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SECTION 1 : INTRODUCTION

NORTHERN AGRICULTURE :
AN ALTERNATIVE TO FOOD IIIPORTATION ?

probIem of high food costs in northern conununities has

H

The
become increasingly serious in recent years. A number of
factors  are  responsib le  for  th is  s i tuat ion .
Over the past decade, northern diets have shifted away from
a heavy reliance on country foods towards an increased
util ization of store-bought products imported from the
south. Over the same period)shipping costs to northern
conununities have increased steadily,  thus boosting the
pr ices  of  essent ia l  co!mnodities to very high levels.
The rise in cost of ‘ fresh” perishable produce such as
vegetables has been particularly drastic,  reaching
astronomical levels in recent years. In  Pond In let ,  for
example, one head of lettuce may retail for as much as
$7.00-$8.00. Such h igh  pr ices  invar iab ly  limit the
availabil ity of fresh produce to some northerners on low or
fixed incomes. Yet despite the high costs, vegetables are
quickly purchased when they become available. This suggests
that imported vegetables, non-existent  in  the  t rad i t ional
d i e t , have gained acceptance and appreciation by northerners
and have in fact become essential  to balanced nutrit ion in
the recent modif ied diet.

High prices have placed a burden on consumers and govern-
ments alike. In order to reduce food costs to northern
consumers, government transport subsidies for the shipping
of perishable food items have been instituted. At present
these subsidies are in the order of $40,000 per year for
Pond Inlet aione and could be increased substantial ly in
future  years .

Northern agriculture in the form of greenhouse and market
gardens may represent a viable alternative to expensive
imported foodstuffs. Current economic strategies are tending
towards import substitution and development of decentralized
local  industry . Greenhousing represents a non-traditional
‘ b u s i n e s s - which may contr ibute  to  the  d ivers i f icat ion  of
the limited local economic base and increase the self-
suf f ic iency of  northern  conununities.



There are strong incentives supporting the development of a
conrnunity greenhouse industry in arctic communities:

-  Local ly -produced vegetables  are  invar iab ly  f resher
in qual ity and richer in nutrients than imports—
which may arrive sever= weeks after harvest.

-  The increased avai lab i l i ty  and ut i l i zat ion  o f  f resh
vegetables may contribute to an improvement in diet
and nutr i t ion  of  northerners .

.—

- Greenhouses represent a new local source of equal-
Oppo r t u n i t y employment. The development o~seasonal
market gardens may also provide training and employ-
ment for part-time workers such as summer students.

- Arctic greenhouse projects may become centres for
research and development of  a l ternate  technologies .
Developme~and testing of solar heat COI Iection a n d
storage systems, waste heat util ization and hydroponic
culture are among the many areas of potential
involvement.

-  As educational tools, greenhouses and gardens provide
northern school students with direct exposure to the
f i e l d s  o f  b i o l o g y ,  n u t r i t i o n . technology and other
sciences.

-  Po lar  greenhouses are  interest ing  tour ist  at t ract ions
and may be therapeutic in nature by providing local
residents with a welcome ‘breath of sununerm during the
long, dark winter months.

- Development of smali bus inesses re lated to  the.—
greenhouse may include the processing of produce
( c a n n i n g ,  p i c k l i n g ,  f r e e z i n g ) ,  s e l l i n g  o f  houseplants
and cut flowers, cooking and gardening courses, and
supplying local gardening projects.

The development of a comprehensive northern agricultural
program is contingent upon the evaluation of a number of
factors  inc lud ing:

[A]  Hort icu l tura l  and Technica l  V iab i l i ty

[B] Economic Feasibil ity

[C] Conununity  Awareness and Acceptance

The fol lowing section sununarizes the efforts and progress
made up to the present time in these areas.

i?



1-2 ARCTIC AGRICULTURAL EFFORTS: A BRIEF HISTORY

i-2-1 EARLY EFFORTS

Agr icul tura l  e f for ts  in  Canada ’s  arct ic  reg ions date  back
over 300 years. The earl iest attempts at vegetable
production were made by traders and missionaries in an
effort to supplement their diets with fresh produce.
Employees of the Hudson’s Bay Company at numerous bayside
posts successfully grew a wide range of crops including
potatoes,  on ions,  carrots , let tuce,  turn ips  and rad ishes in
crude gardens (Moodie, 1978) .

Research into northern agriculture was init iated in the
early 1900’s with the establ ishment by Agriculture Canada of
a number of experimental stations in the Yukon and NWT. By
1950,  f ive  substat ions  were operat ing  at  Inuvik, Aklavik,
Fort Simpson, Haines Junction and Kuujuaq. Experimental work
at these stations included the testing of f ield and
greenhouse crops under northern conditions, variety tr ials
of numerous cereal , forage and vegetable crops and
improvement of cultivating practices (Nowasad, 1958; Gilbey,
1 9 5 4 ;  A b b o t t ,  1954; H a r r i s  ~ a, 1972; Hamilton, f958).
In addition to the research farms, a large number of market
gardens, private farms and local gardens were successfully
supplying produce to surrounding population centres.

The efforts of these various projects demonstrated the
h o r t i c u l t u r a l  a n d  t e c h n i c a l  f e a s i b i l i t y of northern crop
production and=tabl ished a database upon which future
pro jects  could  bu i ld .

In the late 1960’s, Agriculture Canada decided to phase out
the northern experimental stations as part of a departmental
pol icy to discontinue marginal agriculture and devote
resources to  improv ing exist ing  agr icu l ture  in  establ ished
areas.

[n the past decade, rapidly escalating prices for imported
produce have prompted a return to local agricultural
practices and the re-establishment of market gardening in
numerous northern centres. At present, Dawson City alone can
boast 3 conmnercial  gardens, some 50 domestic gardens and
over 50 greenhouses which Produce vegetables for local sale
and distribution to other centres inc luding Whitehorse and
Inuvik (HcCracken and Revel ,  1982) .
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Until  recently however, most attempts at agricultural
development and research have been I imited to regions at or
below the Latitudinal tree l ine and along river valleys
where soil  and cl imatic conditions are most favourabie for
convent ional  crop product ion (Albright, 1933). In tundra
regions the exposure to and demand for southern vegetables
was, unt i l  recent ly ,  non-existent  s ince nat ive  res idents
rel ied solely on country food resources to supply their
d i e t s . Agr icu l tura l  act iv i t ies  f i rst  appeared in  the  form of
small  *kitchen gardensn constructed by local missionaries as
a means of supplementing their predominantly meat diets
(D ickson,  t947).

With the improvement of air services into communities and
the increased awareness and uti l ization of imported
f o o d s t u f f s , the demand for fresh vegetables was markedly
increased. However,  the overall  quality,  variety and
availabil ity of imported produce was generally poorer and
prices much higher than for the same items in southern
centres.

In the 1970*s a number of government-supported projects were
launched in arctic communities to evaluate technical and
economic aspects of local vegetable production in
conventional greenhouses. The two most signif icant projects,
carried out in Sanikiluaq and Frobisher Bay during 1976,
examined cucumber, tomato and salad green production
(Williams, 1976; Webb, 1976; Campbell, 1976). These projects
were short - l ived,  terminat ing  af ter  the  f i rst  season and
created the general impression that agriculture above the
tree l ine was unfeasible and not deserving of further study.

The fai lure of these projects may have resulted from a
number of factors;

- lack of experience on the part of the operators
-h igh  capi ta l  costs
- l i m i t e d  u t i l i z a t i o n  o f  l o c a l  r e s o u r c e s
-unsuitable or fai lure -prone technology
-lack of community involvement or participation
-lack of a research/development plan

— ...—



1-2-2 RANKIN INLET : 1979 - 1983

In 1979, The University of Toronto, with the support of the
Dormer Canadian Foundation, in i t iated a  5 -year  research
program into Arctic crop production. Facil it ies were
constructed in  RanKin Inlet and at Alexandra Fiord,
Ellesmere I s l a n d . Research was directed towards smal l-scale
seasonal cultivation of crops with heavy emphasis on
uti l ization of local resources and the implementation of
inexpensive techniques to improve growing conditions
(Cununins et al ,  1987; Romer, 1983; Bergsma,  1986). A  wide——
range of temperate crops and selected edible tundra species
were grown during the sunmner months in solar-heated
(passive) insulated cold frames and lightweight domes (Photo
1 and 2). Soil mixtures were prepared using local sand,
organic peat and lake sediment deposits. The studies clearly
demonstrated that:

-  A wide variety of vegetables including potatoes,
let tuce,  sp inach,  chinese cabbage, turniPs, rad i shes
and beets could be grown economically in small-scale
cold frame gardens during the short growing season.

Local soil  resources could be uti l ized to provide an
effective growth medium for vegetable cultivation.

Several species of indigenous tundra plants includin9
Dandelion (Taraxacum Iacerum) and Mountain Sorrel
(Oxyria digyna) demonstrated potential  for use as
northern cultivars.

Growing conditions could be easily improved using
simple and cost-effective amel iorative techniques
which reduced heat loss and extended the growing
season.

Suff icient local interest was generated to ensure
acceptance by the conununity  and its participation in
fu tu re  p ro jec ts .

The University of Toronto research provided the framework
for the development of an arctic crop production program,
but many questions remain to be answered before northern
greenhousing and market gardenin9 can become a real itY.

t. Is it horticulturallY feasib le  to  extend vegetable
product ion  into  the  fa i l , winter and spring seasons?

2. What modif ications to existing southern greenhouseS
would be required to attain this goal?

3. What are the operatin9 costs of northern production and
is local production economically beneficial  ?

4. What are the current levels of vegetable consumption
in northern conununitieS and what scale of project would
real istical Iy be required to meet these demands?
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PHOTO 1 : The University of Toronto ‘Keewatin Gardens”
r e s e a r c h  f a c i l i t y  i n  Rankin In let ,  NWT. 1982.
Insulated cold frames f itted with polyethylene
covers are seen in the foreground and fabrene
dome in the background.

PHOTO 2 : The Keewatin Gardens in  Rankin Inlet, NWT. 1 9 8 2 .
Visitors examining southern vegetables on display
in insulated cold frames with covers removed.
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1-2-3 POND INLET : 1985 -1986

Two projects were commissioned by the Dept. of Economic
Development in 1986. The f irst involved a marKeting s tudy
which evaluated the current levels of vegetable consumption
and estimated the potential market for local greenhouse
production in 5 major northern centres (Nichols Applied
Management, 1986).
The second and present study involved the design,
construction and operation of a greenhouse in Pond Inlet,
NWT in order to examine some of the technical, horticultural
and economic aspects of northern vegetable production. The
project was executed in 3 phases) sununarized as follows:

PHASE ONE (June-July 1985)

With a grant from the Dept. of Indian Affairs and Northern
Development and with logistic support from the Toonoonik-
Sahoonik Co-op, the  pre l iminary  construct ion  phase of  the
Pond Inlet Gardens was completed. The cedar frame and
acryl ic glazing of the prototype solar greenhouse were
assembled on a temporary pad in Pond Inlet (Photo 3). In
a d d i t i o n , several cold frames were constructed and empty oil
drums to be used as container gardens were cut in half. Two
fabrene domes, SUPPI ied courtesy of the University of
Toronto, were  a lso  inc luded in  the  fac i l i ty .  Deta i ls
concerning this init ial  stage are presented in Poole, 1985,
‘Polar Solar:  Report on the design, construction and
installation of a greenhouse at Pond Inlet,  NWTm.

PHASE TWO (Oct-Nov 1985)

In the fall of 1985, subsequent suPport from the DIAND and
T.S. Co-op resulted in the upgrading of the greenhouse
structure to permit evaluation” of vegetable production on a
year-round basis. The greenhouse was relocated to a position
adjacent to the T.S. Co-op’s newly-constructed Sauniq Hotel
(Photo 4). Changes included the installation of a heat
storage foundation and solar collector (completed in 1986)
for passive solar heat capture and storage, hydroponic beds,
as  wel l  as  protect ive  insu lat ion , 1 ighting and heating
systems for wintertime operation.

PHASE THREE (Hay-Dee 1986)

In the spring of 1986, operation of the greenhouse was
init iated under a grant from the EDA directorate (GNWT) and
under the supervision of the Dept. of Economic Development.
Soil and hydroponic systems were utilized in the greenhouse
to assess the economic feasibi I ity of vegetable production.
In addi t ion ,  the  outdoor  cu l t ivat ion  of  vegetables  in  cold-
frame container gardens was examined. A horticultural
trainee was engaged and instructed in the operation of the
greenhouse and gardens. The results and recommendations of
this phase are presented in this report.

7



PHOTO 3 : The Pond Inlet Gardens facil ity fol lowing
completion of Phase 1. July, 1985.

PHOTO 4 : The relocated greenhouse structure fol lowing the
completion of construction Phase 2. May, 1986.
Greenhouse is mounted on heat storage foundation
and is f itted with canvas cover and insulation.
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1-3 OBJECTIVES

GENERAL 08 JECTIVE :

To examine the horticultural,  technical and economic
feas ib i l i ty  o f  arct ic  vegetable  product ion  in  a l l  seasons.

SPECIFIC OBJECTIVES :

a) Technical Aspects

- To monitor cl imatic conditions and assess greenhouse
performance during sununer, fal l  and winter growing
seasons ( temperatures ,  sunl ight ,  humid i ty ) .

-  To evaluate effectiveness of cl imate control and
energy conservation systems ( insulation, thermostats,
fans) .

- To test performance of solar heat capture and storage
systems incorporated into the greenhouse design.

- To report on the energy inputs and operational
requirements for each season.

- To reconunend changes to the existing design for
future  pro jects .

b )  Hort icu l tura l  Aspects

- To monitor the performance and quantify productivity
of different vegetable varieties grown in greenhouse
and outdoor cold frame conditions.

- To compare the performance and productivity of
vegetables grown in soil  versus hydroponic culture.

-  To  evaluate  the  su i tab i l i ty  o f  local  so i l  resources
for vegetable production.

- To determine the feasibi I ity of vegetable production
in each of the four seasons.

- To reconwnend successfu l  p lant  var iet ies  and
hort icu l tura l  systems for  use in  future  pro jects .

9
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c) Economic Aspects

- To determine greenhouse operating costs with respect
to energy, materials and Iabour an al l  seasons.

-  To quantify seasonal variance in production costs for
vegetable varieties tested in 1986.

To provide a cost assessment of local production and
evaluate whether northern vegetables can be sold at
prices competit ive to imports.

To ident i fy  factors  regulat ing  pr ices  of  imported
produce and determine their effect on the feasibil ity
of future development projects.

d) Conununity  Aspects

To train a local resident in al l  aspects of
greenhouse operation and crop production.

To assess community acceptance of local agricultural
projects and encourage publ ic awareness and
part ic ipat ion  in  the  current  pro ject .

10



SECTION 2: DESCRIPTION OF GREENHOUSE
STRUCTURE AND SYSTEMS

In this section the greenhouse structure, cl imate control
systems and vegetable production faci I i ties which comprise
the Pond Inlet Gardens wil l  be individually described and
i I lustrated. More specific detai Is concerning equipment and
materials utilized (brand names and SUPPI iers) may be found
in : ‘Pond Inlet Gardens Operations ?lanualw,  Romer,  t987.

2-1 BASIC STRUCTURE

2-f-l LOCATION

The Pond Inlet greenhouse is a free-standing structure with
an A-frame design consisting of 3 distinct sections mounted
on top of each other. These are the (1) heat storage
foundation, (2) cedar frame and glazing and (3) solar
col lector  panel  (Photo  5) .
The greenhouse is constructed on a compacted pad of gravel
and sand adjacent to the northeast corner of the Sauniq
Hotel . The south and west facing wal IS of the greenhouse
stand 2 and 3 meters away, respectively,  from the hotel
wal 1s. A small  uti l i ty corridor (40 x 40 cm) providing
electricity,  water and heated glycol extends between the
hotel kitchen and the west wall of the greenhouse.

2-1-2 HEAT STORAGE FOUNDATION

The greenhouse frame is constructed on top of an insulated
heat storage foundation with external dimensions measuring
4.’88 x 4.88 x 1.22 meters (length, width, height) (Photo 5,
F igu re  1). The design is based on an underground heat
storage system developed and tested by the Brace Research
Institute (Brace Research Institute, 1984; Coff in and
Alward, 1985) in Ste. A n n e  d e  Bellvue, P .Q . .  A i r  i s  u t i l i zed
as the heat transfer medium and fine sand as the storage
mass. To reduce heat loss and improve storage capacity,
insulated wal Is were added to the basic design and the
entire structure was built  above the permafrost layer on a
pad of crushed gravel.

11



PI+OTO 6 : Instal Iation of  corrugated p last ic  dra inage tubing
into heat storage foundation, November 1965.

FIGURE 1 :  Cross -sect ional  deta i l  o f
greenhouse foundation walls
and heat storage mass.
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[A] Foundation

The walls of the foundation measure 25.4 cm in thickness and
con-s-ist  of a rigid styrofoam core  ( ex t ruded  po l ys ty rene  11 .4
cm) sandwiched between two air spaces and plywood sheathing
(19 nun). The walls are reinforced with 38 x 64 nun studs at
61 cm centers on both sides of the insulation. The greenhouse
frame is anchored by means of lag screws to a baseplate (38
x 235 nun) which runs around the perimeter of the wall. The
foundation f loor l ies directly on top of the gravel pad and
consists of a base of plywood sheathing covered by a layer
of extruded polystyrene

[B] Heat Storage Mass

insulation (51 nun).

The interior of the foundation is f i l led to a depth of 91 cm
with fine sand which forms the heat storage mass. Sand was
chosen as the storage medium for two principal reasons :

1. It was more readily available in Pond lnIet than
crushed stone or rocks when the foundation was
constructed in Oct-Nov 1985.

2. The Brace design has demonstrated that sand provides
an effective short term heat storage medium which wi I I
store heat over 1-2 days and also contribute to the
dehumidif ication of the greenhouse air.

A series of 8 plastic corrugated drainage tubes (102 nun
diameter) are evenly distributed throughout the storage
medium and originate from upper and lower header boxes in
the west wall of the greenhouse (Photo 6).

[C] Function

Heated air  is delivered to the foundation from the solar
collector via a 6- inch sheet metal duct (Figure 4).  Once in
the lower header box, the air  is distributed and passes
through the 8 tubes. As it  travels through the tubing, heat
is transferred from the air  into the surrounding sand, thus
heating or ‘charging” the storage mass. The cooled air  is
returned to the greenhouse through the upper header box. The
stored heat is released into the greenhouse by (a) natural
convection and (b) radiation from the soil  surface. In
addition, cool air may be circulated through the heated mass
to increase speed of energy release.
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2-1-3 CEDAR FRAME AND GLAZING

The greenhouse frame is constructed from 89 x 89 nun western
red cedar with acryl ic glazing on al l  4 sides (Photo 5).  In
Pond Inlet and other areas above 60°N, the relatively low
solar angle (which reaches a maximum of 43° at the summer
solstice) reduces the need for a glazed roof.  Instead, the
frame supports an insulated roof which is made up of a
layer of polystyrene insulation (38 nun) sandwiched between
two layers of plywood sheathing (If nun). The use of an
insulated roof is expected to decrease heat loss and
improve microcl imate within the greenhouse.

The north and south facing walls are identically inclined at
60° while the east and west facing gable end walls are
v e r t i c a l . The greenhouse is entered through a doorway in the
east wall and is ventilated by means of two fani ights
(vents) mounted at a height of 2 m in the end walls.

The greenhouse is glazed with SDP acrylic (Acrylite tm)
panels which consist of two layers of glazing separated by
an insulating air  space of 11 nun (F igure  2) .  The panels  are
flexible and wil l  expand and contract with temperature
changes (1 cm over 50°C). To accommodate for the continuous
expansion and contraction, the panels are held in place on
the frame by means of a sill gasket and cedar cap assembly
which were designed for this greenhouse to effectively
replace the more costly conunercial Iy-avai Iable metal
f i t t i n g s .

Acryl ic glazing was selected for several reasons:

(1)

(2)

(3)

(4)

H i g h  Iight t ransmiss ion - 83X o f  i n c i d e n t  light
str ik ing  the exter ior  is  t ransmitted through the
glazing into the greenhouse.

Strength  - The ribbed panels are highly resistant
to shocks once mounted in the frame. In addition,
the panels wil l  puncture instead of shattering
which permits easy and rapid repair.

Durabi I ity - Acryl ite panels have an expected life
of 20 years with good resistance to discoloration
and degradation by UV radiation.

Weight - Acryl ic is considerably less expensive
and less fragile for shipping than plate glass or
conventional glazings due to its l ight weight.

14



PHOTO 5 : The cmpleted Pond Inlet Gardens greenhouse,
August 1986

FIGURE 2 :  Cross -sect ional  deta i l  o f  acry l ic  g laz ing  and
cedar cap assembly.
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2-1-4 SOLAR COLLECTOR

The greenhouse is fitted with an ‘ a b s o r p t i o n  p l a t en s o l a r
collector which is mounted on top of the insulated roof
(Photo 7). The collector panel (4.88 x 1.52 m) is oriented
along the east-west axis of the greenhouse facing south and
has an effective absorption area of 7.44 m2. A cross-
sect ional  deta i l  o f  the  panel  construct ion  is  i l lust rated in
Figure 3.

[A]  St ructure

The exterior of
(11 nun) above a

the COI Iector consists of SOP acryl ic panels
25 n’un sealed air space which both act as

insulating layers between the exterior and the black sheet
metal absorbing plate. The plate absorbs solar radiation and
heats  the  a i r  corr idor  s i tuated d i rect ly  behind i t .  The
heated air corridor (25 nun) is connected into the greenhouse
at one end of the panel and to the heat storage mass at the
other by means of sheet metal ducting. The corridor is
insulated with 25 nun Thermax insulation panels mounted on a
support wall of 11 nun plywood sheathing and 38 x 89 nun
studs. The temperature in the heated air  corridor is
measured by a remote sensing probe attached to a thermostat
in the greenhouse.

[B) Funct ion

The collector panel functions by absorbing solar radiation
on the black plate thereby causing the air corridor to heat

When the desired set point temperature is attained (40-
~~ac), the the~ostat in the  a i r  co r r i do r  ac t i va tes  the
COI Iector fan which forces the heated air out of the paneis
and down into the heat storage foundation (Fig. 4). The
heated air  in the corridor is replaced with cooler air  from
inside the greenhouse and the fan stops.

Between the months of Play and August 1986, the heat storage
system operated without the benefit  of the solar COI Iector
which was not completed until the end of August. During this
time the COI Iector fan was mounted directly on top of the 6“
sheet  metal  ducting (Fig. 4) to funnel hot air  from the
upper half of the greenhouse down into the heat storage
foundat ion.
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PHOTO 7 : South face of greenhouse with solar collector
panel displayed.

FIGURE3 : Cross -sect ional  deta i l  o f  so lar  co l lector  panel .

/

●

✎

SDP

a44’lL/GsTuD  “  \

from ‘
GREENHOUSE

17



F I GURE 4 : Diagrammatic representation of heat absorption

and t ransfer  in  the  so lar  co l lector  panel  and
storage foundat ion.

SOLAR

y<a

RADIATION

K-

W- CO’~~.TOR
PANEL

p- ?=
I ILL!

. .....
location of]~=’fm irt 1986 THERMoSTAT:.. ... .

COLL~~~OR.
. .
.
.
.
. ..
:.
. . CONVECTJON + 13Al)l~TlC)N.

18



I

2-2 UTIUTIES

2-2~1 HEATING SYSTEH

During the spring and summer months, solar radiation
represents the primary heat source for the greenhouse. In
order to permit operation during the fal l  and winter,  the
greenhouse is equipped with a Horizontal Unit Heater which
consists  o f  a  glycol radiator and a thermostaticaliy-
controlled blower fan (Photo 8). Heated  glycol (from 40°C-
70°C depending on season) originates from the hotel ’s boiler
system and is shunted into the greenhouse via an insulated
uti 1 i ty corridor.

2-2-2 (X)OLING AND VENTILATION

In the summer the greenhouse is equipped to be ventilated in
2 ways. A passive flow of air occurs between the vents in
the east and west end wal Is. In addition, a single speed
shutter exhaust fan is mounted in the vent above the doorway
of the east wall (Photo  9) . This thermostaticai Iy-control led
fan removes heated air when indoor temperatures reach
unfavorably  h igh  leve ls  to  ass ist  in  proper  a i r  c i rcu lat ion
and greenhouse venti Iation.
In the fall and winter months, a slow speed bathroom fan is
mounted in the peak of the greenhouse to circulate the
indoor air .  At present,  no system has been installed to
effect proper air  exchange in the winterized greenhouse.
Venti lation occurs solely via air  leakage through the
doorway and frame perimeter.

2-2-3 LIGHTING SYSTEMS

[a] Metal Halide LamP

The greenhouse is equipped with a 1000W metal halide grow
lamp and ballast which provides supplementary I ighting for
plants during the fal l  and complete l ighting during the
winter months. The lamp is mounted in the center of the
greenhouse roof 1.8 m directly above the NFT hydroponic bed
and 3.3 m away from the corners of the greenhouse frame.
Its operation is controlled by means of a grounded program
timer mounted in the main electrical panel (Photo 8).
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[B] Fluorescent Bulbs

Two sets of f luorescent l ight f ixtures (4 x 40 Watts each)
are mounted on the seedling racks located by the east wall
of t-he greenhouse (Photo 9). Vital ite tm (by Duralite) grow
bulbs were installed to provide seedlings with the ful l
spectrum of l ight required for optimal growth. These l ights
were also control led by means of a grounded program timer.

2-2-4 ELECTRICAL SYSTEM AND WATER SUPPLY

The greenhouse has a 60 amp current entry line terminating
in a junction box mounted on the main electrical panel shown
in Photo 8. The breaker panel supplies all the greenhouse
fans, 1 ights and pumps. Elapsed time hourmeters connected to
all  3 fans record their hours of operation, and operating
hours of lights and pumps are obtained from the settings of
the program timers to determine power consumption.
A cold water l ine originating in the hotel pantry is mounted
on the support base of the electrical panel to supply the
greenhouse water requirements. Water and power lines pass
into the greenhouse through an insulated uti l ity corridor
connecting the hotel and greenhouse west wall.

2-2-5 WINTERIZATION  SYSTEMS

Two systems were designed to reduce heat loss and permit
operation of the greenhouse throughout the winter :

[1] Inside the greenhouse, insulative panels iO cm in
th ickness  are  insta l led  in  the  fa l l  to  form a  f r ict ion  f i t
between the foundation baseplate and greenhouse ceil ing
(Photo fO). The insulation used was THERMAX brand Celotex
s h e a t h i n g ,  a  g l a s s - f i b e r - r e i n f o r c e d  polyisocyanurate
foamboard with reflective aluminum foi l  faces (RSI=4.93).
The individual panels are not moveable and must be stored
outside the greenhouse for the sunm’ner months.

[2) The exter ior  o f  the  winter ized greenhouse is  f i t ted  with
a heavy black canvas cover which provides protection for the
glaz ing  (Photo  11) . The south facing wall of the cover is
equipped with zippered flaps to al low exposure of the solar
collector and/or greenhouse glazing to the sun in early
springtime. The cover is held in place by means of polypro-
pylene rope passed through hitching rings mounted in the
foundation wal i.

[3] A small airlock, constructed from 38 x 64 nun studs and
a canvas cover, is attached to the greenhouse doorway. The
winterized greenhouse is equipped with heating and l ighting
systems described in Section 2-2-~ and 2-2-3.
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PHOTO 8 : Interior view of greenhouse west wall showing
gravel hydroponic beds, hor izonta l  un i t  heater ,
electrical panel and water l ine.

PHOTO 9 : Interior view of greenhouse east wall with NFT
hydroponic  bed in  foreground.  Also visible are
seedl ing racks and neon fixtures; COI Iector and
exhaust fans; doorway and entrance.
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PHOTO 10 : Interior view of winterized greenhouse with
insulating panels. November, 1986.

PHOTO 11 : Exterior view of winterized greenhouse with black
canvas cover and airlocK installed. November, 1986.
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2-3 GROWING

Convent i ona i

FACILITIES

soil beds and hydroponic growth systems were
tested in the Pond Inlet greenhouse in 1986. For the latter,
both water and gravel culture techniques were used.

2-3-1 NFT HYDROPONIC BED

NFT or Nutrient Fi lm Technique is a relatively recent method
of hydroponic water culture which uses no substrate ( i .e.
gravel, sand or other medium). Instead, plants are g r o w n
with their roots in a shallow stream of recirculated water
in which all necessary nutrients have been dissolved
(Cooper,  1979; Resh, 1985). Plants develop a thick root mat
which grows partly below the nutrient stream in the gutter
and partly above it to ensure that roots receive an adequate
suppiy of water,  nutrients and oxygen.

The system consists of 8 growth troughs (gutters) which are
supported at a SI ight slope (lW in 25”) on a wooden f r a m e
(Figure 5).  An 80 Iitre

.—.—
reservo ir is located below the

Catchment  end of the gutters.  Nutrient solution from the
- -.. . . . . .. —- ———

reservoir enters the submersible pump (Litt le Giant P-AAA
360 l/rein) and is pumped through a supply tube (12 nun)
which dispenses it  equally into the heads of the 8 gutters.
The nutrient solution then flows down over the roots of the
plants  pos i t ioned at  15cm interva ls  a long the  gutters .  The
nutrient emerges from the gutters and is funnel led by the
two catchment gutters back to the reservoir. An aquarium
part ic le  f i l ter  removes debr is  f rom the so lut ion .  The ent i re
system (gutters,  tubes and reservoir) is covered with black
4nun polyethylene to pre vent growth of algae, e l i m i n a t e  light
from the plant roots and reduce evaporative water loss from-- - - -
the system.

2-3-2 GRAVEL HYDROPONIC BEDS

The use of gravel culture is widespread in conwnercial
hydroponic operations around the world. This method uses
gravel as a steri le substrate in which growing plants are
supported. Plant roots are fed by a nutrient solution
f}ushed through the substrate  at  regular  intervals  (sub-
irrigation system) . Nutrients may also be del ivered through
a series of thin ‘spaghetti” tubes or a perforated ooze hose
system to supply a continuous flow of nutrients past the
plant  roots  (Resh, 1985 ) . The ooze hose system was chosen
for testing in the Pond Inlet greenhouse because of its
easier and more economical instal Iation.
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F I GURE 5 : Structural diagram of NFT hydroponic bed
including detail of seedl ing support system
and plastic cover assembly.
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FIGURE 6 : Structural diagram and cross-sectional detail
of the gravel culture hydroponic beds.
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The system is composed of two beds each measuring 61 cm x
244 cm x 15.2 cm (width, length, depth) mounted on a
supporting frame beneath which an 80 Iitre reservoir is
s i tuated (F igure  6 ,  Photo  8) . The beds are fil led to a depth
of f5 cm with an impor ted  agg rega te , Haydite ( t in ) ,  a  f i red
shale crushed into small particles between 3 and 6 nun in
s i z e . Haydite is very porous and is particularly suited to a
spaghetti and/or ooze hose feeding system because its
capi l lary  act ion  moves the  nutr ient  so lut ion  latera l ly
around the plant root systems (Resh, 1985).

Nutrient solution from the reservoir enters the submersible
pump (Litt le Giant P-AAA 360 l /rein) and f lows through a
‘supply tube (12mm) which dispenses it  evenly into 4
p e r f o r a t e d  ‘ooze” tubes (6mm). The nutrient trickles  out of
the perforations in the tube and f lows past the plant roots
before returning to the reservoir via the catchment gutter
located under the bed. An aquarium particle f i lter is used
to prevent any debris from reaching the reservoir and
clogging the pump and feeder Iines. The nutrient is
continuously ci rculated through the tubina without
i n te r rup t i on .
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2-3-3 SOIL BEDS

A total of 4 soil  beds of different sizes are present inside
the greenhouse (Photos 8, 9, 15, and 16). They are
constructed from 11 nun plywood sheathing and are raised
above the sand foundation on 10 x IOcm beams. The
measurements of the individual beds are as follows :

l x [ 61 cm x 244 cm x 15 cmdeep ]
2 x [ 122 cm x 122 cm x 30 cm deep ]
l x [ 91 cm x 122 cm x 30 cm deep ]

In addit
p lan te rs
were ava

[A] Soi l

A l l  s o i l

on, a number of smaller wooden boxes and hanging
were uti l ized wherever additional space and l ight
Iable.

Mixture

beds were  f i l led  in  t986 with a mixture of Iocal
soil  components (not imported) found readily in the vicinity
of  the conununity. Fine sand was COI lected from the edges of
Ialces and raised beach areas and mixed in equal volume with
partly decomposed organic peat dug from stream borders and
disturbed areas. The soil components were sifted through a
6 mm screen mesh to remove large rocks and debris and to
break up large clumps of material. No imported soil
amendments (vermiculite etc) were added to the basic mixture.
Ferti l izer was applied to al l  beds and planters at regular
2-week intervals.  A ful l  description of growth procedures is
found in  Sect ion  4 - i .

2-3-4 OUTDOOR GROWING FACILITIES

A number of faci I ities exterior to the greenhouse were
developed in 1985 and 1986 to expand the area available for
sununer cultivation and permit the growth of cool weather
crops which are not as tolerant of the warm greenhouse
condi t ions . The outdoor gardens were also situated adjacent
to the Sauniq Hotel on it ’s gravel pad.

[A] Cold Frame Gardens

Three cold frames measuring 1.22 x 2.44 meters were
constructed in 1985 following a design developed by the
author for the Keewatin Gardens in Rankin Inlet (Photos 1
and 2) .
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The frames consist of 14 mm plywood siding 30 cm in height
supporting a polyethylene glazed A-frame and hinged door.
The growth medium (soil) is separated from the gravel pad by
a layer of plywood sheathing (6nun) and extruded polystyrene
i n s u l a t i o n  (3811wn). The soil mixture used in the cold frames
during 1986 was the same as that of the greenhouse SOII beds
described in Section 2-3-3.
In tr ials conducted in Rankin Inlet, these simple structures
effectively reduced wind activity and heat loss to the
ground and raised ambient temperatures by an average of IO°C
(Romer,  1983 ) .

[B] Fabrene Domes

Two ‘ igloo--shaped domes of 3 meters in diameter were
provided by the University of Toronto from the Alexandra
Fiord  pro ject  (Ellesmere Island).  The domes consist of a
frame made of 8 fibreglass rods set into a p l y w o o d  (30cm)
base. The ent i re  st ructure  is  g lazed with  Fabrene (tin), a
tough, translucent material  woven from polyolefin.
Addi t ional  in format ion  concern ing the  thermal  properties Of
t h e s e  s t r u c t u r e s  m a y  b e  o b t a i n e d  f r o m  :  Bergsma, 1 9 8 6 .

[C] 45 Gallon Drums

Empty oil drums were modified to grow potatoes. Drums were
cut  in  ha l f , painted matt black to absorb heat and fil led
with the same local soil mixture used in the greenhouse soil
beds  (Sect ion  2 -3 -3 ) . No glazing was designed or used for
these containers.
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SECTION 3: PERFORMANCE OF THE GREENHOUSE
(CLIMATE AND CONTROL SYSTEHS)

This section is divided into four parts which examine
a) the general cl imatic conditions which prevail in the Pond
Inlet area; b) the growing conditions inside the greenhouse
as recorded between May and November, 1986; c) the annual
energy balance (heat loss versus gain) of the greenhouse;
and d) the effectiveness of the individual systems (solar
col lector ,  heat  storage foundat ion etc)  at  contr ibut ing  to
and maintaining a suitable growth cl imate.

3-1 GENERAL HACROCLIMATE

Before examining the performance of the greenhouse, it is
important to describe the macrocl imatic conditions which
prevail for the Pond Inlet area and compare 1986 conditions
to  those of  preceding years . The success of the greenhouse
in future years may then be predicted relative to this
year’s performance. Climatic data presented in this section
were obtained from the records of Atmospheric Environment
Serv ice  (AES) weather station in Pond Inlet,  NWT.

[A] Average Conditions

Temperature and sunlight are two of the most important
factors governing plant growth and productivity in Arctic
regions. In Pond Inlet, mean monthly temperatures (Table 1)
remain below zero for all except 3 months of the year. The
average frost-free period is around 70 days extending from
mid-June to the end of August (Figure 7). The mean maximum
temperatures do not exceed IO°C, a level considered to be a
suitable minimum for growth of temperate vegetables. It  is
therefore clear that the successful production of crops in
this area would require substantial  temperature amelioration.
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F I GLJRE 7 : Maximum and minimum temperature means (OC)

recorded between 1975 and 1980 by Atmospheric
Ertvlrommt  Serv ice  in  Pond In let ,  W.
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TABLE 1 : Monthly temperature means (°C) and plant degree
days recorded by Atmospheric Environment Service
in  Pond In let ,  NWT
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f  IGURE 8 :  Average da i ly  totals of  br ight  sunshine nours
and dayl ight  hours  recorded by AES, POnd Inlet.
(Comparison of 1986 versus 1983-85 means)
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Sunlight represents the greatest energy input into the
arctic environment and the successful capture and storage of
this energy by the greenhouse makes the difference between
success and fai lure in any given year.  The total hours of
dayl ight and average Bright Sunshine Hours (unobstructed
skies) are presented in Figure 8 and Table 2. Between April
and August, Pond Inlet benefits from extended daylength
periods of 16-24 hrs. Continuous 24-hour days occur between
May 9 and August 5 at this latitude. From Apri l  to JuIY,
bright sunlight is recorded an average of fO to 12 hours per
day.

[B] 1986 Conditions

The climate for the 1986 growing season was unfavorable in
comparison to prev ious years. Mean monthly temperatures w=re
consistentl~lower than the 5 year averages (Table 1). The
only exception was in May when both temperatures and number
of Bright Sunl  ight Hours were above average values.
Temperature means for October and November showed the most
dramatic differences, being 4.5 and 5.3°C lower  respect ive ly
than average values.

The cooler cl imatic conditions are also reflected in the
number of Plant Degree Days which increased 8.5X over the
average value between the months of May and November (4276
vs 3942) (A PDD refers to the number of degrees per day that
the average temperatures fal l  below 12.8°C. An increase in
pDD requires an increased heat supply to maintain an
acceptable  greenhouse temperature . ) .  In addition, snowmelt
was delayed by almost a month to late June and numerous mild
frosts occurred throughout the season.

The most dramatic difference in the regional cl imatic
p icture  was the  s ign i f icant  reduct ion  in  br ight  sunl ight
hours recorded (Figure 8, Table 2). Skies were frequently
overcast from June to August resulting in an average 37X
reduction in Bright Sunlight Hours. In July only 197 hrs of
bright sunshine were recorded, which was 48X of the recorded
( 1 9 8 3 - 8 5 )  average  (413  hrs) and only 27Z of  tota l  day l ight
hours (720).

Given the below average weather conditions experienced in
1986, the performance of the greenhouse could be expected to
improve in future years. An increase in radiant energy to
normal levels would si9nificantiY increase heat availabil ity
to the greenhouse and likely improve plant performance and
p r o d u c t i v i t y .
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3-2 GREENHOUSE MICROCLIMATE

The operation of the greenhouse may be divided into four
distinct seasons or periods, each characterized by a general
set of environmental conditions and requiring the
implementation of different cl  imate-controi Iing systems in
order  to  mainta in  favorable  condi t ions  for  vegetable
product ion. The seasons are roughly del ineated as fol lows:

[1] SUMMER : June - Ju ly
[21 FALL : August - September
[3] WINTER : October - March
[4] SPRING : Apri I - May

The effective period of observation and production in 1986
extended from June to December to include 3 of the 4 seasons.
Not all systems were inunediately operational and conditions
within the greenhouse f luctuated as problems were identif ied
and solved. The solar COI Iector and exhaust fan were not
insta l led  unt i l  August . A sunnnary of the systems timetable
for 1986 (with systems incomplete) is presented in Figure 9
and the expected operational t imetable for future years
(systems complete) is presented in Figure 10.

Temperatures and humidity levels inside the greenhouse were
measured using Taylor maximum-minimum thermometers, rotating
drum hygrothermograph, type J grounded thermocouple probes
(iron/Constantan Duplex) and an Electro-therm HT 680 digital
thermometer. Solar intensity was measured using a Quantum
Instruments digital  photometer.

3-2-1 SUIIl#lER SEASON

Systems sunmnary (1986) : [ June to mid-August ]
(Figure 9) Insulation OFF/ Canvas cover OFF

Heater OFF/ Lighting Systems OFF
V e n t i l a t i o n  : Passive vents and
fan to heat storage foundation
(from inside greenhouse) (Fig 4)

In the sunmner months, the combination of warm ambient air
temperatures (above O°C) and extended solar hours was
suf f ic ient  to  mainta in  favorable  growing condi t ions  with in
the greenhouse. The dai Iy maximum temperatures recorded
inside the greenhouse for June, July and August averaged
24.5°C, 15.3°C and 14.8°C h ighe r  respec t i ve l y  t han  those
recorded outs ide  (F igure  11 ,  Table  3 ) .  S imi lar ly , average
minimum temperatures were f3.8°C, 8.9°C and 9.0°C h ighe r
inside versus outside the greenhouse.
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F GURE9 : Diagram of systems operational t metabie
for the 1986 season.
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●

FIGURE 10 : Diagram of expected systems operational
t imetable  in  future  years .
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FIGURE 11 : Means of monthly minimum and maximum air
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TABLE

tempera tu res  (°C) recorded inside ver8u8
outside the greenhouse.

*

GREENHOUSE

MAX

3 :

Mean Maximum
Temperature

MONTH

OUT5JDE

MAX

\
MIN

Means of monthly minimum and maximum air
tempera tu res  (°C) recorded inside versus
outside the greenhouse.

MAY JUN JUL AUG SEP OCT NW

AES - 4 . 7 2.1 7 . 7 6 . 5 - 0 . 5 - 1 5 . 0 - 2 5 . 8

Greenhouse 26.8 2 6 . 6 2 3 . 0 21.3 17.1 16.7 19.2

D i f f e r e n c e 31.5 24.5 15.3 14.8 17.6 31.7 4 5 . 0

Mean Minimum
Temperature

AES - 1 2 . 2 - 3 . 4 0 . 4 0 . 6 - 5 . 6 - 2 0 . 9 - 3 1 . 5

Greenhouse 12.9 10.4 9 . 3 9 . 6 14.5 13.5 15.0

D i f f e r e n c e 25.1 13.8 8 . 9 9 . 0 20.1 34.4 46.5
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The large differences between maximum and minimum
temperature levels within the greenhouse also reflect the
high degree of temperature fluctuation which occurred on a
dai Iy basis throughout the summer. An example of the daily
course of temperatures is i l lustrated in Figure 12.
On June 14, under sunny skies, temperatures within the
greenhouse c1 imbed rapidly to over 25°C by 700 hrs despite
an outside temperature of .60C. Temperatures were maintained
between 23°C and 25°C for 12 hours through the operation of
the heat storage fan mounted in the peak of the greenhouse
(F igure  4) . Without the benefit  of the fan, temperatures
could be expected to cl imb to over 40°C (Poole, i985). A f t e r
1900 hrs, temperatures dropped gradually to evening leVelS
(10-12OC). Under cloudy conditions, temperature  f luctuat ions
were much less pronounced and little or no fan operation was
recorded.

For the months of June and July, temperatures within the
greenhouse were controlled solely by passive venti Iation
through the gable end vents and operation of the temporary
heat storage fan. When greenhouse temperatures rose to
unfavorable  leve ls  (pre-set), excess heat from the peak was
forced into the heat storage foundation, thus lowering
temperatures. Cold air  returning from the storage ducts
further  contr ibuted to  cool ing  the a i r .  Dur ing  per iods  of
intense sunlight,  the fan would operate almost continuously
(30-45 min/hr) to maintain temperatures below 30°C.

As a result of the incomplete status of venti lating systems
in 1986, the plants were subjected to short periods of
unfavorably high temperatures in excess of 30°C. With the
complet ion  of  the  so lar  co l lector  and insta l lat ion  of  the
exhaust fan, temperature regulation should greatly improve
in  the future . The COI lector/storage foundation fan can be
expected to adequately circulate air and venti late the
greenhouse next sununer. Excess heat bui Iding up at this time
will be drawn out of the greenhouse by the exhaust fan.
The effectiveness of the greenhouse in traPping solar energy
in 1986 despite below-average conditions predicts more
successful future seasons. (The possibi 1 ity of producing
crops in regions where cloud cover is generally heavier was
also demonstrated) .

The relative humidity levels were particularly high in the
early part of the sunmner as much of the ice trapped in the
storage mass during construction of the foundation melted
and entered the greenhouse in vapour form. Operation of the
heat storage fan effectively reduced the humidity levels but
it was not until the exhaust fan was installed in August
that this excess moisture could be virtual Iy el iminated from
the greenhouse. During extended cloudy periods before this
time, the condensation of moisture would completely coat the
glaz ing  and contr ibute  to  reducing l ight  levels .
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The amount and intensity of direct solar radiation reaching
the greenhouse plants varied considerably according to the
hour and day - depending on solar position and degree of
cloud cover.  Light intensity values were recorded as of
August i when the photometer was received. Intensities at
this time ranged from 1000 to 3000 footcandles under sunny
skies and between 500 and 800 footcandles under overcast
sk ies . Portions of the greenhouse were shaded at different
times of the day by the adjacent hotel wings (see shadows
cast Photos 4 and 5). The three soil  beds bordering the
southern wall of the greenhouse received an average of 3 hrs
less direct Sunl ight per day than did the beds on the north
s i d e . This effect was least pronounced in June when the
solar angle was at its maximum level of 43° and became
increasingly noticeable towards the end of the season. By
mid-August, the southern half of the greenhouse growing beds
received no direct suni ight between 1000 and 1600 hrs.

3-2-2 FALL SEASON

Systems summary (1986) : [ Mid-August to Hid-October ]
(Figure 9) Insulation OFF/ Canvas Cover OFF

Heater  ON : August (6°C)
Sept-Oct (20°C Day /  17°C N i g h t )
Lighting Systems ON (1600-2300 hrs)
V e n t i l a t i o n  : Passive vents (Aug)
Solar collector fan to heat
storage foundat ion  (Sept .  on ly ) .

In late August and September a decrease in ambient air
temperatures outdoors combined with a reduction in both
dayiength and total Bright Sunshine Hours required the use
of supplementary heating and I ighting in the greenhouse.
In late August the heater was set at 6*C and switched itself
on intermittently when outdoor temperatures dropped below
zero in the evenings. F igure  13  i l lust rates  a  typ ica l  d iurnal
curve for August. During the daytime, solar radiation would
adequately heat the greenhouse to 15 -  20°C (clear day).
Temperatures would gradual IY decrease throughout the evening
unti l  the heater was activated at 6°C.

In September the heater, set at 20°C, was util ized 24 hrs
per day to maintain growth temperatures. Average daily
maximum and minimum temperatures for September were 17.6°C
and 20.1°C higher inside the greenhouse than outside. At the
end of the month, temperature differences of up to 37°C were
recorded between greenhouse and outside air temperatures.
As temperatures continued to drop in late September, the
heating demand increased and the heater oPerated nearly
cont inuously . Venti Iation was greatly reduced during this
period as vents were kept closed and exhaust fan was off.
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FIGURE 12 : D iurnal  course of  a i r
inside versus outside
June 14, 1986.
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During September, a Pronounced stratif ication in greenhouse
temperatures was observed. Temperature differences of up to
t5°C were observed across  a  vert ica l  prof i le  (F igure  14) .
Temperatures were coldest within the heat storage mass
and became progressively warmer towards the ceiling. The
fixed setting of the heater thermostat resulted in very
steady temperatures throughout the day. In the evenings, a
small  f luctuation in temperatures was effected by turning
the thermostat 5°C down.

The solar COI Iector, which was completed at the end of
August, operated on clear sunny days in September. Air was
heated to 45*C in the collector panels and delivered to the
heat storage foundation. The contribution of this heat to
greenhouse microcl imate cannot be assessed at present as
temperature sensing probes (thermocouples) were not
installed unti l  the end of the month. Cold  a i r  return ing
from the storage ducts did, however, cause a drop in
greenhouse temperatures which triggered the glycol heater
u n i t .

A further reduction in the solar angle of incidence in
September (~4°) increased the degree of greenhouse shading
from the hotel and effectively el iminated any direct sun
striking the soil beds between 1000 and 1800 hrs daily.
Th is  factor , combined with a shorter day length period and
reduced number of Bright Sunshine Hours, necessitated the
use of supplementary I ighting in the fall season. The metal
hal ide lamp automatically switched on from 1600 to 23OO hrs
dai Iy. D u r i n g  t h e  d a y ,  light intens i t ies  at  the  level of the
soil beds ranged from 700 to 900 footcandles under clear
sunny skies to a low of 200 footcandles under cloudy skies
(with lamp off) . Intensities were greater (1200-1500 ftc) at
the level of the hanging planters where tomato and cucumber
p l a n t s  still received d i rect  sunl ight .
Humidity levels remained stable within the greenhouse at
be tween  65X in the day and 85Z in the cooler evenings.

The climate around Pond Inlet and overall operation of
greenhouse systems can be expected to be similar in future
fal l  seasons. The addition of a circulating fan (Dee 1986)
should reduce temperature stratif ication and improve air
circulation within the greenhouse. Lighting systems wil l  be
required to operate longer at this t ime of year in order to
adequately satisfy growth requirements. The transition date
between fall and winter seasons has been set at the end of
September for the Pond Inlet greenhouse. At lower latitudes
however, this date may be extended by almost a month.
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FIGURE 14 :  D iurnal  course
(air ,  NFT bed,

of greenhouse temperatures
heat storage foundation)

recorded on October 1, 1986.
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FIGURE 15 : Diurnal course of greenhouse air temperatures
recorded at plant level on November 30, 1986.
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3-2-3 WINTER SEASON

Systems sunwnary (1986) : [ Mid-October to December ]
(Figure 9) Insulation ON/ Canvas Cover ON

Airlock ON / Heater ON (15°C)
Lighting Systems ON
V e n t i l a t i o n  : C i r c u l a t i n g  f a n

(December only).

Winter extends from October to April and represents the
longest growing period having one set of conditions.
Extremely low temperatures and complete darkness require
the cont inuous use of  ar t i f ic ia l  heat ing  and l ight ing
systems to maintain favorable growth conditions.

In October and November, mean temperatures outside the
greenhouse averaged -12°C and -28.7°C respectively.  Inside
the greenhouse, maximum daily temperatures measured at the
level of the soil  beds averaged ~6.7 and 19.2°C whi le
minimum temperatures averaged 13.5 and 15°C for October and
November respectively (Figure 11, Table 3).

I n  t986, daytime temperatures inside the winterized green-
house were maintained solely by heat emitted from the hal ide
and neon lamps and their ballasts. F i g u r e  15 i l l u s t r a t e s  a
typical diurnal course for the greenhouse. Temperatures
attained a maximum and remained at a constant level from
1400 to 2300 hrs. After the lamp was extinguished at 2300
hrs, temperatures dropped to 14°C (at plant level) where
they were maintained by the heater until 0700 hrs when
I ights came back on. The unit heater operated an average of
o n l y  f hr in each 24 hr p e r i o d , reflecting the low degree of
heat loss from the structure.

As in the fal l  season, temperatures in the winterized green-
house were considerably stratif ied with a range of 35°C
recorded between the sand in the heat storage foundation and
air temperature at the greenhouse peaK (2 meters above
plants) (Figure 16). The sub-zero temperatures recorded in the
heat storage foundation suggest that the uncovered storage
mass acts as a heat sink in winter, drawing heat from the
greenhouse air  into the soil .

Humidity levels were also elevated in winter, averaging 70X
RH in the day and rising to 85-90X RH at night.
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F I GURE 16 : Diurnal course of greenhouse temperatures
(air, NFT bed,  heat  storage foundat ion)
recorded on November 26 and 27, 1986.
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Observed reduction in heating requirements, wldeiy
stratif ied temperatures and increased humidity levels may
al l  be  att r ibuted to  a  reduct ion  in  vent i lat ion  and a i r
c i rcu lat ion  in  the  winter ized greenhouse.  Vent i lat ion
occurred at very low rates mainly through cold air seepage
from the cracks in the insulation and doorway and a small
drainage vent in the foundation. The inadequacy of existing
systems may have resulted in reduced production, decreased
transpi rat ion  rates  and C02 availabil ity to plants. The
addition of a circulating fan in late December is expected
to improve air circulation within the greenhouse but a more
eff icient system of venti lation and air  exchange should be
developed to improve growing conditions in future seasons.

Light levels and photoperiod remained constant throughout
the winter as they were ful Iy control led by timer and fixed
intens i ty  l ight  sources. The intensit ies emitted by the
metal hal ide lamp are i l lustrated graphically in Figure 17.
The intensity of l ight varied according to the location of
the plants within the greenhouse and their distance from the
lamp. The hanging planters (0.6 - 1.2m distance) received
the st rongest  i l luminat ion  of  1000 to 2000 footcandles. T h e
NFT bed (i.8m) averaged 600 ftcandles while the corners of
the greenhouse (3.O-3.5m) and most soil beds averaged only
200 -300  ftcandles. The foi l  backing of the insulation may
have increased l ight levels by reflecting l ight down to the
beds and around the back sides of planters.

3-2-4 SPRING SEASON

Spring : Expected
Operat

(F igure

In the spring, amb

Systems [ April and May )
on Insulation OFF/ Cover OFF
10) S o l a r  Col Iector fan ON

Heater ON (23°C/ 17°C).

ent temperatures outside the greenhouse
remain  co ld  but  leve ls  o f  so lar  rad iat ion  are  suf f ic ient ly
high to permit warming of the greenhouse and illumination of
p lants . As in September, supplementary heat will be required
to maintain favourabie conditions throughout the nights and
on overcast or unseasonably cold days. It  is expected that
due to low outdoor temperatures, the heating load may be as
high in the spring as it  was in the fal l . The ref lect ion  of
suni ight from snow and a high number of bright sunl ight
hours wil l  make a greater contribution to heating the green-
house than in the fal l , although partial  Shading of the soil
beds wil l  continue unti l  the solar angle increases. The
problems of  temperature  st rat i f icat ion  and insuf f ic ient  a i r
circulation wil l  be diminished by oPeration of the solar
collector but inadequate air exchange and high humidity WIII
continue to be problems.
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Section 3-3 GREENHOUSE ENERGY BALANCE

Heat loss out of and heat gain by the greenhouse were
assessed using cl imatic data COI Iected by the Atmospheric
Environment Service of Environment Canada.

3-3-1 CALCULATION OF HEAT LOSS

The estimation of heat loss is directly related to the area
of the building exposed to the exterior,  the difference
between inside and outside temperatures and the insulating
value of construction materials.

HEAT = Surface Area (m2) x Temperature Difference (ATOC)
LOSS (RSI) Tota l  Insu lat ing  Value

(Craft,  1983)

The determination of greenhouse heat loss is presented in
Table  4  and thermal  res istance values (RSI) for the
different Construct iOn materials are found in Table 5.

The total heat loss estimated to occur in the uninsulated
greenhouse (spring to fal l  seasons) is 714 KJ/°C/hr
(Table 4 ) . This value is reduced by 66X to 244.5 KJ/°C/hr
upon insta l lat ion  of  insu lat ing  panels .  The greatest
proportion of heat loss occurs through the glazing.
Glazing heat loss in the uninsulated greenhouse is
estimated to be 497 KJ/°C/hr or 70X of total heat loss.
During the winter months, glazing heat loss is reduced to
on l y  27  KJ/°C/hr or 11X of  tota l  heat  loss  (244.5  KJ/°C/hr)
when insulating panels are installed.

During the winter season, almost half  the the total heat
loss from the greenhouse occurs through the exchange of air
dur ing  vent i lat ion  (f13 KJ/°C/hr assuming 2  complete  a i r
changes per hour) . During 1986, this value was probably much
lower as a result of reduced air exchange and venti Iation
inside the greenhouse. This considerable heat loss resuiting
from air exchange in winter could be reduced by using air to
air heat exchangers or attaching arctic greenhouses to
existing bui Idings.

Peak greenhouse heat loss estimated for a design temperature
o f  - 540C was 38.571 KJ/hr without a n d  1 3 . 2 0 2  KJ/hr ‘i t h

insu lat ive  panels .
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3-3-2 ANNUAL ENERGY BALANCE : METHODS

The Net Energy Balance for the greenhouse has been
calculated for a ful l  operational year and is presented in
Table 6. This table used averaged data and estimates based
on the operational sumnary  presented in Figure 10. The table
is comPrised of 4 sections :

[A] AVERAGE MONTHLY HEAT LOSS (KJ/month)

Mean monthly heat loss is obtained by multiplying
total greenhouse heat loss (Table 4) by the
number of Plant Degree Days/ month (Table 1).

AVERAGE ?lONTHLY  = T o t a l  D a i l y  H e a t  x Plant Degree
HEAT LOSS (KJ) Loss (KJ/deg.day) Days/month

[B] MONTHLY SOLAR HEAT CONTRIBUTION (KJ/month)

Calculated for the period between April and September
using Daily Solar Energy values (KJ/m2  at 60° glazing
surface) for Resolute Bay (AES) and the average hours
of Bright Sunshine for Pond Inlet (Table 2).

Hourly average = DailY Tota l  Solar Hours
Solar Energy E n e r g y  (KJ/m2) -:- Dayl ight
(KJ/m2) (AES Resolute Bay) (Fig 8)

SOLAR HEAT = Total x L i g h t x Bright x Hourly
COLLECTABLE Glaz ing Transmission Sunshine Average
/ MONTH Area Factor hrs/month S o l a r

(KJ) (Table 4) (0 .83) (Table 2) Energy

The solar heat contribution was estimated for the
combined areas of the south-facing glazing and the
solar col Iector panel .
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[c] MONTHLY EQUIPMENT HEAT CONTRIBUTION (KJ/month)

All  electrical equipment generated heat in direct
proportion to its rated wattage. This contribution has
been calculated by multiplying KWatt hours of operation
for each piece of equipment by 3,600 KJ/hr
(Power engineering standard).

HEAT GAIN = KWatt hrs/ m o n t h  x 3,600 KJ/ hr
(KJ/month)

The equipment is rated as follows:

1. Metal hal ide lamp and ballast 1.55 kW/hr
2. Neon lamps and ballasts 0 . 7 0  kW/hr
3.  Col lector  fan 0 . 3 0  kW/hr
4. Exhaust fan 0 . 1 4  kW/hr
5. Heater fan 0 . 2 0  kW/hr
6. Hydroponic pumps 0 . 1 2  kW/hr

The estimated hours of equipment operation are presented
in Section 5-1 (Production Costs).

[D] NET GLYCOL HEATER CONTRIBUTION (KJ/month)

This has been estimated as the difference between the
calculated heat gain and heat loss.

HEATER AVERAGE
CONTRIBUTION [D) = HEAT
(KJ/month) LOSS [ A ]  -

L

SOLAR EQUIPMENT
HEAT HEAT
GAIN [B] + [cl GAIN

The heat contribution of the glycol may be translated
into expected hours of heater operation per month. The
determination of this value is made in Section 5-~.
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T a b l e  4 :  Calculation of greenhouse heat loss.

DESIGN Coldest Outdoor Minimum Indoor
TEMPERATURE = T e m p e r a t u r e  - Temperature = 54° c

(1) -470 c 70C

GREENHOUSE FRAIIIE HEAT LOSS

ROOF : Area = 9.66 m2 = 6 . 1 5  W/ti2 (2)
RSI !.57

DOOR : 1.67 = 5 . 2 2  W/m2 (3)
0 . 3 2

VENT : 0.09 + 0 . 0 3 = 0.91 W/m2 (4)
0.14 0.31

INSULATED = 19.52 m x 0 . 8 6  = 1 6 . 7 9  W/m2
FOUNDATION (Perimeter) W/m2

AIR = 4 7 . 3 9 m 2  x 2 changes x 0 . 3 3  = 31.28
CHANGE (Volume) hour W/m2

TOTAL HEAT LOSS = ( 2 + 3 + 4 + 5 + 6 )  = 60.35
GREENHOUSE FRAME W/m2

(5)

(6)

(7)

GLAZING HEAT LOSS

TOTAL = 14.88m2 + 13.37m2 + 8.14 m2 + 6.41 m2 = 42.8 m2
AREA South North West East

WITHOUT = Area m2 = 42.8 m2 = 1 3 8 . 0 6  W/m2 (8)
INSULATION RSI 0.31

WITH = A r e a m 2  = 42.8 m2 = 7 . 5 6  W/m2 (9)
INSULATION RSI 5 .66

TOTAL GREENHOUSE HEAT LOSS

WITHOUT = 60.35 + 138.06 X 3.6 = 714.28 ( l o )
INSULATION W/m2 ( 7 ) W/m2 ( 8 ) KJ/W-hr KJ/°C/hr

WITH = 60.35 + 7 .56 x 3 . 6 = 244.48 (11)
INSULATION W/m2 ( 7 ) W/m2 ( 9 ) KJ/W-hr KJ/°C/hr

PEAK GREENHOUSE HEAT LOSS

WITHOUT = 714.28 (lo) x 54°c ( 1 )  = 3 8 , 5 7 1  KJ/hr
INSULATION KJ/°C/hr

WITH = 244.48 (11) x 54°c ( 1 )  = 13,202 KJ/hr
INSULATION KJ/°C/hr
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TABLE 5 : Thermal resistance values (RSI) for greenhouse
mater ia ls  and st ructures .

GLAZING :

Acrylite SDP (double  g lazed) 0.31

GLAZING WITH INSULATION :

Indoor Air Fi Im 0 . 1 2
Thermax  Insulat ion  (100 m) 4.93
Air Space (50 nun) 0 . 1 7
Acrylite SDP (double  g lazed) 0.31
Canvas Cover 0 . 1 0
Outdoor Air  Fi lm 0 . 0 3

FWNDATION  WALLS :

Plywood Sheathing (19 m) 0 . 1 3
Air Space (65 nun) 0.17
Extruded Polystyrene (114 cm) 3.66
Air Space (65 nun) 0 . 1 7
Plywood Sheathing (19 nun) 0 . 1 3
Outdoor Air Fi Im 0 . 0 3

GREENHWSE ROOF :

Indoor Air  Fi lm 0 . 1 2
Plywood Sheathing (11 nun) 0 . 1 0
Extruded Polystyrene (38 nun) 1.22
Plywood Sheathing (11 nun) 0.10
Outdoor Air Fi Im 0 . 0 3

SOLAR COLLECTOR (FRONT) :

5 .66

4.29

1.57

Outdoor Air Fi Im 0 . 0 3
Acryl ite SDP G l a z i n g 0.31
Air Space (25 m) 0 . 1 7
Sheet Metal O f t 0 . 6 2

SOLAR COLLECTOR (BACKING) :

Thermax  Insulation (25 nun) 1.23
Plywood Sheathing (tl nun) 0.10
Indoor Air Fi Im 0 . 1 2 1.45
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3-3-3 ANNUAL ENERGY BALANCE : EVALUATION

When considering the data presented in Table 6,  it  is
essential  to take the fol lowing factors into account :

1. Air exchange rates (Table 4), calculated at 2 complete
changes per hour may vary considerably particularly in
sunwner when venti lation is increased (Increased air
exchange = increased greenhouse heat loss).

2.  Daily Total Solar Energy values [B] obtained for the
Resolute Bay weather station (no data available for
Pond Inlet)  may actually be higher for Pond Inlet
where less cloud cover is experienced in an average
year .

3. Solar heat absorption values were based on 60° glazing
angle [B] for all sides of the greenhouse when the east
and west gable end waiis are actually at 90°. The
estimated values do not take into consideration
shading of the greenhouse by the hotel for parts of
each day. Solar heat contribution was based solely on
Bright Sunshine hours without considering heat gained
on l ightly overcast days. The effect of wind activity
on heat loss was not estimated.

4. Calculation of heat production by the glycol heater
is only an estimated value based on flow rates of the
heating medium and the temperature differential
between incoming and outgoing lines.

[A] HEAT LOSS

The degree of heat loss from the greenhouse varied from
month to month as a direct result of mean outdoor
temperatures and the degree of insulation provided. As
expected, heat loss is lowest during the sunwner m o n t h s ,
averaging between 6,364 and 8,788 KJ/hr. Values are highest
in the spring (15,926 - 24,705 KJ/hr) when cold outdoor
conditions are combined with the removal of the protective
i n s u l a t i o n . Oespite very cold temperatures, heat loss in the
winter averages between 6,430 and 11,465 KJ/hr and is lower
than values estimated for both spring and fal l .  These low
values demonstrate the contribution of the insulating panels
to reducing heat loss in the winterized greenhouse.
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[B] SOLAR HEAT CONTRIBUTION

The contribution of heat energy to the greenhouse is
directly correlated to the amount of Bright Sunshine hours
received by the glazing (Figure 8,  Table 6).  Although some
degree of radiation is recorded between February and
October,  the most signif icant contribution occurs fom Apri l
to  Ju ly . At this t ime, the long dayl ight hours and low cloud
cover result in large heat gains by the greenhouse. The
potential  contributions are highest in Apri l  and May, at
estimates of 12,152 KJ/hr and lt,987 KJ/hr (est imated over
24 hrs )  respect ive ly . Values decrease progressively
throughout the year until September when an average
contribution of only 1,468 KJ/hr can be expected. Some
radiation is also present in March and may be captured by
the solar COI Iector, but the extremely cold temperatures in
this month do not favour removal of the protective insulation.

[C] EQUIPMENT HEAT CONTRIBUTION

The operation of fans and l ights represents a substantial
heat energy source in a small  greenhouse particularly in the
winter season when lighting systems are operating at a
maximum. Equipment heat contributions during the winter are
more or less constant from month to month ranging from 5.902
KJ/hr to 6.416 KJ/hr. The combination of neon and hal ide
lamps account  for  85Z of this total while the heater fans
and pumps account for the remaining 15X. The heat addition
from the circulating fan installed in December has not
been calculated, however its low wattage (less than 0.1
Kw/hr) would make its heat contribution to the greenhouse
n e g l i g i b l e  (<5X). The total equipment heat contribution is
reduced by 75X in April (1,935 KJ/hr) when l ight ing  systems
are shut down for the spring and sunmner. In August and
September, the use of supplementary lighting once again
contributes somewhat to heat gain.

[D] GLYCOL HEATER CONTRIBUTION

Based on the values calculated in Table 6, heater operation
(and energy contribution) is expected to be greatest in April
and September, when cold outdoor air temperatures combine
with high heat loss from an uninsulated greenhouse to create
a s ign i f icant  heat  demand (24,705 KJ/hr). In Apri l ,  a large
portion of this demand is provided by the sun (12,t52 KJ/hr)
and the remainder by the heater (10,619 KJ/hr). It is
uncertain at this point whether the heater wil l  be capable of
maintaining suitable temperatures within the greenhouse
during Apri I .
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In the winter, the heater may be expected to produce between
528 KJ/hr in October and 5,051 KJ/hr in February, the
coldest month. In November 1986, a total of only 20.8 hours
of heater operation were recorded (33X of expected value),
demonstrating once again a reduction in heat loss presumably
caused by inadequate ventilation in the greenhouse.

[E] PERCENT CONTRIBUTION

The relative importance of each of the three principal heat
sources (so lar  rad iat ion , equipment and heater) may be
determined by examining their percent contribution (monthly
and annual)  to the total heating requirement. In this way,
it  is possible to obtain a clearer picture of the importance
of systems in the annual energy balance.

Over the winter months, heat generated by equipment
(pr imar i ly  l ights)  represents  an  averagae of  67X of
requirements. The remain ing  33X is provided by the heater.
In October, the warmest winter month, equipment alone
s u p p l i e s  92X of the required heating load. In  future
designs, the contribution of the heater in the winter wil l
be directly determined by the effectiveness of the
insulating systems at reducing heat loss.

In the spring and summer, so lar  rad iat ion  is  expected to
provide between 50X and 100X of the heating load with the
heater as the principle backup (32-38X).  A net heat gain
occurs only in June and July when heat loss is at its lowest
l e v e l s .

In September, solar contribution decreases considerably
(14X)  and the heating load is carried equally by the heater
(45X) and equipment(42X).

This data suggests therefore, that the role of the heater
and requirements for active heat input may be lower than
or ig ina l  Iy an t i c ipa ted . In  winter  th is  is  large ly  a  resu l t
of the major contribution of the insulation towards reducing
heat loss from the greenhouse. A reduction in estimated
solar heat input resulting from local factors such as
unusually cloudy conditions in a given year or partial
greenhouse shading may increase the required heat load of
the heater unit. I t  is  therefore  essent ia l  that  future
designs attempt to optimize (1) solar capture by the
greenhouse and (2) insulation systems to Prevent heat loss.
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3-4 AN EVALUATION OF SYSTEtIK FUNCTION

In  th is  sect ion , each component of the greenhouse control
systems and structure will be assessed for positive and
negative features in design and operation. Modif ications
suggested may benefit  future smal i -scale greenhouses built
in  arct ic  reg ions . Assessment is based on the operating
period from June to December with speculation on effects
in the spring season. A d d i t i o n a l  recofmnendations and a
modif ied design are presented in Section 7-4.

3-4-1 LOCATION OF GREENHOUSE

The sheltered location between two wings of the Sauniq Hotel
contributed to reducing wind activity and improving heat
retention of the greenhouse in ~986. The proximity of an
independent structure provided the greenhouse with a source
of power, heat and water and eliminated the need for costly
independent systems. This arrangement may prove to be more
cost  e f fect ive  for  smal l  conmnunity i n s t a l l a t i o n s  t h a n
expensive capital cost expenditures.

In  addi t ion , the possibi I ity exists for the construction of
venting which would permit an exchange of air between the
greenhouse and hotel . Such a system could supply the hotel
with some heat in the spring and sumner  while ensuring
adequate air exchange for the greenhouse throughout the
year . The lack of such a system in Pond Inlet resulted in
reduced air circulation and gas exchange in the winterized
greenhouse. Al ternate ly ,  a  d i rect  walk - in  corr idor  l ink ing
the hotel to the greenhouse would provide the necessary
improvement in ventilation and further decrease heat loss by
act ing  as  an  ef f ic ient  a i r  lock.

The distance separating the hotel from the greenhouse was
very  smal l  (2-3m) and resulted in the shading of plants in
the growing beds for varying periods during the season. The
resul t ing  reduct ion  in  l ight  intens i t ies  probably
contributed to decreased plant productivity as well  as
reduced heat input to the greenhouse. Future  s i te  p lanning
must ensure unobstructed access to sunlight,  especially
from the east, south and west hemispheres.
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3-4-2 HEAT STORAGE FOUNDATION

In sufmner, the delivery of heated air from the peak of the
greenhouse into the storage foundation effectively improved
microclimatic conditions in a number of ways:

[1]

[ 2 ]

[ 3 ]

[ 4 )

As a cooi ing system - Temperatures in the greenhouse
were reduced by (a) delivery of heated air into the
foundation and (b) return of cooi air  from the storage
vents. Temperature fluctuations in the greenhouse were
also reduced resuiting in a more stabie growing
environment.

As a venti iating system - The operation of the fan
improved a i r  c i rcu lat ion  and reduced st rat i f icat ion  of
indoor temperatures. The pressure drop during fan
operation aiso drew in outside air  through exterior
vents and contributed to ensuring adequate gas
exchange for plants.

As a heat storage mass - The excess heat stored during
the day in the sand may have contributed to the
warming of the greenhouse at night.  This contribution
couid not be properiy assessed due to iack of necessary
instruments. The storage of excess heat during periods
of  increased avai lab i l i ty  is  an  important  pr ior i ty  for
northern greenhouses.

As a dehumidif ier - The sand foundation was
part icu lar ly  e f fect ive  in  dehumidi fy ing  the  greenhouse
air in spring and sununer. The use of a ciosed system
of this type reduces the need for exterior venti lation
to controi humidity and therefore decreases heat loss
from the greenhouse.

The use of sand as a storage medium is usefui under northern
conditions where the avai iabil ity of coarse aggregate
presents a probiem and sub-zero temperatures make the use of
water impractical. The heat storage capacity of sand is,
however,  oniy an estimated 30Z that of water and therefore
much larger volumes and more elaborate dei i very systems are
required to achieve the same effect.
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The design of the Brace Institute’s heat storage foundation
al lows for  the  insta l lat ion  of  an  insu lated f loor  above the
storage mass. In Pond Inlet, the lack of an insulated f loor
presented several disadvantages :

1. Heat transfered from the storage mass to the
greenhouse could not be regulated and the effective
storage time was likely reduced.

2 . in the winter, the storage mass temperatures dropped
below zero and heat was lost from the greenhouse into
the foundation.

3. Operation of the storage fan in the early spring and
late fal l  resulted in the release of cold air  from the
foundation and a cool ing of greenhouse temperatures.

Based on these observations, it is reconunended  t h a t  d e s p i t e
h i g h e r  i n i t i a l capi ta l  costs ,  future  des igns  of  s imi lar
storage systems should incorporate insulated f loors with
thermostatically-control led dampers (see model Section 7-4).
This wil l  permit more eff icient control  of  indoor cl  imate.
The storage mass should also be adequately insulated on all
sides to minimize heat loss to surrounding permafrost and/or
a i r . The foundation could also be modified to improve
venti  Iation by acting as an air warmer for conditioning
incoming air .

3-4-3 SOLAR COLLECTOR

The late completion of the solar collector in August 1986
did not al low suff icient t ime to adequately assess its
performance but a number of observations were recorded and
are presented here.

The location of the collector panel on top on the greenhouse
ensures an unobstructed exposure to the sun as it travels in
the southern hemisphere. The panel represents an increase
of 50z in total absorbing surface area of the greenhouse and
can be expected to contribute positively to overall  energy
balance. The greatest contribution of the COI Iector to
energy balance wil l  l ikely occur in the spring at peak solar
r a d i a t i o n  l e v e l s  ( S e c t i o n  3 - 3 - 3 ) .

In a preliminary trial conducted at the end of September,
the panel was extremely effective at absorbing radiation and
heat ing the a i r . Temperatures in the panel were heated to
45°C within minutes of exPosure to bright sunl ight. The fan
activated and del ivered the heated air into the heat storage
foundat ion.
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One major change to the system is reconunended  since in the
springtime, the delivery of heated air  into a frozen heat
storage foundation would seem counterproductive. Therefore a
thermostatical Iy-control led damper system should be
instai led on the del ivery vent which could direct air f rom
the collector directly into the greenhouse and contribute to
warming it. Once desirable greenhouse temperature levels are
attained the damper would close, del ivering heated air to
the foundation.

3-4-4 GREENHOUSE FRAME AND GLAZING

[A] Frame

The design of a straight-sided structure (as opposed to a
curved or  Quonset - type)  permit ted the  insta l lat ion  of  r ig id
insulating panels with high resistance values. In  addi t ion ,
conventional construction materials available in town
( lumber ,  s t ra ight  g lass)  could be easily used to repair
any damage.

The use of wood in place of metal for the supporting
structure may have advantages in the Arctic in terms of
f lex ib i l i ty  and  shoc~  res istance ,  where  sub-zero
temperatures make sol ids very brittle.

The insulated roof was liKely responsible for a reduced heat
loss from the greenhouse when compared to glazing alone. The
roof area also provided a convenient base for the
insta l lat ion  of  the  so lar  co l lector  panels .  Future  des igns
may also benefit  from a rooftop crawlspace to locate air-to-
air heat exchangers and as a storage space for insulating
thermal curtains or blanKets.
The presence of a covered roof did not reduce the amount of
d i rect  sunl ight  striKing the plants but it may have been
responsible for a decrease in total I 1 Rumination at certain
times of the year,  particularly in the fal l  months when
conditions were overcast.

i t  is  d i f f icu l t  to  determine whether  a  g lazed north - fac ing
wall  is beneficial  or detrimental to an arctic greenhouse.
In  terms of  i l luminat ion , the amount of direct sunl ight
enter ing  the north  s ide  is  small, but  ind i rect  l ight ,
p a r t i c u l a r l y  i n  t h e  s p r i n g , may contr ibute  s ign i f icant ly  to
greenhouse l ight levels.  However,  at other t imes of the
year,  such a large glazed area represents a substantial  heat
loss to the overall energy balance of the greenhouse. A
solution to this problem may exist i f  an effective system of
insulating curtains or shutters is designed which
permit the selective use of the north-facing glaz
certain seasons or times of day.
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[B] Glazing

Based on the observations made in Pond inlet, The use of
S D P  acryl ic g laz ing  is  s t rongly  reconunended  for  arct ic
greenhouses for a number of reasons:

[1]

[2]

[3]

[4]

Strength  - The acryl ic Panels resist shocks and blows
effectively even under cold conditions when paneIs are
q u i t e  b r i t t l e . This feature would be particularly
important in conununities where vandalism is a
potential  problem. When breakage does occur, panels
puncture instead of shattering and can be easiIy
repaired with clear patching tape. The ribbed panels
are also shipped more easi Iy without the special
treatment necessary for glass.

L igh t  Qual  ity - Acryl ic panels  have a  re lat ive ly  h igh
transmiss ion  va lue  of  83X which is only sl ightly lower
than glass in terms of quality and quantity for growth
of vegetables. The insu lat ing  qual i ty  o f  double
glazing reduces condensation and therefore increases
I ight transmission.

Insu lat ion -  The insu lat ing  a i r  space (RSI=O.31)
between the two layers of glazing reduces convective
heat loss. The lower heat transfer coeff icient of
acryl ic versus glass (3.29 vs 5.96) represents an
est imated 45X in energy savings. The panels are also
able to withstand at least a 40°C difference between
indoor and outdoor temperatures.

Durabi i ity - The expected 1 ife of good quality acryl
panels is in the range of 15-20 years in temperate
climates. Decreased exposure to sunlight in the arct
may possibly extend this period (assuming panels are
covered for 6 winter months). The glazing in Pond
Inlet overwintered successfully (1985-86) and no

c

c

damage to the panels occurred despite considerable ice
buildup at the bases. Acryl ic glazing requires a
higher capital expenditure than conventional glass but
it ’s l ighter weight makes freight costs much lower.
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3-4-5 INSULATION, COVER AND AIRLOCK

[A]  Insu lat ion

The Thermax insulation was very effective in
reducing heat loss from the greenhouse during the winter
months. The panels were f itted tightly together providing a
seal which virtually el iminated Ieakage into the greenhouse.
The use of  seal ing  tape ef fect ive ly  b locked smal l  cracks.
The foi l  backing of the panels contributed to improved
il lumination by reflecting l ight from the halide lamp down
towards the growing beds and around the back sides of the
hanging planters.

The large size and rigid construction of the panels made
them awkward and cumbersome during instal Iation and removal.
In addition, an exterior storage space was required in the
summer to accommodate their considerable volume. The
diff iculty of manipulating the panels meant that they could
not be rapidly installed or removed to function as nighttime
protect ion  in  spr ing  and fa i l .

The challenge for operators of future arctic greenhouses l ies
in designing a thermal blanket/  panei/ shutter which is
readily moveable, can be stored within the greenhouse
structure and effectively dupl icates the high thermal
resistance of the rigid panels used in Pond Inlet.

[B]  A i r lock

The air lock was an essential  addition to the winterized
greenhouse to decrease wind activity and reduce heat loss
around the greenhouse door. It was however, too small to
make access easy and should be modified.

In Pond Inlet, the construction of a walk-in corridor
connecting the greenhouse and hotel would :

(a) provide an effective air lock an al l  seasons,

(b) al low easier access for workers and visitors in the
cold months,

(c) contribute to venti lation by exchanging air  with the
hotel instead of outside.
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[C] Canvas Cover

The black canvas cover which provided winter protection for
the glazing had a low insulative value but did contribute to
reducing cold air seepage into the greenhouse. In the early
spring, sunlight fal l ing on the black surface was absorbed,
thus melting the snow and heating up the glazing and air on
the outs ide  of  the  insulat ive  layer . The retractable  f laps
on the south facing side of the cover wil l  permit the
exposure of the solar collector to the sun early in the
s p r i n g .

Future designs may consider an insulated exterior blanket
with  s imi lar  a i r t ight  qual i t ies  and protect ive  features .  An
insulated layer may further reduce heat losses from the
greenhouse. An easier system of installation and removal
should also be designed.

3-4-6 VENTILATION

[A] Sumner Season

Ventilation provided by the passive vents was adequate in
the sunwner and the operation of the collector fan improved
air circulation in the greenhouse. The addition of an
exhaust fan should improve the removal of excess heat in
future seasons and draw fresh air into the greenhouse. The
operation of an interior circulating fan is recommended on
overcast days to promote adequate mixing of air.

[B] Fall and Winter Seasons

The original design of the greenhouse did not accommodate for
its subsequent ‘winterizat”ionm and no effective air exchange
or venti lation system was incorporated. This resulted in a
number of problems including reduced circulation of air  and
pronounced stratif ication of temperatures, elevated humidity
levels and cold air  entry directly into the greenhouse. if
effective production of crops is to be undertaken in future
winter seasons, some system of air exchange must be installed.
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A number of options are available to improve venti lation in
the winterized greenhouses:

[1]

[ 2 ]

[3]

The insta l lat ion  of  an  a i r - to -a i r  heat  exchanger
would improve air exchange between the interior and
e x t e r i o r , reduce venti lative heat loss (thereby saving
energy) and dehumidify greenhouse air. Heat exchangers
function by transferring heat from outgoing to incoming
air across thin metal channels. The ef f ic iency  of  th is
exchange ranges from 30Z (at - 300c  and below) t o  79X

(at +1OOC and above) and may represent a substantial
savings in energy costs.

A i r lock or  Condi t ion ing System - Heat loss and cold
air shoc~to plants may also be reduced by drawing
cold  outs ide  a i r  through a  fan -dr iven condi t ion ing
system or separate air lock. The heat storage system
can be modified to suit this purpose (Brace Research
I n s t i t u t e ,  1 9 8 4 ) .

The installation of an insulated corridor between the
greenhouse and an existing building (government off ice
etc) would provide adequate venti lation for the
greenhouse with a minimum amount of heat loss. As an
added benefit ,  the greenhouse would supPly the
building with air  high in humidity and oxygen.
In the spring and Sumner, excess greenhouse heat
could be vented to the building instead of outside.
One disadvantage of such an arrangement is the increased
i ikel ihood of pathogen transmission to Plants.

3-4-7 HEATING AND LIGHTING

[A] Heating System

T h e  glycol radiator was effective as a unit heater in
providing supplementary heat to the greenhouse. The use
of a blower fan permitted rapid emission of heat into the
greenhouse which contributed to air  circulation in the
process. The unavai Iabi I ity of an on-1 ine progranunable
thermostat prevented the setting of separate day and night
temperatures (available only for low-voltage central heating
systems) . This meant that settings had to be changed
manually which was at times an unreliable method.

The possibi I ity of sharing heating resources with other
buildings should be considered for northern greenhouses as a
means of reducing capital costs. Waste heat must also be
thoroughly examined as a cheaper alternative to conventional
fuel-based systems.
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[B] Lighting Systems

The metal halide lamp was not as effective in supplying
adequate  i l luminat ion  as  or ig ina l ly  expected.  It did provide
good quality l ighting but only for an estimated 5-7 m2 of
growing bed and the level of i l lumination in the corners of the
greenhouse was too low for vegetable production. The lamp
was very effective in supplying l ight to the hanging
planters and all tomatoes and cucumbers thrived. This was in
part due to the enhanced thermal cl imate  in the upper half
of the greenhouse where temperatures were warm and colder
air drained away.

The lamp and ballast did supPlY a great deal of heat and
were easily stored when not in use. The use of 2 or 3 sodium
lamps (HID) in the place of the halide would provide a more
even d ist r ibut ion  of  l ight  without  increasing the  e lectr ica l
load by more than 20X.

A NOTE CONCERNING AUTOMATION

The design and use of ful Iy-automated systems for the
control of greenhouse c1 imate  is highly reconunended. In Pond
I n l e t , the l ighting systems were independently controlled by
timers, and heaters and venting units by temperature-
control led thermostats. These controls are more rel iable,
provide a more uniform growth climate, reduce the need for
dai Iy surveillance and al low the technician a greater
f l e x i b i l i t y  i n  w o r k i n g  h o u r s .

In recent years, sophisticated computer software for
monitoring and control I ing greenhouse environments has
been developed (Priva, DGT) This is an important step
towards optimizing growing conditions within greenhouses
and should be thoroughly investigated for use in future
northern greenhouses.
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SECTION 4: PLANT PERFORMANCE AND GROWTH SYSTEMS

This section (a) sununarizes the methods used for
vegetable production in each of the growth systems tested,
(b) presents the yields and performance of 65 selected
vegetable varieties grown in 1986 and (c) evaluates the
different vegetable production systems tested.
A more detai led account of systems operation and vegetable
production techniques including sources of equipment can be
obtained from the greenhouse operating manUal “ Pond
Inlet Gardens Greenhouse Operating Manual ‘, Romer, 1987.

4-1 GROWING PROCEDURES

4-1-1  SOIL CULTURE

[A] Greenhouse

Soil-based plants were grown in wooden beds (Section 2-3-3)
and hanging planters in 1986.
Seeds were germinated

1. J i f fy  7  peat
green pepper

2. Seedling soi
v a r i e t i e s .  P
C U P S  were ust

in one of two types of media:

pel lets were used for cucumber,
and tomato seedl ings.

mix was used for all remaining
astic Cell-Paks (tin) and styrofoam
d as containers. The soil mix was

formulated using :
1 p a r t  l o c a l  s o i l

(sand 1:2 peat)
2 parts Redi Earth ( t i n )
1 part Vermiculite
1 part Perlite ( t i n )

Seedl ings were grown for various lengths of t ime before
transplant ing  into  the  so i l  beds. Leafy crops such as
lettuce, spinach and chinese cabbage required only two weeKs
pre-growth while tomatoes and cucumbers needed 4-6 weeks. In
the sunmner season, seedl ing trays were located on top of one
of the gravel hydroponic beds (Photo 8).

Transplantation of seedlings into the soil beds was done on
overcast cool-weather days to reduce shock and subsequent
setback in growth. In 1986, the  var iety ,  se lect ion  and
placement  of vegetables in the soil beds was a balance
between suitable companion planting, soil  requirements and
aesthetic appearance.
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[B] Cold Frame Gardens

Vegetables grown in the outdoor cold frames were initiated
from seeds sown directly in the soil beds without the
benefit  of an indoor pre-growth period. Seeds were planted
on July 5 and germination occurred in most cases after 2-5
days. Most crops were harvested in the first week of
September after a total  of  8-9 weeks growth. Similarly,  seed
potatoes were dug directly into soil  in the uncovered 45-
gallon drums on July Ist and left to germinate.

[C] Regular Maintenance

Indoor and outdoor soil beds were routinely fertil ized every
14 days with -Plant Prod- ferti Iizers:

1. ‘ S t a r t e ra 10-52-10 - for seedl ings every 2 weeks
(5 mls/1 itre) and at transplant

2. ‘Al l-Purpose” 2 0 - 2 0 - 2 0 - f o r  l ea f  c rops
(4 mls/litre)

3. ‘Vegetables” 15-t5-30 - f o r  l e a f  a n d  f r u i t - b e a r i n g
(3 .5  mls/1 itre) crops

Water was supplied as needed to all soil beds.

4-1-2 NFT HYDROPONIC CULTURE

Presently,  one of the principle problems with NFT hyd ropon ic
culture is the lack of suitable methods for establ ishing
young plants in the gutters. Seedl ings  lack se l f -support
prior to development of a root mat and their abi I ity to
acquire oxygen from solution is also l imited. A number of
different methods for seedl ing suPport were tested in
pre l iminary  crop  t r ia ls  in  Pond In let :

1. Rockwool-fi I led p l a s t i c  c e l l packs
with perforated sides and bottom. Seedl ings were
inserted in the f ibrous wool but did not develop an
adequate root mat and the waterlogged wool resulted in
the death of plants, probably due to inadequate aeration
and rott ing  of  roots .

2. Soi I-fi I led plastic cel I packs
with perforated sides and bottom. These containers worked
wel l  but  1eaKed a great deal of debris into the gutters
which plugged the fi Iters and necessitated frequent
cleaning of the system.
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3. ‘ J i f f y  9“ peat pet lets
were very effective as a support medium, producing
virtually no debris and al  lowing plant roots to exit
f r e e l y . A system was developed and used throughout 1986
which further improved seedling establishment and growth
fo l lowing t ransplant  into  the  NFT gu t te rs .

The “Jiffy 9“ pei lets were seeded and arranged on top of
a bed of moist sand (8rrHn) in a tray then placed IOcm
below a bank of neon lights for 2 or 3 weeks (Figure 5).
Seedling roots grew from the pellet into the moist sand
and developed a small ‘root mat”. At transplanting t ime
the soil was thoroughly soaked to remove pellets from the
trays and attached roots were gently washed free of sand.
The plants transferred in this manner benefitted from a
pre-developed root mat and quickly adapted to NFT
condi t ions .

In order to simplify maintenance, the nutrient solution was
formulated from a conmnercially-avai Iable mix (18-9-27 at
5mls/litre) sold by Hydroponic of Montreal. The solution was
changed at two week intervals and maintained at a constant
volume in the reservoir between solution changes by the
addi t ion  of  water  (no  addi t ional  nutr ients) .

pH and conductivity were measured several times per w e e k
using a Hydec digital  conductivity,  temperature and PH
meter. pH of the solution was maintained between 5.8 and
6 . 8 . Phosphoric Acid was used to decrease PH and Sodium
Bicarbonate was used to raise PH levels.
Following harvest of each crop of mature plants, the gutters
were cleaned of debris and new seedlings introduced.

4-1-3 GRAVEL HYDROPONIC CULTURE

Since the problem of suPport for Young seedlings is
e l iminated in  gravel  cu l ture  beds,  seedl ings  in  th is
method were grown in vermiculite until they developed a
suf f ic ient ly  large root  network to  permit  t ransplant ing  into
the gravel . At transplant t ime, the vermicul ite was washed
from the roots and the seed] ings were inserted into the
gravel medium. The nutrient solution was continuously
c i rcu lated and a l lowed to  t r ick le  Past the roots in the
medium. The mixing and regulation of the nutrient solution
was the same as for the NFT bed (Section 4- l -2) .
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4-2 PERFORMANCE AND PRODUCTION OF VEGETABLES

4-2-1 SELECTION OF VARIETIES

A number of criteria were used when selecting varieties to
be tested in the Pond inlet greenhouse :

[ 1 ]

[2]

[3]

[4]

Var iet ies  prev ious ly  tested in  other  arct ic
pro jects  and reconunended  for northern cl imates.
These include varieties tested at the Keewatin Gardens
(Univ. of Toronto 1979-83),  Agriculture Canada
research stat ions  in  Fort  Chimo and Inuvik
(Sect ion  t -2 - t )  and those reconunended  by R.E. H a r r i s
in  ‘Northern  Gardeningn ( 1 9 7 6 ) .

Varieties considered to be cool weather crops
possessing frost tolerance and high productivity under
cool weather conditions.

Var iet ies  hav ing res istance to  bo l t ing  (go ing  to
seed) . Long photoPeriod and high daytime temperatures
contribute to early bolting of many southern varieties
in arctic greenhouseS.

Varieties having short maturation times, above
average yields and the capacity to grow in crowded
c o n d i t i o n s  ( c o n t a i n e r  v a r i e t i e s ) .

The l ist of varieties tested in 1986 is presented in Table 7.
Ilany varieties of several Kinds of vegetables were tested in
both soil and hydroponic systems in order to find the most
suitable varieties and expand the recormnended 1 ist for use
in  northern  pro jects .

The varieties were rated on the basis of several criteria:

1.

2.

3 .

Growth and development  - adaptabi Iity to greenhouse
condi t ions ,  res istance to  bo l t ing ,  adaptabi l i ty  to
hydroponic culture (development of root mass,
leaf qual ity).

P r o d u c t i v i t y  - overa l l  y ie ld  in  small a rea  and  re la t i ve
yield in comparison to  other  var iet ies  tested.

Quality of Produce -  appearance, texture and taste of
harvested Produce.
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TABLE 7  : L ist  o f  vegetable  var iet ies  tested in  Pond In let .
(mnau = H i g h l y  Reconunended ; IIM* = Reconunended)
(NR = Not  Reconwnended ; NS = Not Successful in 86)

GH SOIL GH NFT COLD
VARIETY TESTED BEDS HYDROPONICS FRAMES

BEAN :
Strike ● *** I

BEET :
Baby Badger NS
Detroit Dark Red ● *** NS
Early Red Ball NS
L i t t l e  E g y p t NR NS
Ruby Queen NS

CARROT : f
Golden Ball NS
Touchon NS

CHINESE CABBAGE :
Chihi I i ● **
Hybrid China King NS ● **
Hybrid Jade Pagoda ● *** **** R***
Pe Tsai NS ● **
Springtime ● ***
Hybrid Two Seasons ***

CUCUMBER : *
Bush Crop NR
Pot Luck ****

KALE :
I Dwarf Scotch Kale NR NS I

I Tall  Scotch Curled ● E* *** NS I

LEITUCE :
Buttercrunch (bibb) ● **
New York # 12 (head) NR ***
Grand Rapids ● E** ● **E
GR Dark Green ● *a* NS
GR Tip Burn Tolerant ***
Green Ice *** NS
Prizehead NR
Ruby Red NS B*** NS
Red Sai Is ● *** NS
Salad Bowl *** NS
Simpson **** ****
Black Seeded Simpson *** NR NS
Slobolt NR NR NS
Waldmann’s Dark Green MI NS
White Cos (romaine) ● *X
Paris White Cos N**
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TA8LE 7 cent’d GH SOIL GH NFT COLD
VARIETY TESTED BEDS HYDROPONICS FRAMES

KOHLRABI :

I Early White Vienna NR
1

ONION : 1
Dutch sets *** ● S**
Hultipl iers *** ● ***

SNAP PEAS :
Dwarf Melting Sugar NR
L i t t l e  Sweetie NR

●

GREEN PEPPER :
Superset NS

POTATO :
C h i e f t a i n NS I

RADISH :
Champion E**
Cherrybelle NR ****
Comet ● **
Early Scarlett Globe NR NR
French Breakfast ● **
Saxa ****
Snowbel Ie ● Z**
Sparkler White Tip ***

SPINACH :
Cold Resistant Savoy NR ● E**
Long Standing Bloomsdale NR ****
Melody NR **E*
Tyee *II**

SWISS CHARD :
FordhooK Giant R** NR
Burgundy Crimson S*N NR
Si Iver Giant ● **

SQUASH :
Zucchini **** I

TOMATO :
Tiny Tim (cherry)
Toy Boy (mid-size)
Early Salad
Burpee’s Pixie Hybr
Sub Arctic Maxi
Pat io
Vendor

***
**II*

SS**

d wa**
*U**

● S*
****

TURNIP :
Purple ToP White Globe ● *R*

I

6 6

—.. –——-



I

Varieties were rated as f o l l o w s :

xxxx Highly  reconwnended - demonstrated good growth and
p r o d u c t i v i t y  i n  1 9 8 6 .

x x x Reconunended -  g r o w t h  w a s  a d e q u a t e ,  p e r f o r m a n c e
and product iv i ty  s h o w e d  p o t e n t i a l
f o r  i m p r o v e m e n t  in b e t t e r  s e a s o n s .

NR N o t  recom’nended -  u n f a v o r a b l e  g r o w t h  a n d
p e r f o r m a n c e  i n  s y s t e m  t e s t e d .

NS U n s u c c e s s f u l  t e s t -  p e r f o r m a n c e  o f  t e s t e d  v a r i e t y
c o u l d  n o t  b e  a d e q u a t e l y  a s s e s s e d
a n d  w i l l  n o t  b e  r a t e d  ( d u e  m a i n l y
t o  u n s u i t a b l e  g r o w t h  c o n d i t i o n s )  .

4-2-2 LIMITATIONS TO PRODUCTIVITY

The phonological development and freshweight yields of the
vegetable  var iet ies  tested in  1986 are presented in Figures
18, 19, 20 and Tables 8, 9 and 10. When examining this data
it  is important to consider the fol lowing factors which
inf luenced potent ia l  product iv i ty .

[1] LacK of  Monocul ture

Most commercial greenhouses grow only 1 or 2 varieties at a
time and growth conditions are ‘tai Iored” to meet the
specif ic needs of those varieties ( ie optimum day-night
temperature ,  humid i ty  and l ight  requi rements) .  {n Pond Inlet
however, field and greenhouse cultivars were grown
simultaneously in the greenhouse in order to maximize the
amount of information obtained from variety tr ials.
Conditions could not be optimized for each specif ic variety;
instead an effort was made to provide suitable conditions for
the majority of plants.

[2] Uncharacteristic Season

The climatic conditions experienced in 1986 were less
favorable to production than can normal IY be expected for
th is  area. Temperatures were low and sunl ight hours fewer
than may be expected for an average year (Section 3-l).

[3] Incomplete Systems

The control SYStemS  which regulate greenhouse climate were
not ful ly operational throughout the 1986 season. Equipment
was being installed and tested as the growing trials were in
progress. This resulted in increased temperature
f luctuat ions ,  st rat i f icat ion  of  greenhouse temperatures  and
inadequate venti Iation and gas exchange.
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[ 4 ]  S h a d i n g

The shading of the greenhouse bY the hotel (discussed in
Sect ion  3 -2 )  substant ia l ly  reduced the  l ight  avai lab le  to
plants in some beds and most probably affected growth and
p r o d u c t i v i t y .

These factors combined to create sub-optimal growing
conditions for vegetables tested in 1986. It  is expected
that given average macrocl imatic conditions and a properly
controlled and fully operat ional  greenhouse,  p lant
productivity may be expected to increase considerably in
future growing seasons.

4-2-3 EVALUATION OF VEGETABLE VARIETIES

The primary focus of this section is to establish the
h o r t i c u l t u r a l  f e a s i b i l i t y o f  c u l t i v a t i n g  t e s t e d  v a r i e t i e s
in the arctic. The analysis and determination of economic
v iab i l i ty  is  presented in  Sect ion  5 .

The following analyses are based on the data presented in
Fi9ures 1 8 ,  tg, 20 and Tables 7, 8, 9 and 10. The ind iv idual
varieties have been numbered to facil itate their location on
the tables and f igures.

The number of estimated crops Per year is based on t h e
duration of time the crop occupies the growing faci I ities
(estimated from transplant of seedlings (t)  to harvest,  not
seed germinat ion  to  harvest  (F igures  t8, 19, 20)).
A  tota l  o f  65  var iet ies  of  18  d i f ferent  vegetable  cultivars
were tested in 1986.

BUSH BEAN

Bush beans demonstrated good growth in the greenhouse soil
beds under both summer and winter conditions. Pods were 10n9
(15cm), crispy and sweet, making them a favourite
vegetable  o f  local  v is i tors  (Photo  14) .  Y ie lds  o f  StriKe
beans (1) averaged 4.18 kg/m2 in the summer, almost 3.5
times greater than f ield-grown southern crop estimates
( 1 . 2 2  kg/m2, Resh,1985). Yields of crops planted in the
winter (2) were considerably lower (1.69 kg/m2) but the
fruit  qual ity rema ined  h igh . An average of 6 crops could be
expected per year.
The year-round production of beans In northern greenhouSeS is
horticulturally feasible but the greatest success may be
expected during the spring and sunwner seasons when natural
s u n l i g h t  i s  a v a i l a b l e . The possibi I ity of outdoor
tion in cold frame gardens should be investigated
vegetable is popular with 10Cal r e s i d e n t s .
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TABLE 8 : Freshweight y ie lds  and cu l t ivat ion  densi t ies
of vegetable varieties tested in greenhouse
soi l  beds .

DENSITY YIELD
ID# VARIETY #/m2 Kg/m2

1 BEAN Strike 24 4.18
2 S t r i k e 24 1.69
3 BEET Detro i t  DarK Red 60
4

6.17 ~
L i t t l e  E g y p t 60 1 . 6 7

5 CARROT Touchon 120 1.02
6 Golden Bal I 120 0.94

CHINESE
7 CABBAGE Jade Pagoda 40 9.44
8 CUCUMBER Pot Luck 27 14.85
9 Pot Luck 27 fi.88

10 Bush Crop 27 5.04
11 KALE Dwarf Scotch 60 1.72
12 Dwarf Scotch 60 0.70
13 Tall  Scotch Curled 60 4.06
14 Tall  Scotch Curled 60 2.47
15 KOHLRABI Early White Vienna 40 4.12
16 LETTUCE Buttercrunch 60 4.56
17 New York #12 60 4.55
18 Grand Rapids 60 6.78
19 Ruby Red 60 2.42
20 Simpson 60 6.42
21 BlacK  Seeded Simpson 60 4.08
22 Slobolt 6 0 3.00
23 White Cos 60 3.56
24 ONION Dutch Sets 120 1.09
25 Multipl iers 120 3.00
26 PEAS Dwarf Melting Sugar 60 0.82
27 Dwarf Helting Sugar 60 1.16
28 Little Sweetie 60 0.26
29 PEPPER Superset 10 - -
3 0 RADISH Cherrybel le 240 2.40
31 Early Scarlett Globe 240 2.88
32 SPINACH Melody 60 0.82
33 Cold Resistant Savoy 60 0.60
34 Long Standing Bloomsdale 60 0.55
35 Swiss Fordhook Giant 60 2.15
36 CHARD Burgundy Crimson 60 3.22
37 Si Iver Giant 60 2.61
38 SQUASH Zucchini 4 2.00
39 TURNIP Purple Top White Globe 24 8.39
4 0 TOMATO Pat io 10 4.56
41 Sub Arctic Maxi 10 13.02
42 Toy BoY 10 5 . 0 5
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FIGURE 18 : phenoIogiCal development of vegetable varieties
tested in greenhouSe soil beds.
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TABLE 9 : Freshweight yields and cultivation densities of
vegetable varieties tested in hydroponic culture.

DENSITY YIELD
ID# VARIETY #/m2 kg/m2

43
44
45

46

47
48
49
5 0
51
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
6 0
61
6 2
6 3
6 4

6 5

6 6
6 7

CHINESE Jade Pagoda
CABBAGE Hybrid China King

Pe Tsai

KALE Tail  Scotch Curled

LETTUCE New York # 12
Grand Rapids
Gr Rap Dark Green
Gr Rap Dark Green
Gr Rap Tip Burn Tolerant
Green Ice
Green Ice
Prizehead
Ruby Red
Ruby Red
Red Sai 1s
Red Sai  Is
Salad Bowl
Simpson
Black Seeded Simpson
Slobolt
Paris White Cos
Waldmann’s Dark Green Ml

SPINACH Melody

Swiss Fordhook Giant
CHARD Burgundy Crimson

4 0
4 0
4 0

5 0

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

60

60
60

4.80
1.04
0.96

2.50

4.94
5.67
8.34
2.20
2.78
4.42
1.42
2.21
5.71
1.86
5.05
5.08
7.03
6.00
2.69
2.07
5.99
1.55

0 . 6 8

.-
--
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TABLE 10 : F r e s h w e i g h t  yieIds and cultivation densities
of vegetable varieties tested in outdoor
cold frames.

DENSITY YIELD
ID# VARIETY #/m2 kg/m2

68
69
70
71
72
73
74
75
76
77
70
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101

BEET

CHINESE
CABBAGE

KALE

LETTUCE

ONION
POTATO
RADISH

SPINACH

Detroit Dark Red
Ruby Queen
L i t t l e  E g y p t
Early Red Bal 1
Baby Badger
Jade Pagoda
Hybrid China King
Pe Tsai
Springtime
Two Seasons
Chihi i i
Dwarf Scotch
Tall  Scotch Curled
Grand Rapids Dark Green
Green Ice
Ruby Red
Red Sails
Salad Bowl
Black Seeded Simpson
Slobolt
Multipl iers
C h i e f t a i n
Cherrybel le
Early Scarlett Globe
Champion
Comet
French BreaKfast
Snowbel Ie
Saxa
Sparkler White Tip
Cold Resistant Savoy

60
60
60
60
60
4 0
4 0
4 0
4 0
4 0
4 0
6 0
6 0
6 0
6 0
6 0
6 0
6 0
6 0
6 0

120
10

2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0

6 0

0 . 4 9
0 . 6 8
0 . 6 1
0 . 5 0
0 . 6 5
2 . 5 0
2 . 3 8
2 . 6 8
3 . 0 4
2 . 3 1
0 . 9 1
0 . 5 3
0 . 5 6
0 . 5 6
0 . 4 9
0 . 4 6
0 . 6 4
--

1.01
0.42
3.30
--

3.14
1.27
2.52
2.42
2.62
2.90
2.62
2.26
1.34

Long Standing Bloomsdale 60 1.41
Melody 60 1.24
Tyee 60 1.38

72



FIGURE 19 : Phonological development of vegetable varietie8
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FIGURE 20 : phonological development of vegetable varieties
tested in outdoor cold frames.
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BEET

Beets were grown primarily for their leaves which make
nutritious salad greens in the summer season. Detroit Dark
Red beets (3) planted in greenhouse soil beds produced
large leaves of good flavour and medium-sized roots with
combined y ie lds  averaging 6.t7 kg/m2 (Photo 16). This f igure
is over 6 t imes greater than southern f ield crop estimates
( 1 . 0  kg/m2, Resh,  ~985). An average of 6 crops of beet tops
may be produced annually. The cu l t ivat ion  o f  L i t t le  Egypt
was not successful in 1986.

In contrast to the greenhouse, all  beets grown in outdoor
cold frames (68-72) were slow-growing and produced
i n s i g n i f i c a n t  y i e l d s . Previous success with outdoor
cul t ivat ion  of  beets  in  Rankin  In let  where  y ie lds  for  Detro i t
Dark Red averaged 6.8 kg/m2, suggests that the poor 1986
=ma=in Pond Inlet was responsible for low yields.

The production of beets may be considered for northern soi I-
based greenhouses and cold frames but production levels
should be dictated by market demand as exposure to this
vegetable (particularly the use of greens) has been minimal.
The use of transplants is strongly reconwnended to  improve
yields in outdoor cold frames.

CARROT

The carrot  var iet ies  Touchon  (5) and Golden Ball  (6)  were
slow to germinate and develop in the greenhouse soil bed due
mainly to inadequate spacing and shading by neighboring
plants . Roots at harvest were small and well below
marketable size although the m!niature varietY Golden Bal 1
is usually easi ly grown in shallow soils.

Despite the lack of success in 1986, the conunercial
production of carrots should not be discouraged before
additional tr ials are conducted since carrots have an
establ ished popular i ty  in  the north  and represent  il~ of the
current vegetable consumption in Pond Inlet. Their iow
retail  value and good storage potential  better suit them to
outdoor  co ld  f rame cul t ivat ion  and future  t r ia ls  should
examine growth in these conditions.
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PHOTO 12 : Tomatoes, variety Tiny ~m, ripening on vine
in greenhouse. November, 1986 ( top  le f t ) .

PHOTO 13 : Cucumbers, variety Pot Luck, growing in——
hanging p lanter  ( r ight ) .

PHOTO 14 : Green Bush Beans, variety Strike, on display.
(bottom left)
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CHINESE CABBAGE

Chinese cabbage was successfully grown in all systems
tested. This cool weather crop is particularly suited to
outdoor  cul ture  in  the arct ic , and cold frame yields were the
highest of al l  8 vegetables tested outdoors. Springtime
(76), Pe-Tsai (75) and Jade Pagoda (73) were the most
product ive  var iet ies in the cold frames, yielding between
2.38 and 2.68 kg/m2. These values are only 16X of yields
obtained in Rankin Inlet (16.8 kg/m2) and should  increase
substant ia l ly  in  better  seasons.

Inside the greenhouse, Jade Pagoda (7,43) was grown in the
summer in both soil and NFT hydroponic beds. Yields were
much greater than those in outdoor facil it ies, averaging
9.44 and 4.80 kg/m2 respectively (Photo 15).  Maturation t ime
of plants in NFT beds (19 days post transplant) was only half
of that for plants in soil  beds (38 days post transplant).
Plants adapted easily to hydroponic culture, producing large
root mats and sturdy shoots, and in all growing beds produced
crispy succulent shoots with a sweet flavour. This new
variety proved to be a favourite of local residents.

Attempts to grow chinese cabbage in the fall (China King
(44),  Pe-tsai (45))  were unsuccessful due to an infestation
of aphids and further tr ials would be necessary to assess
per formance under  ar t i f ic ia l  iighting. The spring and summer
cultivation of this fast-growing crop is highiy r e c o m m e n d e d
for both indoor and outdoor conditions.

Although there has been no exposure to this vegetabie in
northern conununities, i t s  s i m i l a r i t y  t o  iettuce in fiavour
and usage shouid heip accelerate its acceptance as a stapie
vegetabie.

CUCUMBER

The testing of cucumbers was i imited to two varieties grown
in soi i-fi i led containers. Pot Luck (8,9) is a smaii b u s h——
hybrid which produced sturdy 40-70 cm vines with a high
degree  o f  fiowering and a steady suppiy of fruits over a 4-
month period. The cucumbers were 15-20 cm iong, crispy and
of  except ional  fiavour (Photo 13). Pi  ants of this variety
a i so  responded  weli to winter conditions but fiowered iess.

Yieids of Pot Luck averaged 14.85 kg/m2 for the summer crop
and 11.88 Wm=or the winter croP (harvest  incomplete) .
Assuming an average of 2 crops Per year, the annuai yieid
can be estimated at 29 kg/m2 or comparable to the Canadian
average of 27 kg/m2 (Statistics Canada, 1977).
The growth of the variety Bush Crop (10) proved unsuccessful
in 1986 due primariiy to an unfavourabie iocation beside the
giazing.

76 ,



Cucumber production is highly reconunended on a year-round
basis for northern greenhouses. The plant’s vertical growth habit
provides a high yield per unit of growing area and the long
crop season reduces Iabour requirements. Cucumbers are
currently being successful IY produced under hydroponic
culture in many southern regions and this possibi l ity should
be thoroughly investigated and considered for future
northern  pro jects .

KALE (Borecole)

Kale was not a very successful crop in 1986. Plants grown
from seed in the outdoor cold frames (79-80) produced
negl ig ib le  y ie lds  (0 .53 -0 .56  kg/m2), a l though cold  f rame
yie lds  of  ka le  averaged 7 .5  kg/m2 in RanKin  In let  (1982) .

Overall  productivity and Performance increased inside the
greenhouse where kale was grown in soil  and hydroponic
culture (Photo 15). Y ie lds  were  greatest  for  Tall Scotch
Curled (13,46) which averaged 4.06 kg/m2 (38 days post
transplant) in soil  and 2.50 kg/m2 (30 days post  t ransplant )
in the NFT hydroponic beds in the sununer season. Growth was
slower and yields greatly reduced in the fal l  and winter
(2.47 kg/m2) when light leVelS decreased but plants adapted
wel l  to  a l l  condi t ions . Yields of Dwarf Scotch (11,12) were
lower  (0 .70 -1 .72  kg/m2) and plants adapted less favourabiy
to greenhouse conditions.

Kale is a member of the cabbage family that has received
i ittle exposure in northern conmnunities. Its flavour and
methods of preparation are similar to cabbage and it  requires
a shorter season to mature. The production potential  of
this cultivar will hinge uPon consumer acceptance and market
value. For the present, a l imited seasonal production in
outdoor cold frame gardens is recommended to increase the
local exposure to this nutrit ious vegetable.

KOHLRABI

Kohl rab i  l ike  ka le , is well  suited to northern regions
and the variety Early White Vienna has been successful IY
grown outdoors in Rankin Inlet where yields averaged 8 kg/m2.
In sunmner 1986, kohlrabi was grown primari ly for its edible
cabbage-1 ike leaves. Growth was slow however, and yields of
E a r l y White Vienna (15) were only 4.12 kg/m2 after 52 days
in the greenhouse soil beds.
As a  resul t , th is  var iety  can only  be  reconunended  for
I imited outdoor production in cold frames until consumer
demand and market value can be more adequately assessed.
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LETTUCE

Lettuce was the most thoroughly tested greenhouse crop in
1986. Emphasis was placed primarily on leaf varieties as
opposed to head lettuce because of their more rapid growth
and greater ease of production.

[A] Cold Frame Gardens

All  varieties of leaf lettuce (81–87) grown from seed in
outdoor beds were completely unsuccessful due to
unfavorable  growth condi t ions . BlacK  Seeded Simpson (86)
was the hardiest and most productive of the 7 varieties
testeci, with very low yields of 1.0 Kg/m2 (Photo  20) .  Other
plants were very small and not marketable. Under more
favorable  condi t ions  in  1982, let tuce product iv i ty  in
Rankin  Inlet cold frames reached 9 kg/m2 for Grand Rapids.

[B] Greenhouse Soil Beds

Le t tuce  g rown  i n  soil beds did well in sunvner t r ia ls .  Y ie lds
of Grand Rapids (18) and Simpson (20), harvested 34 and 25
days af ter  t ransplant , averaged 6.78 and 6.42 kg/m2
r e s p e c t i v e l y , and were the highest of the 4 varieties
tested. Plant shoots were tal l  with no tip burn evident or
bitterness in taste (Photos 15,16).  Yields of Black Seeded
Simpson (21) and White Cos (23) were lower averaging 4.08
and 3.56 kg/m2 respectively over a 2-month cultivation
period from transplant to harvest.
All  lettuce plants grown in the Sumner began bol t ing  af ter
4-6 weeKs and were harvested at that time. This reduced the
length of the cultivation period and therefore the potential
p r o d u c t i v i t y  o f  p l a n t s .

Fall lettuce crops grew more slowly and yields were lower
than in suimner t r ia ls  part ia l ly  due to  an  aphid  in festat ion
which necessitated an early harvest. The most successful
variety tested at this t ime was the Bibb type Buttercrunch
with a freshweight of 4.56 kg/m2 (60 days post transplant).
Plants of New York ~, Ruby Red and Slobolt demonstrated——
poor growth in the fal l  and are not reconunended.

[C] Greenhouse Hydroponic Beds

Most of the lettuce grown in 1986 was produced in the NFT
hydroponic bed where a total of 16 varieties were tested
over 3 seasons (Figure 19). In  the  f i rst  trial i n  June ,
Simpson (60) and Grand Rapids (48) varieties performed
exceptionally well  yielding 6.00 and 5.76 kg/m2 r e s p e c t i v e l y
in only 3 weeks of hydroponic growth. Some shoots began
bolting to seed in response to the high daytime temperatures
experienced on sunny days.
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A  s e c o n d  t r i a l  c o n d u c t e d  i n  J u l y  a n d  A u g u s t  c o m p a r e d  t h e
s u i t a b i l i t y  a n d  p r o d u c t i v i t y  o f  8  v a r i e t i e s  o f  l e a f  l e t t u c e
( P h o t o  1 7 ) . T h e  p e r f o r m a n c e  o f  t h e  r o m a i n e  v a r i e t y  P a r i s
W h i t e  C o s  ( 6 3 )  ( 5 . 9 9  kg/m2) ( P h o t o  1 8 ) ,  b o t h  r e d  l e a f
v a r i e t i e s ,  R u b y  R e d  ( 5 5 )  ( 5 . 7 1  kg\m2) a n d  R e d  S a i l s  ( 5 7 )
( 5 . 0 5  kg\m2), an~reen l e a f  v a r i e t i e s  Gra~Rapids D a r k
G r e e n  ( 4 9 )  ( 8 . 3 4  kg\m2) a n d  S a l a d  B o w l  ( 5 9 )  (7.03kg/m2)
was outstanding. The other varieties tested may have grown
better in less crowded conditions.

As in the soil beds, lettuce performance decreased in the
fal l  and winter hydroponic tr ials.  Growth was reduced in
response to poor l ighting conditions and inadequate
venti lation. The most successful varieties in those seasons
were Red Sails (58) yielding 5.08 kg/m2, New York *2 (47)——
at 4.~kg/m2 and Grand Rapids ~ Burn Tolerant (51) at
2.78 kg/m2. V a r i e t i e s  o f  SIobolt (62), Waldmann’s D a r k
Green Ml (64) and Prizehead (54) were unsuccessful at this
t i m e .  —

in sununary,  lettuce is well  suited to hydroponic and soil
culture and may be strongly recommended for year-round
product ion. An estimated 6-7 crops could be produced
annually in the greenhouse if  seedling transplants are used
(possibly more in hydroponic culture).

GREEN ONION

Green onions were easily grown from sets in both greenhouse
and cold frame soil beds over a 6 week period in the sununer
season. Both Dutch sets (24) and multipl ier (25,88) onions
were grown. Y i e l d s  o f  m u l t i p l i e r s  w e r e  s i m i l a r  i n  Soil beds,

averaging 3 .00 kg/m2 inside and 3.30 kg/m2 outside the
greenhouse (Photos 16 and 20).

The production of regular onions was not investigated but
should be addressed by future projects as this vegetable
current ly  represents  21X of imported produce in the
community.

SNAP PEA (Edible-Podded)

P e a s  w e r e  t e s t e d  a s  b o r d e r  p l a n t s  t o  u t i  I  i z e  s o m e  o f  t h e
w a l l  s p a c e  i n  t h e  g r e e n h o u s e .  P l a n t s  o f  D w a r f  M e l t i n g S u g a r
( 2 6 , 2 7 )  a n d  L i t t l e  S w e e t i e  ( 2 8 )  g r e w  v e r y  s l o w l y  i n  sunnner
t r i a l s  a n d  P r o d u c e d  v e r y  l o w  y i e l d s . T h i s  v e g e t a b l e  i s  o f
I ittle i m p o r t a n c e  i n  t h e  n o r t h e r n  market a n d  i s  n o t
recofwnended for indoor or outdoor production.
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PHOTO 17 :

Leaf  let tuce var iet ies  i n
NFT hydroponic  bed ( le f t ) .
(L-R) Salad Bowl; Grand
Rapids DarK Green; Ruby
Red; Paris White Cos;
Slobolt; Green Ice;
Red Sai 1s.

PHOTO 18 :

Romaine lettuce var.  Paris
White  Cos growing in NFT
hydroponic  gutter .  P last ic
cover  is  l i f ted  to  d isp lay
root mat extending from
the Jiffy 9 peat pel let.
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PHOTO 19 :

H o r t i c u l t u r a l  t r a i n e e
Asenath PitseolaK
displaYin9 radishes
grown in outdoor cold
frames.

PHOTO 20 :

Outdoor cold frame.
August ,  t986.
( L e f t  t o  r i g h t )
Lettuce Grand Rapids
Dark Green; Ruby Red;
Green Ice; Black—  .
Seeded Simpson and
multipl ier onions.
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GREEN PEPPER

Only one variety of sweet pepper, Superset (29) was tested
in containers in 1986. Data was not suff icient to adequately
assess the performance and productivity of this vegetable
but as green peppers are in demand in northern markets,
additonal t e s t i n g  i s  recorrmnended.

POTATO

The outdoor growth of potatoes in uncovered 45 gallon drum
halves was not successful in 1986. A late snowmelt  and
1 ingering frost delayed the planting of tubers by almost 3
weeks. Potatoes responded unfavorably to the damp, cool and
overcast conditions, taking almost one month to produce
above-ground shoots. An examination of plants at the end of
August revealed no appreciable development of tubers and the
tr ia l  was considered a  fa i lure .

Despi te  th is , the  potent ia l  for  outdoor  arct ic  cu l t ivat ion
of potatoes has been demonstrated in trials conducted by the
University of Toronto at Alexandra Fiord in 1982-84
(Bergsma, f986). Yields of potatoes grown on the tundra
under fabrene domes averaged 4.53 kg/m2 over 3 seasons, or
just over 300 g per plant. Annual averages f luctuated
between 200 and 375 g per plant which clearly illustrates
the differences in yield which may be expected from season
to season.

The seasonal cultivation of potatoes in large-scale outdoor
facil it ies should be considered if  economically viable.

RADISH

All  radish varieties tested in outdoor cold frames matured
successfully despite the poor conditions. Radishes produced
large, juicy and crispy roots in just over 1 month from seed
(Photo i9). Shoots showed no signs of bolting. The best
quality and productivity were observed in the red-skinned
var iet ies  Cherrybel ie  (90)  and Saxa (96)  and in the  w h i t e
radish Snowbelle (95). Aiso of good qual ity were French
Breakfast  (94) , Comet (93) and Champion (92). Yields of
these 6 varieties ranged from 2.42 to 3.14 kg/m2 (approx.
240 units/m2) which compared favorably with averages
o b t a i n e d  i n  Rankin Inlet [3.0 kg/m2).

Radishes grown indoors tended to bolt rapidly to seed before
any substantial root production had occurred.
This vegetable is highly reconunended for outdoor production
durin9 the summer months but is not a suitable candidate for
indoor production.
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SPINACH

Spinach plants are well suited to cool weather growing
conditions and rapidly bolt in elevated greenhouse
temperatures. All  varieties tested in the greenhouse in
summer began flowering before any substantial leaf mass was
accumulated. P lants  o f  Melody (65) adapted well, however,
to hydroponic culture, developing an adequate root mass and
maintaining a healthy appearance.

Ail 4 v a r i e t i e s  t e s t e d  ( C o l d  R e s i s t a n t  S a v o y ( 9 8 ) ,  L o n g
S t a n d i n g Bloomsdale  ( 9 9 ) ,  M e l o d y ( 1 0 0 )  a n d  T y e e  ( 1 0 1 ) )
p r o d u c e d  s i m i l a r  l o w  y i e l d s  i n  o u t d o o r  c o l d  f r a m e s  ( l . 2 4 -
1.41 kg/m2) but the qual ity of plants was exceptional with
th ick , juicy leaves and a very sweet fiavour. In better
years, yields of spinach may increase to over 4 kg/m2 as
demonstrated in RanKin  Inlet between 1979 and 1982.

The cultivation of spinach is highly recommended for sununer
outdoor  cu l t ivat ion . The scale of operation wil l  be dictated by
consumer demand as this vegetable has not yet been tested in
many northern conwnunities.

SWISS CHARD

Swiss chard is a heat-tolerant relative of spinach that is
more suitable for greenhouse production than its cooi-
weather cousin. The var iet ies  Fordhook Giant  (35) ,  S i lver
Giant (37) and Burgundy Crimson (36), appeared healthy but
grew slowly in the greenhouse and productivity was very low
( 2 . 1 5 - 3 . 2 2  kg/m2) consider ing  the  long per iod  (2 .4 -2 .9
months) spent in the soil beds. The attempt to grow chard in
the hydroponic bed was completely unsuccessful .
Swiss  chard  grown outdoors  in  Rankin Inlet yielded 7.6 kg/m2
over a two month growing season.

Although this vegetable is unknown to most northern
consumers, it  is a suitable cultivar fo r  a rc t i c  reg ions
and should  be considered for  fur ther  hort icu l tura l  t r ia ls
and market research.

SUM?IER  SQUASH (Zucchini)

Zucchini squash (38) was successfully grown in the
greenhouse in the summer season. Fruits were of good qual ity,
a v e r a g i n g  1 8 - 2 0  cm in length and UP to 250  g rams  each .
Growth was unfortunately I imited by overcrowding in the soil
beds and an adequate assessment of total possible production

could not be made.
Sumner squash was previously grown with success in cold
f r a m e  t r i a l s  i n  Rankin I n l e t . The cul t ivat ion  potent ia l  o f
this vegetable in less crowded outdoor facil it ies should be
assessed as a more economical alternative to greenhouse beds.
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SUMMER TURNIP

Turnips were successfully grown in the greenhouse in the
sununer season. The variety Purple ~ White Globe (39)
produced large white roots averaging 235 grams in the soil
bed. Overal I , plants produced a high average freshweight of
8 .93  kg/m2 (Photo 21). An attempt to grow turnips in the
fal l  months fai led as a result  of  low l ight levels and loss
of  p lants  to  aphid  in festat ion .

Although most northerners are fami I iar with turnip roots,
the large f leshy leaves are also delicious as a c o o k e d
v e g e t a b l e . T u r n i p s  a r e  h i g h l y  r e c o m m e n d e d  f o r  p roduc t ion  i n
both indoor and outdoor gardens. The production of the
winter swede turnip or rutabega should also be considered
for sununer p roduct ion . This vegetable is frost hardy and
I iKe potatoes, may be stored for use during the winter
months.

TOMATO

A number of tomato varieties were tested in the greenhouse
throughout the year. In the sununer, the mid-sized Sub Arctic
Maxi (40),  a determinate bush type, was tested in soil  beds
with  the  conta iner  var iety  Pat io  (40) .  The smal l  f ru i ted
Toy BOY (42) was grown in hanging planters around the
greenhouse.

Plants of Sub Arctic Plaxi (41) grew very well, producing
large quantit ies of f lowers and a continuous supply of 40 to
60 mm diameter fruits over a period of 2 months in September
and October. Total yields of this variety were 13.02 kg/m2
or an average of 1.3 kg/plant. These yields compare
favorably with greenhouse averages of 12.8 kg/m2/crop
published by Statistics Canada (1977).

T o y  BOY plants (42) benefitted from increased direct
sunl ight and warmer air temperatures at the level of the
hanging planters. Fruits of this variety were of exceptional
qual ity averaging 505 grams/plant or 7.07 kg/m2 over a 3
month harvest season (September to November). Both of these
varieties were exposed to a wide range of summer, f a l l  a n d
winter  condi t ions  and can be st rongly  reconwnended for year-
round cul t ivat ion  by  future  pro jects .

The variety Patio (49) received l imited space and l ighting
in the summer months and as a result developed slowly. In
September the plants were relocated to hanging planters
where they quickly began flowering and fruiting. By the end
of November, Pi antS had produced an average of 456 grams of
tomatoes per Plant and were sti l l  in ful l  production.
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In addition to the above trials,  7 varieties of tomato were
initiated from seed at the end of June and were subsequently
transplanted into soil  beds and boxes for growth during the
winter months. All  responded well  to winter conditions in
the greenhouse, particularly those grown closer to the l ight
source in hanging planters.

G o o d  growth was noted for the medium-s:zed varieties
Burpee’s Pixie Hybrid (which produced an average of 595
9/Plant by December 1), the small - fruited Toy Boy (404
9/Plant by Dec. 1) ,  the  fu l l -s i zed  Vendor  VFT (t660 g /p lan t )
and the cherry variety Tiny Tim (228 g/plant by Dec. 1)
(Photo 12).
The lack of adequate venti lation in the winterized
greenhouse did result in some flower and fruit  deformation
and cracked skins.

The overall high performance and productivity of the tomato
crops tested in 1986 is encouraging for future developments.
Tomatoes are an important Part of the current vegetable
market in northern conwnunities and their production is
highly recommended on a year-round basis.

4-2-4 SUMMARY OF HORTICULTURAL RESEARCH

A tota l  o f  65  var iet ies  of  18  d i f ferent  vegetable  cultivars
were tested over 3 seasons in the Pond Inlet greenhouse and
cold frame gardens. These may be divided into a number of
groups accord ing to  the i r  hort icu l tura l  potent ia l  for  use in
future  northern  pro jects .

[1] Successful in Greenhouse

- Cucumber,  tomato and lettuce varieties were successfully
grown in greenhouse trials over all 3 seasons and are
reconmnended as primary candidates for year-round
c u l t i v a t i o n .

Seasonal (summer, possibly spring) cult ivation of bush
beans, beets, chinese cabbage and turnips was also
demonstrated to be horticulturallY viable.  Greenhouse
cul t ivat ion  of  these convent ional  f ie ld  crops resul ted
in increased yields 2.5 to 6 t imes over southern f ield
estimates!
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2] Limited Success in Greenhouse

-  V a r i e t i e s  o f  c a r r o t ,  k a l e ,  k o h l r a b i ,  s p i n a c h ,  swiss
chard and zucchini demonstrated inadequate growth and
productivity in the greenhouse and cannot be recommended
as potential indoor cultivars.

- They should however, be considered for outdoor
cultivation as previous studies have demonstrated
considerable potential  for production in cold frames
(Romer,  unpubl ished; Bergsma,  1986) .

[3]  Cold Frame Cultivation

- Only onion sets and radishes were completely successful
in cold frames in 1986. The remaining varieties suffered
from suboptlmal temperature and l ight conditions.

-  Al l  vegetable varieties tested in 1986 (except tomato,
cucumber and green pepper) have been successfully
produced under cold frame conditions in Rankin Inlet and
Alexandra Fiord and should be considered for future
p ro jec ts .

RECOMMENDATIONS

(A)

(B)

( c )

T h e  h o r t i c u l t u r a l  f e a s i b i l i t y of a number of
important crops including cabbage, caul i flower,
carrots and onions remains to be determined. These
cultivars represent a substantial component of the
current market and merit a thorough investigation ,
p a r t i c u l a r l y  i n  o u t d o o r  f a c i l i t i e s .

Market studies must be undertaken for newly-introduced
var iet ies  demonstrat ing  hort icu l tura l  viabil ity under
northern  condi t ions . Vegetables including kale,
kohlrabi , chinese cabbage, beet tops, zucchini,
spinach and swiss chard may be grown seasonal IY

in cold frames and gradually introduced to local
markets for evaluation and trial  by consumers.

A conunercial viabil ity and cost  benef i t  analys is
should be done with all successful cuitivars
(section 5 examines 1986 trials) and comparisons
made between indoor and outdoor Production.
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4-3 EVALUATION OF GROWTH SYSTEMS

4-3-1 SOIL BEDS

[Al Soi l  Mixture

The local soil  mixture developed for the growth tr ials was
suitable as a medium for vegetable production. The mixture
retained adequate moisture without becoming waterlogged.
Soil beds with mature plants required a thorough soaking
3 to 4 times per week in sununer and once or twice per week
in the winter. Some algal growth was detected on the SOII.
s u r f a c e  i n  t h e  f a l l  a n d  w i n t e r  d u e  i n  p a r t  t o  i n a d e q u a t e  a i r
c i r c u l a t i o n .

TABLE 11 : Nutrient and PH analysis of local soil components
and f inal mixture used in 1986 trials.
(Parts per mill ion in 2:1 water media extract)
(BDL = Below detectable levels of procedure)

ORGANIC FINE 1:1 SUFF.
PEAT SAND MIXTURE RANGE

PH Level 5 . 8 7 . 7 6 . 0 5 . 5 - 6 . 9

NITROGEN

Anmnonium 0 . 8 0.1 0 . 6 0 - 20

N i t r a t e 96 1 49 35 - 180

N i t r i t e BDL BDL BDL - - -

PHOSPHOROUS 0 0 0 5 - 50

POTASSIUM 10 6 7 35 - 300

SODIUM 40 6 25 0 – 30

CALCIUM 115 18 56 60 -  400

MAGNESIUM 59 BDL 26 30 - 200

Analysis conducted by Soils and Animal Nutrition
Laboratory,  Alberta Department of Agriculture
Edmonton, Alberta
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The nutrient content of the local soil  mixture was
inadequate to support growth without the addition of
ferti I izers. This is supported by the results of a nutrient
analysis presented in Table 11.

Levels  o f  N i t rogen are  low,  part icu lar ly  as  Anmnonium (0.6
ppm) and Nitr ite ions (below detectable levels).  Some
Nitrate was detected in the peat and this may eventually be
broken down by bacterial action and contribute to plant
n u t r i t i o n . Levels of the two other essential  macronutrients
Potassium (7 ppm) and Phosphorous (O Ppm) were also very low
and well  below suff icient levels.

Nutrient levels were considerably higher in the peat than in
the sand component of the mixture. The pH of the mixture
(an acceptable 6.0) was a balance between the mildly acidic
organic peat (5.8) and the alkaline sand substrate (7.7).

The regular  addi t ion  of  chemical  fer t i l i zers  at  var ious
strengths depending on the plant variety and stage of
development provided the vegetables with an adequate supply
of missing n u t r i e n t s .

[B] O u t d o o r  G a r d e n s

The outdoor growth facil it ies developed in Pond Inlet cannot
be fairly assessed due to the uncharacterist ical Iy poor
growing season experienced in 1986. The design of the cold
frames used, however, was successful  IY tested over a five-
year period in Rankin Inlet and proved very effective for
the sunwner production of vegetables on a small scale
(Romer,  unpubi ished).

The cold frames are sturdy and effectively resist winds to
prov ide protect ion  for  p lants . The frames are easi Iy covered
with plastic in the spring to permit rapid set-up. The cover
shelters the tender seedl ings from damaging rain and wind
and retains warmth to enhance the plant’s microcl imate.

The igloo tents described in Section 2 were not set up in
1986 due to a lack of available soil  resources in the
spring. The igloo design for northern greenhouses is
effective as it  optimizes solar input to the growing areas
at al l  t imes of day. For more information concerning the
design and microclimate of these structures, refer to
Bergsma  (1986) .

The 45 gallon drums provide easily available,  no-cost
containers when cut in half , fOr growing cool-weather crops
outdoors. They have been successfully used in previous
northern  t r ia ls  both  as  p lant  conta iners  (Romer, 1983) and
as heat storage mass (Webb, 1977).
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4-3-2 NFT HYDROPONIC BED

The NFT hydroponic bed designed for the Pond Inlet
greenhouse was modified many times in the course of the 1986
trial  season. The bed, as described in Section 2, is the
final product of these alterations and its success is
reflected in the performance and productivity of tested
lettuce crops.

The system of seed init iation using Jiffy 9 peat pellets
proved very successful and could be efficiently used on a
large or small  scale. The pellets were easily inserted and
removed from the gutters to permit rapid changeover of crops
and cleaning of the system. The entire NFT system was, in
f a c t , easi Iy disassembled for easy repairs, replacement of
parts and cleaning.

The black plastic covers performed a dual function in the
operation of the NFT system. Their primary function was to
prevent l ight from reaching the roots and nutrient solution.
On sunny days, however, the plastic absorbed solar radiation
thus warming the nutrient solution and enhancing conditions
at the root zone.

There were a number of l imitations identif ied with the
system during the course of the year :

[1)

[2]

[3)

The small  size of the gutters and lack of vertical
supports restricted use of the system to small  self-
supporting vegetables. Cultivation of tomatoes and
cucumbers would require larger channels for their
greater root mass and some system of stakes or nets
to  support  the  p lants  for  e f f ic ient  vert ica l  growth.

The fixed spacing between gutters (rows) became
insuff icient for some varieties tested as they reached
matur i ty . This problem could be al leviated in future
designs by incorporating a system of adjustable
gutters where spacing could be increased as plants
grow.

The use of rounded gutters resulted in progressive
damning of nutrient solution as plant root mats
developed and blocked flow. This may be rectified by
using f lat gutters which have greater space for
nutr ient  f low.

The NFT hydroponic bed designed for use in Pond Inlet was
most effective as a system for lettuce production.
This form of hydroponic culture may have important economic
benefits in terms of reducing Iabour and energy costs.  This
is discussed in Section 4-3-4.
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4-3-3 GRAVEL HYDROPONIC BED

In contrast to the NFT water culture bed, the gravel culture
demonstrated only l imited success in 1986. Plants g r o w n  i n

the beds performed very PoorlY, developing verY few roots
and accumulating I ittle biomass over long periods of time.
The problem was mainly attributed to a faulty design in the
water del i very system. Most conventional gravel culture
s y s t e m s  util ize a sub-irrigation system. Water floods the
growing beds to within several inches of the surface, then
drains back to the reservoir. Th is  type Of  SyStem,  however)
requires a considerable cost investment in terms of t imers
and valves ( in addition to the pump).

A less expensive system was designed in 1985 for Pond Inlet
us ing  a  t r ick le  feed de l ivery .  in  th is  des ign ,  water  f rom
the reservoir is continuously fed to the plants by the
tr ick l ing  of  nutr ient  f rom a  per forated ‘ooze”  tube.  A
number of problems were soon diagnosed.

1. The pump chosen for the system could not apply
sufficient pressure to the hose to permit equal
d ist r ibut ion  of  water  a long i ts  ent i re  length.

2. The medium used (Haydite) had a tendency to fracture
and produce a fine si It which circulated through the
system and resulted in the gradual plugging of
delivery holes in the hose.

Despite attempts to modify the system, the performance of
plants did not improve. The conversion from trickle feed to
sub-irr igation would not have been practical so the beds
were converted to NFT hydroponics in the winter.

O t h e r  d i s a d v a n t a g e s  a s s o c i a t e d  w i t h  t h e  u s e  o f  g r a v e l
s u b s t r a t e  i n c l u d e :

-  d i f f i c u l t i e s  i n  s t e r i l i z i n g  a n d  c l e a n i n g  o f  t h e
medium after crop harvest and before replanting

– accumulation of salts in the medium
-  d i f f icu l t ies  in  contro l l ing  a lga l  growth caused by

high humidity and nutrient levels.

Addi t ional  t r ia ls  in  gravel  or  sand cul ture  hydropon
would be required to adequately assess its potential
production system for the north. Future studies ahou

Cs
as a
d

inc lude an invest igat ion  of  local  substrates  (sand,  gravel ,
peat )  s ince importat ion  of  cofmnercial  mater ia ls  s u c h  a s
Haydite i s  e x p e n s i v e  a n d  U n e c o n o m i c a l .
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4-3-4 COMPARISON OF SOILLESS HYDROPONIC CULTURE
WITH CONVENTIONAL SOIL CULTURE

[A) Start-up Costs

T h e  u s e  of soii is cost effective and Iabour i n t e n s i v e  w h e n
local resources are available.  A cubic meter of soil  can be
processed in one man-day and provides an effective growing
area of 3 m2. The materials required for the growing bed may
be found locally or purchased (equivalent to 2 sheets of
plywood) .

SOIL : s o i l  d e l i v e r y 10.00 (1 /4  load)
processing 80.00 (man-day)
frame 100.00 (materials & assembly)

&

TOTAL COST $190.00

The start-up cost of an equivalent area of NFT hyd ropon ics
similar to that designed for Pond Inlet is almost double and
may be sununarlzed as fol lows:

NFT
HYDROPONICS : frame (as above) 100.00

gut te rs 100.00
pump 5 0 . 0 0
p l a s t i c ,  f i l t e r s
tubing etc. 2 0 . 0 0
Iabour (day) 80.00

TOTAL COST $ 3 5 0 . 0 0

In addition, the assembly of hydroponic systems generally
requires more skil led labour than for soil  systems which
further  contr ibutes  to  an increased start -up  cost .
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[B] Operating Benefits

Although init ial  capital  costs are more expensive,
hydroponic systems offer a number of advantages over soi I
based systems.

(1)

The

Maintenance of System

NFT hydroponic system is easily cleaned and steril ized
between crops. Gutters and reservoir may be disassembled and
cleaned with bleach or Hydrochloric Acid to el iminate
undesirable pathogens.

Soi l  cu l ture  ster i l i zat ion  is  a  cost ly  and lengthy  labour-
intensive procedure often taKing weeks and involving the
use of steam and/or chemical fumigants.

(2) P e s t  C o n t r o l

Hydroponic culture reduces the occurrence of soi l-borne
pathogens and pests which would require costly chemicals and
careful crop rotation techniques to control.  Some forms of
pathogens may, however, be spread more rapidly in hydroponic
culture and be more diff icult  to isolate. A water-borne
infection may circulate through the entire system in less
than an hour to contaminate the entire c r o p .

(3 )  P lant  Nutr i t ion

Hydroponic systems may be ful IY automated and as a result,
solution nutrient and acidity (PH) levels may be control led
more precisely to provide optimum growing conditions for
p l a n t s . The continuous circulation of nutrients ensures that
all plants receive equal and adequate amounts.

In  contrast ,  p lant  nutr i t ion in soi l  systems is highly
v a r i a b l e . Concentrations of nutrients vary between areas and
local ized deficiencies are often present but cannot be easi ly
detected. Much of the fertil izer appl ied to soil beds drains
out of the system and is not available to plants.

(4) Water Conservation

Water conservation is an Important consideration in the
A r c t i c , particularly in conununities where exist ing  resources
are  a l ready l imi ted . Soil systems require 2 to 3 times the
volume of water as a similar area of hydroponic bed. Much of
the water applied to soil  beds is lost to percolation and
evaporation and plants may be subjected to periods of water
st ress  which af fects  product iv i ty .
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Water culture el iminates water stress and may be ful IY
automated to reduce Iabour costs. A Power failure, or
i m b a l a n c e  i n  t h e  n u t r i e n t  l e v e l s  may? however?  result  in
the loss of the entire crop, a disaster unl ikely to occur
in soi l  systems.

(5) Energy Conservation and Productivity

Water culture may contribute signif icantly to energy conser-
vation and increased production of vegetables in greenhouses.
Studies have shown that nighttime air temperatures may be
reduced by UP to \O C without signif icant decreases in yield
prov ided the nutr ient  so lut ion  IS hea ted .

T w o  h y d r o p o n i c  s t u d i e s i n  S o u t h e r n  O n t a r i o  h a v e  d e m o n s t r a t e d
that a 40-50X savings in ener9Y costs
reducing nighttime temperatures in NF-

1982; Inmarint, 1 9 8 4 ) .  I n  a d d i t i o n ,  Y

5  C  ( n i g h t  a i r  T  C )  w e r e  15X g r e a t e r
u n h e a t e d  s y s t e m s  ( C o o p e r , 1979) .

may be real ized by
greenhouses (Mueller,

elds of crops grown at
n heated versus

The nutrient solution may be heated passively by means of a
so lar  COI Iector or by the circulation of waste heat through
coi ls  in  the  reservo i r . Supplementary heat may be provided
by an immersion heater.

(6)  Processing

Hydroponic culture produces a cleaner croP, free of sand
and dirt, which makes it more attractive and easier to
prepare by the consumer.

( 7 )  P r o d u c t i v i t y

Studies have demonstrated that yields of hydroponical ly-
grown produce are signif icantly higher than those of soil-
cultured produce. Greenhouse tomatoes grown in hydroponic
culture averaged 8-9 kg/year/Plant or 20-150 X greater than
soi l-grown crops which averaged 3.6 - 6.8 kg/year/plant
(Resh, 1985 ) . The use of NFT over peat bag hydroponic
culture further increased yields by 26 X.

In Pond Inlet, the productivity of lettuce, kale and chinese
cabbage was compared between NFT hydroponic and soil cuiture
beds. The results are presented in Table 12.
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TABLE 12: Comparison of freshweight yields of vegetables
grown in soil  versus hydroponic culture.

VARIETY
YIELD PERCENT

CULTURE (kg/m2/month) DIFF.

Chinese cabbage soi 1 7.87
Jade Pagoda NFT 8.00 - 2X

Kale SOi I 3.38
Tall  Scotch Curled NFT 2.99 -  13X

Lettuce soi 1 6 .16
Grand Rapids NFT 9.60 + 56X

Lettuce soi I 1.27
Ruby Red NFT 3.37 +  165X

Lettuce soi I 8 .03
Simpson NFT 1 0 . 0 0 +  25Z

The difference in productivity between soil  and hydroponic
culture was most clearly demonstrated with lettuce crops
tested in 1986. Yields in the NFT bed were 25 and 65  X
g r e a t e r  t h a n  i n  ad.iacent s o i l  b e d s .  I n  c o n t r a s t .  y i e l d s  o f
k a l e  w e r e  1 3  X g r e a t e r  i n  s o i l versus hydroponic beds. No
significant difference was obtained between chinese cabbage
grown in soil or hydroponic beds.

The arguments and data presented in this section tend to
favour the use of hydroponic systems in northern
greenhouses. The I imited size of this study permitted the
effective examination of only two kinds of vegetables
(lettuce and chinese cabbage) and one hydroponic system.
Future projects should investigate the performance of other
popular vegetables, particularly tomatoes, cucumbers and
peppers, and different techniques of hydroponic culture.

The use of soil  cult ivation should not be totally
d isregarded as  it rep resen ts  an integral part of summer
outdoor  cu l t ivat ion  (see Sect ion  7 -4 -2 ) .
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SECTION 5: ECONOtllC ANALYSIS

This section presents a costl benefit  analysis of the Pond
Inlet greenhouse project and examines the economics of
northern vegetable production. Section 5-t  includes a brief
discussion of capital  costs fol lowed by an analysis of the
annual and seasonal operation costs in Section 5-2.  in
Section 5-3, unit costs of locally-produced vegetables are
compared with imported produce.

5-1 CAPITAL COSTS

The exact f igures for start-up expenditures of the Pond
In let  pro ject  are  not  avai lab le  for  th is  report .  In  h is
1985 report. Peter Poole estimated that the greenhouse as
installed in July t985 (Phase 1) could be made up as a
ready-to-assembl e kit for a maximum of $10,000.

The capital investment for a northern greenhouse may be
largely determined by the length of the expected operating
period and the sophistication of the systems used. In the
greenhouse feasibil ity study conducted in Hay River
(Ferguson, 1982) it  was
a 10,000 ft2 greenhouse
for a 9-month operating
f a c i l i t y ,  d u e  p r i m a r i l y
a r t i f i c i a l  l i g h t i n g  a n d

estimated that investment levels for
would increase 200 X from $140,000
period to $290,000 for a year-round
to  the  h igh  cost  o f  insta l l ing
insulating systems.

The study estimated that a seasonally-operated (7 months)
10,000 ft2 (930 m2) greenhouse would require a capital
investment of $135,000 or $13.50/ ft2 ($145.00/m2). This
value could even double i f  l ighting and winterization
systems are included.

5-2 OPERATING COSTS

The operating costs may be broken down into  four  categor ies :
a )  e l e c t r i c a l ,  b )  h e a t i n g , c) materials and water and d)
iabour. The estimates and values discussed will only
consider operating costs with respect to a conmnercial
p ro jec t . The cost of research equipment and init ial  capital
investment wil l  not be included in this analysis.



In the fol lowing sections, the methods used to calculate
costs are given for :

(a) 1986 actual cost
(b) expected costs for future seasons

(with systems ful Iy operational)

The actual operating costs calculated for 1986 are presented
in Table 13. The estimated annual operating costs for future
years are shown in Table 14.

5-2-1 ELECTRICAL COSTS

I n  f986, power was required for the operation of 3 fans,
2 lighting systems and 2 hydroponic pumps. The monthly cost
of power for each of these uti l it ies is calculated according
to the fol lowing equation:

COST = O p e r a t i n g  x Power x $0.29 / KWhr
$/month hrs/month rating KW

[A] SOLAR COLLECTOR FAN (0.3 KW)

1986

June-Aug : Fan hours were estimated on the basis of Bright
Sunshine Hours (Fig 8) between 0900 and 1700 hrs.

June - 45 minutes/ hr Bright Sunshine
July and Aug. - 30 rein/ hr Br ight  Sunshine

Sept–Dec : Actual operating hours were recorded using Cramer
elapsed time hourmeters.

Annual

The effective operating period of the COI Iector extends f rom
March to September between 0800 and 1800 hrs when the sun is
in the southern hemisphere. The fan is expected to operate
an average of 30 minutes per hour of Bright Sunshine. (This
may be thermostatical  IY control led.) There is no accurate
means of estimating the X of Bright Sunshine Hours between
0800 and 1800 hrs but for the purposes of this report, the
fan hours wil l  be estimated at:

COLLECTOR = 50Z of Bright Sunshine Hours
FAN hours/ (monthly means 1983-85 averaged)

month (Table 2)
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[B] EXHAUST FAN (0.138 KW)

1986

The exhaust fan was installed in August and only operated
for a total of 6 weeks. Fan hours were recorded by the
hourmeter.

Annual

The effective operating period for the exhaust fan extends
from April to September when there is no insulation in the
greenhouse. The fan operates principally to cool the
greenhouse on sunny days. The operating hours are estimated
for  th is  report  to  be:

EXHAUST = 25Z of Bright Sunshine Hours
FAN hours/ (monthly means 1983-85 averaged)

month (Table 2)

[C] HEATER FAN ( 0 . 2  KW)

1986

June-Aug : Fan was switched off in June and July (except for
a cold spell July 23-27).  In August,  hours w e r e
estimated based on the number on events (ON-OFF)
per evening recorded by the thermograph chart.

Sept-Dec : Fan hours were recorded by hourmeter.

Annual

The estimation of annual operating hours for the heater fan
was calculated using Table 6 : Annual Energy Balance.

Heating requirement ❑ Greenhouse -
[KJ heat/month] heat loss
Table  6 ,  [D) [KJ/month]

[A]

Solar heat + Equipment
con t r i bu t i on heat cont.
[KJ/month] [KJ/month]

[B) [c]
I

The heat generated by the glycol heater per hour of
operation was estimated using the flow rate through the
heater and the temperature difference between incoming and
outgoing supply I ines (courtesy of Lloyd Bast, NCPC P o w e r
Engineer) .



Heat  Genera ted  (KJ/hr) by Glycol Unit Heater :

(1) Flow rate  = 2.172 ft3 / min .

(2 )  Temperature  d i f ference (ATOC) b e t w e e n  i n c o m i n g  a n d
01Jt901n9  91Ycoi l i n e s  ( w i t h  fan O N )  :

(a) May - Oct = 1.6°C
(b) Nov - Apr = 1.90C (* )

( * ) In the winter months, the glycol temperature
is raised to meet the increased heating
requirements of the hotel .

(3)  Specif ic density of glycol =  1 .0544

(4) Water generates 118.43 KJ/°C/ft3 SD = 1.0

I (5) Heat released by one cubic foot of glycol for every
1 C drop in temperature recorded :

(3) x (4) = i24.87 KJ/°C/ft3

(6) HEAT = 124.87 x AT°C X FLOW RATE x 60
GENERATED KJ/°C/ft3 (2) f t 3 / m i n rein/
by heater (5) (t) hour

(KJ/hr)

(7) HEAT GENERATED : llay-Oct = 26,034 KJ/hr of operation
BY HEATER Nov-Apr = 30,918 KJ/hr of operation

I (8) Fan hours were then calculated as follows:

HEATER FAN = Heating requirement - : - Heat generated
operat ion KJ heat/month KJ/hr ( 7 )
hrs/month (Table 6) [D] (depending on

month)

I n  a d d i t i o n  t o  t h e s e  t h r e e  f a n s , t h e  f u t u r e  a d d i t i o n  o f  a
circulating fan and 1 to 3 heat exchange fans may be
considered. These fans are verY  low power drains and should
add only marginally to the overall  production costs.

9 9



[D] METAL HALIDE LAMP Bulb -  ( 1 . 0  KW)
B a l l a s t  - (0.552 KW)
TOTAL -  ( 1 . 5 5 2  KW)

1986

The operation of the lamps was controlled by program timers.
The fol lowing t imetable was in effect :

May 16 - May 20 24 hrslday
May 21 - Jun 7 18 hrslday
JUrI 8 - Aug 2 0 OFF
Aug 21 –  Oct 1 4 7  hrslday ( 1 6 0 0  - 2 3 0 0  hrs)
Oct 1 5  -  o n w a r d s 1 6  hrsiday ( 0 7 0 0  -  2 3 0 0  hrs)

Annual

The metal hal ide lamp will be expected to provide
supplementary l ighting in the fal l  and complete l ighting in
the winter season according to the fol lowing timetable :

Apr - Ju ly OFF
Aug - Sept 7 hrslday (1600 - 2300 hrs)
Oct - March 16 hrs/day ( 0 7 0 0  - 2 3 0 0  hrs)

[E] FLUORESCENT LIGHTS Bulbs 8 X 40W = (0.32 KW)
Bal lasts 4 X 96W = (0.384 KW)
TOTAL = (0.704 KW)

1986

The seedling racks were completed and operational as of
August lst. The hours of operation from August to December
were between 0700 and 2300 hrs or 16 hrs/day.

Annual

[F]

Apr - Ju ly OFF
Aug - March 16 hrs/day ( 0 7 0 0  - 2 3 0 0  hrs)

HYDROPONIC PUMPS 57.5  KW/ pump x 2 = (0.115 KW)

1986
Jun 14 - Aug 14 24 hrs/day - 1 pump (NFT)
Aug t5 - Oct 3 1 24 hrs/day - 2 pumps
Nov - Dec 24 hrs/day - 1 pump

Annual

It is estimated that both pumps will run continuously 24
hrs/day year - round.
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5-2-2 HEATING COSTS

The calculation of heating costs was based on the heating
requirements of the greenhouse (KJ/ month) calculated in
Table 6, Part [D) : Net GIYCOI Heater  Contr ibut ion .
In order to place a dol Iar value on the heat contributed by
the hote l , the determination of an ‘oil equivalent cost” was
made :

OIL = Quantity of oi l  required to generate
EQUIVALENT an equivalent amount of heat.

(1)  One gallon of fuel oi l  #2 g r a d e  g e n e r a t e s  i47,609 KJ of
h e a t  a n d  i s  g e n e r a l l y  b u r n e d  a t  6 0  Z e f f i c i e n c y ,
t h e r e f o r e  :

I 147 ,609  X 60 X = 88,565 KJ / gal Ion

I (2) The current value of the oi l  is $0.46 / g a l l o n .

(3) HEATING COST = Heat requirements
(oil e q u i v a l e n t ) KJ/month (Table 6) X $ 0.46

$$ /gal Ion
88,565 KJ/gal lon

For 1986, the actual hours of operation were used to
determine heat produced by the heater. These values were
then used to determine the oi I equivalent cost.

5-2-3 MATERIAL AND WATER COSTS

The cost of materials is a combination of production and
replacement costs and is estimated as follows:

(A) Annual Production Costs

S o i l  C u l t u r e $/m2/crop #  c r o p s $/m2/yr

s e e d s 0 . 5 0 6 3 . 0 0
Jiffy pet lets
and seed soi I 1.00 6 6 . 0 0
Ferti I izer 0 . 1 0 2 6 ( * ) 2 . 6 0

N F T  H y d r o p o n i c s

s e e d s 0 . 1 0 6 0 . 6 0
Jiffy 9 pel lets 1.50 6 9 . 0 0
Ferti i izer 0 . 2 0 26(If) 5 . 2 0

TOTAL COST
SOIL =

$11.60/m2/yr
$ 0.97/m2/mo

TOTAL COST
HYDROPONIC =

$14.80/m2/yr
$  1.23/m2/mo

(*) frequency of change or application.

tot
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GREENHOUSE COSTS :

[a] = $11.60/m2/yr x 7 . 4  meters2 = S85.84
of  so i l  beds

[b] = $14.80/m2/yr x 6 . 0  meters2 = $88.80
hydroponic
beds

TOTAL COST = [a] + [b] = $t74.64/yr = $14.55/month
MATERIALS 12
(PRODUCTION)

(A)

(B) Annual Replacement Costs

These f igures wil l  only include the cost of l ighting as no
est imates  for  l i fet ime of  fans  could be found.  the  l i fet ime
of lights was estimated from projected hours of annual
operat ion  (see Sect ion  5 -2 - l ) . The cost/ month of the
I ighting was averaged over the 7 months that the I ight
systems were operating. Since I ighting systems were only
used for 7 hrs / day during August and September, the cost
was combined and charged only to September.

Actual L i fespan Annual $/month
cost (years) cost Operation

-
Metal H a l i d e $100.00 2 $50.00 $7.14
Neons (8) $160.00 1.3 $ 1 2 0 . 0 0 $ ? 7 . 1 4

TOTAL REPLACEMENT COSTS = $24.28 /
(September - March) month

*TOTAL COST OF MATERIALS :

Apri I – August = P r o d u c t i o n  = $14.55/m
(Lighting OFF) Costs (A)

Sept - March = P r o d u c t i o n  + R e p l a c e m e n t = $38.83\m
( L i g h t i n g  O N ) C o s t s  ( A ) C o s t s  ( B )
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WATER COSTS

The costs for del ivery of water and removal of sewage are
combined in Pond Inlet and are currently $0.05/gallon. Since
the greenhouse does not require waste removal, the rates
wil l  be calculated at 50X of the rate or $0.025/gallon.

Based on observations made in 1986, water consumption values
were estimated. Water uti I ization during summer months was
substantial  IY higher than during winter months due to
increased rates of transpiration and evaporation.

Summer Hydroponic Beds 140 gal Ions/month
Consumption = Soil  Beds 240 gal Ions/month
(April-SePt)

TOTAL = 380 gal x $0.025 = $9.50/m

Winter Hydroponic Beds 80 gal Ions/month
Consumption = Soil Beds 120 gal Ions/month
(Oct-March)

TOTAL = 200 gal x $0.025 = $5.00/m

5-2-4 LABOUR COSTS

The calculation of labor costs poses a number of
diff icult ies which must be considered careful ly in order
that an accurate estimate may be provided.

Actual versus Adjusted Salaries

The actual salary paid out in 1986 to the horticultural
t ra inee worKing In the Pond Inlet greenhouse does not
reflect the potential  growing area which c o u l d  b e
e f f e c t i v e l y  m a i n t a i n e d  b y  t h a t  e m p l o y e e .
T h e  g r e e n h o u s e  c o n t a i n s  a  t o t a l  g r o w i n g  a r e a  o f  o n l y
1 3 . 4  m 2 . T h e  a c t u a l  Iabour c o s t s  i n  1 9 8 6  ( e x c l u d i n g
m a n a g e r ’ s  s a l a r y )  w e r e :

ACTUAL = $ 1 2 , 0 0 0 . 0 0  / year  ❑ $895 .44  /m2 /yr
SALARY 13.4 m2

= $ 6 6 . 8 2  /m2 /mo

This value by itself would render the commercial production
of vegetables unfeasible in any season. It  is necessary,
therefore, to adjust the salary ValUe5  to  more accurate ly
reflect the cost of Iabour in  a  commercia l ly -s ized
greenhouse.
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For the Purposes of this report,  we wil l  use Iabour cos ts
estimated for a 1,000 m2 greenhouse in Hay River (Ferguson
1982) as a basis for determining the adjusted salary values
in Tables 13 and 14.

Hay River Labour C o s t s  = $36 ,000  = $  36 .00  /m2 /yr
1982 Area t,000 m2

This value wil l  be adjusted fOr inf lation and increased cost
o f  l i v i n g  to a  va lue of  $50.00/m2/yr.

ADJUSTED LABOUR COSTS = $50.00/m2 x 13.4 m2 = $55.83/mo
POND INLET 12 months

= $4.16/m2/mo

5-2-5 COLD FRAME GARDENS

For the purposes of this report, the monthly operating cost
for cold frame gardens will be assumed to be the same as for
the greenhouse during the Sumner season ($9.29/m2/m).
Although no electrical costs are incurred for the
cul t ivat ion  of  outdoor  crops, there  are  addi t ional  labour
costs associated with the set-uP and preparation of cold
frames.

5-2-6 SUMMARY OF OPERATING COSTS

The operational cost surrunaries  are presented in Tables 13
and $4. The lat ter  tab le  is  a  better  re f lect ion  of  costs  in
a ful ly operational greenhouse and wil l  therefore be used
for  th is  d iscuss ion . The costs presented will be compared to
figures estimated for a 10,000 square foot greenhouse in Hay
River  (Ferguson 1982 ) .

[i] ANNUAL TOTALS

The annual operating cost of the Pond Inlet greenhouse based
on a t2 month period is estimated to be $3990.00 or $298.00
per square meter of growing space. This compares with a
value of $t10.00 /m2 estimated for the Hay River greenhouse.

Electrical demand represents the largest component (69Z) of
annual costs and of these, I ighting systems are the costl iest
element. The operational costs of Metal Halide and
f luorescent  l ight ing  systems is estimated at $2300.00 per
annum (August -March) or 58X of annual operating costs!
This value ($170.00/m2/Yr) is 8 t imes greater in comparison
to the Hay River greenhouse estimate of $20.45 /m2 /yr.
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HAY TwrAL
(15-30)

—ELECTRICAL

(XILECTUR FAN 4.44 2*96 1.45 3.60 0.70 - 13.23
DQIN.ET FM 0.26 0.75 - 1.01
t43TER FAN 0.29 2.29 11.02 12.70 1.21 27.51
WETAL Ml= w 143.12 56.72 - 34.66 94.51 166.52 216.05 ?11.58
FL~ ~ !01.27 97.99 101.27 97.99 398.52
14nlmmNlc F#fPs 6.4! 12.41 19.20 24.01 24.82 12.01 98.86

mm
ELECTRICAL ~ : 143.12 67.57 15.66 1!59.13 231.88 306.09 327.26 12W. 71

MIATING OWl%
(Oi I EWivalent) 0.65 5.34 25.72 29.59 3.34 64.64

MTERIALS 14.55 i4. 55 14.55 14.55 38.03 38. e3 38.83 174.69
WATER 9.50 9.W 9.50 9.50 9.50 5.00 5.00 57.50

mm MATERIAL
mWATER~: 24.- 24.05 24.05 24. ~ 48.33 48.33 48.33 232.19

~cxsl-s
(Mjuuted) 27.92 55.83 55.83 65.83 55.83 55.83 !55.83 362.90

Tu7N-
UU?ATI=
~ / month 196.06 147.45 %.19 2U.35 361.76 435.34 4m.26 1910.44

($An2/humth) 14.56 1 f .00 7.18 18.24 27.00 32.49 32.11 142.57



TABLE 14 : Estimated annual operational costs for the
Pond Inlet greenhouse in future aeasons.

ELECTRICAL

COLLECTOR FAN
EXHAUST FAN
HEATER FAN
METAL HALIDE LAMP
FLUORESCENT LAMPS
HYDROPONIC PUMPS

TOTAL
ELECTRICAL COSTS :

JAN FES HAR APR MAY JUN JuL AUO SEP OCT N o v M C TOTAL

6 . S 0 13.40 1 7 . 4 3 1 4 . 7 s 1 7 . 9 8 9 . 7 7 3 . 0 6
3 . 0 7 4 . 0 0 3 , 3 9 4.t5

e3.7e
E.23 0 . 9 0

8 . 5 2 6 . 3 7 5 . s 7 14.34 4 . 6 2
97.?4

2 2 3 . 2 4 201.64
7 . 7 6 0 . 8 8 3 . S 6 6 . 4 0

2 2 3 . 2 4 9 7 . 6 7
64.11

9 4 . 6 1 2 2 3 . 2 4 2t6.06 2 2 3 . 2 4 l,60i?.B3
fOt.27 94.47 tOi.27 tOj.27 9 7 . 9 9 iot.e7 9 7 . 9 9 iot.27 7 9 3 . 8 0

2 4 . 8 2 2 2 . 4 2 2 4 . 8 2 24.01 i?4.t)2 24.01 2 4 . 8 2 24.82 24.Ot 24.OE e4.oi 24.8e 29e.eo

364.05 3et.90 36$.40 64.02 SO.87 42.1S 46.9S 236.76 229.oe 350.ef 34t.71 364.73 2,?44.4S

( O i l  E q u i v a l e n t ) I f6.29 t7.63 ~6.42 39.71 10.76 $8.00 2.04 10.13 *4.95 144.ot
I

MATERIALS 38.s3 38.83 38.83 14.s5 t4.tJs 14.66 t4.ss
WATER

14.66 38.03 38.83 38.83 38.83 344.66
6 . 0 0 S.oo 6 . 0 0 9 . 5 0 9 . 6 0 9 . s 0 9 . 6 0 9 . 6 0 9 . s 0 5 . 0 0 S.oo 5 . 0 0 87.00

TOTAL MATERIAL
ANO WATER COSTS : 43.83 43.83 43.83 24.06 24.06 e4.os 24.06 24.0S 40.33 43.83 43.03 43.83 43t.56

LABWR  COSTS
(Adjunted) 6 6 . S 3 6 6 . 8 3 5 6 . 0 3 S 6 . 8 3 ss.a3 56.83 65.83 S6.83 s5.a3 55.83 66.83 56.2I3 669.96

TOTAL
C)PERATIONAL
COSTS / month 469.80 439.19 476.66 t74.41 141.6t ~22.04 t26.133 316.64 361.2S 451.91 461.60 4s9.34 3,990.00

($/m2/momth) 35.06 32.78 36.SS f3.02 90.66 9.lt 9 . 4 6 23.66 26.2* 33.72 33.69 35.03 297.76



This  is  a  resu l t  o f  severa l  factors  :

1. Higher cost of electrical power
($0.29 vs $0.13 /KWhr)

2 .  Longer  per iod  of  requi red  ut i l i zat ion
(Shorter daylength with increased latitude)
(350  KWhr /m2 versus 154 KWhr /m2)

Labour costs (adjusted see section 5-2-4) are the second
largest component, total ing $50.00/m2 or 17Z of  annual
costs. This value may be reduced in a fully automated
hydroponic greenhouse. The evaluation of costs for
future projects must consider the salary and relocation
costs of an experienced horticultural ist.

Heating costs are the smallest component (4Z) of the annual
ope ra t i ng  budget  ave rag ing  on l y  $tO.70 /m2. It is clear from
these estimates that heating a greenhouse is substantial ly
less  expensive  than l ight ing  i t . It would be economical Iy
benef ic ia l  therefore  to  maximize  the  ut i l i zat ion  of
a v a i l a b l e  sunslight ( regard less  of  heat ing  cost )  and l imit
indoor l ighting to the dark periods alone (October to
February) .

Annual costs for materials and water total led $432.00 or
$32 .00  /m2 and represented 11X of the operating total.
Replacement costs for I ighting systems account for
approximately half  of the material  costs.

[B] ANNUAL VERSUS 1986 COSTS

The total operating costs calculated between ?lay 15 and
November 3t, ~986 compare favorably with the annual
estimates (Tables 13,~4). T h e  breaKdown  of  costs  is  s i m i l a r :

E l e c t r i c a l (55X) Heating (3.3X)
Mater ia ls (12Z) Labour (Adjusted) (19X)

Actual monthly operating totals for 1986 are within 5Z of
estimates for future seasons. If  actual salaries were used
in the place of adjusted f igures, the 6 month operating
total would increase by over 400X from $1910.00 to
$8050.00! . Sa lar ies  would  then rePresent  80z of the total
operating costs and render the Project unprofitable.

The future use of the Pond Inlet greenhouse and reconunen-
dations for circumventing the problems of small growing
space versus high salary are discussed in Section 7-6.
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[C) SEASONAL TOTALS

The operating costs presented in Table 14 may be divided
into  four  pr inc ip le  product ion  periods (Table 15) in order
to provide a clearer picture of seasonal expenditures. The
seasons are determined according to the use of 1 ighting,
heating and insulating systems in the greenhouse and have
been previously presented in Table 10.

As expected, the cost of greenhouse operation is 10WeSt
during the spring and sunnner seasons when costly I ighting
systems are not required (Table 15). Costs are estimated at
$11 .79/m2/month in spring and $9.29/m2/month in summer
seasons or  7.9X and 6.3Z respectively of total annual
operating expenditures.

During the fal 1, requirements for supplementary l ighting
increase operating costs to $24.89/m2/month and this
season represents 16.7Z of the annual expenditures.

The winter season extends over 6 calendar months and is the
costl iest  o f  a l l , both on an annual as well as a monthly
bas is . Costs are estimated to be $34.30/m2/month at this
time or 270X higher than during the surfuner  season.
Although the winter season occupies half  the year,  the total
seasonal operating cost of $2758.00 is 69X of the annual
operating costs.

The large differences in monthly costs between seasons can
be directly correlated to the increased electrical demand
imposed by lighting systems. In the fall and winter seasons,
e lectr ica l  costs  represent  70Z and 76X of total monthly
expenses. This compares with only 36X and 33X for spring and
summer months respectively.

When assessing the overall  viabil ity of northern greenhouse
product ion, it may be of value to provide comparative income
and expenditure statements for different l e n g t h s  o f  o p e r a t i o n .
I n  P o n d  I n l e t , t h e  h i g h  o p e r a t i n g  c o s t  o f  t h e  w i n t e r  s e a s o n
w i l l  b e  t h e  m o s t  s i g n i f i c a n t  f a c t o r  i n  d e t e r m i n i n g  e c o n o m i c
v iab i l i ty  of a  year - round fac i l i ty .  The est imated costs  o f
operating the greenhouse over 3 seasons (Spring, Sumner,
Fall) are $1232.00 or $92.00 Imonth. This Value trlPles to
$3990.00 if operation is extended to include the winter
season.

i08



TABLE 15 : Estimated seasonal operational costs ($/month)
for the Pond Inlet greenhouse in future years.

SPRING SUMMER FALL WINTER
(Apr-May) (Jun-Jul) (Aug-Sep) (Oct-Nov)

S e a s o n  L e n g t h
(months) 2 2 2 6

E l e c t r i c a l 5 2 . 8 5 4 4 . 5 5 2 3 2 . 3 9 3 4 7 . 4 8

H e a t i n g 2 5 . 2 3 - - - 9 . 0 4 1 2 . 5 8

M a t e r i a l s 2 4 . 1 4 2 4 . 1 4 3 6 . 2 0 4 3 . 7 7

L a b o u r ( * ) 5 5 . 8 3 5 5 . 8 3 5 5 . 8 3 5 5 . 8 3

MONTHLY TOTALS

[ 1
TOTAL
SEASONAL 316.10 249.04 666.92 2757.96
COST

PERCENT OF
ANNUAL COST 7 . 9  x 6 . 3 X 16.7 X 69.1  X

$ / month 158.05 124.52 333.46 459.66

$ /m2 /month 11.79 9.29 24.89 34.30

6 MONTH OPERATIONAL COST : $ 1232.04 / greenhouse
( A p r i l - September) $ 91.94 / m2

$ 15.32 / m2 / month

ANNUAL OPERATIONAL COST : $ 3990.00 / greenhouse
(12 Months) $ 297.00 / m2

$ 24.81 / m2 / month

( i f )  ad,justed Iabour r a t e
( S e c t i o n  5 - 2 - 4 )

io9



Section 5-3 Value of Imported Produce

Before considering the values of local produce grown in the
Pond Inlet greenhouse, it  is f irst necessary to determine
the current value of imported produce and the factors which
i n f l u e n c e  Import and retail  prices. The actual current
purchase price to the consumer will establ ish the threshold
against  which  the  v iab i l i ty  o f  local  product ion  wi l l  be
measured.

T h e  c u r r e n t  l e v e l s  o f  l o c a l  v e g e t a b l e  p r o d u c t i o n  i n  P o n d
I n l e t  a r e  p r e s e n t e d  i n  T a b l e  1 6 .  T h e s e  e s t i m a t e s  h a v e  b e e n
obtained from the Toonoonik-Sahoon ik Co-operative which
markets an estimated 50X of the town’s produce and is
responsible for air  freight handl ing of goods coming into
the conununity  (after Poole 1985, revised 1987).

An estimated 10,412 kilograms of produce is consumed
annually in Pond Inlet. Of the 9 primary imports, cabbage,
ca r ro ts , onions and potatoes are the most important
represent ing 70Z by weight of all imports. The wholesale
cost of these vegetables in Ottawa is $9,431.00, but
th is  va lue  increases 340Z to a landed cost in Pond Inlet of
$41,604.00 (Total Import Cost).

The value calculated for Total Import Cost is based on a
government subsidized freight rate of $3.09 /kg. In actual
f ac t , two subsidy rates are avai Iable to northern
communities :

1. Mall Frei9ht S u b s i d y ($2.09 / k g  t o  P o n d  I n l e t )
i s  a p p l  i e d  t o  p r o d u c e  d i s p a t c h e d  t h r o u g h  t h e
Val D ’ O r  a n d  Kapuskasing  p o s t  o f f i c e s  o n l y .

2. Perishable Freight Subsidy ($3.09 / k g )  f o r
produce originating from all  southern centers.

3. Regular  Fre ight  Rate  (non-subsid ized)  o f
$ 6 . 0 9  / k g  a p p l i e s  t o  a l l  r e g u l a r  f r e i g h t
e n t e r i n g  t h e  c o m m u n i t y .

Table 17 provides an indicat ion  of  the  ef fect  o f  f re
subsidies on the local import costs and f inal retail
of the produce in Pond Inlet. It  is apparent from th
t h a t  f r e i g h t  s u b s i d i e s  PlaY an i m p o r t a n t  r o l e  i n  t h e
v e g e t a b l e  e c o n o m y  o f  n o r t h e r n  conwnunities.

ght
v a l u e

s  tabie
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TABLE 16 : E s t i m a t e s  o f  a n n u a l  p u r c h a s e  o f  v e g e t a b l e s  i n
P o n d  I n l e t  ( P o o l e  1 9 8 5 ;  r e v i s e d )

WHOLE- FREIGHT TOTAL Z OF
TOTAL SALE COST IMPORT TOTAL

VEGETABLE KGS COST ($3.09 /kg) COST IMPORTS

CABBAGE
CARROT
CAULIFLOWER
CUCUMBER
LETTUCE
ONION
GREEN PEPPER
POTATO
TOMATOES

1192
1192

182
5 6 0
9 5 4

2 3 6 4
186

2 5 4 6
1236

1 2 1 7 . 0 0
6 5 7 . 0 0
3 1 5 . 0 0
4 1 4 . 0 0

143t.oo
1 5 6 0 . 0 0

2 6 2 . 0 0
1 4 0 0 . 0 0
2 1 7 5 . 0 0

3 6 8 3 . 0 0
3 6 8 3 . 0 0

5 6 2 . 0 0
1 7 3 0 . 0 0
2 9 4 8 . 0 0
7 3 0 5 . 0 0

5 7 5 . 0 0
7 8 6 7 . 0 0
3 8 2 0 . 0 0

4 9 0 0 . 0 0 1 2 . 0
4 3 4 0 . 0 0 1 1 . 0

8 7 7 . 0 0 2 . 0
2 1 4 4 . 0 0 5 . 0
4 3 7 9 . 0 0 * 1 1 . 0
8 8 6 5 . 0 0 2 1 . 0

8 3 7 . 0 0 2 . 0
9 2 6 7 . 0 0 2 2 . 0
5 9 9 5 . 0 0 1 4 . 0

TOTALS 10,412 9,431.00 32, 173.00 41,604.00

TABLE 17 : E f fect  o f  f re ight  subs id ies  on  local  costs
of  vegetables  in  P o n d  I n l e t .

WHOLE- TOTAL TOTAL TOTAL
FREIGHT SALE FREIGHT IHPORT 25Z RETAIL

RATE COST iI COST COST MARKUP COST

$ 2 . 0 9 9 , 4 3 1 2 1 , 7 6 1 3 1 , 1 9 2 7 , 7 9 8 3 8 , 9 9 0

$ 3 . 0 9 9,431 3 2 , 1 7 3 4~ ,604 1 0 , 4 0 1 5 2 , 0 0 5

$ 6 . 0 9 9 , 4 3 1 6 3 , 4 0 9 7 2 , 8 4 0 1 8 , 2 1 0 9 1 , 0 5 0

(E f r o m  T a b l e  1 6 )
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As m e n t i o n e d  e a r l  i e r , t h e  p r e s e n t  i m p o r t  c o s t  o f  p r o d u c e  in
P o n d  I n l e t  i s  $ 4 1 , 6 0 4 . T h e  a c t u a l  i m p o r t  c o s t  o f  t h i s
produce without subsidies would be $72,840. The Total
Fre ight  Subsidy  therefore  applied to Pond Inlet is
$31 ,236 .00  pe r  yea r  o r  43X of a c t u a l  i m p o r t  c o s t s .  T h i s
v a l u e  r e p r e s e n t s  8  t i m e s  t h e  a n n u a l  o p e r a t i n g  c o s t s  o f  t h e
P o n d  i n l e t  Gardens!!

The Retail Value of vegetables currently consumed in the
conwnunity is $52,000.00 but would r ise to a value of
$91,050.00 if subsidies were ei iminated.

R e a l i s t i c a l l y ,  t h e  c u r r e n t  r e t a i l  p r i c e s  i n  P o n d  I n l e t  mUSt
be used to determine the threshold of viabil ity for local
production. However, for the purposes of comparison, the
local production costs of vegetables wil l  be assessed
against both subsidized and unsubsidized import costs.

Section 5-4 Value of Local Greenhouse Produce

The unit cost ($/kg) of vegetables produced in the
greenhouse during 1986 is presented in Table 18.
To generate this table, yields of seiected success fu l
greenhouse varieties (Section 4) were used to obtain mean
monthly production values (kg/m2/month). These figures may
be considered baseline levels of production which may be
expected to increase in future years under improved
cl imatic conditions.

UNIT LOCAL COST = Operating c o s t s  = $ /m2 /month
($ / kg ) P lant  Y ie ld kg /m2 /month

The unit price for vegetables varies signif icantly between
seasons as a function of operating costs. Costs are highest
in winter and lowest in summer. As an example, let tuce
plants may be produced for $1. 16/kg during the sumner
months, $3.11/kg in the fal l  and $4.29/kg over the winter
(assuming yields are consistent over al l  seasons).  The
annual mean cost (t2 month) at which lettuce may be produced
is $3. 10/kg. The annual mean cost represents the average
cost of produce over i2 months/ 4 seasons of operation.
Pr ices  in  northern  greenhouses may be adjusted s e a s o n a l l y  o r
maintained at the average cost throughout the year. In the
latter case, summer profits would be used to balance winter
d e f i c i t s .
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TABLE 18 : Unit production cost of local greenhouse
produce in different seasons.

SEASON
YIELD 6 MONTH ANNUAL

VEGETABLE kg/m2/m SPRING SUMHER FALL WINTER

GREEN BEAN 2.09 5.64 4.44 11.91 16.41
BEET 3.63 3.25 2.56 6.86 9.45
CH. CABBAGE 8.00 1.47 1.16 3.11 4.29
CUCUMBER 4.40 2.68 2.11 5.66 7.80
LETTUCE 8.00 1.47 1.16 3.11 4.29
GREEN ONION 2.00 5.90 4.65 12.45 17.15
SQUASH 0.65 18.~4 14.29 38.29 52.77
TOMATO 2.55 4.62 3.64 9.76 t3.45
TURNIP 5.25 2.25 1.77 4.74 6.53

MEAN HEAN

7 . 3 3 1 1 . 8 7
4 . 2 2 6 . 8 3
1.92 3 . 1 0
3 . 4 8 5 . 6 4
i.92 3.fo
7 . 6 6 12.41

2 3 . 5 7 38.17
6 . 0 1 9 . 7 8
2 . 9 1 4 . 7 3

TABLE 19 : Unit cost ($/kg) of local g r e e n h o u s e
versus imported produce.

WHOLESALE
VEGETABLE COST

BUSH BEAN
BEET
CH. CABBAGE
CUCUMBER
LEAF LETTUCE
GREEN ONION
SQUASH
TOMATO
TURNIP

1 . 7 6
2 . 0 0
t.07
0 . 7 4
1 . 5 0
2 . 2 0
1 . 5 4
1 . 7 6
0 . 4 3

IMPORT

SUBS UNSUBS
COST w COST @

4.85 7.85
5.09 8.09
4.16 7.16
3.83 6.83
4.59 7.59
5.29 8.29
4.63 7.63
4.86 7.85
3.52 6.52

LOCAL

6 MONTH ANNUAL
MEAN + MEAN +

7.33 11.87
4.22 .6.83
1.92 “3.1O
3.48 “5.64
1.92 .3.10
7.66 12.41

23.57 32.17
6.01 9.73
2.91 4.73

(* based on $3.09 subsidized freight rate)
(@ based on $6.09 regular freight rate)
(+ from Table 18)
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C o s t s  a r e  a l s o  c o n s i d e r a b l y  d i f f e r e n t  w h e n  c o m p a r i n g  a  6
m o n t h  o p e r a t i n g  p e r i o d  w i t h  y e a r - r o u n d  p r o d u c t i o n . I n  a l l
c a s e s ,  a v e r a g e  u n i t  c o s t s  f o r  a  y e a r - r o u n d  f a c i l i t y  a r e  6 0 X
higher than for a 6 month faci I ity. These values should be
considered when evaluating the scale of operation for
northern greenhouses.

In Table 19, the unit costs of local produce (6 month and
12 month operation averages) are compared to unit costs of
imported produce (subsidized and unsubsidized values). l-he
v a l u e s  c h o s e n  f o r  i m p o r t  c o s t s  r e P r e s e n t  a n n u a l  a v e r a g e s
w h i c h  t a k e  i n t o  a c c o u n t  s e a s o n a l  m a r k e t  p r i c e  f l u c t u a t i o n s
( c o u r t e s y  o f  M r .  GU Y  Labranche,  H. Fine k S o n s ,  O t t a w a ) .
T a b l e  1 8  m a y  a l s o  b e  u s e d  t o  c o m p a r e  i m p o r t e d  c o s t s  w i t h
s e a s o n a l  l o c a l  c o s t s  (sprin9, sununer etc . ) .

The viabi I ity of northern vegetable production may now
be evaluated using a variety of seasonal and annual
comparisons :

[A] SUBSIDIZED IMPORT COST versus LOCAL PRODUCTION COST—

Based on the yields obtained in 1986 trials,  chinese
cabbage and lettuce are the only two vegetables which
can be locally produced on a year-round basis at a
lower cost than subsidized imports.

)f we c o n s i d e r  a  6  m o n t h  o p e r a t i n g  p e r i o d ,  b e e t s ,
c u c u m b e r ,  a n d  t u r n i p s  m a y  b e  a d d e d  t o  l e t t u c e  a n d
chinese c a b b a g e  a s  e c o n o m i c a l  IY v iab le  crops for
northern production.

Tomato production costs are lower than import costs
during the spring and summer  seasons and may be
c o n s i d e r e d  f o r  A p r i l  t o  A u g u s t  c u l t i v a t i o n .  B u s h  b e a n s
a r e  v i a b l e  o n l y  a s  s u m m e r  c r o p s in northern greenhouses.

The low yields of green onion, squash and other tested
var iet ies  such as  kale, k o h l r a b i , radish, spinach and
Swiss chard render these vegetables uneconomical as
candidates for greenhouse cultivation.
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[B] UNSUBSIDIZED IMPORT COST versus LOCAL PRODUCTION COST-

Unsubsidized costs represent the ‘true” cost of imports
and it  is worth comparing this value with local costs.
Based on 1986 yields, beets, chinese cabbage, cucumbers,
leaf lettuce and turnips could be produced on a year-
round basis at lower cost than imports i f  unsubsidized
rates were used.

If a 6  m o n t h  o p e r a t i o n a l  p e r i o d  w e r e  c o n s i d e r e d ,  a l l  9
m a j o r  c r o p s  e x c e p t  s q u a s h  c o u l d  b e  p r o d u c e d  m o r e
e c o n o m i c a l l y  t h a n  i m p o r t  c o s t s  a t  u n s u b s i d i z e d  l e v e l s .

These results support the basic assumption that some level of
vegetable production may be economically undertaken in al)
seasons. The improvement of economic viabil ity for northern
greenhouse production wtll be contingent upon a number of
factors  :

[1]  I n c r e a s e d  P r o d u c t i o n  L e v e l s

The yields obtained in Pond Inlet are based on small-
scale tr ials under sub-optimal growth conditions.
The improvement of crop productivity ( increased Kg/m2)
in larger, more technolog ically-eff icient greenhouses
wi l l  resu l t  in  a  reduct ion  o f  local u n i t  c o s t s .

[2] Decreased Operating Costs

A  r e d u c t i o n  o f  o p e r a t i n g  c o s t s  m a y  b e  r e a l  i z e d  t h r o u g h
t h e  i n c r e a s e d  u t i l i z a t i o n  o f  a v a i l a b l e  s u n l i g h t
( t h e r e b y  r e d u c i n g  c o s t s  o f  a r t i f i c i a l  l i g h t i n g ) ,
r e d u c e d  h e a t i n g  c o s t s  ( r e d u c e d  h e a t  l o s s  a n d
d e c r e a s e d  n i g h t t i m e  t e m p e r a t u r e s )  a n d  r e d u c e d  Iabour
c o s t s  ( a u t o m a t i o n  a n d  h y d r o p o n i c s ) .

[ 3 ]  I n c r e a s e d  I m p o r t  C o s t s

The gradual increase in freight rates increases the
landed cost of imported produce and enhances the
economic benefits of local production.
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It  is clear that winter costs are the primary factor
responsib le  for  e levat ing  local  pr ices above subsidized
import costs. Freight subsidies were introduced as a method
of reducing high northern food costs. In  fact , a r t i f i c i a l  Iy
suppor ted  p r i ces  ac t  as  a dis-incentive t o  n o r t h e r n
v e g e t a b l e  p r o d u c t i o n  b y  m a k i n g  c o m p e t i t i o n  d i f f i c u l t  o r
i m p o s s i b l e .

It is unclear whether vegetable consumption would remain at
present levels i f  subsidies were l i fted and Prices increased
to  “true” l e v e l s . It is conceivable  that  northerners  might
pay more for local produce of premium quality but this
element cannot be adequately evaluated at present. One
possible course of action which may be considered involves
transferr ing  those subsid ies  current ly  appl ied to fresh
vegetables from Canada Post and transPort companies to
northern producers permitting them to provide better
qual i ty ,  local ly -grown produce at  current  pr ices .

Section 5-5 Value of Seasonal Cold Frame Produce

T h e  g r o w t h  t r i a l s  c o n d u c t e d  i n  t h e  P o n d  I n l e t  c o l d  f r a m e s
were unsuccessful in 1986 and cannot be used in any e c o n o m i c
a s s e s s m e n t . I t  i s  p o s s i b l e  h o w e v e r ,  t o  e s t i m a t e  w h a t
s e a s o n a l  p r o d u c t i o n  v a l u e s  m a y  b e  e x p e c t e d  i n  f u t u r e  y e a r s
b y  u s i n g  p r o d u c t i o n  d a t a  c o l l e c t e d  i n  Rankin Inlet a n d
A l e x a n d r a  F i o r d  d u r i n g  !982. (Romer, unpub., Bergsma, 19861.

The experiments conducted in Rankin Inlet were in cold
frames identical to the ones constructed in Pond Inlet in
1985. The production yields presented in Table 20 are based
on a 2 month outdoor growing season (July-August 1982).
O p e r a t i o n a l  c o s t s  f o r  c o l d  f r a m e  c u l t i v a t i o n  wiIl b e  a s s u m e d
to be the same as greenhouse costs during the  summer season
($9.29/m2/m :Table 1 5 ) .

UNIT LOCAL = Operat ional  Costs  = ($/m2/month)
COST ($/kg) Y i e l d (kg/m2/month)

Table 20 compares the local cost of seasonal Cold frame
produce with the current subsidized imPort costs.
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TABLE 20 : Unit cost of vegetable produce grown in outdoor
cold frame gardens (Based on Unlverslty of
Toronto production data :  Rankin Inlet 1982)
versus imported produce (subsidized cost).

BEET 3.40 2.73 5.09
CH. CABBAGE 8,42 1.10 4.t6
CARROT t.68 5.53 3.64
KALE 3.78 2.46 4.54
KOHLRABI 3 .92 2.37 4.56
LEAF LETTUCE 4.44 2.09 4.59
POTATO 2.50 3.72 3.64
RADISH 3.00 3.fo 4.59
SPINACH 2.30 4.04 5.88
SWISS CHARD 3.80 2.44 6.95
TURNIP 3.80 2.44 3.52

~~

Based on the production data gathered by the University o f
T o r o n t o , i t  i s  a p p a r e n t  t h a t  s e a s o n a l  v e g e t a b l e  p r o d u c t i o n
in c o l d  f r a m e s  i s  e c o n o m i c a l l y  a t t r a c t i v e  f o r  a l l  v a r i e t i e s
t e s t e d  e x c e p t  c a r r o t .

Local  un i t  costs  were  f rom 32X (spinach) to 74Z (chinese
cabbage) lower than import costs, with an average reduction
of 34X in  un i t  pr ice  over  a l l  var iet ies  tested.  The h igher
cost of producing carrots local Iy would be easi Iy offset by
the savings generated from production of other less costly
v a r i e t i e s  ( i . e . let tuce,  sp inach,  turn ip )  i f  import  Pr ice
levels were used for retai l  sales.

T h e  c o l d  f r a m e  p r o d u c t i o n  o f  v e g e t a b l e s  m a y  b e  u s e d  t o  :

1 . s a t i s f y  a n n u a l  r e q u i r e m e n t s  o f  c o o l  w e a t h e r
s t o r a g e  crops such as  c a r r o t s ,  p o t a t o e s  a n d
t u r n i p s  ( e v e n t u a l l y  on ions  and  cabbage )

2. satisfy seasonal demands for fresh salad
vegetables which may be marketed at
substantial ly lower prices than Imports.
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Section 5-6 Potential Production Schemes

Using the information in Tables 19 and 20, a number of
potential  production schemes may be evaluated for satisfying
the current demands for the community of Pond Inlet. These
are presented in Table 21.

SCHEME A

In Scheme A, the import and local production value of
carrot,  potato, cucumber, lettuce and tomato are compared
assuming :

1. The annual requirement of carrots and potatoes are
produced during the summer in cold frames.

2. Cucumber, lettuce and tomato demand is met through
year-round production in a greenhouse facil ity.

In this case, the local production costs for these f ive
vegetables would total $ 34,204.00/year or 30X more than the
current import cost value of $ 26,125.00. This increase in
cost may be a small difference to pay for improved qual ity
of produce.

SCHEME B

In Scheme B, the same five vegetables are considered w!th a
di f ferent  set  o f  condi t ions  :

1. As in scheme A, the annual requirements of CZtrrOtS

and potatoes are produced during the summer in
cold frames.

2. Cucumber, lettuce and tomato requirements are
produced locally during 6 months of the year and
imported over the winter months.

I n  t h i s  c a s e , no cost advantage is derived by either ~OOX
imported or 50X imported/ 50X local vegetable SUPPIY.  There
would however, be an improvement in qual ity of produce over
part of the year i f  local p r o d u c t i o n  f a c i l i t i e s  a r e  p r e s e n t .
The partial  production of selected, economical  IY viable
vegetables may be a suitable f irst step in establishing a
commercial greenhouse industry in northern regions. The
potential  scale of such an operation in Pond Inlet is

discussed in Section 7–5.
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IAtJLt. dl :  rotent~al  proauct~on scnemes  for Fona inlet

‘ S C H E M E  A

CARROTS
POTATOES

CUCUMBERS
LETTUCE
TOMATOES

TOTALS

TOTAL TOTAL TOTAL
KGS IMPORT COST LOCAL COST

1, 192 4 , 3 4 0 . 0 0 6 , 5 9 2 . 0 0
2 , 5 4 6 9 , 2 6 7 . 0 0 9,47t.oo

5 6 0 2 , 1 4 4 . 0 0 3 ,  1 5 8 . 0 0
9 5 4 4 , 3 7 9 . 0 0 .  2 , 9 5 7 . 0 0

1 2 3 6 5 , 9 9 5 . 0 0 1 2 , 0 2 6 . 0 0

26, 125.00 34,204.00

(It)
( * )

(+)
(+)
(+)

(~) Seasonal Cold Frame Production
and Storage (Table 20)

(+) Year-round Greenhouse (Table 18)

-SCHEME B

CARROTS
POTATOES

LETTUCE
CUCUMBER
TOMATO

TOTALS

— A P R I L -  SEPTEM8ER—

TOTAL
KGS

1,192
2,546

477
280
618

5,113

IMPORT
COST [A]

4 ,340.00
9,267.00

2, 190.00
t,072.00
2,998.00

f9,867.00

LOCAL
COST [B]

6 ,592.00
9,471.00

* 916.00
‘ 974.00
3,714.00

21,677.00

— O C T -  llARCH—

TOTAL IMPORT
KGS COST [C]

4 7 7 2 ,  1 9 0 . 0 0
2 8 0 1 , 0 7 2 . 0 0
6t8 2 , 9 9 8 . 0 0

1 , 3 7 5 6 , 2 6 0 . 0 0

Total kgs = 6,488

[Al + [Cl Import Cost (12 months) = $ 26,127.00

[B) + [C] P a r t i a l  L o c a l /  P a r t i a l Import = $ 27,937.00
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Section 6 Related Benefits of the Greenhouse

T h i s  s e c t i o n  e x p l o r e s  s o m e  o f  t h e  social a n d  i n d i r e c t
e c o n o m i c  b e n e f i t s  o f  t h e  r e s e a r c h  p r o j e c t  f o r  n o r t h e r n
conununities a n d  p e o p l e s .

6-! EMPLOYtlENT ANO TRAIN

O n e  o f  t h e  p r i m a r y  object
l o c a l  n a t i v e  r e s i d e n t s  i n
g r e e n h o u s e  o p e r a t i o n .  T w o

ves of th is  pro ject  was to  t ra in
hort icu l tura l  techniques and
Pond Inlet residents became

involved with the facilitY in 1986.

Asenath Pitseolak, a mother Of two, was employed by the
T.S. Co-op as  a  Hort icu l tura l Trainee in August (Photo 19).
Over the course of the followin9 months, she received
tra in ing  and ass isted in al l  aspects of crop production and
greenhouse management.
Asenath, who had no Previous experience in Pi ant culture or
laboratory procedures, learned rapidly and was soon able to
c a r r y  o u t  a l l  r o u t i n e  c u l t i v a t i o n , environmental monitorin9
and greenhouse oPeratin9 procedures.
By October,  the role of the manager h a d  b e c o m e  p r i m a r i l y  a
s u p e r v i s o r y  o n e . S i n c e  t h e  d e p a r t u r e  o f  t h e  a u t h o r  ( m a n a g e r )
f r o m  P o n d  I n l e t  a t  t h e  e n d  o f  D e c e m b e r ,  Asenath  h a s
c o n t i n u e d  t o  o p e r a t e  t h e  g r e e n h o u s e  u n a i d e d ,  s u c c e s s f u l l y
p r o d u c i n g  crops,  monitoring  c o n d i t i o n s  a n d  m a i n t a i n i n g  t h e
w i n t e r i z e d  g r e e n h o u s e .

Geela A n a v i a p i k ,  a  h i g h  s c h o o l  s t u d e n t , w o r k e d  p a r t  t i m e  i n
t h e  g r e e n h o u s e  d u r i n g  t h e  s u m m e r  m o n t h s  ( p h o t o  2 1 ) .  Geela
a s s i s t e d  w i t h  c r o p  m a i n t e n a n c e  (waterin9, t h i n n i n g ) ,  h a r v e s t
a n d  d a t a  r e c o r d i n g  p r o c e d u r e s .

A S  i l l u s t r a t e d  b y  t h e s e  t w o  i n d i v i d u a l s ,  emPloYees i n
n o r t h e r n  g r e e n h o u s e s  m a y  g a i n  e x p e r i e n c e  a n d  b e n e f i t  f r o m
t r a i n i n g  i n  a  w i d e  r a n g e  o f r e s e a r c h  a n d  a p p l  i e d  f i e l d s .
T h i s  e x p e r i e n c e  w o u l d  c o n t r i b u t e  t o  e x p a n d i n 9  t h e
i n d i v i d u a l ’ s  j o b  s k i  I  I s  a n d  f a c i  I i t a t e  t h e  a c q u i s i t i o n  o f
f u t u r e  e m p l o y m e n t . H a v i n g  g a i n e d  e x p e r i e n c e ,  h o r t i c u l t u r a l
technicians may in turn provide t ra in ing  for  newer  employees
from other communities.
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S i n c e  t h e  g a t h e r i n g  o f  e d i b l e  n a t i v e  P l a n t s  a n d  p r e p a r a t i o n
o f  f o o d s t u f f s  h a s  t r a d i t i o n a l  IY b e e n  u n d e r t a k e n  b y  n a t i v e
w o m e n ,  v e g e t a b l e  g a r d e n i n g  a s  a n  e x t e n s i o n  o f  t h e s e
t r a d i t i o n a l  p r a c t i c e s  r e p r e s e n t s  a  c h a l l e n g i n g  n e w
e m p l o y m e n t  o p p o r t u n i t y  f o r  w o m e n .

S t u d e n t s  w o u l d  a l s o  b e n e f i t  f r o m  a  l o c a l  g r e e n h o u s e  i n d u s t r y
b y  r e c e i v i n g  o n  t h e  j o b  t r a i n i n g  a n d  e m p l o y m e n t  i n  t h e
sununer  m o n t h s . A  n u m b e r  o f  s e a s o n a l  t a s k s  w h i c h  i n c l u d e  s o i l
c o l l e c t i o n  a n d  p r o c e s s i n g ,  g r e e n h o u s e  m a i n t e n a n c e  a n d  r e p a i r
a n d  c o l d  f r a m e  c o n s t r u c t i o n  m u s t  b e  c o m p l e t e d  d u r i n g  t h e
s h o r t  Sumner s e a s o n  a n d  w o u l d  p r o v i d e  Job p o s i t i o n s  s u i t a b l e
f o r  s t u d e n t s .

6-2 EDUCATION AND AVARENESS

During the course of the research project, a large number of
local  res idents  v is i ted  the  greenhouse to  sat is fy  the i r
curiosity and evaluate the ‘new addition” to their communitY.

I n  m a n y  c a s e s ,  v i s i t o r s  w e r e  s o m e w h a t  s k e p t i c a l  p r i o r  t o

e n t e r i n g  t h e  g r e e n h o u s e  a s  t h e  c o n c e p t  o f  g r o w i n g  v e g e t a b l e s

in the Arctic is a new and unusual one. These feel ings
passed quickly however as visitors began to appreciate the
colourful displays of crops and f lowers, t h e  i n t e r e s t i n g
textures and flavours of fresh vegetables, the novel
approaches to hydroponic crop production and the warm, sunny
env i ronment  o f  t he  g reenhouse  (Photos  21 ,  22 ,  23) .

V i s i t o r s  p a r t i c u l a r l y  e n j o y e d  t h e  o p p o r t u n i t y  t o  b e  a b l e  t o
s a m p l e  n e w  v e g e t a b l e s  s u c h  a s  chinese c a b b a g e  a n d  k a l e  o r
u n p r o c e s s e d  v e g e t a b l e s  s u c h  a s  s p i n a c h  a n d  g r e e n  b e a n s  w h i c h
a r e  n o r m a l l y  a v a i l a b l e  a s  f r o z e n  o r  c a n n e d  p r o d u c t s .  S o m e
v i s i t o r s  r e t u r n e d  f r e q u e n t l y  a n d  w e r e  r e w a r d e d  with
sampl ings o f  r e c e n t l y - h a r v e s t e d  c r o p s  o r  c u t  f l o w e r s  t o  t a k e
home.
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PHOTO 21 : Sumner student Geela AnaviaPik holding turnips
var . Purp le  ~ White Globe (top).

PHOTO 22 : R ichard  Hunt  with  f resh-P icked greens in front of
t h e  T.S. Co-op’s Sauniq H o t e l  ( b o t t o m  l e f t ) .

PHOTO 23 : Sauniq Hotel manager Anna Koonoo d isp lay ing  f resh
salad greens inside greenhouse (bottom right).

122



N o r t h e r n  g r e e n h o u s e s  m a y  c o n t r i b u t e  i n  s e v e r a l  w a y s  t o
i n c r e a s e d  a w a r e n e s s  a n d  e d u c a t i o n  a m o n g  l o c a l  r e s i d e n t s  :

[ 1 ]  N u t r i t i o n

B y  d e v e l o p i n g  a n  a p p r e c i a t i o n  f o r  t h e  t a s t e  a n d  qual ity o f
f r e s h  p r o d u c e ,  n o r t h e r n e r s  m a y  b e  e n c o u r a g e d  t o  i n c r e a s e  t h e
u t i l i z a t i o n  o f  t h e s e  f o o d s t u f f s  i n  t h e i r  d i e t .  The
i n t r o d u c t i o n  o f  v a r i e t i e s  p r e v i o u s l y  u n k n o w n  i n  t h e  n o r t h
w o u l d  c o n t r i b u t e  t o  e x p a n d i n g  a n d  d i v e r s i f y i n g  t h e  d i e t a r y
b a s e .

A l t h o u g h  t h e  n u t r i t i o n a l  c o m p o n e n t s  o f  n o r t h e r n  v e r s u s
s o u t h e r n  p r o d u c e  w e r e  n o t  analysed for  th is  pro ject , several
factors support the use of local over imported produce :

(a) The low incidence of weeds and pests in arctic areas
virtual ly el iminates the need to use costly and
potent ia l ly  de leter ious  chemicals  (herb ic ides ,
pesticides and fungicides) required in southern
greenhouses.

(b) Large transport distances require that imported
produce be harvested from 2 to 3 weeks before It
actually reaches the consumer. This contributes to a
s ign i f icant  decrease in  nutr i t ional  va lue , los ing
w a t e r  s o l u b l e  vitamins ( i .e. V i t a m i n  C )  r a p i d l y  o v e r
severai days.

in contrast, vegetables grown iocaiiy may under most
circumstances be purchased the same day as they are
harvested thus reta in ing thei r  h igh  qual ity nu t r i en ts
and fresh fiavour. Fruits such as tomato which are
r i pened  directiy on the vine aiso benef i t  f rom
improved taste and texture.

[2] Education

Through involvement with the schooi system, greenhouses may
act as educational tools for teachers and aduit educators .
D u r i n g  t986, a iarge number of young students visited the
greenhouse both in organized ciasses and on their own.
Students examined a wide range of Piant and vegetabie
v a r i e t i e s  f o r  t h e  f i r s t  t i m e  a n d  i e a r n e d  t h e  principles  o f
piant g r o w t h .

The greenhouse was aiso used in conjunction with a
conmnerciai  c o o k i n g  ciass in the faii. Locai p a r t i c i p a n t s
benefited from this course by iearning many potentiai uses
and new methods of preparation for vegetables and herbs.
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T h e  a f f i l i a t i o n  o f  g r e e n h o u s e s  w i t h  e d u c a t i o n a l
establ ishments s u c h  a s  A r c t i c  Col Iege a n d  t h e  p r o p o s e d
U n i v e r s i t y  o f  t h e  N o r t h  c o u l d  s e r v e  t o  i n i t i a t e  r e s e a r c h
programs and create centers for the development and
advancement of northern agriculture and technology.

The University of Alaska for example, has a large
agricultural program which operates in conjunction with
Alaska’s commercial farmers, providing them with assistance,
as well as developing new varieties of crops and improved
techniques of production suited to the northern cl imate.

[3] Local Small -Scale Gardening

The presence of a local greenhouse industry may also
st imulate  local  interest  in “kitchen gardening” and related
home improvement activities (housePlants). Small-scale home
gardening and production of vegetables is a very enjoyable
and rewarding practice which may be undertaken at very
I ittie e x p e n s e  d u r i n g  t h e  sununer  s e a s o n .

In Rankin Inlet, the desirable qual ity and variety of crops
produced at the Keewatin Gardens encouraged n u m e r o u s
fami I ies to construct and tend their own backyard cold
frames. Several enthusiastic residents extended production
into the winter months by establishing small hydroponic
gardens indoors.

Local gardeners were encouraged in their efforts by the
author who provided them with practical advice, seeds and
ferti  I izer. A  gu ide  ent i t led  “ A Guide to Smal i-scaie

Gardening in the Keewatin and Other Low Arctic Corranunities  N
(Romer 1980) was circuited to provide information on simpie
vegetabie production techniques.

6-3 Local Economy

The introduction of a greenhouse industry would expand the
economic base of northern connnunities. The cul t ivat ion  of
vegetables is a “non-traditiona i “ practice which is
currentiy not carried out in any form by no r the rne rs .  The
i n i t i a t i o n  o f  Iocai c r o p  p r o d u c t i o n  f a c i l i t i e s  wouid n o t
el iminate or repiace any existing businesses or ‘cottage
i n d u s t r i e s with in  the  conununity. Instead, a completely new
eiement would be introduced into a generaily limited Iocai
e c o n o m y .
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In a d d i t i o n ,  a  n u m b e r  o f  s m a l l  b u s i n e s s e s  m a y  b e  e x p e c t e d  t o
d e v e l o p  a r o u n d  o r  b e n e f i t  f r o m  the presence of  a  local
faci I i ty. These may include :

[1] Food Processing
Businesses concerned with the packaging, canning, freezing
or processing of produce (sauces, soups etc . )  pr ior  to
reta i l  d ist r ibut ion  may be  in i t iated .  Consider ing  the
current demand for novelty food items, large faci I ities may
consider exporting ‘organic arctic produce” to exclusive
restaurants and speciality shops in southern centres.

[2] T o u r i s m
The presence of greenhouses in the north with their new and
exci t ing  technology qual ifies them as tourist attractions.
Visitors to the Sauniq Hote l in 1986 were pleasantly
surprised to see fresh vegetables and f lowers growing in
such a remote northern location (Photos 24, 25).  In addition,
guests at the hotel enjoyed freshly-harvested salads for
d inner .

[3] F l o r i c u l t u r e
Potted houseplants, cut flowers and even seedl ings for
summer gardeners may be produced and distributed by
enterpr is ing  local individuals as a form of part-t ime or
‘ h o b b yn i n d u s t r y .
For example, John Henderson, a local Pond Inlet resident,
maintains a small seasonal greenhouse as a part-time
business and hobby. In addition to producing hydroponic
cucumber, tomato and lettuce, John has SUPPI ied local
residents with f lowerpots and potting soil  which he has
prepared from local peat, and sand deposits for several
years. I t  is  th is  author ’s  be l ie f  that  smal l  bus inesses
such as John’s increase public awareness and diversify
the local economy and should be actively supported!

[4] Research
Greenhouse projects are potential test ing  grounds for
research and development in the f ields of alternate
technologies  (waste  heat  ut i l i zat ion , solar energy and wind
power) and agricultural practices (cold cl imate crop
engineer ing ,  hydroponic  cu l ture) .  Studies  re lated to  f rost
t o l e r a n c e  i n  c r o p s  a n d  l o w  t e m p e r a t u r e  g r o w t h  a n d
productivity  in plants may have signif icance for global
agriculture as wel 1 . Canadians should fol low the example of
other circumpolar nations and expand the scope of
agricultural research and development in northern regions.
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PHOTO 24 : Visitors enjoying greenhouse sunspace and produce.
(From left)  Joe Enook, Conmnissioner John Parker
and Mrs. Helen Parker, Local MLA Dennis Patterson
(his daughter in front)  and Mrs. Sheila Day.

PHOTO 25 : Hotel guests Michael Kozicki and Chris Latchem
preparing to eat freshly-Picked greenhouse salad.
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Section 7 Conclusions and Recommendations

7-1 Conclusions

A s  p a r t  o f  a n  e f f o r t  t o  r e d u c e  h i g h  f o o d  c o s t s  a n d
i n c r e a s e  s e l f - s u f f i c i e n c y  o f  n o r t h e r n  c o m m u n i t i e s ,
t h e  p r e s e n t  s t u d y  r e - e x a m i n e d  t h e  p o t e n t i a l  f o r
v e g e t a b l e  p r o d u c t i o n  i n  a r c t i c  r e g i o n s .

A  v a r i e t y  o f  c r o p s  w e r e  t e s t e d  o v e r  3  s e a s o n s  of 1 9 8 6
i n  a  s m a l l  s o l a r  g r e e n h o u s e  c o n s t r u c t e d  t o  i n c l u d e  a
h e a t  s t o r a g e  f o u n d a t i o n  a n d  s o l a r - c o l l e c t i n g  p a n e l s .
A n n u a l  a n d  s e a s o n a l  o p e r a t i n g  c o s t s  w e r e  d e t e r m i n e d
f o r  a  n o r t h e r n  g r e e n h o u s e  faci I ity a n d  c o s t  e s t i m a t e s
o f  l o c a l  v e r s u s  i m p o r t e d  p r o d u c e  w e r e  m a d e .

R e s u l t s  s h o w e d  t h a t  y e a r - r o u n d  p r o d u c t i o n  o f  s e l e c t e d
t e m p e r a t e  v e g e t a b l e s  i s  t e c h n i c a l l y  a n d  horticulturally
f e a s i b l e  w h e n  e f f i c i e n t  s y s t e m s  o f  c 1  i m a t e  c o n t r o l  ,
i n s u l a t i o n  a n d  p l a n t  g r o w t h  a r e  i n c o r p o r a t e d
s t r u c t u r a l  d e s i g n s .

E c o n o m i c  v i a b i  I  ity w a s  d e m o n s t r a t e d  f o r  c e r t a
v e g e t a b l e  v a r i e t i e s  e s p e c i a l l y  i f  p r o d u c t i o n

n t o

n

s

I i m i t e d t o spci-mg, sununer  a n d  f a l l  s e a s o n s  s i n c e  a
l a r g e  p r o p o r t i o n  o f a n n u a l  o p e r a t i n g  b u d g e t  i s
s p e n t  t o  m a i n t a i n  a r t i f i c i a l I ighting s y s t e m s .  C o s t s
s h o u l d  d e c r e a s e  dramatical IY w i t h  m o r e  e f f i c i e n t  u s e
o f  a v a i l a b l e  s u n l i g h t  a n d / o r  i n  t h e  l e s s  s e v e r e
c l i m a t e  o f  l o w e r  l a t i t u d e s .
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7-2 Future Directions

Based on the results of the Pond Inlet project, a number of
recommendations can be made with respect to future
development of northern greenhouses.

7-2-1 GENERAL RECOMMENDATIONS

Development of agricultural programs in the Arctic should
fol low a slow, integrated appreach which combines hands-on
experience with continued research and development. A
gradual , incremental process of tr ial  and evaluation wil l
m o r e  likely s u c c e e d  i n  r e a l i z i n g  l o c a l  v e g e t a b l e  self-
s u f f i c i e n c y  t h a n  w i l l  a n  i m m e n s e  c a p i t a l  d r i v e  o f  u n t e s t e d
t e c h n o l o g y  i n t o  u n p r e p a r e d  c o m m u n i t i e s .

I t  h a s  b e e n  c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  s u c c e s s  o f  n e w
n o r t h e r n  v e n t u r e s  i s  c o n t i n g e n t  u p o n  a c t i v e  comnunity
a c c e p t a n c e  a n d p a r t i c i p a t i o n . I t  i s  s t r o n g l y  r e c o m m e n d e d
t h a t  subseq~t p r o j e c t s  u n d e r t a k e  a  COI Iaborative a p pr o a c h
t o  d e v e l o p m e n t  w i t h  e x i s t i n g  c o m m u n i t y  o r g a n i z a t i o n s  a n d
=cal r e s i d e n t s . I n v o l v e m e n t  s h o u l d  i n c l u d e  e m p l o y m e n t  a n d
t r a i n i n g  o f  n a t i v e  r e s i d e n t s , e n c o u r a g e m e n t  a n d  a s s i s t a n c e
o f  l o c a l  g a r d e n e r s  a n d  e d u c a t i o n a l  t o u r s  a n d  c o u r s e s .

E f f o r t s  t o  d a t e  h a v e  d e m o n s t r a t e d  t h e  v i a b i l i t y  o f  l o c a l
p r o d u c t i o n  o n  a  s m a l  l - s c a l e  b a s i s . I t  i s  n o w  n e c e s s a r y  t o
i n c r e a s e  t h e  s c a l e  o f p r o d u c t i o n  t o  g a i n  e x p e r i e n c e  a n d
p e r m i t  ev~ation o~a conunerciai-scale o p e r a t i o n .
F u t u r e  p r o j e c t s  s h o u l d  b e  d e s i g n e d  w i t h  t h e  i n t e n t i o n
t h a t  t h e y  b e  s e l f - s u f f i c i e n t , o p e r a t i n g  a s  b u s i n e s s e s ,
n o t  s o l e l y  a s  r e s e a r c h  faci I  i t i e s . In t h i s  w a y ,  m o d e l s  a n d
p r o j e c t i o n s  c a n  b e  r e p l a c e d  w i t h  c o n c r e t e  o p e r a t i o n a l  d a t a
a n d  e x p e r i e n c e .

E a r l y  p r o j e c t s  s h o u l d  n o t  a t t e m p t  t o  a t t a i n  1 0 0 Z

s u b s t i t u t i o n  o f  a l l  i m p o r t e d  v a r i e t i e s  inunediately.

S o u t h e r n  g r e e n h o u s e s  c o n c e n t r a t e  o n  t h e  p r o d u c t i o n  o f  o n e

o r  t w o  d i f f e r e n t  p l a n t  v a r i e t i e s  w h i c h  h a v e  s i m i  I a r  g r o w t h

c o n d i t i o n s  a n d  r e q u i r e m e n t s . A  n o r t h e r n  faci I ity s h o u l d

f i r s t  b e  c o n c e r n e d  w i t h  producing  varieties  which have a n

establ ished p o p u l a r i t y , h a v e  b e e n  P r o v e n  t o  b e
h o r t i c u l t u r a l  Iy v i a b l e  i n  t h e  A r c t i c ,  h a v e  t h e g r e a t e s t

e c o n o m i c p o t e n t i a l  f o r  s u c c e s s  ( h i g h  y i e l d s ,  h i g h  c u r r e n t
m a r k e t  v a l u e )  a n d  h a v e  t h e  g r e a t e s t  p o t e n t i a l  f o r  i m p r o v e -
m e n t  i n qual ity a n d  n u t r i t i o n a l  v a l u e  o v e r  presently-
a v a i  lable p r o d u c e .

120

—...



A f t e r  h a v i n g  establ i s h e d  e c o n o m i c  viabi I ity a n d  o p e r a t i o n a l
e x p e r i e n c e  w i t h  a  f e w  v a r i e t i e s , e x p a n s i o n  t o  m e e t  c u r r e n t
d e m a n d s  f o r  m o s t  p e r i s h a b l e  p r o d u c e  a n d  i n t r o d u c t i o n  o f  n e w
v e g e t a b l e  v a r i e t i e s  m a y  b e  c o n s i d e r e d .

A  c o m p r e h e n s i v e  n o r t h e r n  p r o d u c t i o n  facil ity w i l l  n e e d  t o

e x p a n d  a l o n g  t w o  f r o n t s  :

[1] T h e greenhouse product ion  of  fast -growing, high-
yielding and cost-effective crops s u c h  a s  c u c u m b e r s ,
t o m a t o e s  a n d  l e t t u c e  o n  a  y e a r - r o u n d  b a s i s

[ 2 ]  T h e  s e a s o n a l  o u t d o o r p r o d u c t i o n  o f  c o o l  w e a t h e r
s t o r a g e  c r o p s  s u c h  a s  c a b b a g e ,  p o t a t o , c a r r o t  a n d
o n i o n .  T w o  d e s i g n  m o d e l s  f o r  s u c h  a  facil ity a r e
p r o p o s e d  i n  S e c t i o n  7 - 4 .

R e s e a r c h  a n d  d e v e l o p m e n t  m u s t  b e  c o n t i n u e d  b e f o r e  self-
s u f f i c i e n c y  i n  v e g e t a b l e  p r o d u c t i o n  c a n  b e  r e a l i z e d  i n  t h e
n o r t h . A l t h o u g h  c o n s i d e r a b l e  i n f o r m a t i o n  i s  c u r r e n t l y
a v a i l a b l e  i n  t h e  f i e l d s  o f  g r e e n h o u s e  t e c h n o l o g y  a n d  p l a n t
c u l t i v a t i o n , v e r y  little i s  a p p l i c a b l e  o r  h a s  b e e n  t e s t e d  i n
s e v e r e  c l  i m a t e s  s u c h  a s  t h e  A r c t i c . R e s e a r c h  a r e a s  s h o u l d
i n c l u d e  :

r

T h e

-  I n v e s t i g a t i n g  a l t e r n a t e  h e a t  a n d  p o w e r  s o u r c e s
( s o l a r ,  w i n d ,  w a t e r ,  w a s t e  h e a t )

-  D e s i g n i n g  a n d  t e s t i n g  h e a t  c a p t u r e  a n d  Storage
s y s t e m s  a n d  m e t h o d s  f o r  r e d u c i n g  h e a t  l o s s .

-  D e s i g n  o f  h y d r o p o n i c  a n d  r e l a t e d  p l a n t  p r o d u c t
t e c h n i q u e s  appl icable t o  n o r t h e r n  f a c i  1 i t i e s .

- Bioengineering r e s e a r c h  : d e v e l o p i n g  v a r i e t i e s

on

t o l e r a n t  t o  c o l d  t e m p e r a t u r e s ,  f r o s t  a n d  e x t e n d e d
day length . D e v e l o p i n g  e d i b l e  t u n d r a  s p e c i e s  i n t o
p r o d u c t i v e  n o r t h e r n  cultivars.

-  M a r k e t  r e s e a r c h  : t e s t i n g  n e w  v a r i e t i e s  a n d  n e w
m e t h o d s  o f  p r o c e s s i n g  t h e m  t o  i n c r e a s e  p u b l i c
ut i  1 i z a t i o n  a n d  a w a r e n e s s .

1
d e s i g n  o f  n o r t h e r n  a g r i c u l t u r a l  f a c i l i t i e s  s h o u l d

i n c o r p o r a t e  i n f o r m a t i o n  g a t h e r e d  f r o m  ( 1 )  p r e v i o u s  n o r t h e r n
r e s e a r c h  p r o j e c t s ,  ( 2 )  a p p l i c a b l e  s o u t h e r n  r e s e a r c h
proJects ( B r a c e  R e s e a r c h  i n s t i t u t e ,  M c G i l l  U n i v e r s i t y ;
A g r i c u l t u r e  C a n a d a  G r e e n h o u s e  R e s e a r c h  B r a n c h )  a n d
( 3 )  o t h e r  circumpolar r e s e a r c h  a n d  convnercial p r o j e c t s
( U S S R ,  S c a n d i n a v i a  a n d  A l a s k a ) .
A n  e f f e c t i v e  m e a n s  o f  o p t i m i z i n g  t h e  COI lection a n d
d i s t r i b u t i o n  o f  i n f o r m a t i o n  a n d  a v o i d i n g  t h e  d u p l i c a t i o n  o f
e f f o r t s  i s  t h e  e s t a b l i s h m e n t  o f  a n  A r c t i c  A g r i c u l t u r a l
R e s e a r c h  Centre. T h i s  i d e a  i s  d i s c u s s e d  i n  S e c t i o n  7 - 3 .
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7-2-2 DATA BASE REQUIREMENTS

F u t u r e  d e v e l o p m e n t  o f  l a r g e - s c a l e  c o m m e r c i a l  g r e e n h o u s e s  m u s t

b e  p r e c e e d e d  b y  a  t h o r o u g h  e v a l u a t i o n  o f  t e c h n i c a l ,

h o r t i c u l t u r a l  a n d  e c o n o m i c  p a r a m e t e r s . T h e  m a j o r  c o m p o n e n t s

O f  t h i s  d a t a  b a s e  w i l l  i n c l u d e  a s s e s s m e n t  o f  m a r k e t

p o t e n t i a l  a s  w e l l  a s  s c i e n t i f i c  a n d  e c o n o m i c  f e a s i b i l i t y .

[A] MARKET POTENTIAL

A n  e v a l u a t i o n  o f  t h e  c u r r e n t  a n d  p r o j e c t e d  m a r k e t  s i z e  wil I
d e t e r m i n e  t h e  s c a l e  o f  o p e r a t i o n  f o r  a n y  comnunity p r o j e c t .

T h i s  w i l l  i n v o l v e  :

-  e v a l u a t i n g  c u r r e n t  a n d  p r o j e c t e d  l e v e l s  o f  c o n s u m p t i o n .

-  i s o l a t i n g  m o s t  i m p o r t a n t  v a r i e t i e s  b a s e d  o n  d e m a n d  a n d

e c o n o m i c  c o s t  e f f e c t i v e n e s s .

-  e x a m i n i n g  s e a s o n a l  p a t t e r n s  o f  d e m a n d  a n d  c o n s u m p t i o n
a s  t h e y  a f f e c t  p r o d u c t i o n .

–  i d e n t i f y i n g  m a r k e t s  f o r  t h e  s a l e  o f  p r o d u c e  a n d  m e t h o d s
o f  d i s t r i b u t i o n  a v a i l a b l e .

[B] ECONOMIC FEASIBILITY

A  t h o r o u g h  c o s t - b e n e f i t  a n a l y s i s  m u s t  b e  c o n d u c t e d  u s i n g
d i f f e r e n t  s c e n a r i o s  i n  o r d e r  t o  d e t e r m i n e  t h e  b e s t  c o u r s e  o f

d e v e l o p m e n t . I n c l u d e d  i n  s u c h  a  s t u d y  a r e  :

[1] S t a r t - u p  C o s t s

–  p u r c h a s e  o r  l e a s e  o f  l a n d

-  p u r c h a s e  c o s t  o f  s t r u c t u r e  ( d e s i g n ,  m a n u f a c t u r e )
a n d  c o n t r o l  s y s t e m s

-  t r a n s p o r t a t i o n  c o s t s  o f  f a c i l i t y  t o  s i t e  ( s e a l  ift,

a i r  c a r g o ,  l o c a l  t r a n s p o r t )

- Iabour c o s t s  f o r  c o n s t r u c t i o n  : s i t e  p r e p a r a t i o n
s o i l  p r e p a r a t i o n
a s s e m b l y
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[2] Operating Costs

-  labour c o s t s  : h o r t i c u l t u r a l  t e c h n i c i a n s  ( f u l l  t i m e )
t e c h n i c i a n s ,  s t u d e n t s  ( p a r t  t i m e )

–  e n e r g y  a n d  u t i l i t y  c o s t s  :  h e a t i n g  c o s t s
e l e c t r i c i t y
w a t e r  a n d  t a x e s

-  m a t e r i a l s  : s e e d s ,  f e r t i l i z e r s ,  t o o l s
s h i p p i n g  c o s t s  f o r  m a t e r i a l s
r e p l a c e m e n t  c o s t s  ( i  ights a n d  m o t o r s )

-  s t o r a g e  a n d  p r o c e s s i n g  c o s t s  :  p a c k a g i n g
c o l d  s t o r a g e

-  a d m i n i s t r a t i v e  c o s t s  : a d v e r t i s i n g , a c c o u n t i n g
o f f i c e  o v e r h e a d

[3 ]  Fr inge Benef i ts

-  r e d u c e d  s p o i  Iage o f  f o o d s

-  p r e m i u m  p r i c e s  f o r  h i g h  qual i t y  p r o d u c e

- el imination o f  t r a n s p o r t  s u b s i d i e s

A  n u m b e r  o f  c o s t - b e n e f i t  s c h e m e s  m u s t  b e  d e v e l o p e d  f o r
v a r i o u s  d e s i g n  o p t i o n s  ( t e c h n i c a l  a n d  h o r t i c u l t u r a l )  i n
o r d e r  t o  i d e n t i f y  t h e  b e s t  c o u r s e  o f  d e v e l o p m e n t .  T h e
p r o j e c t e d  p r o d u c t i o n  c o s t s  a n d  r e v e n u e s  f o r  e a c h  a l t e r n a t i v e
m u s t  b e  w e i g h e d  a g a i n s t  t h e  c u r r e n t  r e t a i l  s i t u a t i o n  :

-  c u r r e n t  f r e i g h t  c o s t s  a n d  e f f e c t i v e  s u b s i d i e s

-  w h o l e s a l e  c o s t s  a n d  r e t a i l  v a l u e  o f  p r o d u c e

–  p r o j e c t e d  r e v e n u e s
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[C] SCIENTIFIC FEASIBILITY

A  t h o r o u g h  e x a m i n a t i o n  o f  t h e  t e c h n o l o g i c a l  n e e d s  a n d
r e s o u r c e s  a v a i l a b l e  t o  t h e  p r o j e c t  w o u l d  i n c l u d e  :

- an  u p - t o - d a t e  s y n o p s i s  o f  g r e e n h o u s e  t e c h n o l o g y ,
p a s t  e x p e r i e n c e s  a n d  d e v e l o p m e n t s  i n  C a n a d a
a n d  a b r o a d .

-  a s s e s s m e n t  o f  c 1  imatic f e a t u r e s  a n d  e n v i r o n m e n t a l
f a c t o r s  o f  p r o p o s e d  l o c a t i o n s  :  f r o s t  f r e e  p e r i o d ,
t e m p e r a t u r e  r a n g e s , w i n d  a c t i v i t y  a n d  p r e c i p i t a t i o n .

i d e n t i f i c a t i o n  o f  a v a i l a b l e  l o c a l  r e s o u r c e s  a n d  r a w
m a t e r i a l s :

-  q u a n t i t y  a n d  q u a l i t y  o f  w a t e r

–  p o t e n t i a l  s o u r c e s  o f  w a s t e  h e a t

-  s o u r c e s  o f  p o w e r

-  soil  r e s e r v e s - q u a n t i t y  a n d  qual i t y

-  h e a t  s t o r a g e  m e d i u m s  -  s t o n e ,  g r a v e l

–  Iabour r e s o u r c e s -  qual ified/ unqual ified

-  i n v e s t i g a t i o n  o f  p o t e n t i a l  l o c a t i o n s  :

-  d e g r e e  o f  p o s s i b l e  s h a d i n g  i n  a l l  s e a s o n s

-  p o s s i b l e  o r i e n t a t i o n s

-  s h e l t e r  f r o m  p r e v a i  I  i n g  w i n d s

-  c o n s u l t a t i o n  w i t h  e n g i n e e r s , h o r t i c u l t u r a l  ists and

t e c h n o l o g i s t s  :

-  e v a l u a t e  a l t e r n a t e  s o u r c e s  o f  p o w e r

-  d i f f e r e n t  possibi I  i t i e s  f o r  g r o w i n g  s y s t e m s

-  d e s i g n  o p t i o n s  f o r  s t r u c t u r e
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7-3 Technology Transfer and Training

T h e  d e v e l o p m e n t  o f  n o r t h e r n  p r o d u c t i o n  f a c i l i t i e s  i n  o t h e r
conununities a n d  t h e  i m p r o v e m e n t  a n d  e x p a n s i o n  o f  e x i s t i n g
f a C i  I i t i e s  w o u l d  b e s t  b e  d i r e c t e d  f r o m  a  centrai
Agricultural Research and Training Centre. T h e  p r o p o s e d
centre c o u l d  b e  d e v e l o p e d  a l o n g  t h e  i i n e s  o f  t h e  U n i v e r s i t y
o f  A l a s k a D s  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  i n  F a i r b a n k s ,
A l a s k a  ( U n i v e r s i t y  o f  A l a s k a ,  1 9 8 0 ) .

R e s e a r c h  a t  t h i s  centre h a s  i n v o l v e d  t h e  c o n v e n t i o n a l  f i e l d
CUltUre o f  c r o p s ,  t h e  d e v e l o p m e n t  o f  s u i t a b l e  v e g e t a b l e

v a r i e t i e s  f o r  n o r t h e r n  r e g i o n s  a n d  w o r k  o n  c o n t r o l  l e d
e n v i r o n m e n t  g r e e n h o u s i n g  a n d  h o r t i c u l t u r e  o f  v e g e t a b l e s  a n d
o r n a m e n t a l .

I n  C a n a d a , s u c h  a  centre c o u l d  b e  a f f i  I  i a t e d  w i t h  e i t h e r
A r c t i c  COi iege or t h e  p r o p o s e d  U n i v e r s i t y  o f  t h e  North.
A r e a s  o f  p o t e n t i a l i n v o l v e m e n t  w o u l d  i n c l u d e  :

[ A ]  C o l l e c t i o n  a n d  D i s t r i b u t i o n  o f  I n f o r m a t i o n

- publ ic r e l a t i o n s  a n d  p r o m o t i o n  o f  g r e e n h o u s e
p r o j e c t s  i n  n o r t h e r n  c o m m u n i t i e s

-  d a t a  p e r t i n e n t  t o  o p e r a t i o n  o f  e x i s t i n g  p r o j e c t s

-  g a r d e n i n g  g u i d e s  f o r  l o c a l  r e s i d e n t s

-  g r e e n h o u s e  o p e r a t i n g  m a n u a l s  f o r  p r o j e c t s

-  a n n o t a t e d  b i b l i o g r a p h i e s  o f  r e l a t e d  1 iterature

-  r e s u l t s  o f  h o r t i c u l t u r a l  v a r i e t y  t e s t s

-  g e n e r a l i n t e r e s t  i n f o r m a t i o n
(houseplants, s e e d  s o u r c e s )

[ B )  R e s e a r c h  a n d  D e v e l o p m e n t

-  d e s i g n  a n d  t e s t i n g  o f  n e w  t e c h n o l o g i c a l  a n d
h o r t i c u l t u r a l  s y s t e m s  a n d  m e t h o d s

- COI Iecting f e e d b a c k  f r o m  e x i s t i n g  p r o j e c t s  a n d
d i r e c t i n g  d e v e l o p m e n t  o f  f u t u r e  o n e s

-  d e v e l o p i n g  a n d  t e s t i n g  n e w  v a r i e t i e s  o f  v e g e t a b l e s  a n d
i m p r o v i n g  c u l t i v a t i o n  p r a c t i c e s

-  p e r f o r m i n g  s o i l  a n a l y s e s  a n d  p r o v i d i n g  f e r t i l i z e r
reconunendations t o  s o i  l - b a s e d  p r o j e c t s

133



[ C ]  T r a i n i n g

-  t h e o r e t i c a l  a n d  a p p l i e d  t r a i n i n g  o f  p r o s p e c t i v e
g r e e n h o u s e  t e c h n i c i a n s  a n d  sunnner  s t u d e n t s

-  d e v e l o p i n g  t r a i n i n g  m a n u a l s  a n d  o p e r a t i n g  m a n u a l s  f o r
u s e  i n  n o r t h e r n  p r o j e c t s

-  p r o v i d i n g  t h e  s e r v i c e s  o f  a  ‘travell i n g
h o r t i c u l t u r a l  istn w h o  c o u l d  v i s i t  p r o j e c t s  a n d  a c t
a s  a  c e n t r a l  a u t h o r i t y  f o r  p r o v i d i n g  a d v i c e  a n d
i n f o r m a t i o n

-  s t a g i n g  o f  w o r k s h o p s  o n  n e w  d e v e l o p m e n t s

-  o f f e r i n g  c o u r s e s  i n  h o r t i c u l t u r e ,  B o t a n y  a n d  r e l a t e d
s c i e n c e s

T h e  p r o p o s e d  r e s e a r c h  c e n t r e  n e e d  n o t  b e  a n  i n d e p e n d e n t

f a c i l i t y  b u t  m a y  c o m p r i s e  a  p a r t  o f  a  conunercial  o p e r a t i o n .

I n  t h i s  w a y , n e w  d e v e l o p m e n t s  m a y  b e  inunediately tes ted  a t  a
c o m m e r c i a l  l e v e l .
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7-4 A Design Concept for a
Northern Production Faci 1 ity

C o n s i d e r a b l e  i n f o r m a t i o n  w a s  o b t a i n e d  d u r i n g  t h e  f i r s t
s e a s o n  o f  o p e r a t i o n  a t  t h e  P o n d  I n l e t  G a r d e n s .  Sununary
e v a l u a t i o n s  o f  t e c h n i c a l  p e r f o r m a n c e  d u r i n g  t h i s  t r i a l
p e r i o d  h a v e  b e e n  p r e s e n t e d  i n  S e c t i o n s  3  a n d  4  o f  t h i s
r e p o r t . Based on these evaluations, a modified design
may be proposed for a northern production facil ity. The
c o m p r e h e n s i v e  f a c i l i t y  wilI c o m p r i s e  t w o  p a r t s  :

1. a  g r e e n h o u s e  f o r  y e a r - r o u n d  p r o d u c t i o n  o f  v e g e t a b l e s
2 . c o l d  f r a m e  g a r d e n s  f o r  t h e  s e a s o n a l  p r o d u c t i o n  o f

c o o l  w e a t h e r  s t o r a g e  c r o p s .

T h e  p r o p o s e d  d e s i g n s  a r e  p r e s e n t e d  i n  F i g u r e s  2 1 ,  2 2  a n d  2 3
a n d  m a j o r  p o i n t s  sununarized b e l o w .

7-4-1 SOLAR GREENHOUSE

T h e  l o c a t i o n  o f  t h e  g r e e n h o u s e  m u s t  b e  s e l e c t e d  t o  p r o v i d e
a n  u n o b s t r u c t e d  e x p o s u r e  t o  s u n l i g h t  a t  a l l  t i m e s .—
O r i e n t a t i o n  s h o u l d  b e  t o w a r d s  t h e  s o u t h e r n  hemisphere.

[ A ]  S t r u c t u r e

T h e  s t r u c t u r e  s h o u l d  b e  d i v i d e d  i n t o  s e p a r a t e p r o d u c t i o n
c o m p a r t m e n t s  p e r m i t t i n g  t h e  o p e r a t o r  t o  a d j u s t  a n d  o p t i m i z e
g r o w i n g  c o n d i t i o n s  f o r  e a c h  c r o p . T h i s  d e s i g n  f e a t u r e  also
p e r m i t s  r a p i d  i s o l a t i o n  a n d  t r e a t m e n t  o f  p e s t s  a n d  p a t h o g e n s .

E n t r y  i n t o  t h e  g r e e n h o u s e  i s  t h r o u g h  a n  u t i l i t y / o f f i c e  r o o m
w h i c h  a c t s  a s  a n  e f f e c t i v e  a i r l o c k  a n d  m a y  s e r v e  a s  o f f i c e
a r e a ,  s t o r a g e  s p a c e  f o r  m a t e r i a l s , h e a d h o u s e  f o r  p r e p a r i n g
seedl i n g s  a n d  h a r v e s t i n g  p l a n t s ,  w a r m i n g  r o o m  f o r  w a t e r
t a n k s  a n d  h y d r o p o n i c  r e s e r v o i r s  a n d  c o n t r o l  c e n t r e .
T h e  g r e e n h o u s e  m a y  a l s o  b e  j o i n e d  t o  a n  e x i s t i n g  s t r u c t u r e
(off ice bui Iding, commercial outlet) by means of an
insulated corridor and may share a cofrmnon heating source.

T h e  h e a t  s t o r a g e  f o u n d a t i o n  r e m a i n s  s i m i  lar t o  t h e  e x i s t i n g
s t r u c t u r e  w i t h  s a n d  o r  c r u s h e d  g r a v e l  a s  a  s t o r a g e  m a s s  a n d
h e a t  del i v e r y  t h r o u g h  p l a s t i c  c o r r u g a t e d  d r a i n a g e  t u b i n g .
T h e  s t o r a g e  s t r u c t u r e  a c t s  a s  a  s u p p o r t i n g  f r a m e  f o r  t h e
g r e e n h o u s e  a n d  m u s t  b e  v e r y  w e l l  i n s u l a t e d  t o  m i n i m i z e  h e a t
l o s s  t o  t h e  e x t e r i o r .
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I

FIGURE 21 : A proposed design for a northern greenhouse
based on the Pond Inlet facil ity.
(Vert ica l  cross -sect ion  of  st ructura l  and
production faci I ities).
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6

F I GURE 22 : A proposed design for a northern greenhouse
based on the Pond Inlet facil ity.
(Hor izonta l  cross -sect ion  of  st ructura l
and production faci I ities) .

—

\ z
NUTfNENT
SUPPLY
LINE J/

COrnpaftment
No.1 II No. z

CATCHMENT
GUTTER

II I

I!sEEim’–NUTRIENT
RE51

1.h\\\\\q

Mock
Office
Sforqe

FIGURE 23 : Proposed design of a seasonal outdoor cold
frame farm for northern regions.
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T h e  a d d i t i o n  o f  a n  i n s u l a t e d  f l o o r  a b o v e  t h e  s t o r a g e  m a s s
w i l l  p e r m i t  t h e  c o n t r o l l e d  r e l e a s e  o f  h e a t  i n t o  t h e
g r e e n h o u s e  t h r o u g h  t h e r m o s t a t i c a l l y  o p e r a t e d  d a m p e r s .  T h i s
m o d i f i c a t i o n  w i l l  a l s o  e l i m i n a t e  h e a t  l o s s  f r o m  t h e
g r e e n h o u s e  i n t o  t h e  s t o r a g e  m a s s  d u r i n g  w i n t e r  m o n t h s .
H e a t e d  a i r  i s  d e l i v e r e d  i n t o  t h e  s t o r a g e  m a s s  f r o m  t h e  s o l a r
COI Iector p a n e l s  a n d  t h e  g r e e n h o u s e  p e a k .

A t  h i g h  l a t i t u d e s , t h e  d e s i g n  i n c l u d e s  a n  i n s u l a t e d  r o o f
u p o n  w h i c h  c a n  b e  m o u n t e d  t h e  s o l a r  COI Iector p a n e l s  a n d
a i r - t o - a i r  h e a t  e x h a n g e r . T h e  d e s i g n  o f  t h e  s o l a r  COI Iector
m a y  i n c o r p o r a t e  a  s y s t e m  f o r  h e a t i n g  t h e  N F T  n u t r i e n t
r e s e r v o i r  a s  w e l l  a s  t h e  s t o r a g e  m a s s  a n d  g r e e n h o u s e  a i r .

T h e g l a z i n g p a n e l s  a n d  i n s u l a t i o n  o f  t h e  f r a m e  a r e  c o m b i n e d
i n t o  o n e  u n i t . T w o  l a y e r s  o f  acryl ic g l a z i n g  a r e  p r e s e n t  a n d
a r e  w e l l  s e a l e d  t o  m i n i m i z e  h e a t  l o s s  f r o m  t h e  g r e e n h o u s e .
T h e  s y s t e m  o f  i n s u l a t i o n  c o m p r i s e s  t w o  p a r t s :

[ a ]  A  moveable t h e r m a l  b l a n k e t  i s  s i t u a t e d  b e t w e e n  t h e  t w o
l a y e r s  o f  g l a z i n g  a n d  m a y  b e  rol l e d  u p  o r  d o w n
d e p e n d i n g  o n  t h e  a v a i l a b i l i t y  o f  s u n l i g h t .  T h e s e
t h e r m a l  b l a n k e t s  m a y  b e  s t o r e d  i n  t h e  r o o f  a r e a  o r
u n d e r  t h e  g r o w i n g  b e n c h e s  i n  s e a l e d  c o m p a r t m e n t s .

[ b ]  A n  e x t e r i o r  w i n t e r  b l a n k e t  w h i c h  c o v e r s  t h e  e n t i r e
s t r u c t u r e  a n d  p r o v i d e s  a d d i t i o n a l  p r o t e c t i o n  f r o m  t h e
c o l d  i s  a d d e d  w h e n  d a y l e n g t h  b e c o m e s  t o o  s h o r t .

V e n t i l a t i o n  i s  p r o v i d e d  b y  m e a n s  o f  p a s s i v e  v e n t s ,
c i r c u l a t i n g  f a n s  a n d  e x h a u s t  f a n s .  A n  a i r - t o - a i r  h e a t
e x c h a n g e r  e n s u r e s  a d e q u a t e  g a s  e x c h a n g e  w h i  Ie m i n i m i z i n g
g r e e n h o u s e  h e a t  l o s s  d u r i n g  t h e  c o l d  m o n t h s .  I n c o m i n g  a i r
m a y  a l s o  b e  c o n d i t i o n e d  ( w a r m e d )  b y  p a s s i n g  i t  t h r o u g h  t h e
h e a t  s t o r a g e  m a s s  a t  c e r t a i n  t i m e s  o f  t h e  y e a r .

HeatinQ i s  p r o v i d e d  f r o m  s o l a r  a n d  w a s t e  h e a t  s o u r c e s .
B a c k u p  h e a t i n g  m a y  b e  g e n e r a t e d  b y  u s i n g  a  p r o p a n e  h e a t e r
w h i c h  w o u l d  a l s o  i n c r e a s e  C 0 2  c o n c e n t r a t i o n s  w i t h i n  t h e
g r e e n h o u s e .

L i g h t i n g i s  p r o v i d e d  b y  h i g h  i n t e n s i t y  s o d i u m  b u l b s
s u p p o r t e d  o n  a d j u s t a b l e  b o o m s  a b o v e  t h e  g r o w i n g  b e d s .

A l l  e n v i r o n m e n t a l  c o n d i t i o n s  w i t h i n  t h e  g r e e n h o u s e  m a y  b e
c o n t r o l l e d  b y  a  g r e e n h o u s e  c o m p u t e r  s y s t e m  (DGT, Priva)
t o  p r o v i d e a c c u r a t e  c o n t r o l  o f  a l l  p a r a m e t e r s  a n d  a l e r t
o p e r a t o r s  t o  a n y  i r r e g u l a r  e v e n t s .
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[ B ]  P l a n t  P r o d u c t i o n  F a c i l i t i e s

P l a n t s  a r e  g r o w n  i n  NFT  h y d r o p o n i c  c u l t u r e  o n  a  s e r i e s  o f
r o l l e r  b e n c h e s  which~ximize a v a i l a b l e  s p a c e  i n  t h e
g r e e n h o u s e . T h e  b e n c h e s  p r o v i d e  a  g r o w i n g  s u r f a c e  a s
w e l l  a s  s t o r a g e  s p a c e  b e l o w .

T h e  n u t r i e n t  s o l u t i o n  f o r  p l a n t s  i s  h e a t e d  u s i n g  w a s t e  h e a t
( h e a t i n g  c o i l s  i n  t h e  r e s e r v o i r )  a n d  n u t r i e n t  andpH l e v e l s
a r e  automatical Iy a d j u s t e d  u s i n g ‘ r e a d  a n d  feed” a n a l y z e r s .
S e p a r a t e  n u t r i e n t  r e s e r v o i r s  a r e  m a i n t a i n e d  f o r  e a c h  c r o p
a n d / o r  c o m p a r t m e n t  t o  p e r m i t  a d j u s t m e n t s  a c c o r d i n g  t o
p l a n t  v a r i e t y  a n d  s t a g e  o f  d e v e l o p m e n t .
NFT g u t t e r s  a r e  o f  v a r i a b l e  s i z e s  a n d  m a y  b e  a d j u s t e d  t o
p r o v i d e  t h e  m o s t  d e s i r a b l e  s p a c i n g .  N u t r i e n t  s o l u t i o n  f l o w s
i n t o  t h e  g u t t e r s  t h r o u g h  a  conunon f e e d e r  I i n e  a n d  i s
co] Iected a l o n g  a  conunon  c a t c h m e n t  g u t t e r .

7-4-2 COLD FRAME GARDENS

D u r i n g  t h e  s u m m e r  s e a s o n , c o o l  w e a t h e r  c r o p s  s u c h  a s
c a b b a g e , c a r r o t s , p o t a t o e s ,  t u r n i p s  a n d  l e t t u c e  w i l l  b e
p r o d u c e d  i n  a  m o d i f i e d  ‘ Q u o n s e t  farm” i l l u s t r a t e d  i n
F i g u r e  2 3 .

T h e  p r o p o s e d  s t r u c t u r e  c o n s i s t s  o f  s o i  I - f i  1 l e d  c o l d  f r a m e
~ardens w i t h  i n s u l a t e d  b a s e s  ( R a n k i n  Iniet d e s i g n )  p r o t e c t e d
b y  a  Q u o n s e t  s t y l e g r e e n h o u s e  s h e l t e r . T h i s  s t r u c t u r e  c a n  b e
o b t a i n e d  a t  a  l a n d e d  c o s t  o f  a p p r o x i m a t e l y  * 2 0 . 0 0 /  m 2
(Harnois I n d u s t r i e s  Econo-tunnel). I f  t h e  c o s t  o f  t h e  c o l d
f r a m e  m a t e r i a l s  i s  i n c l u d e d , t h e  e f f e c t i v e  c a p i t a l
i n v e s t m e n t  i s  i n  t h e  r e g i o n  o f  $  4 0 . 0 0 /  m 2 .

T h e s e  s t r u c t u r e s  m a y  b e  s e t  u p  i n  u n i t s  o f  1 0 5  m 2  o r  2 1 0  m 2
o f  g r o w i n g  s p a c e . V e n t i l a t i o n  i s  p a s s i v e  t h r o u g h  g a b l e  e n d
w i n d o w s  a n d  s i d e  v e n t s . A  s m a l l  a u x i l i a r y  h e a t i n g  s o u r c e
m a y  b e  c o n s i d e r e d  f o r  c o o l  p e r i o d s  d u r i n g  t h e  s p r i n g  a n d
f a i l . T h i s  c o u l d  e f f e c t i v e l y  i n c r e a s e  t h e  g r o w i n g  s e a s o n  b y
3  t o  4  w e e k s .

B o t h  t h e  i n i t i a l  c o n s t r u c t i o n  a n d  s u b s e q u e n t  o p e r a t i o n  a r e
labour i n t e n s i v e  a n d  w o u l d  p r o v i d e  a n  e x c e l l e n t  e m p l o y m e n t
o p p o r t u n i t y  f o r  sumner s t u d e n t s  a n d  h o r t i c u l t u r a l  t r a i n e e s .
S e e d l i n g s  f o r  t h e  s e a s o n a l  c r o p s  s h o u l d  b e  p r e - g e r m i n a t e d
i n s i d e  a  g r e e n h o u s e  f a c i  I  i t y  a p p r o x i m a t e l y  6 - 8  w e e k s  b e f o r e
t r a n s p l a n t i n g  i n t o  o u t d o o r  c o l d  f r a m e s .  T h e  w a t e r i n g ,
ferti I  i z i n g  a n d  c r o p  m a i n t e n a n c e is t h e n  u n d e r t a k e n  b y
g r e e n h o u s e  h e l p e r s .
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7-5 Scale of Operation for Pond Inlet

,.

USln9 t h e  p r o d u c t i o n  d a t a  f r o m  T a b l e s  1 8  a n d  2 0 ,  i t  i s
p o s s i b l e  t o  o b t a i n  a  c o n s e r v a t i v e  e s t i m a t e  f o r  t h e  s c a l e  o f
o p e r a t i o n  w h i c h  w o u l d  b e  r e q u i r e d  t o  s u p p l y  s e l e c t e d
v e g e t a b l e s  t o  t h e  c o m m u n i t y  o f  P o n d  I n l e t  a t  c u r r e n t  l e v e l s
o f  c o n s u m p t i o n . T h i s  d a t a  i s  s u m m a r i z e d  i n  Table 2 2 .

TABLE 22 : S c a l e  o f  p r o d u c t i o n  f a c i  I  i t y  r e q u i r e d  t o  m e e t
c u r r e n t  c o n s u m p t i o n  l e v e l s  o f  s e l e c t e d  v e g e t a b l e s
i n  P o n d  inlet ( y e a r - r o u n d  o p e r a t i o n ) .

CONSUMPTION PRODUCTION AREA REQUIRED
k g / y e a r kg/m2/yr meters2

GREENHOUSE

TOMATO 1236 3 0 . 6 41
CUCUMBER 5 6 0 5 2 . 8 11
LETTUCE 9 5 4 9 6 . 0 10

TOTAL [A] = 62 m2

COLD FRAMES kg/m2/season

POTATO 2 5 4 6 5 . 0 5 0 9
CARROT 2 3 6 4 3 . 4 6 9 0

h
TOTAL [B] = 1199 m2

TOTAL [A] + [B] = 7 6 6 0 k g 1261 m2

B a s e d  o n  t h e  p r o j e c t e d  f i g u r e s ,  i t  w o u l d  r e q u i r e
a p p r o x i m a t e l y  6 2  s q u a r e  m e t e r s  o f  g r e e n h o u s e  s p a c e  t o  m e e t
c u r r e n t  d e m a n d s  f o r  c u c u m b e r , t o m a t o  a n d  l e t t u c e  i n  P o n d
I n l e t . T h e s e  t h r e e  v e g e t a b l e s  r e p r e s e n t  o n e  q u a r t e r  ( b y
w e i g h t )  o f  t h e  v e g e t a b l e s  c o n s u m e d  a n n u a l l y  i n  t h e
community .

i n  c o n t r a s t , a  t o t a l  o f  1 1 9 9  s q u a r e  m e t e r s  o f  c o l d  f r a m e
g a r d e n s  w o u l d  b e  n e e d e d  t o  p r o d u c e  t h e  a n n u a l  p o t a t o  a n d
c a r r o t  r e q u i r e m e n t s  o f  4910 k g s  (47X b y  w e i g h t  o f  v e g e t a b l e
consumpt ion)  .

C o n c e i v a b l y ,  t h e  c u r r e n t  P o n d  I n l e t  g r e e n h o u s e  w i t h  1 3 . 4  m 2
o f  g r o w i n g  s p a c e ,  c o u l d  p r o d u c e  t h e  c o m m u n i t y ’ s  a n n u a l
r e q u i r e m e n t s  f o r  e i t h e r  c u c u m b e r  o r  l e t t u c e !
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7-6 Future Uti I ization of the Pond Inlet Greenhouse

T h e - P o n d  I n l e t  G a r d e n s  facil ity p r o v i d e d  t h e  e x p e r i m e n t a l
“ t e s t i n g  g r o u n d s- f o r  e x a m i n i n g  t h e  v i a b i  I ity o f  n o r t h e r n
v e g e t a b l e  p r o d u c t i o n . A l t h o u g h  t h e  f a c t  I  ity d e m o n s t r a t e d  t h e
c a p a b i  I  ity o f  y e a r - r o u n d  o p e r a t i o n , t h e  v e r y  s m a l l  g r o w i n g
a r e a  a n d  p r o p o r t i o n a l l y  h i g h  Iabour c o s t s  m a k e  i t  u n s u i t a b l e
f o r  p r e s e n t  u s e  a s  a  r e t a i l  p r o d u c t i o n  f a c i l i t y .  I n s t e a d  a
n u m b e r  o f  p o t e n t i a l  a l t e r n a t i v e s  e x i s t  :

[A] 1 9 8 7

I t  i s  r e c o m m e n d e d  t h a t  t h e  g r e e n h o u s e  c o n t i n u e  o p e r a t i n g
o n  a  f u l l  t i m e  b a s i s  i n  1 9 8 7  i n  o r d e r  t o  :—  —

1. c o l l e c t  t e c h n i c a l  a n d  h o r t i c u l t u r a l  d a t a  o v e r  o n e
c o m p l e t e  y e a r  w i t h  s y s t e m s  100X o p e r a t i o n a l . (The
g r e e n h o u s e  w a s  u n d e r  c o n s t r u c t i o n  a n d  s y s t e m s
w e r e  f r e q u e n t l y  m o d i f i e d  i n  1 9 8 6 ) .

2 . o b s e r v e  a n d  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e  s o l a r
COI Iector a n d  h e a t  s t o r a g e  f o u n d a t i o n  a s  a  h e a t i n g
s y s t e m  d u r i n g  t h e  s p r i n g  a n d  surrrner s e a s o n s .

3 . c o m p i l e  m o r e  a c c u r a t e  i n f o r m a t i o n  c o n c e r n i n g  e n e r g y
r e q u i r e m e n t s ,  p r o d u c t i o n  c o s t s  a n d  h o r t i c u l t u r a l
t r i a l s  o v e r  t h e  c o u r s e  o f  a  c o m p l e t e  y e a r .

4 . re-evaluate  t h e  p e r f o r m a n c e  a n d  p r o d u c t i o n  c a p a c i t y
o f  o u t d o o r  f a c i  1  i  t i e s  u n d e r  b e t t e r  c l  i m a t i c
c o n d i t i o n s  t h a n  w e r e  e n c o u n t e r e d  i n  1 9 8 6 .

[ B ]  1 9 8 8  O n w a r d s

Fol l o w i n g  t h i s  p e r i o d , t h e  facil ity s h o u l d  c o n t i n u e
o p e r a t i o n  o n  a  s e a s o n a l  b a s i s  i n  t h e  s p r i n g ,  s u m m e r  a n d  f a l l
m o n t h s . T h e  h i g h e r  o p e r a t i n g  c o s t s  a n d  r e l a t i v e l y  s m a l l
g r o w i n g  s p a c e  s u g g e s t  t h a t  w i n t e r  o p e r a t i o n  i s  i m p r a c t i c a l .

T h e  h i g h  c o s t  o f  Iabour a s s o c i a t e d  w i t h  o p e r a t i o n  o f  t h i s
f a c i l i t y  ( s e e  d i s c u s s i o n  S e c t i o n  5 - 2 - 4 )  m a y  b e  a l t e r e d  b y
c o n v e r t i n g  t h e  p o s i t i o n  o f  g r e e n h o u s e  t e c h n i c i a n  t o  a  part-
t i m e  o n e  ( o r  s h a r e d  w i t h  o t h e r  d u t i e s  i n  t h e  h o t e l  o r  retail
s t o r e )  . D u r i n g  t h e  sufmner  s e a s o n , s t u d e n t s  m a y  b e  eni i s t e d
t o  a s s i s t  t h e  t e c h n i c i a n  i n  p r o d u c t i o n  o f  c r o p s  i n  o u t d o o r
a n d  i n d o o r  f a c i l i t i e s .
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T h e  g r e e n h o u s e  f a c i l i t y  s h o u l d  c o n c e n t r a t e  i t s  v e g e t a b l e
p r o d u c t i o n  a c t i v i t i e s  i n  t h e  s u m m e r  t o u r i s t  s e a s o n  t o
p r o v i d e  v i s i t o r s  w i t h  f r e s h  s a l a d  g r e e n s  a n d  a n  i n t e r e s t i n g
a t t r a c t i o n . A  s e c t i o n  o f  t h e  g r e e n h o u s e  m a y  b e  c o n v e r t e d
i n t o  a ‘ s u n - s p a c e ” w h e r e  g u e s t s  m a y  r e l a x  i n  a  w a r m  a n d
colourful e n v i r o n m e n t . A  w a l k - i n  c o r r i d o r  l i n k i n g  t h e
g r e e n h o u s e  a n d  h o t e l  w o u l d  g r e a t l y  facil i t a t e  a c c e s s .

T h e  g r e e n h o u s e  m a y  a l s o  c o n t i n u e  t o  a c t  a s  a  s m a l  l - s c a l e
t e s t i n g  centre b y  e x a m i n i n g  n e w  v a r i e t i e s  o f  v e g e t a b l e s ,
t e s t i n g  n e w  t e c h n i q u e s  a n d  m o n i t o r i n g  c o s t s  a n d  e n e r g y
r e q u i r e m e n t s  i n  d i f f e r e n t  y e a r s .

T h e  g r e e n h o u s e  h a s  p o t e n t i a l  f o r  c o n v e r s i o n  i n t o  a  s e e d l i n g
g e r m i n a t i o n  a n d  p r e - g r o w t h  a r e a  f o r  a  l a r g e r  s c a l e  c o l d  f r a m e
o p e r a t i o n  s u c h  a s  t h e  o n e  d e s c r i b e d  i n  S e c t i o n  7 - 4 - 2 .

T h e  c u r r e n t  t e c h n i c i a n ,  A s e n a t h  Pitseolak, m a y  i n  t h e
f u t u r e  p l a y  a  r o l e  i n  t r a i n i n g  o t h e r  g r e e n h o u s e  w o r k e r s  o r
s u m m e r  s t u d e n t s . T h e  facil ity m a y  a l s o  b e  u s e d  b y  t h e  local
s c h o o l  t o  d e m o n s t r a t e  s c i e n t i f i c  p r i n c i p l e s  a n d / o r  a s  a
centre f o r  s p e c i a l  p r o j e c t s .

S h o u l d  t h e  Co-op d e s i r e  t o  u s e  t h i s  f a c i  I  ity f o r  r e t a i  I
p r o d u c t i o n , t h e  b e s t  c o u r s e  o f  a c t i o n  w o u l d  b e  t o
c o n c e n t r a t e  o n  o n e  o r  t w o  v e g e t a b l e s  w i t h  s i m i  Iar g r o w t h
r e q u i r e m e n t s . T o m a t o e s  a n d  c u c u m b e r s  a r e  t h e  b e s t  c h o i c e s  a s
t h e y  r e q u i r e  l e s s  c a r e  a n d  a r e  l o n g e r  l a s t i n g

—.-
producinq o n l y

2 t o 3 c r o p s  p e r  y e a r .  A l t e r n a t e l y , t h e  f a s t  arowin g - a n d
h i g h l y p r o d u c t i v e  l e t t u c e  a n d  c h i n e s e c a b b a g e  may be
c o n s i d e r e d . I n  e i t h e r  c a s e , t h e  g r o w i n g  b e d s  w i l l  r e q u i r e
some aegre e  o f  m o d i f i c a t i o n  t o  o p t i m i z e  p r o d u c t i o n .  I f
w i n t e r  o p e r a t i o n  i s  e x p e c t e d , t h e  i n s t a l l a t i o n  o f  a n  a i r  t o
a i r  h e a t  e x c h a n g e r  o r  u t i l  ity c o r r i d o r  b e t w e e n  t h e  h o t e l
w o u l d  b e  r e q u i r e d  t o  i m p r o v e  g a s  e x c h a n g e  a n d  c i r c u l a t i o n  o f
a i r  i n s i d e  t h e  g r e e n h o u s e .

T h e  a u t h o r  s i n c e r e l y  h o p e s  t h a t  t h e  P o n d  I n l e t  f a c i l i t y  w i l l
c o n t i n u e  t o  o p e r a t e  i n  s o m e  c a p a c i t y  a n d  f u r t h e r  c o n t r i b u t e
t o  l o c a l  i n t e r e s t s  i n  e i t h e r  a  b u s i n e s s  o r  r e c r e a t i o n a l
c a p a c i t y .
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