Screening Cauliflower and Broccoli
Cultivars for Heat Tolerance
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Objectives

Heat stress is an increasingly common problem for growers of broccoli and cauliflower in Saskatchewan.
Heat stress reduces yields, quality and shelf life of these crops. As there is little growers can do to stop
their crops from being exposed to excessive temperatures in the field - they instead need to adapt to
the problem. One practical option is to grow cultivars which are better adapted to high temperatures.
This project evaluated cultivars of broccoli and cauliflower for their suitability to production in
Saskatchewan under standard and heat stressed conditions.

Research Plan

Background on the Test Site, Crops and Cultivars

The project was conducted over the course of the 2022 and 2023 growing seasons at the Canada-
Saskatchewan Irrigation Diversification Center (CSIDC) located in Outlook Saskatchewan. This research
facility has all of the equipment and facilities required to do the work. The staff at CSIDC are also very
familiar with the crop management practices employed in vegetable crop production. The soil at the
CSIDC site is a Bradwell Series sandy loam. This soil is well suited to the production of irrigated
vegetable crops. The test site was surrounded in all directions by a shelterbelt system which provided
an ideal quite micro-environment for the trial.

The CSIDC site has a number of High tunnels which are used in various research and demonstration
projects. High tunnels are basically simple greenhouses constructed by putting a single layer of clear
polyethylene plastic over metal arches (see Fig. 1). High Tunnels come in a range of sizes, but all are
large enough to be able to accommodate tractors and other standard crop production equipment. The
crop is grown in the soil within the High Tunnel, just as in standard open field production. The main
difference between growing in High Tunnels and in open fields is temperature - daytime temperatures
in the high tunnels can run from 2-10°C warmer than in the open field. The temperature increase
within the high tunnels is due to;

a) the trapping of infra-red radiation by the plastic cover. The amount of heat gain due to the
trapping of infra-red radiation is largely a function of the amount of sunlight being received.
On sunny days a lot of infra-red radiation is trapped, so temperatures in the high tunnels
can be much higher than open fields. On cloudy days (or at night) there is little infra-red
radiation to trap and so the temperature differential between high tunnels and open fields
is minimal.
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b) reduced rates of air flow (wind) within the tunnels. The degree to which temperatures in
the high tunnels are influenced by their ability to trap in heat by reducing the rate of air flow
are influenced by the amount of wind at the site and the degree to which the side walls and
doors of the tunnels are opened to allow at least some air movement. (see Fig. 1).

The High Tunnel used in this project was manufactured by Omni Structures (St. Catherines, ON). The
tunnel was 96’ long x 20’ wide (29m * 6m). Access (and ventilation) was provided by large doors
located at both ends of the tunnel. The sides of the tunnel can be rolled up to provide additional
ventilation. The maximum opening height of the sides is 3.5’ (1.1 m).

Temperatures within the High Tunnels can be managed, at least to some degree, by opening/closing the
end doors and the side walls. However it is not practical to be constantly manually changing the degree
of ventilation of the high tunnels as weather conditions change over the course of the day. Instead, the
position of the end doors and side walls was typically set at the start of the day, based on the weather
forecast for that day. For example; if the forecast was for cool or cloudy or windy weather, the doors
and sidewalls would be fully or at least partially closed. By contrast, if the forecast was for hot or sunny
or calm conditions the doors and side walls would be fully or partially opened.

The high tunnel used in the project and the corresponding open field test area were located about 30 m
apart. In 2022, the open field had been cropped to melons during the previous cropping season, while
the high tunnel site had been in fallow. In 2023, the open field had been in summer fallow during the
previous cropping season, while the high tunnel site had been in cropped to sweet potatoes.

Prior to the start of each crop season, soil tests were conducted (0-12”) in both the high tunnel and
open field sites (Table 1).

Table 1. Soil test results, total crop fertility requirements and amount of fertilizer recommended for
broccoli and cauliflower crops in the open field and high tunnel test sites in 2022 an d 2023.

2022 - Open Field

Nutrient Residual Target Req’d as Fert Pre-plant
(#/a) (#/a)

NO3 12 170 #/a 160 140*

P205 32 150 #/a * 120

K20 300 350 #/a * 50 50

* Remainder of N to applied as a side-band application during the growing season

2022 - High tunnel

Nutrient Residual Target (#/a) Req’d as Fert Pre-plant
(#/a) (#/a) (#/a)
NO3 160 170 #/a 0 0*
P205 120 150 #/a 30 30
K20 > 600 350 #/a 0 0

* Remainder of N to applied as a side-band application during the growing season
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2023 - Open Field

Nutrient Residual Target Req’d as Fert Pre-plant
(#/a) (#/a)
NO3 115 170 #/a 55 30*
P205 130 150 #/a * 20 20
K20 430 350 #/a * 0 0

* Remainder of N to applied as a side-band application during the growing season

2023 - High tunnel

Nutrient Residual Target (#/a) Req’d as Fert Pre-plant
(#/a) (#/a) (#/a)
NO3 440 170 #/a 0 0*
P205 485 150 #/a 0 0
K20 1084 350 #/a 0 0

* Remainder of N to applied as a side-band application during the growing season

The fertility levels reported in the soil test obtained from the high tunnel in the spring of 2023 are
extremely high (see yellow highlight above). These results could not be explained by the fertility
program used in the high tunnel during the previous crop year. A more likely explanation is that a large
amount of sheep manure had been applied in the tunnels in fall of 2022. This manure had not broken
down over the course of the winter and was still obvious at the time the soil samples were taken in
spring of 2023. If some of this manure was inadvertently included in the soil sample it could have led to
the observed results. The soil samples from the high tunnels also showed anomalously high levels of
salinity — this again suggest that the soil samples were contaminate with manure. It was decided that no
additional fertilizer would be applied to the high tunnel — but that the crops in the high tunnels would be
carefully monitored for their fertility status.

In early May of both growing seasons, the open field and high tunnels sites were sprayed with the non-
selective herbicide glyphosate to eliminate any perennial weeds (primarily dandelions, but also some
volunteer seedlings of Manchurian elm trees). A week later the open field plots were disced to push
under the dying weeds and to break up any remaining crop residues. Fertilizer was then spread on both
the open field and the high tunnel sites at rates sufficient to meet the needs of irrigated broccoli and
cauliflower crops (see Table 1). The pre-emergent herbicide trifluralin (Treflan at 1L product/a) was
then sprayed onto the soil. Trifluralin controls a range of grassy and broadleaf weeds and has been
approved for use in broccoli and cauliflower in Canada. The fertilizer and herbicide were then
incorporated into the soil to a depth of 15 cm by rotovating. The quality of the resulting seedbed was
excellent in both the open field and high tunnel locations in both crop years.

Cultivar Selection
There are many cultivars of cauliflower and broccoli available to growers in Saskatchewan. Some of
these cultivars are old established standards which the growers know well, while others are new,
hopefully with improved field performance and quality characteristics. Cultivars were selected for
inclusion in this project based on;

a) Established popularity with local growers

b) Superior performance in previous trials conducted at the University of Saskatchewan and

elsewhere
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c) Cultivars which the seed suppliers claim to have superior tolerance of heat stress

Selection of cultivars based on descriptions provided by seed suppliers was tempered by the knowledge
that the performance descriptors like “”early” or “stress tolerant” or “uniform maturity” provided by the
seed companies are both highly subjective and may not apply to Saskatchewan growing conditions,
production practices and market expectations.

The cauliflower cultivars selected for demonstration in 2022, along with some of their key traits (as
provided by the seed suppliers) were;

Aquarius (Harris) — 70 days**. Vigorous early cultivar***,

Fujiyama (Stokes) — 63 days. Exceptional heat tolerance.

Freedom *(Stokes) — 67 days. Partially self wrapping. Some heat tolerance. Uniform maturity.
Minuteman* (Seedway) — 53 days. A favorite among Saskatchewan growers. Early maturing. Not well
adapted to warm conditions.

Nebula (Stokes) — 72 days. Widely adapted.

Synergy — (Stokes) — 75 days. Widely adapted.

Twister (Stokes) — 75 days. Good heat tolerance. Needs high fertility due to heavy growth.

Broccoli

Asteroid (Veseys) — 75 days. Tolerates heat but not cold.

Castle Dome (Stokes) — 75 days. Tolerates both heat and cold. Good holding ability. Locally popular.
Eastern Magic (Johnnys) — 103 days (from seed). Tolerates both heat and cold. Adapted to long days.
Locally popular.

Emerald Jewel (Stokes)— 70 days. Tolerates cold but not heat.

Green Magic * (Veseys) — 57 days. Early maturing. Good holding ability. Heat and cold tolerance.
Hydra (Stokes) — 75 days. Does best under moderate conditions.

Ironman* (Stokes) — 81 days. Tolerates heat but not cold stress

* indicates that these cultivars were recommended in trials conducted by the University of Saskatchewan
(...) seed supplier

** js days to maturity assuming that the crop was transplanted into the field. Direct seeded crops would
***take approx. one month longer to mature.

*** all of the descriptors were provided by the seed suppliers and have not been independently verified
or tested under Saskatchewan growing conditions.

In the 2023 cauliflower trial, cv Fujiyama was dropped as it had performed very poorly in both the Open
Field and High Tunnel in 2022. It was replaced with the cv. Clarify.

Clarify (Stokes) - 65 days. A robust, early maturing cultivar.

In the 2023 broccoli trial, cvs Eastern Jewel and Ironman were replaced as neither showed any real
merit. These cultivars were replaced with;

Kingdom (Stokes) — an early maturing vigorous line. This cultivar is well adapted to cool conditions —
but its performance potential under hot conditions is not known.

Millennium (Stokes) — a late season cultivar selected for superior head quality. It is supposed to be heat
tolerant.

Growers of cauliflower and broccoli typically put out their crops in a series of plantings staged a week to
10 days apart. This produces a steady flow of harvested product over an extended period, while also
staggering the workload associated with planting and harvesting. Growers typically strive to get their
first plantings out into the field by mid-May. Planting any earlier puts the crop at too great a risk of
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frost damage. Late planting means this crop will miss early market opportunities. The last planting of
the year is timed so that the crop matures ahead of the onset of adverse weather at the end of the
growing season. In Saskatchewan the typical target is to have completed the cauliflower and broccoli
harvest by late September.
It takes about a month for cauliflower transplants to reach the 4 true leaf stage which is optimal for
transplanting into the field. Broccoli transplants take about a week less time to be field ready. In both
years of the project, transplants of broccoli and cauliflower for the first planting (P1) were seeded out in
mid-April. In 2022, the second planting (P2) was started in the last week of April - 2 weeks after P1.
This 2 week gap was intended to expose the two plantings to different growing conditions once they
were moved out into the field. The expectation was that the later P2 planting would encounter
warmer conditions than P1. In 2023, a 3 week gap between P1 and P2 was tested — see the results for
2022 for the rationale for this decision.
In both years, the transplants were grown in 128 cell trays filled with ProMix soilless media. The
biocontrol product Serenade containing Bacillus subtillus was applied to the media prior to seeding. This
product controls a range of seed, soil, air and water-borne diseases which can become problematic
during transplant production under greenhouse conditions. The trays were seeded by hand.
The cauliflower and broccoli transplants were raised in polyethylene covered greenhouses operated by
Spring Creek Garden near Outlook SK.
Greenhouse conditions were;

- 22/15°C day/night temperatures

- no supplemental lighting.
- ventilation was used to keep the RH in the greenhouses below 80% at all times
- water was applied as needed via an overhead misting system

- no fertilizer was provided for the first 2 weeks. 20-20-20 + Micronutrients (Plant Products)
at 100 ppm N was applied daily for the next week. Fertilizer levels were increased to 200
ppm N during the final week in the greenhouse.

- no pesticides aside from the Serenade were required or applied

Once the transplants reached the 3-4 true leaf stage they were moved out of the greenhouse and onto
an adjacent gravel pad where they could harden off for a few days prior to transplanting into the field.
The plants on the pad were watered and fertilized daily.

The day before the transplants were scheduled to be transplanted out into the field they were treated
by drenching the seedling trays with a solution containing the insecticide Verimark (cyantraniliprole).
This approach surrounds the root system of each seedling with a zone of media which is heavily treated
with a persistent insecticide. This is important — as over the first few weeks in the field cauliflower and
broccoli transplants typically encounter heavy pressure from both root maggots (Delia radicum) and flea
beetles (Phyllotreta cruciferae). Verimark is provides lasting protection against both of these insect
pests. The Verimark was applied at the label recommend rate of 40 mL of product for every 1000 plants
treated.

2022 Field Season — Notes on Crop Performance

May 20 - the first planting (P1) of the cauliflower and broccoli was hand transplanted into the High
Tunnel and Open Field treatments. The soil preparation in the High Tunnel was slightly better than the
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Open Field — which was still a little rough. While the surface layer of soil was drying in both planting
locations there was some residual moisture down about 10 cm in the soil profile. The broccoli and
cauliflower were grown in separate plots. Within each plot each cultivar was replicated twice in a
randomized complete block design. Each replicate of each cultivar consisted of a single row of 9 plants.
Standard in-row spacings were employed - broccoli at 1 ft (30 cm) apart and cauliflower at 1.5’ (45 cm)
apart. The rows of both crops were spaced 30” (90 cm) apart. The plants were in good condition at the
time of transplanting. The transplants were watered by hand daily for the next few days to help them
get established.

May 22 - a drip irrigation system was installed in both the Open field and High tunnel. Each row was
supplied with its own irrigation line equipped with emitters spaced 12” (30 cm) apart. The drip system
was run for 1.5h daily for the next few days to insure the entire soil profile was fully hydrated.

In the Open Field treatment flea beetles located and began to feed on the transplants within minutes of
them being planted out. This reinforces the values of treating the transplants with insectides before the
seedling go into the field. By contrast, no flea beetles were observed in the High Tunnel — perhaps
because the sides of the tunnel were down which may have interfered with the beetles locating and
accessing the plants in the tunnels.

Monitoring systems were established in both the Open Field and High Tunnel treatments. The monitors
recorded temperatures and relative humidity at a height of 30 cm within the crops.

As prevailing conditions were cool, the sides of the tunnels were kept fully down with the only
ventilation being provided by opening the end doors. The end doors were closed at night in an effort to
keep residual heat trapped in. Overnight temperatures dropped as low as -2C during this time.

May 25 - superior growing conditions (longer sunny days and higher temperatures) accelerated the
development of the seedlings for P2 in the greenhouses at Spring Creek Garden. By May 25 the plants in
P2 had reached the 3-4 true leaf stage which is optimal for transplanting. However the crop was not
scheduled to be planted out until early June. To avoid problems with putting out oversized, over-
mature plants, the P2 seedlings were instead put into cold storage (5°C) for a week. From previous
experience we have found that this cold storage treatment temporarily pauses growth without having
any long-term impact on the performance of the transplants.

May 31 - three days before the scheduled transplanting date for P2, the seedlings were moved out of
the cold storage and onto the outdoor hardening pad. The day before being moved to the field the P2
transplants were treated with the Verimark insecticide as described above.

June 2 - the 1%t planting was looking good in both the High Tunnel and Open Field treatments. The
plants were being kept well supplied with water and the plants had begun to put out new leaves. While
there was a lot of flea beetle activity in the Open Field, the plants are showing very little feeding
damage. This suggests that the Verimark insecticide treatment was working well.

June 2 - planting 2 (P2) was hand transplanted into the High Tunnel and Open Field. Once again,
healthy plants went out into favorable field conditions. The same experimental design and plant
spacings were employed as in P1. Again the crop was watered in by hand for the first few days — after
which the drip irrigation system provided all the crop’s moisture needs.

310



June 8 — both crops in both plantings were looking good. Very little flea beetle damage. Some purpling
of the lower leaves was occurring, especially in P1 broccoli both inside and outside the High Tunnels.
Purpling of newly transplanted cole crops is not uncommon. It may be a response to exposure to full
sun. Alternatively it may be an indication of transient nutrient deficiencies which can occur when a
newly transplanted seedling with a very limited root system starts to grow very qwckly The I|m|ted root

system cannot keep up with the nutrient demand of the
growing top. This problem tends to disappear as the
seedlings’ root systems get better established. A final
possibility is that the root system had been damaged by
either disease or feeding by root maggots.

June 10 - the P1 crop inside the High Tunnel is clearly larger
than in the Open Field, but have some sick plants of both
crops inside the High Tunnel but not in the Open Field. The
affected plants are stunted and purpling, indicating damage
to the root systems (see Fig. 2). This could be due to root
maggot damage or diseases such as damping off. The soil in
the high tunnel has become very moist due to heavy
irrigation. As it is also hot inside the tunnel this combination
of conditions does tend to favor certain root rots like
Fusarium. Irrigation was shut down inside the High Tunnel
for a day or so to allow the soil to dry out a little.

June 17 - plots have been hand weeded. Both P1 and P2 of
both the cauliflower and broccoli crops look very good inside
the High Tunnel ... except for a few plants with the problem
previously described. This problem has not affected any
more plants. No sign of insects feeding on the above ground
components of the plants either inside or outside the High
Tunnels.

Removed a few of the dead plants in the High Tunnel. The
symptoms suggest wirestem disease. While the inoculum
for wirestem is soil-borne, there are no corresponding issues
in the Open Field. This suggests that growing conditions
inside the High Tunnel (warm and wet) were contributing to
the wirestem problem.

Figure 1. Plants damaged by disease or
insects (see arrows) inside the high tunnel

Did a count of the number of plants affected by the “disease” issue inside the High Tunnel to see if the
problem was worse in any particular crop, cultivar, planting date or location within the High Tunnel

(Table 3).

June 23 - opened sides of the High Tunnel as the forecast was for very warm (27°C) and calm

conditions.
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P1 of Fijiyama cauliflower has begun to form heads inside the High Tunnel but not in the Open Field.

¢ k* »
9.

The Fujiyama plants are still very small so the heads
can be expected to also be small. The small size of
the Fujiyama plants will also make it very difficult to
effectively wrap the heads to prevent yellowing.

A few plants in P1 Castle Dome broccoli are also
forming heads. Again these are very small plants.
No further plant death due to disease within the High
Tunnel. However, now starting to see some plant
death in the Open Field.

June 27 - confirmed that the significant die off of
both broccoli and cauliflower in P2 in the Open Field
is due to root maggot infestation (Fig. 3). This
problem was surprising as P2 had been treated with
the insecticide Verimark just prior to transplanting.
Verimark is supposed to be protect against root
maggots for 4-6 weeks, yet after just 3 weeks in the
field the plants were extensively infected with root
maggots. It was noted that egg-laying pressure
during this period was extremely high. It was
interesting to note that no corresponding issues were
seen in P1 — yet this planting was just meters away
from P2 — and the Verimark treatment of P1 should
have worn off by the time the maggot problem was
seen in P2. There were also no signs of root maggot
problems in either P1 or P2 within the High Tunnel.
June 30 - P2 of both cauliflower and broccoli in the
Open Field were treated with Lorsban (chlorpyrifos)

Figure 2. Root maggots (white arrows) feeding in
the root zone of a cauliflower plant. Also note the
damage to the stem (yellow arrow) caused by
maggots feeding right at the soil surface.

to deal with the root maggots. The Lorsban was applied at the recommended rate (1.68L product per
1000 | of spray mix) as a soil drench directed at the base of the plants. P1 and P2 in the Open Field were
then irrigated to help drive the chemical further into the root zone.

P1in the Open Field was not treated for root maggots as no problems had been observed. For the same
reason, none of the crops growing in the High Tunnels were treated for root maggots at this time.

June 30 - first harvest of P1 broccoli (cv. Castle Dome) and cauliflower (cv. Fujiyama) from inside the

High Tunnel. Just a few plants harvested.

The plant growth and yield data collected at this and every subsequent harvest in 2022 were;

a) Number of plants harvested
b) Total above ground plant weight
c) Leafcount

d) Head weight after trimming to meet market specifications

e) Observations on head quality

In both broccoli and cauliflower, the heads reach maximum market value well before they reach full
size. Heads of broccoli can reach over 10” (20cm) in width. However, CFIA market standards for
Canada limit the size of heads to between 4-6” (10-15 cm) in width. Similarly, cauliflower heads can
easily grow to be 30 cm across or more. However CFIA market standard stipulate packing a much
smaller head — with a 4” minimum and 7” maximum diameter.
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For these reasons, the head yields obtained from this trial were not the biological maximum — instead
they represented the maximum possible within the size constraints imposed by the market grade
standards.

Timing harvest of both of these crops so that the heads reach full size, yet do not go oversize, is a major
challenge for growers. It takes only a few days for both of these crops to go from peak quality to over-
mature and unmarketable (See Fig. 4). For that reason, the harvest crews must go through the fields
every day of so to catch the plants at peak quality. When the weather turns hot — the harvest window
can be very short. Harvesting in hot weather also impairs the post-harvest quality of the crop.

Figure 3. Broccoli can go from immature (right) to mature (center) to over-mature (left) within
just a few days - especially under hot growing conditions.

Various aspects of the physical appearance of the harvested broccoli and cauliflower are critical
determinants of quality and market value. Significant defects can render these crops unmarketable.

In cauliflower the market is looking for tight, dome shaped heads that are as white as possible. Color of
the head is the most important determinant of quality in cauliflower. Any discoloration such as
yellowing (see Fig. 5) represents a downgrade in quality. Yellowing in cauliflower is due to exposure of
the heads to sunlight. Exposed heads will begin to yellow within a day (see Fig. 6). This yellowing is
cumulative and irreversible.
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Figure 4. High quality heads of
cauliflower are smooth, dome
shaped and very white.

Figure. 6 Yellowing of cauliflower due to exposure to
sunlight

Figure 7. Wrapping heads of cauliflower to
keep the heads white

To keep cauliflower heads from being exposed to sunlight it was traditional to tie the leaves over the
head as soon as the heads started to form (see Fig. 7). This is a labor-intensive process as the fields had
to be walked every couple of days to cover any newly formed heads before they were exposed to too
much sunlight.

Starting about 20 years ago, cultivars started to become available that were “self-blanching”. In these
cultivars the leaves adjacent to the head grew inwards, covering the head. Initially the coverage was
only partial and the crop still had to be tied to insure peak quality. Eventually cultivars were developed
that produced very high quality white heads without tying. The only limitation was that the self-
blanching trait seems to be linked to or depends on the plant producing a very large canopy. Growing
these large plants takes a little extra time and also requires more inputs of space, fertilizer and water.
Some seed catalogues inform growers of this special management requirement — others do not. See
Fig. 8 for cauliflower plants showing the range of the self-wrapping trait available in today’s cauliflower
cultivars.
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Figure 8. Different cultivars of cauliflower illustrating ... no wrap (left), partial wrap (center) and
almost full wrap (right)

In this project some of the heads of every cultivar were tied as soon as they started to form. This
allowed for assessment of “peak” quality. The remaining heads were not tied. This allowed assessment
of the relative degree of self-wrapping and self-blanching the cultivar was capable of.

Purpling of cauliflower heads (see Fig. 9) may also
be triggered by exposure to sunlight — but in some
situations it is also caused by excessively high or
low temperatures.

The heads of cauliflower may also exhibit a
range of physical defects - such as riciness or
excessive hairiness (see Fig 10). All of these
defects are triggered by exposure to adverse
growing conditions — including heat stress.
Cauliflower cultivars have been actively
selected for increased tolerance to stress — and
therefore have fewer quality defects like these.

Figure 9. Purpling of cauliflower heads.

Figure 10a. Riciness defect of Figure 10b. Hairiness defect of

cauliflower Inbroccoli,  cauliflower
the market is
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looking for a tight, smooth, bright green, dome shaped head (see
Fig. 11). Asthe heads get over-mature they open up and the
beads become large and coarse and start to yellow (see Fig. 4).
Broccoli heads can go from immature, through peak quality and
into decline within just a few days when temperatures are high.
This makes keeping ahead of the crop at harvest time very
difficult. For that reason, new broccoli cultivars have been
selected for superior ability to hold at peak quality for extended
periods in the field.

Interleafing (Fig.12) occurs when broccoli heads are exposed to
stress during the early stage of head formation. Various stresses
can causes interleafing — including heat stress. Broccoli breeding
programs include resistance to interleafing their list of desired
traits.

Brown bead disorder (Fig. 13) is the most common defect related
to exposure of broccoli to excessively high temperatures. Brown
bead is also selected against in broccoli breeding programs.
Finally, hollow stem (Fig. 14) is caused by excessively rapid growth
— which again can be triggered by high temperatures. Markets
have very low tolerances for hollow stem — and this trait is also
selected against in breeding programs.

Figure 11. A quality head of
broccoli is smooth, and dense with
a bright green color and a fine bead.

Figure 12. Interleafing defect in
broccoli.

Figure 13. Brown bead disorder of broccoli Figure 14. Hollow stem disorder of broccoli
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July 6 — 2" harvest from P1 of the High Tunnel inside tunnel. 1%t harvest from P1 in the Open Field.
Again, Castle Dome broccoli and Fujiyama cauliflower are the first cultivars ready.

Noted that the vigor of both the cauliflower and broccoli crops is poor in P2 relative to P1. This
difference occurs in both the High Tunnel and Open Field treatments. The cause of the vigor problem is
not clear.

** the East side of the High Tunnel was being flooded by run-off from the tunnel roof and the adjacent
open field. The vigor of the plants along the east side of the Tunnel were being compromised —
especially in P2. Turned off the irrigation on these rows to allow them to dry out.

July 21 - sprayed the entire trial, both in the High tunnel and the Open Field with the insecticide Silencer
(ai. = lambda-cyhalothrin) to protect the plants against cabbage loopers and other lepidopteran pests.
The Silencer was applied in accordance with label recommendations. This product is approved for use
on broccoli and cauliflower in Canada.

Observed what looks like tip burn on wrapper leaves of
some cvs - both inside and outside the High Tunnel. Tip-
burn is a physiological disorder which occurs when extreme
or highly variable growing conditions interfere with the
uptake and allocation of calcium within the plant. In this
case the tipburn may have been due to the plants setting
these wrapper leaves during the extreme heat encountered
the previous week. The tipburn seems to only be a problem
on some cvs — Twister and Nebula (see Fig. 15). All of these
cultivars are very vigorous and all are self-wrapping.

** If tipburn is restricted to the wrapper leaves there is
little if any impact on yields or quality of the cauliflower
crop — other than the fact that the tipburn affected leaves
look ugly. This however may be enough to cause the
market to reject these heads unless the damaged leaves
are trimmed off.

July 24 - all crops looking good. No signs of looper damage
or activity. Did another harvest.

Aug 2 —very large harvest. Quality is good. No insect
problems. Inthe Open Field, P1 of the broccoli is almost
finished and P2 is 50% harvested. Cauliflower is just getting
started. Inside the High Tunnel, the plants look larger and
healthier than in the Open Field.

Aug 5 — sprayed all crops with Silencer again. Lots of
cabbage butterflies around but no signs of damage occurring.
Aug 16 — P1 of both crops is completely harvested both inside
the High Tunnel and outside. P2 is also completed harvested for broccoli both inside the High Tunnel
and in the Open Field.

Aug 23 - harvest of all crops has been completed inside the High Tunnel. Harvest continues in the Open
Field.

Aug 29 - harvest completed in the Open Field. The project was terminated at this point.

Figure 15. Tipburn damage to the
wrapper leaves of cauliflower (cv. Nebula).

2023 Field Season — Notes on Crop Performance
May 26 — planted out P1 in the High Tunnel. The layout of the trials, plot dimensions, and plant
spacings were the same as used in 2022. Transplants of both crops were in good condition. Minimal
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difference between cvs for broccoli, except that Green Magic looked slightly less vigorous than the
others. In the cauliflower, the cv. Clarify was clearly more vigorous than others. There were a few
blind plants in both crops. While the ground inside the high tunnel was very dry, the crop was initially
watered in by hand and then watering continued via the drip irrigation system. The set-up and
operation of the drip system was described in the 2022 trial review.

The side walls of the tunnels were left closed, but both end doors were left open during the day to allow
for ventilation. The end doors were closed over-night.

Data loggers were installed in the High Tunnel to monitor temperatures and humidity levels.

Planting of the P1 of the Open Field trial was delayed for a few days as the irrigation system was not
ready.

May 27 - the automatic irrigation system installed in the High Tunnel failed — leaving the plants without
water over the course of a weekend. Fortunately it was cool and cloudy.

May 29 - problems with the irrigation system persist. The crops in the High Tunnel are being hand
watered several times a day to keep up with moisture demand under the hot conditions produced by
the tunnel.

May 30 — extremely hot. Hand watered in the High Tunnel. The drip system in the tunnel is operational
again. A few plants which had died due to heat stress in the tunnel were replaced. Notes were taken to
see if some cultivars were more prone to heat death than others.

May 30 - planted out P1 of both crops in the Open Field trial as the irrigation system is now functional.
Transplants were all in good condition. Good soil moisture. Watered in by hand immediately after
planting. Extremely hot but little wind.

June 1 - set up the drip in the Open Field and got 1 h of water on late in day. Plants were definitely
heat/water stressed.

June 3+4 — weekend support crew struggles to get adequate water to the plants in hot weather.

June 5 — despite extreme heat and irregular irrigation the crops look good, both in the Open Field and
High Tunnel. 100% survival. Did vigor assessments. Plants in the High Tunnels have recovered from
transplant shock and are growing.

Fully raised the sides of the High Tunnel, as it is 33°C in the open field.

Root maggot egg laying seen both in the Open Field and inside the High Tunnel.

June 9 - plants inside the tunnel are more advanced and look better than the plants outside. Still
running the High Tunnel with the sides fully up as it is hot out. Virtually 100% stand for both crops —
both inside and outside the tunnel. This is very different from 2022 where many plants were lost to
root maggots — both inside and outside the tunnels.

June 12 - P2 was planted out both in the Open Field and inside the High Tunnel. Very hot (30°C),
making it tough on the plants in both environments. Thoroughly watered the plants in — both by hand
and using the drip systems.

** June 13 — gophers have hit the newly transplanted P2 broccoli crop in the High Tunnel. Many
plants have been either fully consumed or had the top growing point removed — so they will grow no
further. All the plants were replaced and gopher traps were installed.

Sides lowered and end doors closed on the High Tunnel in an effort to keep the gophers out. The
forecast is for several days of cool windy weather.

P1 broccoli inside the tunnel is looking very good - especially the cvs Kingdom and Hydra.

June 15 - gophers have taken another 15 plants from the P2 broccoli crop inside the High Tunnel. Even
though the tunnel is fully closed, the gophers simply tunnel in to reach the plants.

Opened the end doors of the High tunnel to provide some cooling.

June 20 - deer have begun feeding on plants in both the High Tunnel and Open Field plots. Plants in the
tunnels are being eaten within hours of being replaced. Have run out of replacement plants of some
cultivars of broccoli.
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No signs of insect feeding in either plot. Lots of water is being applied.

Side walls of the tunnel are being kept partially rolled down as it is cool and windy.

June 20 - applied Lorsban to control root maggots in P1 broccoli and cauliflower - both in the Open Field
and High Tunnel. This is a little earlier than in 2022 — but it is hotter and had seen maggot damage by
this point of the 2022 season.

June 23 - plants generally look good. A few plants inside the tunnel look to be dying due to root maggot
damage. The 2" planting is still getting hit by gophers — and there are no more replacement plants
available. Plant losses are much more severe in the broccoli than in the cauliflower — and there is
virtually no loss in the Open Field plot which is just meters away from the tunnel.

June 26 - P1 and P2 look good both inside and outside the tunnel. Little additional plant loss to
gophers. Raised the sides of the High Tunnel, as the forecast is for heat. A few plants are being lost to
maggots inside the tunnel — there is no corresponding loss in the Open Field. Crops require daily
watering due to continuing heat and wind.

July 5 —first harvest of P1 broccoli in the tunnel (cv. Castledome). Recorded head numbers and weights
and made notes on head quality. The head quality parameters assessed for the broccoli crop were the
same as those described in the report for the 2022 trial. P1 and P2 of both crops were looking very
healthy — both in the Open Field and the High Tunnel.

July 10 — 2" harvest for P1 broccoli inside the tunnel (cvs. Castledone, Kingdom and Green Magic). Also
first harvest from P1 broccoli in the Open Field (cv. Castledome). Quality is v. good in both locations.
Sprayed permethrin (Ripcord) in the Open Field and the High Tunnel as there are cabbage moths flying
about.

Sides of the tunnel are now fully open due to hot weather in the forecast.

July 13 and 17 — harvested of P1 broccoli continues — both inside and outside the tunnel. Sprayed again
for loopers after the July 17 harvest was completed.

July 21 — another harvest of P1 broccoli.

July 24 — extreme heat. P1 of broccoli is largely finished inside the tunnel. First P1 cauliflower (cvs
Freedom and Minuteman) are ready inside the tunnel. Recorded head counts, head weights and made
notes on head quality. The head quality parameters assessed for the cauliflower crop were the same as
those described in the report for the 2022 trial.

July 27 — harvest of P2 broccoli has started inside the tunnel (cv. Castledome). Almost half of the P1
cauliflower inside the High Tunnel comes off in a single harvest. Weighed 5 plants from each
cauliflower cultivar - then weighed the corresponding heads to determine the harvest index (HI = head
wt/total wt). This was done to allow for comparison of the Hl inside the High Tunnel with the crop
growing in the Open Field.

In the Open Field, P1 broccoli is largely done and harvest of P2 has begun. P1 of the cauliflower is also
almost ready in the Open Field.

Sprayed the P2 crops both inside and outside the tunnel for loopers.

July 31 - heavy harvest from P1 and P2 broccoli in the Open Field and P1 cauliflower from both the High
Tunnel and the Open Field.

Aug 4 — another heavy harvest of P1 and P2 broccoli in the Open Field. P2 broccoli inside the High
Tunnel is behind the Open Field — as the High Tunnel plants had to be replaced multiple times due to
gopher damage. P1 cauliflower harvest has been completed inside the tunnel.

Aug 8 — another major harvest. Quality is mostly good. P1 broccoli in the Open Field is finished.

Aug 11 - another harvest. Quality still good. Some loopers in P2 cauliflower in the Open Field.

Aug 14 — huge numbers of cabbage butterflies both in the High Tunnel and the Open Field. P2
cauliflower and broccoli crops inside the High Tunnel are actually slower to develop than in the Open
Field — reflecting both the near ideal growing conditions in the Open Field in 2023 and the gopher
damage to the plants in the tunnel at transplanting time.

Research and Demonstration Program Report 2023 319



Aug 18 — P2 broccoli in the Open Field are largely harvested but harvest has barely begun inside the
tunnel.

Aug 21 and 24 - two more harvests of the P2 cauliflower. The P2 crop is finished in the High Tunnel but
will require one more harvest in the Open Field. Cooler weather has improved the quality of the
cauliflower.

Aug 28 - harvest of the P2 cauliflower in the Open Field has been completed
Results

2022 Growing Season

WEATHER DATA - 2022

May June July | Aug. . Season

Growing Degree Days (base 5°C)

Outlook 2022 208 339 452 481
Long-Term Average 208 335 430 402

Mean Temperature (°C)

Outlook 2022 16.2 19.6 | 20.5

Long-Term Average 16.3 18.9 | 18.0

Frost Free Season (-1C)

Outlook 2022 May 2 to Sept 21 = 139 days

Long-Term Average May 20 to Sept 24 = 124 days

Well above normal

Overall, the 2022 cropping season ...
- was about average for temperatures throughout May, June and July, but well above

average in August.

- just average spring conditions slowed growth of the transplants in the greenhouse. Cool
conditions in the field reduced transplanting stress but also slowed development of the
crop.

- accumulation of Growing Degree Days (base 5°C for cauliflower and broccoli) over the
course of the growing period of P1 and P2 in 2022 was 14% above the 30 year average for
the Outlook area.
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minimal rainfall throughout the 2022 growing season reduced the potential for foliar
disease, especially for the crops growing in the open field.

warm, dry conditions in August accelerated the growth of P2 to the point where it almost
caught up to P1.

2023 Growing Season

WEATHER DATA - 2023

July | Aug. Sept. | Oct. Season

Growing Degree Days (base 5°C)

Outlook 2023 419 424

Long-Term Average 430 402 —

Mean Temp

Outlook 2023 18.5 18.7

Long-Term Average 18.9 18.0

Frost Free Season (-1C)

Outlook 2023 May 1 to Oct 6 = 159 days

Long-Term Average May 20 to Sept 24 = 124 days

Well above normal

Overall the 2023 cropping season was ...

warm and dry in May which helped in ground preparation and crop establishment.
However, high temperatures stressed the transplanted crops.

near record warm temperatures in June stressed both the cauliflower and broccoli as they
are cool season crops. Temperature management was difficult inside the tunnel. Irrigation
was critical.

more moderate temperatures in July allowed easier management of temperatures in the
tunnel. Irrigation and pest management also caught up.

moderate weather in August was favourable for the production of very high quality
cauliflower and broccoli crops both in the tunnel and the open field.

minimal rainfall throughout the growing season reduced the potential for foliar disease,
especially for the crops growing in the Open field (as the High Tunnel excludes rain).
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- accumulation of Growing Degree Days (base 5°C for broccoli and cauliflower) in the open
field over the course of the May to August growing period for 2023 was 16% above the 30
year average for the Outlook area.

- minimal rainfall through much of the year reduced the potential for disease.

- there was less wind during May and June than in typical years. Nonetheless there was some
wind damage to the crop at the Spring Creek site.

- there were no other “extreme” damaging events like excess rain, heat, cold, hail in 2023,
except that a record was set for number of days with significant smoke.

Temperature Comparisons for Open Field versus High Tunnel
Temperatures are a key factor determining the rate at which crops grow. Quality can also be influenced
by growing season temperatures. For broccoli, the optimum temperature range is quite wide, running
from 18-27°C. The optimum temperature range of cauliflower is narrower (18-24°C). Head quality of
cauliflower is also more sensitive to exposure to temperatures outside the optimum range.
They key objective of this study was to compare the relative tolerance of cultivars of broccoli and
cauliflower to heat stress. While temperature stress is a continuum, it is useful for discussion purposes
to set a temperature threshold — above which heat stress damage could be expected. Based on
research of the literature it was decided that 35°C represented a good working threshold for both test
crops. Temperatures approaching or exceeding 35C (in the shade) have become more common in many
areas, including Saskatchewan. It was expected that temperatures within the High Tunnels would hit
this threshold many times over the course of a typical growing season — thereby allowing for comparison
of the relative heat tolerance of the tested cultivars.
In both years of the project, data loggers were used to monitor temperatures at a height of 30 cm (mid
canopy) inside the High Tunnel and in the Open Field. Two monitors were used in each regime — as
equipment failures are unfortunately common. In 2022, one of the monitors inside the High Tunnel
failed the day after it was installed — and the other monitor in the High Tunnel stopped working on July
19. In 2023 all of the monitors worked well and data were collected for the full growing season, both in
the High Tunnel and the Open Field.
While it was expected that the High Tunnels would provide a warmer production environment, it is
important to recognize that;

a) The temperature increase provided by the tunnels only occurs when the sun is out. At

night or on cloudy days, the tunnels provide little temperature advantage.

b) On sunny days, temperatures inside the High Tunnels can climb rapidly — and can easily
reach levels that are damaging to the crop — even when temperatures outside the tunnel
are quite moderate.

¢) The magnitude of the temperature enhancement inside the High Tunnels on sunny days is
highly dependent on the trapping of heat inside the tunnels. If the sides of the tunnel are
raised and there is some wind, temperatures inside the High Tunnel will only be a couple of
degrees warmer than the surrounding Open Fields.

Temperature data recorded by this project inside the High tunnels and in the adjacent Open field
illustrate some of these effects.

June 17, 2022 was a sunny warm day. At this early stage of the growing season, the sides of the High
Tunnel were still being kept closed, but the end doors were open to provide some ventilation in the
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daytime. Temperatures inside the High Tunnel were very similar to the Open Field until sunrise — after
which they rapidly spiked. By noon, temperatures inside the tunnel had reached the damage threshold
of 35°C and stayed above this threshold for the next 3-4 hours. By contrast, temperatures in the Open
Field never hit the 35°C damage threshold at any time on June 17.
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The data for June 7, 2022 illustrates the impact of cloud on the temperature profiles of High Tunnels
versus Open Fields. The day started out with a mix of sun and clouds. Temperatures inside the High
Tunnels ran a few degrees above ambient during this period. At around 1pm the cloud cover became
much heavier (see arrow) — and temperatures in both the High Tunnel and Open Field quickly dropped —
but more so in the High Tunnel. For the remainder of the day temperatures in the High Tunnels were
very similar to the Open Field.
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June 15, 2022 started out sunny and calm —and consequently temperatures quickly rose inside the High
tunnel. At around 8 in the morning the wind started to pick up (see arrow). More air movement
through the tunnel caused temperatures to drop, but they still stayed warmer than the Open Field for
the remainder of the daylight hours.
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Table 3. Temperature and RH data for the period of May 25-July 19 2022, inside the High Tunnel and
in the adjacent Open Field area.

Avg 10 min Maximum Minimum RH % — avg
Temp (°C) | Intervals > Temp (°C) Temp (°C) (range)
35°C*
High Tunnel 21.2 452 49.1 2.1 54 (21 -100)
Open Field 19.2 69 42.0 1.2 65 (14 - 100)

* number of 10 minute intervals over which the average temperature exceeded 35°C.

In 2022, the average temperature inside the High Tunnel was 2°C higher than in the open field (Table 3).
As mentioned above, at night and on cloudy or wind days, conditions inside the High Tunnel would be
similar to the Open Field. When the sun does come out, temperatures start to climb in the High Tunnel
and can quickly reach damaging levels. This is illustrated by the data for the number of 10 minutes
intervals where temperatures exceeded the 35°C damage threshold for the broccoli and cauliflower
crops (Table 3). In the High Tunnel in 2022, this threshold was exceeded 6x more often than in the
Open Field. The potential for the tunnels to become very hot is also illustrated by the maximum
temperature recorded of 49°C which was 7°C warmer than the peak temperature in the Open Field
(Table 3). As expected, the tunnels had little impact on low temperatures which are typically
encountered at night. Conditions were on average slightly less humid inside the High Tunnel (Table 3).
This could be expected as it was hotter in the tunnels and the tunnels kept the soil dry through rain
events.

Table 4. Temperature and RH data for the period of May 26 to August 29, 2023 inside the High
Tunnel and in the adjacent Open Field area.

Avg 30 min Maximum Minimum RH % — avg
Temp (°C) | Intervals > Temp (°C) Temp (°C) (range)
35°C*
High Tunnel 20.8 159 46.3 7.2 65 (14-95)
Open Field 19.6 92 40.4 4.8 66 (16-97

* number of 30 minute intervals over which the average temperature exceeded 35°C.
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In 2023, the average temperature inside the High Tunnel was just over 1°C higher than in the open field
(Table 4). In 2022 there had been a 2C average difference in temperature between the High Tunnel and
the Open Field. The smaller temperature difference between the High Tunnel and the Open Field in
2023 reflects the fact that the Open Field site in 2023 was surrounded on all sides by wind-breaks —
forming a very sheltered and unusually warm micro-climate. Temperatures in the High tunnel exceeded
the damage threshold of 35C for more than % hour on 159 occasions in 2023. By contrast, the damage
threshold was exceeded in the Open Field on only 92 occasions. Most of the heat stress events in 2023
occurred in June which set records for high temperatures. By contrast, most of the heat stress events in
2022 occurred in July and August which are typically the warmest months on the Prairies. This
difference in timing of the heat stress events may be significant — most of the heat events hit the 2022
crop during head development, while the 2023 crop was exposed to the most heat stress in the
vegetative stage of growth. Heat stress during head formation is known to lead to a wide range of
defects in both cauliflower and broccoli — and this was seen in the 2022 trial. By comparison, head
quality was excellent in both crops in 2023, even in the High Tunnels. The relative lack of extreme heat
during head formation in 2023 may be basis of this difference between the two crop years.

The potential for the tunnels to become very hot is again illustrated by the maximum temperature
recorded of 46°C in 2023 which was 6°C warmer than the peak temperature in the Open Field. The High
Tunnels also stayed warmer on the coldest nights of the year in 2023 — this effect was not seen in 2022.
Humidity levels were very similar in the Open Field and the High Tunnel in 2023 (Table 4). This could be
attributed to the fact that rainfall was very limited in the Open Field in 2023, and both the Open Field
and High Tunnel crops were irrigated via drip lines which keep the canopy dry.

Seedling Vigor

In the greenhouse, the cauliflower cultivars Fujiyama, Twister and Clarify produced the most vigorous
seedlings. In 2022, seedlings of cauliflower cv. Synergy all tended to be “bent” right at the junction
between the above and below ground tissues. This bend made the seedlings difficult to handle and
accurately plant out. This unusual growth habit was not observed in cv. Synergy in 2023.

The seedlings of all the broccoli cultivars tested had comparable vigor during the greenhouse stage of
production in 2022. In 2023, seedlings of cv. Eastern Magic were slow, uneven and yellow in both P1
and P2. The basis for this vigor issue could not be determined — but the fact that it occurred in both
plantings suggest that it might have been a problem with the seed.

When the vigor of the seedlings was rated two weeks after being transplanted into the field, for both
crop, both years and both planting dates, the vigor of the plants in the High Tunnels was rated as
superior to the Open Field. This was not surprising, as the high tunnels provides a warm, sheltered
environment, ideal for the establishment and growth of newly transplanted seedlings — as long as
adequate moisture is available.

In the cauliflower - there was little difference among the cultivars tested for their vigor at two weeks
after transplanting.

In the broccoli — Hydra and Kingdom were rated as most vigorous and Castledome the least vigorous.
The lack of early vigor in Castledome is surprising — as growers consider this to be a vigorous, fast
growing cultivar.

Seedling Disease

The number of transplants lost to disease soon after transplanting inside the High Tunnel in 2022 is
presented in Table 4. There was no corresponding loss of plants to disease in the Open Field in 2022,
and no disease was observed in either the High Tunnel or Open field in 2023.

Table 5. Number of transplants lost to disease within the High Tunnels by June 17 of 2022. There
were 9 plants in each row of each cultivar.
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Broccoli

Planting #1 Planting #2

Rep 1 Rep 2 Rep 1 Rep 2 Average
Ironman 3 3 0 0 1.5
Eastern Magic 0 0 0 0 0
Castle Dome 1 1 0 0 0.5
Green Magic 0 1 0 0 0.25
Eastern Jewel 1 0 0 0 0.25
Hydra 1 3 0 1 1.25
Asteroid 2 3 0 0 1.25
Average 1.1 1.6 0 0.1 0.7
Cauliflower Planting 1 Planting 2

Rep 1 Rep 2 Rep 1 Rep 2 Average
Fujiyama 0 0 0 0 0
Freedom 1 0 2 3 1.5
Aquarius 3 2 0 0 1.25
Minuteman 0 1 1 0 0.5
Synergy 0 0 0 0 0
Twister 0 0 1 1 0.5
Nebula 1 0 1 0 0.5
Average 0.7 0.4 0.7 0.6 0.6

In broccoli, the disease problem was much more severe in Rep 1 than in Rep 2. This suggests that some
variability within the High Tunnel environment was contributing to the disease problem. The fact that
the amount of disease was similar in the two planting dates suggests that weather conditions were not
driving the disease — but instead it was something specific to the location within the High Tunnel.

There also appeared to be a genetic component to the disease problem —in that some cultivars had no
disease issues (cv. Eastern Magic), while others were quite severely affected (cv. Ironman).

The cauliflower had less of an issue with the disease than did the broccoli. Rep 1 of the cauliflower was
again more severely damaged by disease than rep 2. Again, there was little difference in disease levels
across the two planting dates, but there were significant differences in disease levels among the
cauliflower cultivars tested.

Field Performance, Plant Growth Characteristics and Yields

For both growing seasons, both crops and both planting dates, the following parameters were
measured;

T-50 — is the time (in days) from transplanting until 50% of the heads of that cultivar have been
harvested. This is an indicator of speed of development of the crop and is useful for determining
suitability of a cultivar for a particular production season and also for sequencings transplanting dates
and predicting harvest dates.

Stand % - what % of the plants put out into the field at transplanting survived to produce a harvestable
head. This is a reflection of the disease, insect or other stress factors encountered by the crop —and
also of crop tolerance to these stresses.

Head number and weight — this is yield (weight) of marketable heads accumulated over the entire plot.
In cauliflower the leaves had been trimmed away from the head to meet market specifications (see Fig.
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16). In broccoli, the length of the stem has also been trimmed to meet market specifications (See Fig
17). Total head weight is an indicator of economic return from the field and is a function of both
individual head size and the % of plants that survived long enough to be harvested.

Figure 16. Cauliflower head with framing and wrapper leaves
trimmed away in accordance with market specifications

W

Figure 17. Broccoli showing ranges of trimming of stems commonly seen in retail markets. Longer stems =
more weight = more profits. Broccoli in this project were trimmed to the average of these two extremes.

Average head weight — an indicator of marketable yield potential of the average plant. In broccoli and
cauliflower the market stipulates the optimum head size — and the crop is harvested accordingly. This
limits the potential range for this data set.

Additional data collected in 2022 were;

Above ground plant weight — above ground weight for the entire plot. This is an indicator of overall
productive potential —and is a function of both individual plant vigor and the % of plants that survived
long enough to be harvested.

Average above ground plant weight — is an indicator of vigor of the average plant. This may help
predict how well the plant may compete against weeds. It may or may not be positively correlated with
yield potential.

Head wt/Total weight (aka - harvest index) — indicates what % of the total plant weight is actually
marketable material. This is useful for comparing the relative vigor of cultivars —and may also be useful
in determining optimum plant spacings within the rows. Making comparisons for this ratio between
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plants growing inside the tunnel vs in the open air will allow for consideration of the impact of heat
stress on the size of the heads relative to the overall size of the plant.

** Harvest index data were also collected for P1 cauliflower and P2 broccoli in 2023.

Leaf count — the number of leaves a broccoli or cauliflower plant grows before it starts to form a head is
a strongly inherited trait — but there is considerable difference among cultivars for this trait. Making
comparisons between the number of leaves produced by plants growing inside the high tunnel vs the
open field will allow for consideration of the impact of heat stress on this growth trait.

Cauliflower in 2022 — 1%t Planting
Table 6 Field performance, plant growth characteristics and head yields for P1 in the cauliflower
cultivars grown within High Tunnels and in the Open Field in 2022.

T-50 | Stand Total Avg Total Avg | Harvest Leaf
Plant Wt | Plant | Head wt | Head Index count
Wt wt
(DAT)* | (%) | (kg/plot) | (kg) | (kg/plot) | (kg) (%) | #/plant

Aquarius Tunnel 64 71 33.6 2.8 13.6 1.13 40 18.1
Outside 70 82 25.3 1.8 13.2 0.94 52 14.5

Freedom Tunnel 64 100 44.6 2.6 15.4 0.91 35 18.6
Outside 64 65 19.6 1.8 4.2 0.38 22 13.3

Fujiyama Tunnel 47 88 6.0 0.4 3.0 0.20 44 15.7
Outside 50 82 10.7 0.8 5.4 0.39 51 12.9

Minuteman | Tunnel 64 76 26.1 2.1 12.8 0.99 49 18.0
Outside 61 100 32.4 1.9 10.3 0.60 32 14.9

Nebula Tunnel 88 88 47.3 3.2 16.3 1.09 34 15.0
Outside 94 94 40.1 2.5 12.0 0.75 30 14.3

Synergy Tunnel 64 82 25.1 1.8 8.3 0.59 33 14.0
Outside 70 100 38.6 2.3 14.0 0.82 36 14.7

Twister Tunnel 64 100 54.2 3.2 20.3 1.23 38 19.3
Outside 64 76 34.3 2.6 14.8 1.14 43 13.0

Average Tunnel 65 87 34.0 2.3 12.8 0.87 39 18.4
Outside 68 86 28.7 1.9 10.6 0.72 38 14.9

* DAT = days after transplanting

Time to 50% Harvest for the P1 crop of cauliflower ranged from about 50 days from transplanting for cv.
Fujiyama to about 90 days for cv. Nebula (Table 6). As expected, the warmer growing environment in
the High Tunnel accelerated growth of the cauliflower crop — and reduced the average T-50 by 3 days.
The % Stand at Harvest was similar for the P1 cauliflower crops growing inside and outside the tunnels
(Table 6). However the cause of death of the plants was different under the two regimes. Inside the
High Tunnel the plants died of disease, while in the Open Field, root maggots caused the majority of
plant loss. Aquarius had the poorest overall stand, while Nebula and Synergy had the most complete
stand at harvest.

Total Above-Ground Plant Weights for the P1 cauliflower crop were substantially greater for the crop
growing inside the High Tunnels versus the Open Field (Table 6). The superior vegetative vigor of the
plants growing in the High Tunnels had been observed from the very start of the growing season. The
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cauliflower plants seemed to thrive in the hot, calm conditions provided by the High Tunnels. This ran
somewhat contrary to expectations — as cauliflower is supposed to best adapted to cool to moderate
temperatures. The only exception to this pattern was for the cv. Fujiyama. Conditions in the High
Tunnel triggered this cultivar to start forming heads when the plants were still very small. Once the
switch over to head formation starts, vegetative growth stops — so these plants stayed very small.
However, small plants tend to produce small heads. Plants of the new cvs. Nebula and Twister were
very large in both growing environments — suggesting that these cultivars are well adapted to a range of
growing conditions.

Average Above-Ground Plant Weight was greater for crops growing inside the High Tunnel versus in
the Open Field (Table 6). This again suggests that most cultivars of cauliflower can thrive under
conditions slightly warmer than the average encountered when cauliflower crops are planted out early
in the growing season in Saskatchewan. The cv. Fujiyama was a major exception to this pattern — the
plants of this cv. In the High Tunnel were very small.

Total head weight per plot (ie; marketable yield per unit production area) was higher on average for the
crop growing inside the High Tunnel versus the cop growing in the Open Field (Table 6). There was
however considerable variable among the cultivars for this trait. Yields of cv. Freedom inside the high
tunnel were 4X higher than in the open field — in large part because all of the plants inside the tunnel
produced marketable heads — while only 65% of the plants in the open field survives long enough to be
harvested. The inverse occurred for cv. Synergy — the crop in the open field had the better stand
resulting in higher total yields. The cvs. Twister, Nebula and Aquarius had above average total yields
irrespective of whether they were grown in the open field or the high tunnel — suggesting that these
cultivars are adapted to a wide range of growing conditions.

Average head weights showed more variability than expected given the fact that the cauliflower was all
harvested once heads reached a specific size. This variability may reflect differences in density among
cultivars and/or as a function of growing conditions. In general, the heads were heavier when the
cauliflower crop was grown inside the High Tunnel (Table 6). This could be expected as the High Tunnel
conditions seemed to promote overall vigor of most of the cauliflower cultivars tested. The cv. Freedom
produced very large heads inside the High Tunnel — and very small heads when grow outside. By
contrast, the heads of cv. Synergy and Fujiyama were larger when the crop was grown in the Open Field.
Harvest Index — is an indicator of the relative balance between vegetative growth and growth of the
harvested portion of the crop. Under warmer conditions, growth tends to shift towards vegetative
growth rather than the growth of reproductive tissues — resulting in a lower harvest index. Averaged
across the cauliflower cultivars tested, the harvest index was not changed by where the crop was grown
(High Tunnel vs Open Field)(Table 6). There were however very significant differences among the
cultivars tested for this trait. The cv. Freedom produced very large plants but only average sized heads,
while cv. Aquarius produced much heavier heads on the same size plants = higher harvest index.

Leaf Count per Plant — on average, the cauliflower plants in the High Tunnels had substantially more
leaves than in the Open Field (Table 6). The fact that this superior vegetative growth was achieved
within a shorter time span (as indicated by the T-50 data) strongly suggests that the High Tunnel
environment was particularly suitable for most cultivars of cauliflower tested. Leaf counts of cvs.
Twister and Freedom showed the greatest positive effect of growing in the High Tunnel.

Cauliflower in 2022 — 2" Planting
Table 7. Field performance, plant growth characteristics and head yields for P2 in the cauliflower
cultivar testing trial conducted within High Tunnels and in the Open Field in 2022.

T-50 | Stand Total Avg Total Avg | Harvest | Leaf
Plant Wt | Plant | Head wt | Head Index count
Wt wt
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(DAT)* | (%) | (kg/plot) | (kg) | (kg/plot) | (kg) (%) | #/plant
Aquarius Tunnel 75 65 37.9 3.4 12.2 1.11 32 20.1
Outside 78 82 36.4 2.6 12.3 0.88 34 23.0
Freedom Tunnel 67 59 25.1 2.5 7.1 0.71 28 15.8
Outside 78 65 19.4 1.8 8.2 0.75 42 12.8
Fujiyama Tunnel 46 94 6.6 0.4 3.1 0.19 46 12.8
Outside 46 59 6.5 0.6 3.2 0.32 49 14.2
Minuteman | Tunnel 71 71 26.9 2.2 10.8 0.90 40 16.3
Outside 67 53 20.8 2.3 10.6 1.18 51 15.8
Nebula Tunnel 75 82 499 3.6 13.6 0.97 24 20.1
Outside 72 59 32.8 3.3 12.3 1.24 38 19.5
Synergy Tunnel 78 84 54.0 3.4 15.4 0.97 21 16.6
Outside 78 65 23.3 2.1 10.0 0.90 43 15.8
Twister Tunnel 78 65 42.8 3.9 11.6 1.06 24 19.4
Outside 77 65 25.3 2.3 9.3 0.85 38 17.6
Average Tunnel 70 76 34.6 2.8 10.6 0.84 33 17.2
Outside 72 64 23.5 2.1 9.7 0.88 42 17.0

* DAT = days after transplanting

Time to 50% Harvest for the P2 crop of cauliflower ranged from about 46 days from transplanting for cv.
Fujiyama to about 78 days for cv. Synergy and Twister (Table 7). As was seen in P1, the slightly warmer
growing environment in the tunnels accelerated growth of the cauliflower crop —and reduced the
average T-50 by 2 days. It was interesting to note that it took an average of 4 days longer for the P2
cauliflower crop to mature than P1 — yet growing conditions were warmer for much of the lifespan of
P2. It was also interesting to observe how variable the T-50 was for the various cultivars in P1 vs P2.
Nebula was the lasts cultivar to mature in P1, yet it was about average in P2. Twister had been very
early in P1 but it was quite late in P2.

The % Stand at Harvest was significantly better for P2 inside the High tunnel than in the Open field
(Table 7). Loss of plants in P2 to root maggot damage had been much more severe in the open field.
Unfortunately, plant populations for P2 inside the High Tunnels had been adversely affected by flooding
— an effect that nothing to do with the actual High Tunnel environment. The cv. Aquarius had the
poorest overall stand in P1, yet it did very well in P2.

Total Above-Ground Plant Weights for the P2 cauliflower crop were substantially greater for the crop
growing inside the High Tunnels versus the Open Field (Table 7). The same effect of the tunnel
environment had been observed in P1. The cauliflower plants seemed to thrive in the hot, calm
conditions provided by the High Tunnel. Again, the only exception to this pattern was for the cv.
Fujiyama. Conditions in the High Tunnel triggered this cultivar to start forming heads when the plants
were still very small — resulting in very small plants. The cvs. Aquarius and Nebula produced very large
plants in both growing environments — suggesting that these cultivars are well adapted to a range of
growing conditions. On average, the plants inside the High Tunnel were similar size in P1 and P2.
However, in the Open Field the plants in P1 were much larger than in P2. Growth of the P2 crop in the
Open Field was potentially checked by damage to the root system caused by heavy feeding by root
maggots.
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Average Above-Ground Plant Weight was substantially greater for crops growing inside the High
Tunnel versus in the Open Field (Table 7). The same positive growth response to the High Tunnel
environment had been seen in P1. This suggests that most cultivars of cauliflower can thrive under the
warmer conditions provided by the High Tunnels — even in mid-summer in Saskatchewan. The cv.
Fujiyama was again the major exception to this pattern — the plants of this cv. In the High Tunnel were
very small.

Total head weight per plot (ie; marketable yield per unit production area) was higher on average for the
crop growing inside the High Tunnel versus the crop growing in the Open Field (Table 7). The same
beneficial effect of the warm growing environment had been observed in P1. Asin P1 there were
substantial differences among the cultivars tested for how the tunnel environment impacted total head
weight per plot. In many of the cultivars, there was little difference in total yields between the two
growing environments. However, for the later maturing and more vigorous cvs, the High Tunnel
environment resulted in substantially higher yields. The cvs. Nebula and Aquarius had above average
total yields irrespective of whether they were grown in the Open Field or the High Tunnel in P2. These
cultivars had shown the same tolerance of differing growing conditions in P1.

Average head weights were similar for the cauliflower crops growing in the Open Field and High Tunnel
environments in P2 (Table 7). This was expected, as the heads were harvested as soon as they met
market standards for size. For the same reason it is not surprising to find that the average head size was
similar for the cauliflower in P1 and P2.

Harvest Index — for the P2 cauliflower, the Harvest Index was lower in the High Tunnel than when the
same cultivar was grown in the Open Field (Table 7). This was expected, as under warmer conditions
growth tends to shift towards vegetative growth rather than the growth of reproductive tissues.

Leaf Count per Plant — was quite similar in P2 for the cauliflower crops growing inside the High Tunnel
versus the open field (Table 7). By contrast, in P1 the plants in the High Tunnel had substantially more
leaves than in the Open Field. The basis of this difference is that in P2 the plants in the Open Field
produced more leaves than in P1. This may reflect more favorable conditions in the Open Field when
planting was delayed until June. These results also show that cauliflower crops can be grown right
through the height of summer in Saskatchewan with little negative impact on crop vigor.

Broccoli in 2022 — 1%t Planting
Table 8. Field performance, plant growth characteristics and head yields for P1 in the broccoli cultivar
testing trial conducted within High Tunnel and in the Open Field in 2022.

T-50 | Stand Total Avg Total Avg | Harvest | Leaf
Plant Wt | Plant | Head wt | Head Index count
Wit wt

(DAT)* | (%) [ (kg/plot) [ (kg) | (kg/plot) [ (kg) (%) | #/plant

Asteroid Tunnel 59 65 23.8 1.83 5.1 0.40 22 18.5
Outside 59 76 19.6 1.50 3.3 0.26 17 17.5
Castle Tunnel 37 65 6.2 0.48 3.1 0.24 50 104
Dome
Outside 37 100 11.4 0.67 4.1 0.24 36 11.9
East. Magic | Tunnel 57 85 25.6 1.51 5.2 0.30 20 18.7
Outside 68 88 23.5 1.56 5.0 0.33 21 17.1
Emer. Jewel | Tunnel 67 75 18.4 1.23 4.0 0.27 22 15.5
Outside 62 88 19.3 1.28 3.6 0.24 19 16.3
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Green Tunnel 49 65 13.3 1.02 4.9 0.37 38 14.0
Magic
Outside 50 94 17.4 1.09 3.8 0.24 22 13.9
Hydra Tunnel 52 65 15.5 1.20 4.2 0.27 33 16.8
Outside 55 88 17.9 1.19 4.4 0.30 25 17.8
Ironman Tunnel 64 60 21.8 1.82 4.8 0.22 40 20.9
Outside 60 94 22.0 1.38 4.7 0.29 21 17.9
Average Tunnel 54 69 17.8 1.33 4.5 0.33 29 16.3
Outside 55 920 18.7 1.26 4.2 0.27 23 16.1

* DAT = days after transplanting

Time to 50% Harvest for the P1 crop of broccoli ranged from as little as 37 days from transplanting for
cv. Castle Dome to about 65 days for Emerald Jewel (Table 8). There was very little difference between
the average T-50 for the P1 broccoli inside the High Tunnel versus the Open Field.

The % Stand at Harvest was much higher for the P1 broccoli in the Open Field versus the High Tunnel
(Table 8). This reflects the problem with disease killing off the broccoli transplants in the High Tunnel
but not in the Open Field. Asteroid had a lower overall stand % of the cultivars tested in P1.

Total Above-Ground Plant Weights for the P1 broccoli crop were marginally higher when the crop was
grown in the Open Field (Table 8). To a considerable extent this reflects the greater proportion of the
plants that survived through to harvest in the Open Field. This treatment effect was not consistent
across the cultivars tested in P1. Asteroid, Eastern Magic and Ironman produced very heavy yields of
plant matter under both sets of production conditions — suggesting that these cultivars are well adapted
to a range of growing environments.

Average Above-Ground Plant Weight was similar for the P1 broccoli crop growing inside the High
Tunnel versus in the Open Field (Table 8). Asteroid, Eastern Magic and Ironman all produced
exceptionally large plants in both growing environments.

Total head weight per plot (ie; marketable yield per unit production area) was quite similar for the P1
broccoli crops grown inside the High Tunnel versus the crop growing in the Open Field (Table 8). Eastern
Magic and Ironman produced exceptionally good head yields in both environments — another indicator
that these cultivars are adapted to a wide range of growing conditions.

Average head weights were slightly higher on average for the broccoli crop harvested from within the
High Tunnel (Table 8). This effect was not consistent across the cultivars tested.

Harvest Index — is an indicator of the relative balance between vegetative growth and growth of the
harvested portion of the crop. For the P1 broccoli, the crop growing inside the High Tunnel had a
slightly higher Harvest Index (Table 8). This difference was quite obvious in just a few of the cultivars
tested (Castle Dome, Ironman and Green Magic) —and in all cases was due to the crop growing inside
the High Tunnel producing large heads on relatively small plants. The basis for this effect was not clear.
Typically the warmer conditions in the High Tunnel would promote vegetative growth while having less
effect on head size - leading to a lower Harvest Index.

Leaf Count per Plant — was very similar for the P1 broccoli grown in the High Tunnel versus the Open
Field (Table 8). The leaf count was negatively related to time to maturity ie; Asteroid and Eastern Magic
are late maturing cultivars with many leaves, while Castle Dome and Green Magic have few leaves and
mature quickly.

Broccoli in 2022 — 2"¢ Planting

Table 9. Field performance, plant growth characteristics and head yields for P2 in the broccoli
cultivars grown in the High Tunnel and the Open Field in 2022.
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T-50 | Stand Total Avg Total Avg | Harvest Leaf
Plant Wt | Plant | Head wt | Head Index count
Wt wt
(DAT)* | (%) | (kg/plot) [ (kg) | (kg/plot) | (ks) (%) | #/plant

Asteroid Tunnel 61 90 33.2 1.85 5.5 0.31 17 18.8

Outside 61 76 23.9 1.84 7.2 0.55 30 17.5

Castle Tunnel 46 55 3.4 0.32 1.7 0.16 50 11.0
Dome

Outside 44 88 6.4 0.43 3.4 0.23 54 7.1

East. Magic | Tunnel 67 80 329 2.06 6.3 0.40 19 20.4

Outside 63 65 19.8 1.80 5.0 0.46 25 16.8

Emer. Tunnel 67 90 32.1 1.78 7.0 0.39 16 18.7
Jewel

Outside 67 76 20.5 1.58 4.4 0.34 22 17.4

Green Tunnel 49 90 25.6 1.43 6.1 0.34 24 14.4
Magic

Outside 49 76 18.3 1.41 3.8 0.29 21 18.8

Hydra Tunnel 61 75 14.2 0.96 4.1 0.28 29 21.2

Outside 58 94 19.5 1.22 6.1 0.38 32 19.1

Ironman Tunnel 66 80 24.4 1.53 5.6 0.35 23 20.5

Outside 69 76 26.3 2.02 7.4 0.57 28 18.8

Average Tunnel 60 80 23.7 1.46 4.7 0.28 25 18.1

Outside 59 79 19.3 1.53 5.4 0.40 30 16.5

* DAT = days after transplanting

Time to 50% Harvest for the P2 crop of broccoli ranged from about 45 days from transplanting for cv.
Castle Dome to about 67 days for cv. Emerald Jewel and Ironman (Table 9). These had also been the
earliest and latest maturing cultivars in P1. Averaged across the cultivars it took 1 day longer for the P2
crop in the High Tunnel to mature relative to the Open Field. By contrast, in P1, the High Tunnel had
accelerated the average harvest date by 2 days. This same change in the impact of the High Tunnel on
the rate of crop growth between P1 and P2 had been observed in the cauliflower trial.

The % Stand at Harvest was very similar for the P2 broccoli crop inside the High Tunnel versus the open
field (Table 9). Loss of plants in P2 to root maggot damage had been much more severe in the Open
Field, while disease and flooding were the predominant causes of plant loss inside the High Tunnel.
There was relatively little difference in the % stand data among the broccoli cultivars tested in P2.

Total Above-Ground Plant Weights for the P2 broccoli crop were substantially greater for the crop
growing inside the High Tunnels versus the Open Field (Table 9). This effect had not been seen in P1.
The major exception to this pattern was in cv. Castle Dome, where the plants in the High Tunnel were
much smaller than in the Open Field. However, a good portion of this effect could be attributed to
localized flooding in the High Tunnel. The cvs. Asteroid and Emerald Jewel produced exceptionally large
plants both inside the High Tunnel and in the Open Field. In the Open Field the broccoli plants in P1
were much the same size as in P2. However inside the High Tunnels the average plant in P2 was
substantially larger than in P1. The reasons for this difference were not clear.
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Average Above-Ground Plant Weight was similar on average for the crop grown in the High Tunnel and
in the Open Field (Table 9). This was a similar result as seen in P1 — except the plants in P2 were
substantially larger than in P1 in both the High Tunnel and Open Field. Asin P1, Asteroid and Eastern
Magic produced very large plants under both sets of growing conditions.

Total Head Weight per Plot (ie; marketable yield per unit production area) was slightly higher on
average for the P2 broccoli crop growing in the Open Field versus in the High Tunnel (Table 9). This
treatment effect was not consistent across the cultivars tested in P2. There also had not been a
corresponding treatment effect in P1. The cvs Asteroid and Ironman had higher than average yields in
both test environments in P2. Ironman had also been exceptional for this yield component in P1.
Average Head Weights were significantly higher on average in the P2 broccoli when the crop was grown
in the Open Field versus the High Tunnel (Table 8).  This difference was surprising as the broccoli had
all been harvested as soon as the heads first reached market standard for size. In P1 there had been
little difference in the size of the heads in the High Tunnel vs the Open Field. Asteroid, Eastern Magic
and Ironman produced very heavy heads in both the Open Field and High Tunnel in P2.

Harvest Index — for the P2 broccoli, the crop growing inside the High Tunnel had a slightly lower Harvest
Index versus the crop grown than in the Open Field (Table 9). This was expected, as under warmer
conditions, growth tends to shift towards vegetative growth rather than the growth of reproductive
tissues.

Leaf Count per Plant — was higher on average for the P2 broccoli grown in the High Tunnel versus the
Open Field (Table 9). This treatment effects was expected — as the higher temperatures of the High
Tunnel tend to keep a crop growing vegetatively (more leaves) rather than starting to head out. Asin
P1, the leaf count of the cultivars tested in P2 was negatively correlated with speed of maturity ie;
Asteroid and Ironman were late maturing cultivars and had many leaves, while Castle Dome and Green
Magic had few leaves and matured quickly.

Cauliflower in 2023 - 1t Planting
Table 10. Field performance and head yields for P1 in the cauliflower cultivars grown in the High
Tunnel and the Open Field in 2023.

T-50 Stand Total Head Avg Head Harvest
wt wt Index

(DAT)* (%) (kg/plot) (kg) (%)

Aquarius Tunnel 65 81 7.3 1.0 22
Outside 65 83 7.5 1.0 34

Clarify Tunnel 63 94 6.7 0.8 19
Outside 64 100 11.7 1.3 32

Freedom Tunnel 57 100 8.1 0.9 27
Outside 61 89 8.0 1.0 31

Minuteman | Tunnel 59 100 8.1 0.9 24
Outside 61 83 8.2 1.1 15

Nebula Tunnel 64 88 9.5 1.2 33
Outside 64 83 9.7 1.3 39

Synergy Tunnel 64 88 7.9 1.2 26
Outside 66 94 11.8 14 35

Twister Tunnel 63 100 9.0 1.0 27
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Outside 64 83 9.7 1.3 31
Average Tunnel 62 93 8.1 1.0 25
Outside 64 88 9.5 1.2 31

Time to 50% Harvest for the P1 crop of cauliflower in 2023 ranged from about 57 days from
transplanting for cv. Freedom growing inside the High Tunnel to 66 days for Synergy growing in the
Open Field (Table 10). This is a much narrow range of maturity rates than was seen in the 2022 trial
(Table 6). The 2023 crop seemed to generally be more vigorous than in 2022. It took2 or 3 fewer days
to get the cauliflower crop to maturity in 2023 than in 2022. As expected, the warmer growing
environment in the High Tunnel accelerated growth of the cauliflower crop — reducing the average T-50
by 2 days.

The % Stand at Harvest was slightly better for the P1 cauliflower crops growing inside the High Tunnel
relative to the Open Field (Table 10). The cause of plant death was different under the two regimes.
Inside the High Tunnel the plants died of disease, while in the Open Field, root maggots, flooding and
deer browsing caused the majority of plant loss. Aquarius had the poorest overall stand — which is
similar to the results seen in 2022.

Total head weight per plot (ie; marketable yield per unit production area) was higher on average for the
crop growing in the Open Field versus the crop growing in the High Tunnel (Table 10). This difference
was fairly consistent across the cultivars tested — and could be largely attributed to the greater average
size of the heads harvested from the Open Field (see below). While the crops in the High Tunnel and
Open Field appeared similar in terms of plant size and vigor, the heads seemed to size up more quickly
in the Open Field. The cvs.Twister and Nebula had above average total yields irrespective of whether
they were grown in the open field or the high tunnel — suggesting that these cultivars are adapted to a
wide range of growing conditions.

Average head weights showed little variability among the cultivars or between production
environments — this was expected as the cauliflower was harvested once heads reached a specific size.
Heads of approximately the same size weighed more coming from the Open Field — suggesting that the
heads were denser. Exposure to excess heat (as encountered in the High Tunnels) is known to cause
the formation of loose, light heads in cauliflower.

Harvest Index — as expected, the warmer environment of the High Tunnels shifted growth of most of the
cauliflower cultivars towards the production of leaves versus head size (Table 10).

Cauliflower in 2023 — 2" Planting
Table 11. Field performance and head yields for P2 in the cauliflower cultivars grown in the High
Tunnel and the Open Field in 2023.

T-50 Stand Total Head wt Avg Head wt

(DAT)* (%) (kg/plot) (kg)

Aquarius Tunnel 65 69 5.0 0.8
Outside 63 83 8.2 1.1

Clarify Tunnel 53 81 5.8 0.8
Outside 60 89 8.0 1.0

Freedom Tunnel 59 75 4.7 0.7
Outside 60 72 4.5 0.7

Minuteman | Tunnel 57 50 3.8 1.1
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Outside 60 89 6.4 0.8
Nebula Tunnel 65 81 6.6 0.9
Outside 66 89 8.8 1.1
Synergy Tunnel 67 94 8.5 1.0
Outside 66 94 10.1 1.2
Twister Tunnel 67 75 6.1 0.9
Outside 66 100 9.0 1.0
Average Tunnel 61 75 5.8 0.9
Outside 63 88 7.9 1.0

** All data for the P2 cauliflower crop growing in the High Tunnel are somewhat compromised by the
fact that many plants had to be replaced — in some cases several times over a 2 week period at
transplanting, due to gopher feeding.

Time to 50% Harvest - for the P2 crop of cauliflower in 2023 ranged from a low of just 53 days from
transplanting for cv. Clarify growing inside the High Tunnel to 67 days for Synergy and Twister growing in
the High Tunnel (Table 11). The long time to maturity of Synergy and Twister in the High Tunnel was
largely due to gopher damage. The P1 and P2 cauliflower crops in 2023 took about the same length of
time to mature. It had been expected that the P2 crop would mature more quickly than P1 since it is
planted later when temperatures should be warmer. However, June was actually the warmest month of
the 2023 growing season. As expected, the warmer growing environment in the High Tunnel
accelerated growth of the P2 cauliflower crop — reducing the average T-50 by 2 days.

The % Stand at Harvest for the P2 cauliflower crop in the High Tunnel was compromised by the gopher
damage (Table 11). Although the plants were initially replaced — eventually the supply of replacement
plants was exhausted. The % stand at harvest in the Open Field was much better — the gophers seemed
to prefer to feed within the sheltered environment of the High Tunnel. Blindness and oversize heads
was the major cause of any gaps in the harvest in the Open Field.

Total head weight per plot (ie; marketable yield per unit production area) was higher on average for the
P2 cauliflower crop growing in the Open Field versus the crop growing in the High Tunnel (Table 11).
This matches the findings from P1. The difference was again fairly consistent across the cultivars tested
— except that in P2 the higher yields in the Open Field could be attributed to both greater head size and
a better plant stand.

Average head weights again showed little variability among the cultivars or between production
environments — as the cauliflower was harvested once heads reached a specific size. Heads coming
from the Open Field again tended to be heavier — suggesting that the heads were more dense than
when the crop was grown in the High Tunnel (Table 11).

Broccoli in 2023 — 1%t Planting
Table 12. Field performance and head yields for P1 in the broccoli cultivars grown in the High Tunnel
and the Open Field in 2023.

T-50 Stand Total Head | Avg Head Harvest
wt wt Index
(DAT)* (%) (kg/plot) (kg) (%)
Asteroid Tunnel 58 94 6.3 0.39
Outside 60 100 7.3 0.43
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Castle Dome Tunnel 46 100 5.9 0.33
Outside 49 94 5.9 0.37
Eastern Magic | Tunnel 59 88 6.2 0.41
Outside 63 88 7.1 0.47
Green Magic Tunnel 52 94 5.6 0.35
Outside 57 88 6.2 0.41
Hydra Tunnel 56 82 6.4 0.46
Outside 63 88 6.0 0.40
Kingdom Tunnel 48 100 6.1 0.34
Outside 53 94 5.3 0.33
Millennium Tunnel 59 82 6.4 0.46
Outside 63 94 7.3 0.46
Average Tunnel 54 93 6.1 0.39
Outside 58 93 6.4 0.41

Time to 50% Harvest for the P1 crop of broccoliin 2023 ranged from as little as 46 days from
transplanting for cv. Castle Dome to about 63 days for several of the cultivars growing in the Open Field
(Table 12). For all of the cultivars tested, the crop in the High Tunnels took less time to mature than the
crop in the Open Field. This was expected given the warmer growing environment in the tunnels.

The % Stand at Harvest was similar for the P1 broccoli in the Open Field versus the High Tunnel (Table
12). The final stand for all of the cultivars tested was generally good in both production environments in
P1 for 2023.

Total head weight per plot (ie; marketable yield per unit production area) was quite similar for the P1
broccoli crops grown inside the High Tunnel versus the crop growing in the Open Field (Table 12). This
was to be expected, as the stand quality was similar in both environments — and broccoli is harvested at
a set head size. The early maturing cultivars (Castledome and Kingdom) tended to have lower total
yields than the later cultivars -this was related to the low head weights of the early cultivars (see next
section). Asteroid, Eastern Magic and Millennium had higher than average yields in both production
environments — indicating that these cultivars are adapted to a wide range of growing conditions.
Average head weights were similar on average for the P1 broccoli crop harvested from within the High
Tunnel versus the Open Field (Table 12). This could be expected, as the broccoli heads were harvested
as soon as they reached marketable size. It was noteworthy that head weights of the early maturing
cultivars (Kingdom and Castledome) were significantly lower than the later cultivars. Head density is
considered to be a valuable attribute in broccoli — especially if the crop is to be sold by weight.

Broccoli in 2023 — 2nd Planting
Table 13. Field performance and head yields for P2 in the broccoli cultivars grown in the High Tunnel
and the Open Field in 2023.

T-50 Stand Total Head | Avg Head Harvest
wt wt Index
(DAT)* (%) (kg/plot) (kg) (%)
Asteroid Tunnel 60 82 6.7 0.48 18
Outside 52 100 6.4 0.40 17
Castle Dome Tunnel 57 47 2.9 0.36 20

Research and Demonstration Program Report 2023 337



Outside 48 100 7.2 0.45 27
Eastern Magic | Tunnel 63 82 6.1 0.44 18
Outside 60 100 5.7 0.33 13
Green Magic Tunnel 57 94 5.5 0.34 18
Outside 48 100 5.8 0.34 19
Hydra Tunnel 67 88 6.4 0.43 22
Outside 57 100 5.8 0.34 17
Kingdom Tunnel 57 100 6.2 0.36 21
Outside 53 100 7.5 0.44 20
Millennium Tunnel 67 82 5.4 0.38 19
Outside 60 100 5.3 0.31 20
Average Tunnel 61 82 5.6 0.40 19.4
Outside 54 100 6.2 0.37 19.0

** All data for the P2 broccoli crop growing in the High Tunnel are significantly compromised by the
fact that many plants had to be replaced — in some cases several times over a 2 week period at
transplanting, due to gopher feeding.

Time to 50% Harvest for the P2 crop of broccoli growing in the Open Field in 2023 ranged from about 48
days from transplanting for cv. Castle Dome to about 60 days for cv. Eastern Magic and Millennium
(Table 13). These had also been the earliest and latest maturing cultivars in P1. Gopher damage at the
time of transplanting significantly delayed development of the P2 crop in the High Tunnels relative to
the Open Field — where gophers were not a problem.

The % Stand at Harvest was perfect for the P2 broccoli crop growing in the Open Field (Table 13). This
demonstrates how favorable the Open Field site and growing conditions were in 2023. As mentioned
previously, gophers had eaten many of the plants in the High Tunnel within days of them being
transplanted. Although efforts were made to replace these plants, eventually the supply of
replacement plants ran out — and the stand and yield performance of cvs like Castledome was
consequently compromised in the High Tunnel.

Total Head Weight per Plot (ie; marketable yield per unit production area) was slightly higher on
average for the P2 broccoli crop growing in the Open Field versus in the High Tunnel (Table 13). This
treatment effect was largely due to the severe loss of stand caused by gopher feeding in the High
Tunnels. The cvs Kingdom and Asteroid and Ironman had higher than average yields in both test
environments in P2. Asteroid had also been exceptional for this yield component in P1.

Average Head Weights for the early maturing cvs Castledome and Kingdom were significantly higher in
the Open Field versus the High Tunnel (Table 13). For all of the later maturing cvs, the opposite
treatment effect was observed. The basis for this changing treatment effect on head size is not clear.
Asteroid produced very heavy heads in both the Open Field and High Tunnel in P2, while the heads of cv.
Green Magic were very light in both environments.

Harvest Index — for the P2 broccoli, the Harvest Index showed little consistent difference between the
crops grown in the Open Field versus the High Tunnel (Table 13).

Quality and Overall Performance of the Cauliflower Cultivars Tested in 2022 and 2023

Head quality in the 2023 cauliflower crop was definitely superior to 2022. This likely reflects the more
moderate temperatures that prevailed during the head formation period (July and August) in 2023
versus 2022. Heat is known to compromise the head quality of cauliflower. July and August of 2023
were 1C and 2C cooler than the corresponding months of 2022.
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Some issues with tipburn (see Fig. 15) were seen on the wrapper leaves of cvs. Nebula and Twister in
both years of the project. While only a few plants of each cultivar were affected, the fact that the
problems showed up on the same two cultivars in both years, both planting dates and both growing
environments suggests that this is a consistent issue for these cultivars. The fact that tipburn was
equally common in the Open Field as in the High Tunnel was somewhat surprising — as the warmer
conditions of the High Tunnel would be expected to promote rapid vegetative growth —and that often
leads to tipburn.

NB - as the wrapper leaves are all trimmed away prior to marketing — this defect would have had no
impact on market quality of the cauliflower crop.

No problems with riciness or excessive hairiness were observed in any of the cultivars tested at either
planting date in the High Tunnel or Open Field environments in either year of testing. This suggests that
breeders have made significant progress towards eliminating these quality defects.

Most of the cauliflower cultivars evaluated over the two crop years of this project produced good yields
of heads that met or exceeded market standards for quality. These yield and quality standards were
maintained across planting times and production years. Most cultivars appeared to be able to thrive
both in the Open Field and in the more extreme environment of the High Tunnel.

The only cauliflower cultivar which did not perform well was cv. Fujiyama — its quality was very poor in
both P1 and P2 in 2022 — particularly when it was grown inside the High Tunnel. The heads were small
and loose with poor color. The plants were not self-blanching and the leaves were too small to tie over
the heads. Very few of the heads from this cv would have met grade expectations for quality in either
the High Tunnel or Open Field crops. This cultivar cannot be recommended for production in
Saskatchewan - especially if warm temperatures are anticipated. This was an interesting observation
— as catalogue descriptions for cv. Fujiyama emphasise its excellent tolerance of heat stress.

Due to its poor performance, Fujiyama was dropped from the trial and replaced with cv. Clarify in 2023.
Aquarius - is listed as an early maturing vigorous cultivar. However, in this project it was not
particularly early, its yields were either low or inconsistent and its head quality declined quickly if the
crop was allowed get over-mature. Head coverage in this cultivar was also inconsistent, so it would
likely need to be wrapped. This represents an additional reason for growers to look for a better cultivar.
Clarify — is listed as a “robust and early maturing”. In the single year of testing in 2023, Clarify
performed well in both production environments and both planting dates. The seed suppliers
recommend that Clarify be tied to insure that the heads do not yellow — but in this project the leaves of
cv. Clarify were large enough to shade the heads — and tying was not required.

Freedom - is listed as “ a partially self wrapping cultivar with some heat tolerance and uniform
maturity”. In this project, cv. Freedom was very vigorous, it produced huge plants with very large
leaves. However, Freedom appeared to be prone to blindness and other issues which reduced the
number of plants that went on to produce marketable heads. Freedom grows very quickly —and
consequently the heads can go oversize in just a day or two. Contrary to the claims of the seed
suppliers, the time to harvest of cv. Freedom was also inconsistent within each planting and across
planting dates and years. This apparent lack of consistency in field performance is undesirable.
Minuteman - is an older cultivar but it is still popular with growers in Saskatchewan — primarily because
it is early and vigorous. Aside from Fujiyama, Minuteman was always the first cultivar to reach maturity
—and it yielded well. However, Minuteman has definite quality limitations — it must be tied to produce
white heads and it does not hold well, especially under warm conditions. In both production
environments, both planting dates and both years of testing, the quality of Minuteman was inferior to
several of the newer cultivars tested in this project. Head quality of cv. Minuteman was severely
compromised in the warmer growing conditions of the High Tunnels. While Minuteman is still a few
days earlier than many of the new cultivars on the market —it is questionable whether this advantage is
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sufficient to offset the yield and quality advantages provided by many of the newer cultivars tested in
this project.

Nebula, Synergy and Twister — are all relatively new cultivars with similar performance characteristics.
These cultivars produce exceptionally large plants and take a few days longer to mature than other
cultivars. These cultivars do not need to be tied to insure optimum head quality. The heads are
protected from sunlight by the large leaf canopy. These cultivars also produce another layer of leaves
which wrap tightly around the head — providing additional protection against yellowing due to sun
exposure (see Fig. 18). These cultivars were consistently among the highest yielding — irrespective of
the planting date or year. They consistently produced a good stand and the heads were exceptionally
dense. Head density is appreciated in the marketplace — especially when cauliflower is being priced on
the basis of weight (not per head). These new cultivars all thrived in the Open Field and in the more
extreme growing conditions of the High Tunnel - indicating wide adaptation. This is highly desirable
in places like Saskatchewan where growing conditions are variable and unpredictable.

Figure 18. Synergy cauliflower showing full coverage of the head by
wrapper leaves.

Quality and Overall Performance of the Broccoli Cultivars tested in 2022 and 2023

While growing conditions were generally favorable, the overall the quality of the 2022 broccoli crop was
only average. Loss of plants due to disease and flooding in the High Tunnel and root maggots in the
Open Field caused gaps in the stand. Plants adjacent to these gaps grew more rapidly — and this tended
to cause quality problems. Issues related to loss of stand were the primary cause for any quality
differences observed between the crop in the Open Field versus the High Tunnel in 2022. The quality of
the P1 crop was better in the Open Field, as the High Tunnel crop had problems with stand loss to
disease. By contrast, the P2 crop was better in the High Tunnel, as the P2 crop in the Open Field had
major issues with root maggots.

By contrast, the 2023 broccoli crop in the Open Field had exceptional quality at both planting dates.
This reflects the combination of favorable growing conditions and a good production site. P1 in the High
Tunnel was also good — but the P2 broccoli crop in the High Tunnel was severely compromised by
gopher damage.

Of the cultivars of broccoli tested in this trial;

Asteroid — had many positive quality attributes. It was consistently among the highest yielding cultivars
tested, irrespective of the year, planting date or growing environment. This suggests that it is well
adapted to spectrum of growing conditions. It produced a smooth head with a bright green color. It
had very few side branches which facilitated trimming the head and made for a good looking stem. The
stems of this cultivar were quite thick — this adds weight (desirable) as long as the stem is not too thick.
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The major quality issue with Asteroid was a high % of the heads had a hollow stem (see Fig. 14). This
problem was seen in both years and both planting dates. Hollow stem occurred in both production
environments — but it was more common in the High Tunnel. Hollow stem is caused by excessively
rapid growth triggered by uneven temperatures and/or moisture availability. The fact that Asteroid was
the only cultivar to show any hollow stem strongly suggests that the problem is with the cultivar and not
where, when or how the crop was grown. While hollow stem can be reduced by more careful attention
to maintaining uniform growing conditions — there are limitations as to how much control growers have
over the production environment. Avoiding growing cultivars prone to hollow stem is a sound
production decision.

Castle Dome was consistently vigorous and very early — but its head quality was only fair. Irrespective
of where or when it was grown, the Castle Dome heads had mediocre color and an uneven bead. Castle
Dome was the only cultivar to show problems with brown bead (see Fig. 13). It is not surprising that
this heat stress related disorder was only observed in the High Tunnel crop. Castle Dome had a very
narrow harvest window for optimum quality — and once it became over-mature the head quality
declined rapidly.

Eastern Magic — is presently the most widely used cultivar by growers of broccoli in Saskatchewan. This
cultivar produced a nice sized uniform green head. It holds its head quality quite well — which extends
the harvest window. A couple of quality issues were observed for cv. Eastern Magic. It tends to
produce side branches if it is given too much space — as in
situations where adjacent plants die off due to environmental
stress, disease or insect damage. Having to remove side
branches increases the labor required at harvest. The heads
also become bumpy and uneven if it is grown in hot conditions
(see Fig. 19).

Figure 19. Uneven lumpy heads produced when cv. Eastern
Magic is grown in hot conditions.

Emerald Jewel — did not produce as nice a head as Eastern
Magic and had even more issues with side branching
Green Magic — did not produce as nice a head as Eastern Magic and had even more issues with side-
branching. The heads of Green Magic were light weight — it part because the stems are thln
Hydra — was the best looking cultivar tested in both e ;
the High tunnel and Open Field in both years of this
project. It produces long stems with just a few
well-spaced leaves and no side-branches. This
makes the crop very easy to harvest and trim and
results in a very attractive final product. While
Hydra looks very good, it’s yields were just
average in all the crops grown in this project. This
is largely a function of the fact that the stems of cv.
Hydra are much thinner than the other cultivars.
As stem material is quite dense, thick stemmed
cultivars tend to be quite heavy. However, thick
stems can be tough — and some customers object
to paying for a lot of stem material that they
consider to be inedible. Hydra would be an Figure 20. Hydra broccoli. Note the desirable
dome shaped head.
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excellent cultivar for markets that are more discerning about quality — and are ready to pay
accordingly.

Kingdom - is early maturing and very vigorous like Castledome — but with superior head quality and
field holding characteristics. The head quality of Kingdom is still inferior to the later maturing cultivars,
especially under warm growing conditions.

Ironman — while this cultivar has minimal side-branching, its bead was coarse and uneven, irrespective
of when (P1 vs P2) or where (High Tunnel vs Open Field) it was grown.

Millennium — has good yield potential and produces
nice looking domed heads with a very fine bead.
However, when the leaves are removed from the stem
a large unattractive scar is left behind and/or the outer
layer of the stem can tear (see Fig. 21). The stems are
also quite thick — this adds to the salable weight, but
most customers do not consider this to be a desirable
trait.

X

X _‘){‘

Figure 21. Broccoli cv. Millennium showing large
scars and stem tears that occur as the leaves are
trimmed away.

Conclusion

It is pre-mature to draw many conclusions and recommendations based on a just two year of
trials at a single production site. However, the results suggest that;
a) High Tunnels represent a useful location to screen crops and cultivars for relative tolerance of

heat stress.

b) The High tunnels were managed in a manner that produced a 1-2°C increase in average
temperature — which corresponds to the predictions made by climate change models for the
amount of warming that can be anticipated within the next 20 years on the Canadian Prairies.

¢) The degree of heat stress encountered within the High Tunnels is highly dependent on prevailing
weather conditions — and as such is uncontrollable and predictable. Temperatures in the High
Tunnels are much higher than ambient conditions on calm, sunny days. Temperature
differences are minimal at night and in cloudy weather.

d) The degree of heat stress encountered within the High Tunnels is somewhat manageable (by
raising/lowering the sides and opening/closing the end doors). Monitoring the Tunnel
environment and adjusting the position of the side walls accordingly is labor intensive.

e) Testing cultivar performance across planting dates and years is useful, especially in places like
Saskatchewan where growing conditions are not consistent.

f) Growing the broccoli and cauliflower crops in warmer conditions accelerated the rate at which
the crops grew. This reduced the time from planting until the crops were ready to harvest —
which is somewhat desirable. However, it also reduced the timeframe over which the crop was
at peak quality — and that was highly undesirable.
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g) Growing the broccoli and cauliflower crops in warmer more sheltered conditions of the High
Tunnel tended to result in the production of extremely large plant canopies. The large leaf
supported rapid growth of the heads. However this was not really advantageous — as
cauliflower and broccoli heads are picked at a relatively small size. Heads of broccoli greater
about 15cm across are considered unmarketable.  Cauliflower heads must be small enough to
fit 12 or 18 to a box. A rapid progression from marketable size to oversize and unmarketable is
a significant negative side effect of production under increasingly warm conditions.

h) Growing the broccoli and cauliflower crops in the warmer than average conditions of the
tunnels had no consistent impact on losses to disease or insect pests.

i)  Broccoli and cauliflower crops growing in the High Tunnels were exposed to temperatures which
exceeded the “high temperature damage threshold” of 35°C on 2-4 times as many occasions as
the crop growing in the Open Field.

j)  Some cultivars of both crops appeared to be poorly adapted to the warmer conditions. While
yields were somewhat depressed by the high temperatures, head quality suffered more.

k) Older and early maturing cultivars seemed to be more prone to heat sensitivity.

1) Other cultivars of both crops seemed to thrive in the warmer conditions provided by the High
Tunnels - producing excellent yields of high quality heads. These cultivars appear to have
superior heat tolerance. Many of these cultivars also grew well in the Open Field — suggesting
that they were adapted to a wide range of growing conditions.

m) Most of the best performing cultivars were relatively new releases — which suggests that the
breeders are making progress in enhancing the stress tolerance of their new lines.

n) Most commercial vegetable crop breeding programs are focussing on larger markets like
California and Arizona. These areas are already much hotter than Saskatchewan will be in the
near future. This suggests that Saskatchewan growers should be a access a steady supply of
cultivars developed for tolerance of the levels of heat stress that could be anticipated in at least
the near-term.
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