g WiR 2 1 2ot

Proyet ?

Fiber Flax Variety and Seeding

Rate X Seeding Method Trials near
Saskatoon in 2001

Biolin Research Inc.

December, 2001

Project Title: Fiber Flax Variety and Seeding Rate X Seeding Method Trials near
Saskatoon in 2001

Biolin Research Inc. would like to gratefully acknowledge the financial support given by the
Saskatchewan Flax Development Commission and would like to thank Lon Johnston of ICMS

Tim Fluter, Prem Sharma and especially Kara Templeton and Randy Cowan, for their efforts in
helping to successfully complete this project.

o




N

EXECUTIVE SUMMARY

In May of 2001, Biolin Research Inc. ("Biolin”) received funding from the Saskatchewan Flax
Davelopment Commission (“SaskFlax") to:

1. Compare the seed and content of fourteen fiber flax varieties and two oilseed varieties at a
location near Saskatoon in the year 2001; and

2. Compare the seed yields, bast fiber content, and fiber yielding ability of two fiber flax
varieties seeded both in rows and broadcast at 40 kg, 80 kg and 120 kg per hectare.

To generate these results, two plot experiments, each with four replicates, were set up about 20
miles from Saskatoon near the village of Aberdeen in May 2001 to produce seed and fiber. The
variety trial consisted of fourteen fiber varieties and two oilseed varieties planted on May 24"
using a seeding rate of 40 kg/ha in plots with dimensions of 7 meters by 1.22 meters. The
seeding rate trial used two fiber varieties planted on May 24™ at seeding rates of 40 kg/ha, 80
kg/ha and 120 kg/ha in plots with dimensions of 7 meters by 1.22 meters. Plots were sprayed
for weed control at the appropriate time but a lack of moisture and the shalfow seeding depth in
the seeding method trial led to low or non-existent plant emergence for fiber collection.

Before combining, four or two ¥4 m? areas of plants were pulled out of the ground, wrapped,
labeled and stored. Sub-samples of each of the stems of these puiled plants were prepared
and retted by staff of Biolin. A reciprocating blade-type breaker/decorticator was used o
roughly separate clean bast fibers from the retted dry straw and final cleaning of the bast fibers
was done by hand to calculate fiber yields per hectare.

In September 2001, a plot harvester was used to cut the ripened seed bolls off the stems. The
resultant seed was cleaned by ICMS and used to calculate the seed yield of each plot. 1tis now
being stored at Biolin Research Inc. for use in further agronomic trials.

Variety Trial
The results of the variety trials showed that the average plot seed yield of fiber varieties ranged
from 133 to 250 kg/ha and average plot seed yield from the oilseed varieties Flanders and

Valour yielding 156 kg/ha and 184 kg/ha respectively.

The bast fiber content, expressed as a percent of unretted straw weight, varied from 14.1 to
22.0 percent in the fiber varieties. Only the two oilseed varieties, Flanders and Valour, had fiber
contents that were significantly lower than the other tested varieties, at 12.0% and 11.2%,

respectively.

The length of straw was assumed te be from the tips of the roots to the top of the seed bolls.
The height of plants in plots ranged from 28 to 42 cm in the fiber varieties and 23 to 27 cm in
the oilseed varieties, with Electra being significantly taller than Arriane, the “check” variety and
Alba, Valour, Flanders and Viking were significantly shorter than Arriane.

The bast fiber yield per hectare was estimated by multiplying the percent of bast fiber in
unretted stems by the weight of unretted salvaged straw. This calculation gave bast fiber yields
that varied from 170 to 283 kg/ha in fiber varieties and Valour and Flanders, the two oilseed
varieties, having significantly lower bast fiber yields of 53 and 59 kg/ha respectively.
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Seeding Rate and Method Trial
In the case of the two varieties, Flanders and Hermes, planted by two seeding methods and at

three different seeding rates. There was no real significance between seed yields at 40, 80 or
120 kg/ha due in part to a high c.v., but there was a significance between row and broadcast
seeding with row seeding providing a higher seed yield. Fiber results were only on the row
method as the broadcast method did not produce enough stems that could be tested due to low
to non-existent moisture. The average bast fiber percent on unretted straw in row seeding was
not significantly different between the three seeding rates but the variety, Hermes, had
significantly higher fiber content than the variety, Flanders, Straw length was significantly
different between the two varieties with Hermes being significantly taller than Flanders.

The seed yield resuits showed average plot resuits ranged from 46 to 259 kg/ha, with row
seeding being significantly better than Broadcast seeding.

The bast fiber content in a single plot, expressed as a percent of unretted straw weight, varied
from 10.6 to 18.9 percent, aithough all the averages had higher than 50% c.v. There was a
significant difference between Flanders and Hermes with Hermes having a higher fiber content.
There was no significant difference in bast fiber content among the seeding rates.

The length of straw was assumed to be from the tips of the roots to the top of the seed bolls.
The average height of plants in plots ranged from 29 to 48 cm. There was a significant
difference between varieties with Hermes being significantly taller than Flanders. Seeding rates
had no significant effect on straw length.

The yield of bast fiber yield per hectare was estimated by muitiplying the percent of bast fiber in
unretted stems by the weight of unretted salvaged straw. This calculation gave bast fiber yields
that varied from 176 to 323 kg/ha. Seed and straw yields, straw length and bast fiber yield
were dramatically negatively impacted by the lack of moisture during the growing season.

Conclusions

There are large differences in the bast fiber and seed yielding ability of different fiber flax
varieties that can be grown in Saskatchewan. Seeding rates and methods also appear to have
significant impacts on such yields. Unfortunately, in this trial the drought impacted very
negatively on being able to clearly separate out the expected differences. Resources were not
available to determine how quality traits (e.g., fiber fineness) are affected by choice of variety
and agronomic practice. More trials over more years and at more locations are needed fo
increase our knowledge base of what responses can be expected when we choose certain fiber
flax varieties and agronomic pracfices.
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TECHNICAL REPORT

Absitract

The seed, straw and bast fiber yields of 16 flax varieties were compared. Several varieties
exhibited results that were statistically significantly differeni. Two varieties were seeded at
different rates and with different methods. No seeding rate had a statistically significant effect
on seed, straw and bast fiber yield. Seeding in narrow rows may have reduced the possible
impact of seeding rates. A lack of moisture during the growing season reduced seed and straw
yields and reduced the ability of statistical tests to detect significant differences in resulis.

Background and Objectives

RBackground

Farmers in Western Canada seed roughly two million acres of flax every year and consequently
produce 800 to 1,200 kg of “salvageable” straw per hectare. Only 10-15% of this straw is
collected and used in the manufacture of speciaity papers and plastic components or for local
farm use. The flax straw that is not removed from the field, for these uses, is normally burnt or
chopped and spread. Unfortunately both these options cost farmers time and money and
create negative environmental impacts.

Previous agronomic work carried out by Biolin Research has shown that the fiber and seed
yielding ability of European fiber flax varieties can vary by more than 100% for a given location
in a given year. With such a wide range of possible results, choosing superior varieties and
agronomic practices will have a tremendous impact on the profit that farmers and processors
can generate from growing such varieties.

This type of work is vitally important to maximize fiber production per hectare and to develop the
technical coefficients (e.g., fiber content, fiber yield per hectare etc.) that can be used with
confidence in developing business plans and raising investment capital for higher-end flax
processing plants and farm operations.

Objectives

In May of 2001, Biolin Research Inc. (“Biolin”) received funding from the Saskatchewan Flax
Development Commission (“SaskFlax") to:

1. Compare the seed, bast fiber content and fiber yielding ability of fourteen fiber flax varieties
and two oilseed varieties at a location near Saskatoon in the year 2001; and

2. Compare the seed yields, bast fiber content, and fiber yielding ability of two fiber flax

varieties seeded both in rows and broadcast at 40 kg, 80 kg and 120 kg per hectare.
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| Experimental Methods

A plot site was selected on a farm about 4 kilometers south of Aberdeen. This site was
chosen because the company contracted to seed and harvest these flax plots had leased
land for canola and pulse crops near their central base at Aberdeen and had both a plot
seeder and plot harvester. The soil at the site appeared to be a thin black or dark brown
loam soil. The previous year the site had been planted to a cereal. A considerable amount
of cereal straw remained on the surface and the land has some stones. Before crop
planting, the field had been cultivated twice and harrowed three times to better spread and
incorporate the straw. No fertilizer was put on before seeding. Since little or no rain fell on
the site prior to seeding, the top inch of soil was dry and the flax had to be seeded below
one inch for it to be in a moist seedbed.

The variety trial plots were much the same area as conventional research plots (1.22 X 7
meters or roughly 4 X 23 feet). The plots were set out in four replicated rows of sixteen
varieties with the order of the varieties being randomized within each of the four rows, Each
plot was planted with a double disk press wheel plot seeder, in narrow seed rows (20 cm
apart), using the equivalent of 40 kg/ha of seed. These plots were seeded on May 24"
2001.

The rate and method of seeding trial used Flanders, an ocilseed flax with relatively high fiber
content, and Hermes, a European variety that has been one of the better performing ones
in previous trials in Saskatchewan. Each plot was a conventional size (1.22 X 7 meters or
roughly 4 X 23 feet). The plots were set out in four replicated rows of twelve different
variety/method/seeding rate combinations with the order of the variety, seeding rate and
method combinations being randomized within each of the four rows. These plots were
seeded on May 24", 2000. First the broadcast plots were seeded by lifting the disks out of
the ground and dropping the seed on top of the ground. The Packer wheels on the seeder
were repositioned to cover as much ground as possible. The seed was then raked by hand
in three directions before rolling twice with a lawn roller filed with water. The packer wheels
were repositioned to pack only the seed in the rows and row seeded plots were then
planted. By the time the randomized seeding patterns was complete, all plots in rate and
method of seeding trial were driven over or packed twice.

Due to the dry cool conditions the flax took more than ten days to emerge.

Total rainfall from May 24" to harvest was about 60 cm and much of this came in little
showers that had little effect. After a small amount of rain fell, the equivalent of 40 kg/ha of
nitrogen and 20 kg/ha of phosphorous was applied to the plots.

Four 0.25m” areas of straw with heads on were pulled out of the ground in the variety plots
when plants were mature. The straw was pulled from areas randomly selected from portions
of the plot that appeared to be of average height and density. in the case of the rate of
seeding plots, only two 0.25 m” areas of whole plants were only taken from the row planted
plots because many of the seeds in the broadcast plots did not emerge. Although it is
normal practice to randomly select four 0.25m” sampling areas from the whole plot, this was
not done because, in some areas, the drought had been so severe that only a few flax
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plants survived. (i.e., a sampling area in such an empty spot would give an extreme bias to
the final result so we picked sample areas only from areas that appeared ‘normal”). After
the straw was pulled it was put inside labeled cardboard rolis or paper bags and put into

storage.

To maximize the amount of sound seed that could be obtained from the plots, the flax
plants were allowed to ripen naturally. The plants remaining in all the plots were harvested

at the end of September.

During the winter the samples were processed and the seed was kept and put in separate
labeled bags and put into storage.

From each straw sample collected, a sub-sampile bundle of straw 4.1 cm in diameter and
19.1 cm in length was taken. After bundling, each sub-sample was bound with two elastic
bands and tagged with a plastic-coated label.

A sub-sample bundle of straw from each trial was retted separately in a warm water tank for
four to six days until the results of the “Fried Shake Test” showed that the majority of
bundles were optimally retted. This test involved placing fifteen pieces of retting straw, each
approximately 10.0 cm in length, each from a different bundle, in fifteen test tubes haif full
of boiling water with one piece of straw in each test tube. The test tubes were stoppered
and placed in a machine designed by Biolin Research to violently shake test tubes for forty-
five seconds. After shaking, the straw in each test tube was visually scored for loose fibers
on a whole number scale from “0” to “3” with “0” representing no loose fibers and “3”
representing total loosening of all bast fibers on the stem. When the average score was
above 2.8 and there were no “0” scores and at least twelve test tubes had a score of “3”, the
pundles in the batch were considered fully retted. The bundles were then taken out of the
tank, rinsed in tap water and set in drying racks for approximately four days to dry.

Dry bundles were weighed and the fiber was extracted using a reciprocating blade-type
breaker/decorticator. The fiber was hand cleaned to the point where few or no shives were
left. After cleaning, the fiber was weighed and placed in separate sample bags and labeled.

Data from the above trials was entered into Excel spreadsheets, sorted and analyzed for
statistically significant results using regression analysis with binary variables to represent
different varieties and treatments.

A report was written summarizing what was done and what results were obtained.
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. Resuits and Discussion

Summary data from the plots are presented in Tables A-1 to A-8 that appear in the following
text section of this report.

Appendix A shows individual plot data for the bast fiber content, fiber yield, seed yield, plant
length and salvageable straw yields of ail the varieties and agronomiic trials that were processed
as well as data on seed moisture, seed weight, dry unretted weights, dry retted weights, and
length of straw.

Appendix B contains printouts of the regression equations that were selected as being those
that best made use of the data that was generated by these trials and that show which
explanatory variables, if any, have a statistically significant impact on seed, straw and bast fiber
percent and bast fiber yield.

Variely Trials

Seed Yields

Due to the lack of rain (the least in 100 years), average seed yields were roughly 15 — 25% of
the yield one might expect in a normal year. in addition to much lower than expected yields, the
plot seed yields showed a high variation in seed yields even among the same variety. This
made it difficult to find statistically significant differences in yields between variefies and
treatments unless they were extremely different. Surprisingly both of the cilseed varieties,
Valour and Flanders, had lower seed yields than many of the fiber varieties.

The seed yield of individual plots ranged from 49 to 339 kg/ha in the fourteen fiber flax varieties
and from 39 to 398 kg/ha in the oilseed varieties (see Table 1 in Appendix A). When we
consider the four plot averages for each variety, the yields ranged from 133 to 251 kg/ha from
the fourteen fiber flax varieties and from 156 to 184 kg/ha for the oilseed varieties (see Table
1). Regression analysis showed that there was no significant difference between any of the
varieties (see Equation B-1 in Appendix B).

Straw Length

The straw length from individual variety plots varied from 19 to 46 cm (see Table A-4 in
Appendix A) The four plot average straw lengths varied from 28 to 42 cm in fiber varieties and
from 23 to 27 in oilseed varieties (Table 4) with Electra having significantly higher straw lengths
and Alba, Viking, Valour and Flanders having significantly lower straw length than Arriane, the
variety used as the intercept term in the regression equation (see Equation B-2). These resuits
are partially expected since the oilseed varieties Valour and Flanders, are normally shorter than

fiber varieties.

Bast Fiber Content

The bast fiber content, based on unretted straw, of individual plots ranged from 12.8 t0 26.0
percent in the fourteen fiber flax varieties and from 8.9 to 13.5 percent in the ocilseed varieties
(see A-3 in Appendix A). Average bast fiber content was lower than the content one might
expect in a normal year. When we consider the four plot averages for each variety, the bast
fiber content, expressed as a percent of unretted straw weight, varied from 14.1 to 22.0 percent
in fiber varieties and 11.2 to 12.0 percent in oilseed varieties (see Table 2). Hermes, Electra,
and Diane had fiber contents that were statistically significantly higher than Arriane, the variety
used as the intercept in the regression equation and Viking, Flanders and Valour had fiber
contents that were significantly lower (see Equation B-3 in Appendix B).
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. Bast Fiber Yield

The yield of bast fiber per hectare was estimated by multiplying the percent of bast fiber in
unretted stems by the weight of unretted salvaged straw. This calculation gave individual plot
bast fiber yields of 132 to 335 kg/ha in the fiber varieties and 37 to 69 kg/ha in the oilseed
varieties (see Table A-2). Four plot average bast fiber yields varied from 165 to 283 kg/ha in
the fiber varieties and 53 to 59 kg/ha in the oilseed varieties (see Table 3). Electra, Diane and
Hermes had significantly higher bast fiber yield per hectare and Valour and Flanders had
significantly lower bast fiber yield than Arriane, the variety used as the intercept in the
regression equation. (see Equation B-4 in Appendix B). These resulis are partially expected
since the low bast fiber yields are from varieties that have significantly low fiber content or low
salvageable straw yields.

It should be pointed out that there are several ways to estimate and calculate the weight of
unretted salvage straw depending on the assumptions one makes regarding the harvest
method that would be normally be used to salvage the straw in a normal size field on a farm. In
this set of trials, we assumed that the average salvageable yield was 27% of the total unretted
plant weight including seed, chaff, seed holders, stems and roots) in oilseed flax varieties and
50% of the total plant weight in fiber flax varieties. These percentages were based on some
previous unpublished research work carried by Biolin Research Inc in which the individual
weights of different plant components were taken and then expressed as a percentage of the
total plant weight. In actual farm practice, the salvageable weight will depend on how high the
stubble is cut above the ground and how far below the seed bolls the stems are cut since these
two cuts determine the maximum stem length. Although salvageable straw yields in a farm
situation and/or in a normal year may vary from what we have calculated in those trials, the
relative merits of a particular variety should not change.




Table 1 - Variety Trial Averages - Sorted on Seed Yield

Fiber % Fiber

Straw | Unretted | salvagable of| Yield| Seed

Length| 1m?wt| Straw Wt|Unretted| (kg/ha)| Yield
Variety| (cm)/a (g)/b| (kg/ha)lc Straw Id| (kg/ha)
Vikin 28 120 1203 14.1% 170 251
Electra 42 129 1291 22.0% 283 250
Diane 37 134 1336 21.1% 282 212
Hermes 35 119 1189 21.5% 255 202
Jitka 32 115 1155 18.3% 211 202
Arriane 35 119 1195 16.7% 200 194
Evelin 33 116 1162 19.1% 224 193
llona 32 110 1100 16.0% 175 186
Valour 27 88 475 11.2% 53 184
Escaling 32 105 1049 17.6% 186 178
Laura 34 115 1145 17.2% 199 168
Elise 34 111 1111 16.4% 183 160
Flanderg 23 94 506 12.0% 59 156
Caeser 34 128 1280 18.4% 235 150
Alba 28 111 1114 14.9% 165 147
Qpaline 35 112 1122 18.8% 213 133
Notes:

Plots were 4ft X 23ft = 92 ft? = 8.6 m? = 0.00086ha = 0.000348acre.

39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

a/ Straw length is approximately average from ground level
b/ All im? weights have roots and seed attached
c/ Based on average % of straw that is usable when plants are

short and grown under stressed conditions times the Unretted
1m2 total plant weight times 10,000 m2 per hectare divided
by 1,000g per kg

d/ Fiber yield is based on Fiber % of Unretted Straw times
Salvageable Straw Weight




Table 2 - Variety Trial Averages - Sorted on Bast Fiber Content

Fiber % Fiber

Straw| Unretted|salvagable of| Yield| Seed

Length| 1m?wt| Straw Wt|Unretted| (kg/ha)| Yield
Variety| (cm)/a (g)/b| (kg/ha)lc Straw /d| (kg/ha)
Electra 42 129 1291  22.0% 283 250
Hermes 35 119 1189 21.5% 255 202
Diane 37 134 1336 21.1% 282 212
Evelin 33 116 1162 19.1% 224 193
Opaline 35 112 1122 18.8% 213 133
Caeser 34 128 1280 18.4% 235 150
Jitka 32 115 1155 18.3% 211 202
Escaling 32 105 1049 17.6% 186 178
Laura 34 115 1145|  17.2% 199 168
Arriane 35 119 1195 16.7% 200 194
Elise 34 111 1111 16.4% 183 160
llona 32 110 1100 16.0% 175 186
Alba 28 111 1114  14.9% 165 147
Viking 28 120 1203 14.1% 170 251
Flanders 23 94 506] 12.0% 59 156
Valour 27 88 475] 11.2% 53 184
Notes:

Plots were 4ft X 23ft = 92 ft2 = 8.6 m? = 0.00086ha = 0.000348acre.

39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

al Straw length is approximately average from ground level
b/ All 1m? weights have roots and seed attached
c/ Based on average % of straw that is usable when plants are

short and grown under stressed conditions times the Unretted
1m2 total plant weight times 10,000 m2 per hectare divided
by 1,000g per kg

d/ Fiber yield is based on Fiber % of Unretted Straw times
Salvageable Straw Weight
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Table 3 - Variety Trial Averages - Sorted on Fiber Yield

Fiber % Fiber

Straw| Unretted | salvagable of| Yield| Seed

Length| 1m2wt| Straw Wt|Unretted| (kg/ha)| Yield
Variety| (cm)/a (g)/b| (kg/ha)lc Straw Id| (kg/ha)
Electra 42 129 1291 22.0% 283 250
Diane 37 134 1336 21.1% 282 212
Hermes 35 119 1189 21.5% 255 202
Caeser 34 128 1280 18.4% 235 150
Evelin 33 116 1162 19.1% 224 193
Opaline 35 112 1122 18.8% 213 133
Jitka 32 115 1155] 18.3% 241 202
Arriane 35 119 1195 16.7% 200 194
Laura 34 115 1145 17.2% 199 168
Escaling 32 105 1049 17.6% 186 178
Elise 34 111 1111 16.4% 183 160
llona 32 110 1100] 16.0% 175 186
Viking 28 120 1203 14.1% 170 251
Alba 28 111 1114 14.9% 165 147
Flanderg 23 94 506 12.0% 59 156
Valour | 27 88 475 11.2% 53 184

Notes:
Plots were 4ft X 23ft = 92 ft? = 8.6 m? = 0,00086ha = 0.000348acre.

39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

a/ Straw length is approximately average from ground level |

b/ All 1m? weights have roots and seed attached

¢/ Based on average % of straw that is usable when plants are
short and grown under stressed conditions times the Unretted
1m 2 total plant weight times 10,000 m2 per hectare divided
by 1,000g per kg

d/ Fiber yield Is based on Fiber % of Unretted Straw times E
Salvageable Straw Weight
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Table 4 - Variety Trial Averages - Sorted on Straw Length

Fiber % Fiber

Straw | Unretted | salvagable of| Yield| Seed

Length| 1m?wt| Straw Wt|Unretted| (kg/ha)| Yield
Variety| (cm)/a (g)/b| (kg/ha)lc Straw Id| (kg/ha)
Electra 42 129 1291 22.0% 283 250
Diane 37 134 1336 21.1% 282 212
Hermes 35 119 1189 21.5% 255 202
Opaline 35 112 1122 18.8% 213 133
Arriane 35 119 1195 16.7% 200 194
Elise 34 111 1111 16.4% 183 160
Caeser 34 128 1280 18.4% 235 150
Laura 34 115 1145 17.2% 199 168
Evelin 33 116 1162 19.1% 224 193
llona 32 110 1100 16.0% 175 186
Jitka 32 115 1155 18.3% 211 202
Escaling 32 105 1049 17.6% 186 178
Viking 28 120 1203 14.1% 170 251
Alba 28 111 1114 14.9% 165 147
Valour 27 88 475 11.2% 53 184
Flanderg 23 94 506 12.0% 59 156

Notes:
Plots were 4ft X 23ft = 92 ft2 = 8.6 m? = 0.00086ha = 0.000348acre.

39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

al Straw length is approximately average from ground level

b/ All im? weights have roots and seed attached

c/ Based on average % of straw that is usable when plants are
short and grown under stressed conditions times the Unretted
1m2 total plant weight times 10,000 m2 per hectare divided
by 1,000g per kg

d/ Fiber yield is based on Fiber % of Unretted Straw times
Salvageable Straw Weight

Seeding Rate and Method Trial

The data gathered from this trial does not accurately reflect what would be expected in a normal
year due to the lack of moisture and, the poor growth of the broadcast method.

Seed Yields
The individual plot yields ranged from 3 to 511 kg/ha (see Table A-6) with the four plot average
seed yields ranging from 46 to 259 kg/ha (See Table 5). The seed yield of the row seeding

method was significantly higher than broadcast seeding (see Equation B-5).

Straw Length
Straw lengths from individual plots varied from 24 to 48 cm (see Table A-16) and average straw
lengths that varied from 27 to 39 cm (see Table 8). Hermes was significantly higher than

Flanders (See Equation B-6).

12
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' Many of the broadcast plots came up so poorly that a good sample of straw could not be

obtained and hence some of the results in the tables are blank. In the case of regressions, only
row seeded results were used and hence the number of observations is 24 and not the 48 that
would be expected (see Equation B-6 in Appendix B). Due to the low plant stands and seed
yields, only two 0.25m? areas of plants were pulled out in each of row seeded plots.

Bast Fiber Content

The individual plot results ranged from 8.6 to 21.8 percent and the four plot averages of bast
fiber content, based on unretted straw, ranged from 10.6 to 19.2 percent (see Table 6). Hermes
had significantly higher fiber content than Flanders (see Equation B-7 in Appendix B).

Bast Fiber Yield

The individual plots ranged from 52 to 517 kg/ha, and the four plot averages ranged from 176
to 323 kg/ha (See Table 7). The yield of bast fiber yield per hectare was estimated by
multiplying the percent of bast fiber of unretted straw by the calculated weight of unretted pulied
v.m’ samples adjusted for the perceniage of plant weight that could likely be salvaged (see
variety trials for a more detailed explanation). Hermes produced significantly more bast fiber
yield than Flanders but there was no significant difference in bast fiber yield due to seeding
rates (see Equation B-8 in Appendix B).

13




Table 5 - Seeding Rate Trial Averages - Sorted on Seed Yield

al Straw length is approximately average from ground level
b/ All 1m? weights have roots and seed attached and are double the %m” weights
¢/ Based on average amount of straw that is usable when plants are short and grown

Plots were 4ft X 23ft = 92 ft* = 8.6 m? = 0,00086ha = 0.000348acre.
39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading Indicates performance grouped by quartiles.

Fiber % |Fiber
Seeding |Straw Salvagable|of Yield |Seed
Seeding |Rate Length |1m? wt Straw Wt|Unretted |(kg/ha) |Yield
Variety |Method (kg/ha) |(cm)/a |(g) /b (kg/ha) /c|Straw /d (kg/ha)
Flanders [Row 40 28.4] 167.5 1674.5 10.6%| 176.1 258.8
Flanders |[Row 80 27.4] 166.6 1665.5 12.1%]| 193.0 253.2
Hermes |Row 120 36.9| 168.5 1684.5 18.9%| 323.2 201.9
Hermes |Row 80 36.4| 1454 1454.0 19.2%| 288.2 185.1
Hermes |Row 40 39.4| 163.5 1634.5 16.3%| 280.8 178.8
Flanders |Row 120 26.8] 166.9 1669.0 11.5%| 197.7 121.8
Flanders |Broadcast 80 92.2
Hermes |Broadcast 40 89.0
Flanders |Broadcast 120 68.8
Flanders |Broadcast 40 58.1
Hermes |Broadcast 80 49.2
Hermes |Broadcast 120 46.1
Notes:

under stressed conditions times the unretted ¥%2m2 total plant weight times 2 times
10,000 m2 per hectare divided by 1,000g per kg

d/ Fiber Yield is based on Fiber % of Unretted straw times Salvageable Straw Weight
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Table 6 - Seeding Rate Trial Averages - Sorted on Fiber % of Unretted Straw

al Straw length is approximately average from ground level
b/ All 1m? weights have roots and seed attached and are double the %m? weights
¢/ Based on average amount of straw that is usable when plants are short and grown

Plots were 4ft X 23ft = 92 ft* = 8.6 m? = 0.00086ha = 0.000348acre.
39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

Fiber % |Fiber
Seeding |Straw Salvagable|of Yield |Seed
seeding |Rate Length |[1m? wt Straw Wt|Unretted |(kg/ha) |Yield
Variety [Method (kg/ha) [(cm)/a |(g) /b (kg/ha) /c|Straw id (kg/ha)
Hermes |Row 80 36.4| 1454 1454.0 19.2%| 288.2 185.1
Hermes |Row 120 36.9] 168.5 1684.5 18.9%| 323.2 201.9
Hermes |Row 40 39.4| 163.5 1634.5 16.3%| 280.8 178.8
Flanders |Row 80 27.4] 166.6 1665.5 12.1%| 193.0 253.2
Flanders |Row 120 26.8| 166.9 1669.0 11.5%| 197.7 121.8
Flanders |Row 40 28.4] 167.5 1674.5 10.6%| 176.1 258.8
Flanders |Broadcast 80 92.2
Hermes |Broadcast 40 89.0
Flanders |Broadcast 120 68.8
Flanders |Broadcast 40 58.1
Hermes |Broadcast 80 49.2
Hermes |Broadcast 120 46.1
Notes:

under stressed conditions times the unretted ¥2m?2 total plant weight times 2 times
10,000 m2 per hectare divided by 1,000g per kg

d/ Fiber Yield is based on Fiber % of Unretted straw times Salvageable Straw Weight
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Table 7 - Seeding Rate Trial Averages - Sorted on Fiber Yield

Fiber % [Fiber
Seeding |Straw Salvagable|of Yield |Seed
Seeding [Rate Length |[1m? wt Straw Wt|Unretted |(kg/ha) |Yield
Variety |Method (kg/ha) |(cm)/a |(g) /b (kg/ha) /c|Straw Id (kg/ha)
Hermes |Row 120 36.9] 168.5 1684.5 18.9%| 323.2 201.9
Hermes |Row 80 36.4| 1454 1454 .0 19.2%| 288.2 185.1
Hermes |Row 40 39.4| 163.5 1634.5 16.3%| 280.8 178.8
Flanders |Row 120 26.8] 166.9 1669.0 11.5%| 197.7 121.8
Flanders |Row 80 27.4] 166.6 1665.5 12.1%] 193.0 253.2
Flanders |Row 40 28.4] 167.5 1674.5 10.6%| 176.1 258.8
Flanders |Broadcast 80 92.2
Hermes |Broadcast 40 89.0
Flanders |Broadcast 120 68.8
Flanders |Broadcast 40 58.1
Hermes [Broadcast 80 49.2
Hermes |[Broadcast 120 46.1
Notes:

Plots were 4ft X 23ft = 92 ft* = 8,6 m? = 0.00086ha = 0.000348acre.
39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

al Straw length is approximately average from ground level
b/ All 1m2weights have roots and seed attached and are double the %m? weights

¢/ Based on average amount of straw that is usable when plants are short and grown
under stressed conditions times the unretted %m2 total plant weight times 2 times
10,000 m2 per hectare divided by 1,000g per kg
d/ Fiber Yield is based on Fiber % of Unretted straw times Salvageable Straw Weight
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Table 8 - Seeding Rate Trial Averages - Sorted on Straw Length

Fiber % |Fiber
Seeding |Straw Salvagable|of Yield |Seed
Seeding |Rate Length 1m? wt Straw Wt|Unretted |(kg/ha) |Yield
Variety |Method (kg/ha) |(cm) /a (g) /b (kg/ha) /c|Straw Id (kg/ha)
Hermes |Row 40 39.4] 163.5 1634.5 16.3%| 280.8 178.8
Hermes |Row 120 36.9] 168.5 1684.5 18.9%| 323.2 201.9
Hermes |Row 80 36.4] 1454 1454.0 19.2%| 288.2 185.1
Flanders |Row 40 28.4| 167.5 1674.5 10.6%| 176.1 258.8
Flanders |Row 80 27.4| 166.6 1665.5 12.1%| 193.0 253.2
Flanders |Row 120 26.8] 166.9 1669.0 11.5%| 197.7 121.8
Flanders |Broadcast 80 92.2
Hermes |Broadcast 40 89.0
Flanders |Broadcast 120 68.8
Flanders |Broadcast 40 58.1
Hermes |Broadcast 80 49.2
Hermes |Broadcast 120 46.1
Notes:

Plots were 4ft X 23ft = 92 ft* = 8.6 m? = 0.00086ha = 0.000348acre.
39.368 bushels per tonne, 1000kg per tonne, 4047 m? per acre.
Color and/or shading indicates performance grouped by quartiles.

al Straw length is approximately average from ground level
b/ All 1m?weights have roots and seed attached and are double the %m? weights

¢/ Based on average amount of straw that is usable when plants are short and grown
under stressed conditions times the unretted %m2 total plant weight times 2 times
10,000 m2 per hectare divided by 1,000g per kg
d/ Fiber Yield is based on Fiber % of Unretted straw times Salvageable Straw Weight
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Conclusions and Impact

Conclusions
Variefy Trial

Seed and straw yields were roughly 15% the normal expected yield because of a severe lack of moisture
(e.g., the oilseed varieties had average seed yields of 2.5 to 3.0 bushels/acre compared to a normal expected
yield of flax on stubble near Saskatoon of 20 to 25 bushels per acre).

There is usually a tremendous difference between the seed yields of oilseed and fiber varieties (i.e., Valour
and Flanders yield roughly three times as much seed as the average fiber flax variety), however, in this trial,
there was only a 38% difference in seed yields between the highest seed yielding oilseed variety (Valour) and
the lowest seed yielding fiber variety (Opaline). This shows that although all the fiber varieties tested will
grow and mature in Saskatchewan, there is a tremendous range of seed yield outcomes. Only continued
testing over a number of years and locations will verify which fiber varieties are truly the most suited for
Saskatchewan conditions. (The reader could compare this result to the summary data presented in the
Saskatchewan Seed Guide 2000 that shows average seed yield differences of 10% or less between the
highest and lowest oilseed varieties that are recommended for planting in a particular soil type.)

Processors of flax straw are most interested in the percentage of fiber in a given quantity of straw. This trial
showed the fiber content of the two oilseed varieties to be, on the average between 11.2 and 12.0% while the
fiber varieties had fiber contents that ranged from 14.1% to 22.0%. Thus, these trials indicates that a
processor could expect to get roughly 183% more fiber from a given weight of straw if that straw is from a

( fiber variety, Fiber varieties are generally taller than oilseed varieties and in these frials the straw from the

" oilseed varieties was roughly 23 to 27 cm in length while the length in the best four fiber varieties ranged from
33 to 42 cm. This means that the length of straw of the tallest four fiber varieties was roughily 145% more
than of the oilseed varieties. If we consider fiber yield as a function of the weight of salvageable straw and
the fiber content of the straw, calculations show that the oilseed varieties produced 53 to 59 kg/ha of fiber
while the best four fiber varieties produced from 235 to 283 kg/ha of fiber. This mean that, on average, the
best four fiber varieties produced about 4.6 times more fiber per hectare that the oilseed varieties. However,
we should note that there was more than 71.5% difference in fiber yield per hectare between the highest and
lowest fiber varieties. Such a large percentage difference once again points out that although ali the fiber
varieties tested will grow and mature in Saskatchewan, there is a tremendous range of outcomes. Only
continued testing over a number of years and locations will verify which fiber varieties are truly the most
suited for Saskatchewan conditions.

Seeding Rate and Method Trial

The seeding rates (40, 80 and 120 kg/ha) had no significance in seed, straw length, fiber % and fiber yield.
Hermes was significantly taller than Flanders and has a significantly higher fiber % and produced significantly
more bast fiber per hectare than Flanders. Surprisingly there was no significant difference in seed yields
between Flanders and Hermes. In terms of comparison between broadcast and row seeding methods, only
seed was harvested due to the very poor plant stands of the broadcast plots. Seed and straw yields were
higher in row seeded plots although only seed yields were measured.

The author of this report hypothesizes, that in years of severe drought, straw yield, fiber yield and fiber % will
not differ significantly among seeding rates of 40, 80 or 120 kg/ha and that any seeds not in moisture at the
time of seeding will do poorly. Resources were not available to test this or compare all the possible fiber
g — characteristics (e.g., speed of retting, fineness of fiber, ease of cleaning) that could be significantly affected
by seeding rates, seeding methods and varieties.
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‘Flax fibers can range in value from less than $300/tonne to more than $4,000/tonne. Almost all the

difference in price is due to differences in quality parameters. Agronomic practices can have a very big
impact on the ultimate quality of fiber that can be produced. Research work needs to be done to look at how

different quality traits are affected by agronomic practices.

Impact

It is really too early in the development of flax fiber based industries in Saskatchewan for the resuits of these
trials to have any immediate impact, however, the results are helping to build a knowledge base that can start
to be used when planning various options and business plans to set up or expand flax fiber based processing
industries. As with most agronomic trials, these trials should be repeated over a number of years and
locations because the wide range of weather and soil conditions in Saskatchewan (among years and
locations) can greatly affect agronomic results and long term conclusions. This makes it very risky to assume
one trial at one location in one year will truly represent the long terms averages that might be expected.

The drought was so bad no conclusions for normal conditions can be made regarding methods and rates of
seeding other than that in a dry year, if seed is not in moisture when seeded, the seed and straw yield will be
even worse than that just produced by drought. The fiber yield per hectare of the best four varieties are
much, much lower than in a normal year but these varieties (with the exceptions of Electra and Ceaser which
was tested for the first time in this trial) have shown superior performance in previous years in terms of fiber
yield and are also among the highest in terms of seed yield.

The reader is reminded that actual results in a given year at a given location may be much higher than those
indicated in this example. Given resuits like this, we can see that the profitability of growing flax for seed
multiplication and/or fiber production will greatly depend on the producer and processor’'s knowledge of the
technical coefficients (i.e., yields, response rates) that can be expected or planned for over the long run. The
differences in outcome in this trial are much greater than most of the differences experienced when simply
testing for seed yield differences in new oilseed flax varieties and yet, every year, new oilseed varieties of flax
are tested in at least twelve different locations in Saskatchewan. Given the very large differences in bast
fiber vields per hectare that were experienced in the variety and rate of seeding trial that has just been
described, many more trials are definitely needed to increase our ability to state, WiTH CONFIDENCE, what
technical responses (e.g., bast fiber percentage, bast fiber yield, seed yield) we will get when we vary
agronomic practices and how these will likely impact the profitability of what we are doing.
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