planted in a nursery bed 
environment. Different results may have been obtained 
if seedlings had been outplanted on a harvested site. 

Laboratory Experiment 
The results of tiiis experiment indicate fliat container
ized white spruce seedlings are very heat tolerant. Tem
peratures of up to 40°C for 48 h did not kill the seed
lings and did not reduce growth. Such temperatures ac
tually enhanced growth. Pre-conditiorung of seedlings 
may have been beneficial in the short term for seedlings 
exposed to 48-h heat sttess. However, tiie seedlings were 
outplanted in nursery bed conditions, and the results may 
have been different had tiie seedlings been outplanted 
on a harvested site. 

The results suggest that further studies should be made 
to confinn tiie findings of this study witii respect to heat 
tolerance and pre-conditiorung effects. Heat tolerance 
limits for containerized white spruce and other major 
species used for reforestation m Westem Canada should 
be established for seedlings outplanted in field conditions. 

Implications for the Forest Industry 
Some impUcations for the forest industry from this re
search project are: 

• The Silvicool* 2 type of reflective tarpaulins shoidd 
not be used if heat exposure is a concem. 

• The effectiveness of reflecrive tarpaulins 
deteriorates significandy with usage tiiough it is not 
a linear relationship. Better quality tarpaulins are 
more effective than lower quality ones. 

• The FIST canopy is effective m protecting seedlings 
against solar radiation. However, it should not be 
used for longer-term storage since heat slowly 
builds up and flien does not dissipate as quickly as 
it would imder a tarpaulin. The more boxes in the 
canopy, the longer they will stay cool, i f they are 
cool to start with. 

• Though rare, stored seedlings may be destroyed 
when they have been heated for more than a day as 
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a result of a malfunctioning refrigeration imit on 
the semi-trailer Prior to disposal of the seedlings, 
extensive testing is normally carried out. However, 
a load of seedlings may represent a value of $35,000 
to $40,000 (in 1994); any disposal of container-grown 
white spruce should be re-evaluated in light of their 
apparent heat tolerance demonstrated in this project. 
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APPENDIX I 
Terminology 

Seedling volume (V) was estimated by the foraiula: V = diameter»diameter«height»0.2618. 
This formula assumes that seedling stems are cone-shaped. 

A l l volumes shown are L S M E A N (Least Square Mean) as calculated by the SAS/STAT' program, and are expressed 
in m m l 

V1 = seedling volume at time of planting. V1 is used as corvariate in the 
statistical analysis to remove the influence different seedling sizes 
may have had on the volume growth of the seedlings. 

V 2 = seedling volume after the first growing season. 

V3 = seedling volume after the second growing season. 

V4 = seedling volume after the third growing season. 

G1 = V2 - V1 ; growth in the first growing season only. 

G2 = V3 - V2; growth in the second growing season only. 

G3 = V3 - V1; growth in the first and second growing seasons. 

G4 = V4 - V3; growth in the third growing season only. 

G5 = V4 - V1 ; growth in the first, second and third growing seasons. 

Time = lengdi of storage in days. 

Time 1 = no storage; seedling used as controls. 

Time 2, 3,4,5,6 = seedlings stored for 2, 3,4, 5 and 6 days 

Block = position in sample plot (B1, B2...B6). Blocks consisted of nursery 
beds with four seedlings planted abreast. 

Treatment = protection method (Treatment 1,2... 10). 

NOTE: Each block (B 1,2...6) was randomly divided into six time zones ( T l , T2...T6), which in turn was randomly 
divided into ten treatment parts (TR 1, TR 2... TRIO). Each block consisted of 480 seedlings; each time zone con
sisted of 80 seedling, and each treatment consisted of eight seedlings (four seedlings in each of two replications) per 
time zone per block (Figure 3). 

' SAS* for Windows, Version 6.08, SAS/STAT Module, SAS* Institute Inc., Gary, N G . 
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