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This review will draw together results and conclusions from relevant current research in
flax agronomy, including plant nutrition, seeding management, crop rotation,
competitiveness with weeds, and harvest management. With each section, an outline of
research which requires additional attention is provided.
-1. ‘Plant Nutrltlon and Fertilization

Ai Flax has tradtnonally been consrdered a low yxeldxna crop, with a correspondmg low
nutrlent requrrement Unfortunately, the concept of the low yxeldmg flax crop partly
reflects poor agronomic practices in the early years of flax producnon. In_ parttcutar, early
flax crops were chronically_ inf_ested_w’ith weeds before the Tadvenftiof hroadteaf weed
_“:_‘:herblcrdes Flax is a poor competxtor w1th weeds and often had ylelds 1ess than 500 kg ha'
.8 bushels acre’). Flax is also sensmve to femhzer placement and early fertlhzer studres
often damaged the seedlings with excessive fertthger placed in the se_edrow;. _»:Wrth these
constrictions on high ){_i?ldS,,yi_?@ responses to added_l_nut'rtents were very dtfﬁcult to
document, and low recommendations for flax were standard. For ekarnple, fertthzer
cahbratlon studies in South Dakota as recent as the early 1980 S dld not recogmze flax
:“"ytelds over 1500 kg ha (then et al 1982) Rev1ews of soﬂ fertility research in

Saskatchewan have also sucrgested a low nutrlent requlrement for flax, based on low ﬂax

_yields (Bailey, 1975; Ukr,aine_tz,_et al, 1975).

Provmcral statistics suggest that flax continues to ‘average lower gram ylelds than other
| crops (Table 1) In Saskatchewan and Mamtoba recent ﬂax ytelds have been 56% of

wheat, 43% of. barley and 93% of canola yxelds Improved nutrient management is a first

step in achlevmg the yreld potent1a1 of ﬂax .
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smaller grain yield response than wheat or canola (Fig. 2). The lesser amount of nitrogen
removed by flax reflects the lower yield of flax relative to wheat and canola in the
experiment. Flax seed yield was only 45% of canola and 55% of wheat yields. In contrast,
flax seed nitrogen concentration was 140% of wheat and 120% of canola seed nitrogen

concentration.

A similar pattern of nitrogen response was found in comparison of flax to spring wheat,
barley and several canola varieties in Saskatchewan (Nuttall and Mahli, 1991). Flax yields
were lower than yields of the other crops, but had a higher seed nitrogen conqéntration

(Table 3).

Table 3. Comparison of several crops with added nitrogen fertilizer (67 kg ha' applied

in spring). (From Nuttall and Mahli, 1991).

Crop Grain Yield Grain N Uptake Grain N Concentration
 (kg/ha) (kg/ha) (%)

Flax 1420 50 3.5

Wheat 2490 65 2.6

Barley 3120 70 2.2

Canola 1580 51 3.2




review, Bailey (1975, 1979) predicted flax would respond economically to applications of
90 kg N ha' in moist areas of the prairies and 60 kg N ha in drier areas. Several
examples of flax yield responses to high rates of fertilizer were cited, but predictions based

on soil tests and environmental conditions were not provided.

It is difficult to summarize the recommendations from the vario’ds private and pubhc soil
testmg laboratories on the prairies. It is also difficult to ascertain if curfrent
reeommetldatlons are based on accurate benchmark research trials, or if they are 1atgely
based on assumptions of ytelds and nitrogen content of gram relative to other crops.
Experiments to provide a complete understandmg of flax response to mtrogen under a
range of environmental conditions have not been published. Certamly, standard fertthzer
recommendations appear to vary in nitrogen requirements and _yield predictions. For
'example,"'recent recommendations t"or nitrogen’fertilization of irrigated ﬂax in Alberta
predict potentialdyields and 'yield increases cornparable to canola (Fig. 3). Data for dryland
crops are not prot/ided, but in an earlier publication, nitrogen fertilizer recommendations
for dryland flax do not exceed 45 kg ha'', while recommendations for canola reach 100 kg
ha™ (Alberta Agticulmre, 1989). A summary of fertilizet p:racticesuflor flax 1n :tforth
Dakota prov1des mtrogen recommendations for ‘producers with flax seed yield goals from

625 to 3125 kg hat (Dahnke et al, 1981)



overlooked in studies of nitrogen fertilization of oilseed flax varieties, in addition to the

value of the meal..
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Figure 4. Response of flax straw and seed to added N fertilizer at 3 Saskatchewan sites
(from Rowland, 1980).

1.2 Phosphorus
Flax contains 6.5 kg P tonne* of seed, which is relatively high compared to other crops
~(Table 2). Despite this apparent demand for available phosphorus, flax is notorious for

poor response to phosphorus fertilizer in a broad range of experiments.




conditions. For example, flax shoots and roots weighed less than 20% of the weight of
buckwheat, which was deemed most efficient in phosphorus utilization. Despite the
weakness of these experiments, they have had considerable bearing on fertilization

management of flax.

An early study with phosphorus ‘fertilization of various crops in field condmons found flax
had a phosphorus'content snmlar to canola but a much lower blomass yleld (Racz et al,

1965) Overall phosphorus utthzatlon Was rnuch lower than canola and the seed yleld of
~ ‘ﬂax Wasb decreased W1th phosphorus placement All of the phosphorus fertilizer (52 kg

P O ha ') was placed in the narrow seedrow Whlch damaged the flax.

The poor response of flax to fertilizer placed in a narrow seedrow has been measured in
several other experiments (Ridley and Tayakepisuthe, 1974: Racz, 1980; Bailey and Grant,
1989). This reflects the low tolerance of ﬂax to the salt effect of fertlhzers as discussed
fm’usectlon 1. 5 For this reason, current guxdehnes do not recommend more than 20 kg PO

ha' be placed in a narrow seedrow.

Inan effort to overcome the salt effect of fertilizers directly in the,seed oW, trials have
e)tamined phosphoxus femhzer bands to the 81de or dtrectly below the seed A classic field
expenment conducted at set/eral sites in northern Alberta measuied the benefit of separate
) fertih;et :b__ands __ftom ’the-.seedron/ (Nyborg :andVHennig, 1969). de;all, a fertilizer band

2.5 cm directiy l;elow the seedrow gave the highest yield resp'ofnse (Table 5).
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Field research has also found a benefit to banded phosphorus fertilizer over seedrow
placements or broadcast applications (Ukrainetz, 1976; Bailey and Grant, 1989; Grant and

Bailey, 1993a,b). Bands below the seedrow were slightly more effective than sidebands.

Dual bands of nitrogen and phosphorus are commonplace in prairie agriculture. Root
proliferation in the dual band due to root response to available nitrogen may improve
phosphorus uptaké. ,Onlby one growth chamber study has examined dual bands with flax
(Beever and Racz, 1987). A dual ba’nci Qif @Qﬁoa@onium phosphate with ammonium
sulphate was slightly more effective than dual bands with urea, and all dual bands
i performed better than s'eparate bands of phosphorus and bnitrogen. This study did not

provide a direct comparison to seedrow fertilizers or broadcast fertilizers.

Despite the b_¢neﬁt of separate fertilizer bands, not all seeding equipment is capable of this
placement.  Alternatives include broadcasting the fertilizer just before seeding,
broadcasting high rates of fertilizer a year or more before seeding, or slowly building the
soil phosphorus reserves by increasing rates of phosphbrus fertilizer for crops other than

flax.

Broadcast and incorporation of phosphorus just,b.efore seeding is not effective (Ridley and
Tayakepisuthe, 1974; Grant and Bailey, 1993a). Response to residual phosphorus fertilizer
was measured in a trial in Manitoba, where 0, 100, 200 or 400 kg P fertilizer ha' was

applied in 1965, theh continuously cropped to a wheat-flax rotation for eight years (Bailey

et al, 1977; Spratt and Smid, 1978). There were no comparisons to other fertilizer

12



1.3 Potassium and Sulphui
Flax seed contains a high concentration of potassium and a moderate level of sulphur
(Table 2). Unfortunately, there has been very little survey or study of flax potassium or
sulphur nutrition on the prairies. Only a few incidental responses to potassium have been
reported (Rogalsky and Ridley, 1983; Bailey and Soper, 1985). This dearth of information
has been repéétedly recognized in nutrient reviews (Bailey 1975, 1979; Ukrainetz et al‘,
“1975; Bailey and Soper, 1985), but there continues to be little data to predict nutrient
- requirements Recently'; the Saskatchewan Soil Fertility Sub-Council has recommended that
16 kg/ha of P,0, equals 16 kg/ha of K,O in terms of the salt index, implying that the high
“salt index of potaSéium fertilizer may be no different than P fertilizer (Les Henry, pers.

‘comm.).. -

Despite the high requirement of flax for potassium , the ¢ommon practice of seeding flax
on clay textured soil with ample native soil potassium has probably limited fertilizer
potassium requirements. The high salt index of potassium fertilizers would also prevent

response of flax to potassium fertilizer in the seedrow.
Flax requires a moderate amount of sulphxir,*iévhich may be deficient in certain soils in the

flax growing region. - Certainly, Luvisolic and coarse fextured Chernozemic soils should

be surveyed for probable sulphur requirements for flax.
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to zinc fertilizer has been reported in more recent studies (Fixen and Farber, 1988; Grant

and Bailey, 1989a,b; 1993a,b).
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Figure. 6. Relationship of plant Zn to plant P at two sites with high levels of residual P
fertilizer in Manitoba (From Spratt and Smid, 1978).

Despite selecting soil for potential zinc deficiency, and with very highu rates of added
phosphorus fertilizer, most studies have not found a yield response to zinc fertilizer.
Furthermore, a thorough survey of selected soils in Saskatchewan found no yield increases
due to zinc application, and it was concluded that crops. grown on mineral soils in
Saskatchewan wefe not likely to respond to zinc fertilizers (Singh et al, 1987). While zinc
deficiencies may occur in certain soils and conditions, it appears these can be remedied as

identified, without additional research.
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1.4.3 Copper
Copper nutrition has not been well defined for flax, but research has indicated flax may
respond to copper fertilizers. A growth chamber study with severely copper deficient
organic soil collected in Manitoba found flax to be more sensitive to copper deficiency than
wheat, oats, barley and canola (McAndrew et al, 1984). If this holds true in field
conditions, flax deficiencies may be expected in very sandy copper deficient soils within
the flax growing region.. In two fields experiments in Saskatchewan, a critical soil level
of 0.35 ppm DTPA extracted copper was required for flax (Karamanos et al, 1986).
Recent work in northern Saskatchewan showed a 6-8 bus/ac yield increase with 3 Ibs Cu/ac

broadcast or 11 Ibs/ac in the seedrow on soils that tested 0.4-0.6 ppm of Cu.

" 1.4.4 Other Micronutrients
A single study considered the effect of chioride on flax, with the premise the chloride
(from potassium chloride) would reduce disease infection (Grady et al, 1988). Flax yields
were increased, but there was no control to determine if the response was to potassium or

chloride, and disease incidence was very low.
Other micronutrients have not been studied in flax research. While other micronutrients

deficiencies may occur in the flax growing region, research must focus on the more current

and efficient requirements for deficient macronutrients.
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In general, phosphorus nutri‘tion of flax has been well documented in research. Flax does
not respond as well to phosphorus fertilizer as other common prairie crops, but this trend
has been exaggerated by studies where phosphorus fertilizer in the seedrow damaged the
seed, and by growth chamber studies which did not provide reasonable conditions for flax
growth and nutrient uptake.* Phosphorus fertilizer placed in sidebands and bands below the
“seedrow at seeding have proven to be most efficient. Additional research could examine
dual bands of nitrogen and phosphorus fertilizer, or strategies to increase phosphorus
supply by adding extra fertilizer to other crops in rotation. This method may benefit from

phosphate solubilizing fungi.

There has been essentially no significant research to examine potassium and sulphur
nutrition of flax. This research should receive priority in the future, with careful
~consideration to fertilizer placement. ‘A nutritional survey of flax fields on the prairies

would be a first step to estimate the benefit of sulphur and potassium fertilizers.

Micronutrient research has focussed on zinc, with very little documented response to zinc
fertilizer application. While micronutrient nutrition must be recognized, research priorities

should focus on nitrogen, potassium and sulphur requirements.

Fertilizer application in a narrow seedrow cannot be recommended for flax crops. Even
low rates of phosphorus fertilizers provide negligible benefit, though it is recognized that

no research reviewed attempted to measure the potential effect of seedrow phosphorus on

crop maturity. Need to consider seed-placed fertilizer at various seedbed utilizations and

20
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Figure 7. Average seed yield of seven flax varieties at two sites in Manitoba, as affected
by seadigg d:ater (From G‘r‘o‘win‘g Fl?lX in Canadz} (Aumor u;}kflqyyn)? 1988).7

In {éditiqp toa l_ower yf}el‘d, Irvi‘neh (1994) found lgte seeding may alvso»increg_sve p_lam he1ght

and ledging‘ (Flgure 8):. Combigec_i with late magu;ity, th1s would addk éoﬁside%é%_le

difficulty to ﬂz;u:( harvest. In this same study, no effect on flax seed size ork Qillcoxl_tcrllt _“@S

measured with late seeding.
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Figure 8. Flax seed yield and plant height response to seeding date, averaged for four
varieties and three years at Outlook, Saskatchewan. (from Irvine, 1994).
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Figure 9. Flax straw and seed yield relationship to seeding rate (From Robinson, 1949).
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Figure 10. Effect of flax stand density on flax yield (from Hanson and Lukach;1990)-
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Flax yields may be reduced by lodging when flax is seeded at high rates in nutrient rich
and moist soil conditions (Irvine, 1994). Poor seed filling and increased harvest loss may
then reduce yields. Irvine (1994) found that irrigated flax yielded 2201 kg ha' when
seeded at 30 kg ha', and 1792 kg ha' when seeded at 70 kg hd . In a dryland study in
North Dakota, higher seeding rates increased yield if the flax did not lodge, but decreased
if the crop 1‘odged (Table 7). Lodging has also increased with high seeding rates in dryland
plots ih southern Manitoba, when heavy rains and high winds occurred after seed set

(Gubbels, 1978; Gubbels and Kenaschuk,-1989b) S

“Table 7. Seeding rate effect on flax yield in lodged and non-lodged conditions. . (From

‘Hanson and Lukach, 1990). = - v~ 0 oTmE AT

|seedingRate |  GranYield(gha) =

| kghat). - - Lodged ¢ . ' |" w-uNon-lodged
2 ‘ | o700 - | 1444
33 1719 - 1569
45 1475 | 1600
56 | 1562 1669
67 1438 1694

Lodging at high seeding rates reflects changes in plant growth. A»s”_pblant density increases,
ﬂaxv“ plants ha\(e fewer basal branch¢s (I(}ages, 1932, Dlﬂman ‘and Brinsmade, 1938;
‘Albrechtsen and Dybing, 1973; Gubbels 1978) However the ch01ce of ﬂax cultlvar

probably has a larger influence on potential lodging (Gubbels and Kenaschuk 1989b)
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Flgure 11. Weed competmon may reduce yields with w1de row spacmgs in flax (from
- Alessi and Power, 1970).

2. 4 Seedmg Depth

One of the main problems in flax agronomy is poor seedhng emergence Shallow seedmg
‘into é firm seedbed is essehtial for‘goed ﬂax germination. General recommendations call
for a seeding depth of 1.5 to 4 cm (Comstock, year unknown; Aethof unknown, 1992).
The seedbed should be packed, though excessive packing will lead to soil crusting and

reduced emergence (Domie_r et al, 1992).

The combination ef low temperature and deep seeding will sharply reduce rate of
emergence (Table 8). Slow emergence will increase the poteritial for seedling diseases,
and for crusting of the soil surface before seedling emergence. Soil temperature rapidly

declines with depth in spring, so this effect cannot be underestimated.
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Early seeding implicitly increases average flax yields; flax may be a candidate for fall

seeding in fields where crusting of the soil surface in spring is not a problem.

Need to investigate more closely emergence problems and determine if seed vigour is the

* major contributing factor.

3. Crop Rotation

" Flax has not played a prorhirient rolé in rotational trials on the prairies, despite its long-
term piaee in many farm rotations. Other crops in totational trials have overshadowed
flax, and little conclusive data on this topic has been collected. Few crop rotation studies
have used ideal agronomic practices; many studies have dismissed the value of flax in
rotation, based on rotational studies with inadequate weed control (Campbell et al, 1990).

Currently available herbicides for flax crops have reduced this problem.’ i

- 3.1 Crops Precedmg Flax

V There has been few comparlsons of flax yxelds after different crops. Recommepdatlons
~suggest flax should not be groWn &a_fterb ‘1egpn~1es or potato‘s due to increased infection by

- Rhizoctonia bacteria which cause seedling blight of flax (Author unknown, 1992). Data

has not been published from research to support this recommendation.

, Most stuches of ﬂax response to precedmg crops have focussed on canola Tﬁhng young
: canola plants into the soﬂ _]U.St before seedmg ﬂax may reduce yxeld poss1b1y due to the

phytotoxxc properties of the canola plants (V era et al, 1987 Gubbels and Kenaschuk

29



little published data concerni.ng flax water use, but the shallow root system of flax probably
does not extract an excessive amount of soil water. There is also insufficient data to
determine the effect of flax on soil structural quality. Problems with soil erosion or poor
snow capture could conceivably occur due to the small amount of residue which remains

after a flax crop, especially after the threshed residue is burned or removed from the field.

Unless appropriate control measures are taken, weed populations in a field will increase
with a flax rotation. This problem also occurs with other crops, depending on the weed
spectrum and control methods, and should not be regarded as a rotational problem specific
to flax. Unfortunately, rotational research has often been plagued with weed competition
in flax rotations, which has resulted in low rotation yields and unfounded conclusions
(Austenson et al, 1970: Austen’syon, 1975; Campbell et al, 1983). A unique problem to flax
is volunteer flax in other crops, magnified by the poor control of volunteer flax with most
herbicides. This is an important factor in crop rotations that has not been addressed in
research; a combAination of herbicides and tillage systems may be the key to solving this

problem.

Several experiments have measured an increased yield of cereal crops grown after flax
(Gerrie et al, 1958; Gubbels and Kenaschuk, 1989a; Zentner et al, 1987). There is
certainly a benefit of flax and other broadleaf crops-in a rotation to reduce disease and
increase yield in cereals (Sturz and Bernier, 1987). Other benefits of flax as a crop in

rotation may include lower water use and nutrient removal, though these have not been

adequately examined in published research.
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Flax seems to be a good candidate for reduced or zero tillage. This characteristic could
be further measured in relevant research. Emphasis should be placed on water use

efficiency.

4. Weéd' Research
- Flax isxé weak C(:)'mpetito:r"to Weeds, SO hag Vbeen_ the subject to many relgted studies. A
broad ré‘ngé“ of herbicidéé :‘héve' been registered for the conirbi of wéédé mﬂax ycrcr);i)s.
Alfﬁbugh a fe@ustﬁdies‘m;itil spemﬁc herb1c1des havebeen pubhshed most cﬁr;ent wo;rk

is prpprrivetary,to the herbicide industry. For this reason, research with specific herbicides

- will not be reviewed.~

4.1 Competitiveness of Flax

Flax is a pooArAcompetitor to weeds. Comparisons to other prairie crops indicate flax is less
than one-half as competitive as wheat, barley or canola (O'Donovan and Sharma, 1983;
de St. Remy and O'Sugllivan,,1986; Friesen et al, 1992). Weed competition reduces
production of basal branches and may reduce seed weight, with a consequent loss of yield
(Alex, 1968; Burrows and Olson, 1955). Seed and oil quality is otherwise not affected

(Burrows and Olson, 1955; Chbw and Dorrell, 1977; Friesen, 1986).

Field experiments have focussed on several common weeds in competition with flax. Most
published reports provide data for flax yields with increasing weed densities. Table 10

provides only a few data points from each study.



Table 11. Control of weeds with post-emergent harrowing or herbicides in flax (from

Carr et al, 1994).

Treatment Seedling Stand Weed Biomass Flax seed Yield
(plants m?) (kg ha™) (kg ha)
No control 96 4557 343
Tine harrow 125 4497 473
Rotary harrow- 186 3464 758
Herbicides 180 3278 812
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Figure 12. Flax yield réSponse to seeding rate in weedy conditions (from Robinson, 1949).
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5. Harvest Management for Flax
Flax producers are often faced with a crop that is later to mature, subject to frost damage,

and difficult to cut. Research has attempted to determine guidelines and methods to

improve flax harvest.

Immature flax seeds are damaged by frost before the effect is noticed on leaves, pedicels
or stems. . Substantial seed damage may occur when immature seeds are exposed to

. temperatures‘ less than -3° C (Figure 13).

100-1 : ‘
R ——  Green
80 -
60 7

40 -

% Damaged seed

201

Temperatu,re (C)

Figure 14. Flax seed injury by freezing temperatures at various stages of boll maturity
(Bonner et al, 1993). '
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damage.(Hammond, 1972; Dorrell, 1973; Dorrell and Daun, 1980; Author unknown,

1992: Gubbels and Kenaschuk, 1993; Daun and DeClerq, 1994).

Desiccation with various herbicides is a valuable tool in speeding harvest of flax, thereby
reducing frost damage and seed weathering. Depending on the herbicide used, weed
control can also be achieved with desiccation. The chemicals diquat, ‘glufosinate and
- glyphosate were examined for desiccation of flax in a series of field experiments in
southern Manitoba (Gubbels and Kenaschuk, 1981; Gubbels et al, 1993a,b; Gubbels et al,
1994b). When used within the product label guidelines all of the products were effective.
Diquat and glufosinate desiccated flax bolls within one week of application, while
‘glyphosate required two weeks. Stem desiccation required more. time for all desiccants,

-and cutting the crop may be difficult until the stems are dry. -

Seed damage may occur if desiccants are not applied at the proper time. If applied too
early, glyphosate will reduce seed germination and diqliat or glufosinate will reduce seed
weight and lead to seed discolouration. ’«I:n‘some conditions, flax bolls will dry very
quickly, and seed weathering may occur before the stems are dry enough to cut. Despite
these potential problems, careful application within the registered guidelines for the

desiccant will improve flax harvest management.

One of the greatest problems to flax producers has been management of flax straw after
harvest. The straw is very slow to decay, and easily forms bunches in the field. Straw

which remains in the field may make subsequent tillage and seeding operations very
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SASKATOON






' EXECUTIVE SUMMARY

The overall goal of this current flax project is to improve th potential of flax production while at
the same time take into consideration not only the needs of the producer, but as well the needs of
the end-user and the consumer. One objective was to review the work of Harry Ukrainetz
(retired), formerly at the Saskatoon station on fertility aspects of flax production. Two series of
studies were identified and summarized: the first study examined raate and placement of
phosphorus fertilizer for flax on fallow and the second study examined the effects of phosphorus,
seeding rate and row spacing for flax on fallow. ' ,

PART A: RATE AND PLACEMENT OF PHOSPHORUS FOR FLAX ON FALLOW.

The objective was to determine the effect of phosphorus rates and placements on plant
numbers and grain yield in flax over 4 locations spanning the years 1975-1979 for a total of 16
station-years. S R ' S : o

" Plant Populations: Although flax is very good at yield compensation because of the
branching habit of the crop, it is also well known that flax is very sensitive to fertilizer,
especially when it is in close proximity to the seed. One always has to be concerned, not only to
reduced plant stands, but of sub-lethal injury to the rootas a result of the fertilizer. In five of the
10 station years, where plarit counts were measured, placing the fertilizer with the seed resulted
in a significant reduction in plant stand. In the other station years, although not significant, the
trend was always for lower plant stands when compared to the check. If the fertilizer is placed -
away from the seed, in this case, 1" below or 1" below and 1" to the side, reductions in plant
stands relative to the check were not observed. On occasion, placing the fertilizer away from the
seed resulted in lower plant stands than the check. In those situations, it can be argued that the
soil conditions were such that improper separation of seed and fertilizer occurred emphasizing
once again the impgrtance of keeping the fertilizer away from the seed. When fertilizer rate is -
’examined‘rélaﬁ'\ié to placement, increasing the rate of P tended to decrease plant stands. Very
few interactions between row spacing and placement were observed. It should be noted that plant
populations, overall, tended to be low and futire studies on flax fertility should use higher -
seeding rates to ensure that plant populations in the range of 250-500 plants/m?, considered to be
optimum.

' _(;rain Yields: ‘A total of 17 station-years were reported for the effects of placement and
rate of phosphoras on flax grain yields. Of those 17 station-years, 7 showed a significant effect
due to placerfi’w‘nt and in all seven station-years, the yields were always better when the fertilizer
was placed away from the seed, in this case, banded below or banded below and to the side. A
response to phosphorus, where adding P gave a greater yield than the check was reproted in 9 of
17 station years, or 53% of the time. The yield increases were small in absolute terms meaning
that large amounts of P are not required. It is more important, as has been reported, to increase
soil P levels over time through continuous cropping and moderate applications of P fertilization
since flax tends to use soil P more readily than fertilizer P.



PART A: Rate & Placement of Phosporous for Flax on Fallow

Al. Objectives  To determine the effect of various P205 rates and placements on the
quantity and quality of flax seed when grown on fallow for different locations and years.

A2. Materials & Methods

Location:
~ Kindersley (1975, 1976, 1977, 1978, 1979)
Lashburn (1975, 1976, 1977, 1978) ‘
Scott (1975, 1976, 1977, 1978)

Rosetown (1975, 1976, 1977, 1978)

~ Flax variety: unknown in 1 975, Noralta for others.

Treatments: ‘
-Rate ~ 0Okg/ha
‘ 11 kg/ha
22 kg/ha
© 34kg/ha
o 45 kg/ha
- 67 kg/ha
90 kg/ha
112 kg/ha
- Phosphorus placement - with seed
- 1" below * 1" beside seed
- 1" below seed
Variables Reported
Seed vield (kg/ha)
Plant counts ( plants/m?)
A3. Results
Kindersley

Phosphorus (P) rate but not placement had a significant effect on plant density (Table
1&2). As P rate increased, plant density decreased with the largest difference observed when the
phosphorus was placed with the seed. At the lowest rate of P, plant density was greatest where
the P was placed with the seed but similar in the range of 22-90 kg/ha. It is interesting to note
that the check plot which received no phosphorus tended to be low relative to the values reported
in the table. This could be a reflection of the inadequate seeding technology for this type of work
i.e. improper separation or poor seed-bed quality.

(8]



Table 2. The effect of phosphorus rate per meter square in flax at Kindersley.

P205 1975 1976 1977 1978 1979
(kg/ha) '
11 162 188 - - -
22 144 159 - - -
B R 185 - -
45 | 149 | 169 - - -
67 | 141 176 - - -
% | w40 | 127 -
Check _ | 137 | 200 - - -
% | 135 | 201 - - -
Cse |83 | 144 - -
Rateeffect | ... % _ .|...ns - - -

Table 3. The effect of phosphorus placement on gr

ain yleld (kg/ha) in ﬂax at Kmdersley

P205 Placement 1975 | 19767 ‘1977 1978 1979
- (kg/ha)
A ‘With the seed ‘ ‘»1071 ’ 1337 - 465 671 968
" helowand beside | 1078 | 134 | 48 | 76 | 1006
1" below 1054 1308 455 601 977
Check 1021 1286 633 466 1015
CV% 15.1 9.1 32.0 18.7 10.8
s.e. 33 23 27 24 20.1
Rate effect ns ns ns ok ns




Table 5. The effect of phosphorus placement on plants per meter square in flax at

Rosetown.
| P205 Placement 1975 1976 1977 1978 1979
(kg/ha)
With the seed 125 98 - - -
1" below and 1" beside 142 140 - - -
1" below 127 223 - -
 Check 136 189 - - -
CV% 15.8 . 204 - - -
6.0 8.4 - - i
Raté effect ns T - - s

Table 6. The effect of phosphorus rate on plants per meter square in flax at Rosetown. .

P205 1975 1976 1977 " 1978 1979
. (kg/ha) . e
11 148 188 - - -
22 147 148 - - -
34 - 154 - - -
45 137 140 - -
67 121 154 - - -
90 119 145 - ; §
112 116 147 - ; -
Check 136 189 : . -
CV% 15.8 20.4 - - .
s.e. 8.5 12.9 - . -
Rate effect . ns ns - - -




Scott

P placement had a significant effect on plant populations in one of three years in which
case all the treatments were lower than the check with the seed-placed P treatment having the
lowest numbers (Table 9). The rate of P had no effect on plant populations which means that
placement is the critical factor (Table 10).

P placement resulted in a significant improvement on grain yield relative to the check in
three of five years (Table 11). In the reamining two years, there was no yield difference between
fhe check. In terms of placement, when yield differences were observed, the seed-placed option
was always inferior. With regards to the other two placements, in one year there was no
difference, in another below the seed was better than below and to the side, and in the other, the
reverse was observed. Tn terms of the response to P, a significant effect on yield was observed in
40of five years. In aboslute terms, the responses tended to be small (Table 13). ’ )

TTable 9. The effect of phosphorus placement on plants per meter square in flax at Scott . -

PZOS Placement ~ | 1975 | 1976 | - 1977 | 1978 | - 1979
... (kg/ha) o ’ et
" Withtheseed | 84 | 74 | om0 | o)
1" below and 1'" beside 106 109 278 - -
1" below 106 79 260 - -
Check 127 122 176 - -
V% | 430 1 o388 | 339 |- [ D

s.e. 12.3 9.1 23.2 N
Rate effect -  ns : * ns 1o L




Table 12. The effect of phosphorus rate on grain yield (kg/ha) in flax at Scott.

P205 1975 1976 1977 1978 1979
(kg/ha)
11 445 1211 226 686 1436
22 445 1401 254 688 1573
34 . 1358 250 692 | 1408
45 438 - 1427 218 - 790 - |- 1470
67 | 543 1211 256 863 - | 1619
90 525 1051 199 831 1570
112 477 1269 259 923 - | 1568
Check 431 1081 191 617 “1535
CV% 26.1 16.5 34.8 154 6.7
s.e. 36.1 60.8 23.9 349 29.5
Rate effect - oo FE ** ns , B , LR
Lashburn

P placement had a significant effect on plant populations in two of the three years (Table
13). Although placing P away from the seed resulted in higher plant counts than when P was
placed with the seed, in those years, the plant numbers were still lower than the check in two of
the three years (Table 14). These results emphasize the sensitivity of flax to fertilizer, even
phosphate fertilizer. ‘

In terms of grain yield, there was a significant effetc in two of the four years where
placing the fertilizer away from the seed resulted in yield improvements (Table 15). In terms of P
rate, a significant effect was observed in 2 of the four years. As with the other sitres, the response
to P tends to always be samll in absolute terms. o
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Table 15. The effect of phosphorus placement on grain yield (kg/ha) in flax at Lashburn.

P205 Placement 1975 1976 1977 1978 1979
(kg/ha)

With the seed 1052 1816 372 1446 -
“"below and 1" beside 1109 1994 353 1541 -
1" below 854 1600 329 | 1441 -
Check 481 1818 | 492 1350 -
CV% 243 1146 209 12.6 -
s.e. 50.1 498 139, 354 -
Rate effect *ok ** ns ns -

Table 16. The effect of phosphorus rate on grain yield (kg/ha) in flax at Lashbu

rn.
P205 1975 1976 - 1977 1978 1979
_(kg/ha) ' - 3 |
11 892 1743 B 1421 i
22 1048 1789 408 1495 -
34 - 1895 489 1458 -
45 943 1864 362 1540 -
67 1002 1804 325 1542 -
90 1087 1896 313 1479 -
112 | 1056 1633 239 1396 -
Check 481 1818 492 1350 -
CV% 243 14.6 20.9 12.6 -
s.e. 70.9 76.0 213 54.0 -
Rate effect ‘ * ns x* ns -
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Table 1. P-values for each variable and station years measured. Values with the designation
ns means that it was non significant i.e values were greater that 0.05.

Plants / m* Grain N | GrainP Grain Yield (kg/ha)
% %
Source Scott-90 | Scott-92 | S’toon- | S’toon- | S’toon- | Scott- | Scott-
90 90 90 90 92
SR 0.025 0.0001 . ns 0.04 ns | 0.0001 ns
RS 0.0001 | 0.0001 ns 0.05 | 0.0001 | 0.0001 0.004
SRxRS | 0007 | 0.047 ns - ns 0.0001 | ns ns
P 0.0001 | 0.0001 0.056 0.054 0.002 ns DS
- SRxP ns 0.007 ns ns ns ns 0.02
RSxP 0.014 ns ns 0.004 ns 0.02 0.03
SRxRsxP ns ns - ns -ns - ns ns ns
cv 345 | 1656 23 43 5.2 99 | 105
Plant Establishment:

The main effects, seeding rate (SR), row spacing (RS) and seed-placed-P were all

significant (Table 2.). As SR increased, plant populations increased and as RS and P increased,
plant populations decreased. There was an SR x RS interaction observed in both years (Table 3).
As seeding rate increased, the increase in plant population was less at the wide than the narrow
row spacings. A significant SR x P interaction was also observed (Table 4). The % reduction in
plant populations due to P was greatest at the highest than the lowest seeding rate. There was also
a RS x P interaction (Table 5) the nature of which is that the % decrease in plant populations due
to P was greatest at the wide than the narrow row spacings.
Based on the results presented, it is important to remember that in order to evaluate the’
true effects of P as a function of RS, it is important that the P be placed away from the seed in
order to alleviate the confounding effects of RS and P.
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Table 3. The effects of row spacing and seeding rate on the number of plants per meter
square in flax at Scott in 1990 and 1992.

1990
Seeding Rate (kg/ha)

Row Spacing (cm)v 15 o 30 45
0 I T P . L
I - T I A I
30 | A S 50

s.e. =9 (p<0.01)
1992
| -Seeding Rate (kg/ha)
‘R'ow'ASpaciﬁng'(cm) | R L 30 ) 45
T i T A I s S
20 158 sy | mal
30 9 | 181 235
 se.=9 (p<0.05) '

Table 4. The effects of seeding rate and\s}eedi—pla’ch P on the number of plants per square

meter at Scott in 1992.

" Seed-Placed P,O5 (kg/ha)
Seeding Rate (kg/ha) 0 25 50
15 187 147 | 137
30 S 292 252 210
45 | 390 o341 255

s.e.=0.12




Table 10. The effects of row spacing and seed -palced P on grain yield of flax on fallow at
Scott in 1990 and 1992.

Seed-Placed P,05 (kg/ha)

Row Spacing (cm) 0 25 50
10 1747 1877 1884
20 1464 1591 1585
30 _ 1416 1389 1272

s.e. = 109 (p<0.02)

Seed-Placed P,05 (kg/ha)

Row Spacing (cm) 0 25 50
10 1091 1141 1185
20 988 1030 1073
30 882 920 812

s.e. =55 (p<0.03)
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CONFIDENTIAL

Flax Tolerance to Buctril M: ECW Database study

D. A. Wall and D. A. Derksen

7 'Agri/cvidtu'fé and AgrifF dodl_C:'anada, Brandon Réseatzcii VCet'ztre»,' P.O. Bbx&I 000A,\ R.{R.i #3,
. * Brandon, Manitoba, Canada, R74 5Y3 -

A Several postemergence herbicides are registered in _westerh_ACat{ada to control broadleaf
weeds in flax, including Basagran, Buctril M, Hoe-grass II, Lontrel, MCPA/MCPA K, and Stampede
CM. Buctril M is the most widely used of these herbicides. This is likely due to a combination of
factors, including cost, crop safety, and weed spectrums controlled. Bromoxynil, an active
ingredient in both Buctril M and Hoe-grass II, controls many annual broadleaf weeds such as tartary
buckwheat that do not respond to phenoxy herbicides. Other weeds contrdiléd by thls herbicide
include kochia, lamb’s quarters, smartweeds, stinkweed, wild ‘mustard and wild buckwheat. ‘Buctril
M! is a formulated mixture of bromoxynil octanoate ester and MCPA ester. The addition of MCPA
ester not only improves the control of weeds already controlled by bromoxynil, but also provides
activity on flixweed, shepherd’s purse, perennial sow thistle, Canada thistle, and volunteer canola
and sunflower. | | ' A
Flax producers often report injury (stem epinasty, stunting and leaf burn) to flax following
application of Buctril M. To reduce the chance of injury, Buctril M should nbt‘be applied to flax if
daytime temperatures exceed 27 C within 48 hrs before or after application, and evening spraying
may also reduce the risk of injury”. Anecdotal reports suggest, however, that crop injury.can occur
even when these recommendations are followed. We do not know it whether the crop injury
reported by producers have reduced crop yields. Buctril M is a useful herbicide for broadleaf weed
control in flax and producer confidence in and continued use of this product is desirable from a user
perspective. S S e e B
‘Buctril M has been registered for use in flax since early to mid-1970's, andzmany studips_ have
been published in the Research Reports of the Expert Committee on Weeds (ECW) on its efficacy
and selectivity in flax (Appendix A, Table 1). Rather than initiate new trials to, j___dentify_ :application

Buctril Misa registered trademark of Rh(‘)ne—Poulehc; authorized user Rhéﬁe-Poiﬂenc "
Canada Inc., 2000 Argentia Road, Plaza 3, Suite 400, Mississauga, Ontario, LSN V9. -

2Anonymous, 1996. Buctril M. Pages 65-66 in Guide to Crop Protécﬁi‘cm,1996':"Weeds,
Plant Diseases, Insects. Manitoba Agriculture, Carman, Mantitoba. ‘
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Search Results: A summary of search results is presented in Table 1 of Appendix A. From 1976
to 1994, 519 abstracts (studies) were published in ECW research reports that included at least one
treatment of Buctril M EC at the label rate (560 g ai/ha). Of these, only 183 studies provided data
on both visual estimates of crop injury and seed yield. Most experiments included in the search
results were conducted with the primary objective of determining Buctril M efficacy on weeds.

These experiments contained a weedy or weed-free check or both. Only 80 experiments were

conducted where crop tolerance was stated as the main objective, and of these, only 49 were suitable

for exploring specific factors affecting flax tolerance to Buctril M. Abstracts of these experiments
contained information on both yield and tolerance and most included a weed-freé check (Appendix

B. T T

Although many studies were conducted specifically to test for crop tolerance, the majority were

not done under weed-free conditions. This is an important point, since it is often impossible to

separate the effects of herbicide injury and weed control on yield where tests were conducted under
weedy growmg conditions. Only those trials conducted under weed-free conditions were considered
sufficiently reliable (complete) for studymg effects of growth stages t1m1ng of apphcatton etc. on

flax tolerance to Buctrll M.

Often the minimum data set needed to answer specific research questions were either not
collected or not reported and reliable conclusions could not be drawn. For example, visual estimates
of crop tolerance (injury) were reported in the abstract but not flax yields. Without corresponding
yield data, it was not possible to determine whether observed injury reduced yields. Generally, the
most reliable (complete) data were submltted by universities or provincial or federal weed
specialists. 'Submission of incomplete data sets was both disturbing and unacceptable since valid _
conclusions on tolerance cannot be drawn without measuring the treatment effects on yield. To be
fair, yleld data may have been collected for many of these expenments and the lack of yield data
may reflect the deadlines imposed by ECW for submitting research results. Until 1996 the deadline
for submitting abstracts for publication was usually the second week in October. It is possible that
many trials were simply not harvested in time to meet ECW deadlines. Regardless, the lack of yield
data hmlted the usefulness of the ECW database.

‘ Us1ng the general and spemﬁc purpose databases, we attempted to answer the followmg

questions:

1. Does the addition of grarmmmdes affect Buctril M phytotoxwtty in flax?

Do adjuvants affect Buctril M phytotoxicity?
Do flax cultivars differ in tolerance to Buctril M?

"How do flax yields compare between flax treated with Buctril M (under weed-free
condltlons) and a  hand-weeded (Weed-free) check? Does Buctril M itself reduce ﬂax yields?
What effect does water volume have on flax tolerance to Buctril M?

What effect do application rates have on flax tolerance to Buctril M?

‘ Does growth stage at application affect flax tolerance to Buctril M?

8. Does time of day at application affect flax tolerance to Buctril M?

Based on mformatmn ‘contained in the general purpose and specific databases, there was
insufficient good data to prov1de definitive answers to questions #1, 2,5, 6,7 and 8. This was due
primarily to lack of testing under weed-free conditions and secondly, the limited number of tests
conducted with these objectives in mind. The results of the database search, however, suggested the

R

Now
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for ﬂax productron are requrred

Conclusions. Before initiating this review, we believed that much of the information needed to
develop recommendations for improving crop safety when apply broadleaf herbicides would be
found in the ECW database. This review showed that this is clearly not so, at least not for this
example. What is clear, however, is that many studies conducted, lacked a scientifically sound
approach. Many studies failed to include the appropriate checks, eg. weed-free checks, or
experimental conditions were not maintained to meet stated objectives. Too often experiments were
conducted that had multiple objectives, probably to save money and time. Lack of resources,
primarily labor, may be a significant factor dictating the approach selected for conducting weed
research. Estabhshrng and marntalmng weed-free check plots or an entire test under weed-free
conditions is very labor mtensrve "and timely ‘weeding is ‘éssential. “Most often, experiments
conducted under weed-free conditions or ‘that included ‘weed-free check plots were done at
universities or Agrlculture ‘& Agri-Food Canada. The findings of this review show the limitations
of the ECW database, and presents a strong case for properly conducted independent research where

'the experrrnents are truly desrgned to rneet the objectrve for whrch the data is to be used and to
'answer pertlnent questrons '

o The analysrs of the ECW database has shown that although the database has been useful for
herbrcrde regrstratron it is not useful for answering specrﬁc questrons "such as the relatronshrp
between crop 1n3ury from herbrcrde application and crop yield loss, or specific i issues relating to

’reducrng crop. mjury To answer these and other questrons specific research projects need to be
‘conducted. 'To date, there is inadequate information available to advise flax growers on issues

relating to flax tolerance to herbicides. Given the interest in increasing flax yields, new “focused
research on ﬂax tolerance to herbrcrdes weed control wrthrn flax and weed management strategres

~ -

Recommendations. Based on this review, several areas of research need to be conducted (preferably
at more than one srte per year), these include: ' ' S -
¢ New research needs to be initiated to determine the relationship between flax - ‘tolerance to

'_'herbrcrdes and yield. and factors that affect flax tolerance.” This research should be ¢onducted
_under weed-free condmons at three ‘or more locations (Brandon, Morden, and Roblin, Manitoba

o 'and Saskatoon and Scott Saskatchewan) Thls research should commence 1n 1997 and address

the fo wrng issues: -

l Trme of day, growth stage and apphcatron rates of Buctnl M and Stampede CM. Thisis

1dentlcal : research conducted at Morden in 1996.

2 Tolerance of ﬂaxz anetres to Buctnl M and Stampede ‘CM. Since current flax varieties are
i ally very snnilar testrng many varieties may ‘not be’ warranted Initial testing of five
genetwally drstmct varretres (AC Emerson Andro Culbert Flanders and Noer) is
pl e S
- 3] Effeétof formulatron on flax tolerance to Buctril M
4. Effect of gramrmcrde and adjuvants on flax tolerance to Buctril M.
ot of envrronmental factors on flax tolerance to Buciril M and Stampede CM.- This would
e an examination of hurmdrty, temperature ‘and duration of the light (or dark) period
o 'followmg herbrcrde applrcatron on crop mjury Thrs research would be conducted in greenhouse

' growth rodm studies to explain and support field observations from the above experiments.
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but only when the herbicide was applied at twice the label rate (1120 g/ha).

This preliminary study suggests that under weed-free conditions, the time of day at application
will affect flax tolerance to Buctril M; particularly when it is applied before the 5 to 10-cm growth
stage currently recommended in Manitoba. However, when applied at the recommended rate yield
losses may not occur. This study will be repeated in 1997 at Morden and Brandon, Manitoba.

Table 1. Effect of time and rate of Buctril M application on crop injury to flax
:at 2,4 and 6 weeks after treatment (WAT).

o S Crop injury (0 to 100%)
Application | Buctril M
" time (g ai/ha) 2 WAT 4 WAT 6 WAT
Cam. 0 0 0 0
 am. 140 1 0 0
am. 280 3 1 0
am. 560 13 6 3
a.m. 1120 51 33 13
p-m. 0 0 0 0
p.m. 140 2 1 0
p-m. 280 3 1 0
pm. - 560 5 2 0
p.m. 1120 17 6 4




~ APPENDIX“A”

SUMMARY OF VARIOUS FACTORS AFFECTING FLAX TOLERANCE -
TO BUCTRIL M (ECW 1976-1994)



Appendix Table 2. Flax tolerance to Buctril M tank-mixtures with graminicides.

Experiment # Treatment Yield Crop injury
(% of best yield) (%)
94-49650 Buctril M 83 9
(Weed-free) Buctril M + Poast + Merge 100 9
Buctril M + Select + Amigo ; 98 9
Buctril M + Assure + Canplus 98 9
91-44239 Buctril M + Poast + Merge 100 0
(Weedy) Buctril M + Select + Amigo 100 0
Buctril M + Assure + Canplus - 86 0
90-43089 Buctril M + Poast + Assist 1000 5
(Weedy) Buctril M + Select + Amigo ' 91 ¢ 4
Buctril M + Assure + Canplus ' 12 4
Buctril M + Fusion + SOC I 88 4
87-34950 | Buctril M | | | 26 5
(Weedy) . | Buctril M + Poast + Assist + AS 30 5
' | Buctril M + Select + Amigo + AS - 33 5
86-32808 Buctril M + Poast + Assist 97 6
(Weedy) Buctril M + Assure + Canplus 89 7

Conclusions: There was insufficient data in the ECW database to draw a clear conclusion on the
effects of various graminicides on Buctril M phytotoxicity in flax. Of the 5 trials conducted to
examine effects of graminicides on Buctril M, only 1 was conducted under weed-free conditions.
In 3 trials, Buctril M tank-mixtures with Assure + Canplus tended to have lower yields than Buctril
M alone or mixed with other graminicides. Crop injury was commercially acceptable. Based on
visual evaluations, it appears that flax responds similarly to Buctril M tank-mixed with various
graminicides.
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Appendix Table 3. Tolerance of flax cultivars to Buctril M.

Experiment # Cultivar. Yield Crop injury
(% of best yield) (%)
94-49567 NorLin 78 6
(Weedy) Trifid (FP 967) 76 9
76-1966 Norland - 79 --15
(Weed-free) | Linott 65 33
Noralta 97 15
Redwood 65 75 15
Raja 68 25
Dufferin 71 - 10
76-1956 Norland =~ -100 S SR
(Weed-free) Linott 97 20
Noralta 115 15
Redwood 65 -100 10
Raja - 103 20 »
Dufferin o 157

Conclusions: Few trials were conducted on varietal differences in tolerance to Buctril M.

‘Information on newly released cultivars is very limited. There is no difference in tolerance between
NorLin and Trifid (FP 967) flax, likely due to Trifid being derived from NorLin. There appeared
to be some variation in the 1976 trials, but growth stages were not the same for all cultivars at the
time of application, and this may have confounded the interpetation of the results.
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Appendix Table 5. Effect of water volume on Buctril M phytotoxicity in flax.

Yield (% of best treatment) Tolerance (0 to 100%)

‘ Water vol. | Buctril M + Buctril M +
Experiment # (L/ha) Buctril M adjuvant Buctril M adjuvant
86-33738 - 45 91 - 5 -
Weedy 110 100 12 10 12
85-31857 40 84 - 5 -
Weedy ' 100 1 87 92 6 6

200 99 - 3 .

85-31800 20 | NA - 5 -
Weed-free 50 N/A - 3 -
100 N/A N/A 3 3

200 N/A . 3 ]

Conclusions: There was insufficient data to draw clear conlusioné‘ regarding the effect of water
volume, but based on limited data that water volume did not have a marked effect on flax tolerance
to Buctril M.
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Appendix Table 7. Comparison of flax tolerance to Buctril M applied at different crop growth
stages.

Yield Crop injury
(% of best treatment) (0 to 100%)
Experiment | Growth
# stage Buctril M | Buctril M | BuctrilM | Buctril M Other herbicide
(cm) + other o + other
93-48210 |3 74 84 N/A N/A - . | Poast+Merge
Weed-fiee |6 |84 7 100 T {NA L | NAL :
12 70 83 NA  |NA
22 82 74 N/A - N/A
32 73 78 N/A N/A
947070 |7 |- |% U IN/A T |NJAT | Select + Amigo +
Weedy |8 - 97 N/A N/A - Fluazifop + SOC
10 - 98 N/A - N/A . :
90-43031 2 - 100 |- 6 | Fluazifop +SOC
Weedy . |4 — )10 )= 6.+ L
1S N KT lu
18 Y R
115 I 493 - o - RS
90-43030 2 - 96 -1 Poast + fluazifop
Weedy 4 -- 97 -- 19 +S0OC
5 - 100 - 14
8 - 97 - 18
11 - 97 - 18
15 - 99 - 11
89-40223 2 - 86 - 11 Poast + Assist
Weedy 3 - 94 -- 11
5 - 97 - 14
8 - 100 - 16
111 - 87 - 10
89-40236 |2 - 93 - 10 Fluazifop + SOC
Weedy 3 -- 98 - 7
5 - 99 - 7
8 - 97 -- 15
11 - 84 - 19

16



Appendix Table 8. Effect of time of day at application on flax tolerance to Buctril M.

Expt. # Time of | Yield Crop Expt. # Time of | Yield Crop
applic. (% of injury applic. (% of injury
(h) best trt.) | (%) (h) best trt.) | (%)
90-43028 | 0500 83 18 90-43029 | 0500 93 15
Weedy 0700 85 17 (Weedy) | 0700 87 14
0900 83 11 0900 85 13
1100 93 8 1100 82 11
1300 - 92 - 17 1300 186 14
1500 90 . 21 1500 88 18
1700 91 22 1700 67 17
1900 88 21 1900 {92 . |22
2100 92 22 12100 89 |22
2300 95 21 2300 91 |21
89-40221 | 0500 93 34 89-40222 | 0500 86 50
Weedy 0700 94 37 Weedy 0700 90 40
0900 93 34 0900 86 40
1100 93 31 1100- 90 38
1300 93 25 1300 89 27
1500 93 21 1500 86 21
1700 97 15 1700 87 19
1900 96 16 1900 85 16
2100 93 9 2100 85 11
2300 98 9 2300 88 23
88-36560 | 0500 92 15 88-36561 | 0500 94 15
Weedy 0700 85 25 Weedy 0700 98 25
0900 89 40 0900 92 15
1100 81 15 1100 100 15
1300 81 5 1300 100 5
1500 80 5 1500 93 5
1700 78 5 1700 90 5
1900 90 5 1900 92 5
2100 95 5 2100 92 15
2300 95 15 2300 99 15

18




APPENDIX “B”

ECW ABSTRACTS USED IN SPECIFIC PURPOSE DATABASE

(Available upon request )
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Figure 1.

Figure 2.

Figure 3.

Figure Captions

Linear regression of flaxseed yield (g/m?) on growth stage (cm). Effect of growth stage
on flaxseed yield following application of Buctril M.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on
tolerance of flaxseed to Buctril M.

Linear regression of flaxseed yield (g/m?) on growth stage (cm). Effect of growth stage

- on flaxseed yield followmg application of Buctrrl M + Poast + Merge

Figure 4.
Figure 5.
Figure 6.
| Figure 7.
Figure 8.
Figure 9.
Figure 10.
Figure 11.
Figure 12.
Figure 13.

Figure 14.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on

tolerance of ﬂaxseed to Buctrrl M + Poast + Merge

Linear regression of flaxseed y1e1d (g/m?) on growth stage (cm). Effect of growth stage

on ﬂaxseed yield following application of Buctril M + Poast + Assist.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on
tolerance of flaxseed to Buctril M + Poast + Assist.

Linear regression of flaxseed yield (g/m?) on growth stage (cm). Effect of growth stage
on flaxseed yield following application of Buctril M + Select + Amigo.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on

- tolerance of flaxseed to Buctril M + Select + Amlgo

Linear regression of flaxseed yield (g/m?) on growth stage (cm). Effect of growth stage
on flaxseed yield following application of Buctril M + Assure + Canplus.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on
tolerance of flaxseed to Buctril M + Assure + Canplus.

Linear regression of flaxseed yield (g/m?) on growth stage (cm). Effect of growth stage
on flaxseed yield following application of Buctril M + other graminicides.

Linear regression of crop injury (%) on growth stage (cm). Effect of growth stage on
tolerance of flaxseed to Buctril M + other graminicides.

Linear regression of flaxseed yield (g/m?) on crop injury (%). Effect of degree of crop
injury on flaxseed yield following application of Buctril M.

Linear regression of flaxseed yield (g/m?) on crop injury (%). Effect of degree of crop
injury on flaxseed yield following application of Buctril M + Poast + Merge.
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Figure 27.

Figure 28.

* i Figure 29.

Figure 30.
' . temperature at application on the degree of crop injury following application of Buctril
"M + other graminicides.

Linear regression of crop injury (%) on temperature (C) at application. Effect of
temperature at application on the degree of crop injury following application of Buctril
M + Poast + Assist.

Linear regression of crop injury (%) on temperature (C) at application. Effect of
temperature at application on the degree of crop injury following application of Buctril
M + Select + Amigo.

Linear regression of crop injury (%) on temperature (C) at-application. Effect of
temperature at application on the degree of crop injury following application of Buctril

M + Assure + Canplus.

Linear regression of crop injury (%) on temperature (C) at application. Effect of
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- Effect of growth stage on yield with B+P+A
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" Effect of growth stage on yield with B+S+A
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- Effect of growth stage on yield with B+A+C
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Tolerance vs yield with Buctril M
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Tolerance vs yield with B+A+C
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‘Tolerance vs yield with B+S+A
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Tolerance

- Temp at application vs tolerance with Buctril M
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Temp at application vs tolerance with B+A+C
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SECTIOND

. FIELD STUDIES ‘96 - FERTILIZER MANAGEMENT



Executive Summary

Field Study #1: N and P Management
The objective of this study was to determine the effects of P placement on flax yields and the

implications of dual bands of N&P using different nitrogen sources for a one- pass direct seeding
and fertilizing system. A summary of the results is given in Table E1.

Table E1. Summary of yield results (b

locations in 1996.

us/ac) for the N&P Management Study at four

N - Forms | N - Placement | P - Placement | Indian Head | Melfort Brandon | Morden
Urea Spring Band Side-Band 31.7 be 35.5ab 37.7 33.4 be
Urea Spring Band Seed-Placed 299¢ 36.0 ab 413 33.9 abe

Amm Sulf Spring Band Side-Band 31.2¢ 32.6¢c 36.9 33.9 abe

| Urea Side-Band Side-Band 33.8 ab 33.8 be 42.1 353a

Amm Nitr Side-Band Side-Band 35.1a 369a 39.5 34.1 abe

Amm Sulf Side-Band Side-Band 343a 34.1 be ' 39.0 33.9 abe

Urea+NBPT Side-Band Side-Band 33.6a .33.9bc -40.0 353a
Urea Spring Band kSpring Band 30.6 3682 -394 - 328¢
Urea Spring-Band Spring Band - 34.9 ab | 37.3 33.2 be

(3-4" spread)
Urea Spring Band Control-No P 30.1¢ 36.0ab 39.8 334 be

Notes: Spring band means that the fertilizer was banded in a separate operation while side

was placed to the side and below the seed during the seeding operation.

-banding means that the fertilizer

Yields followed by the same letter are significantly different at the 5% level.

At Indian Head, Brandon and Morden when P was placed with the nitrogen in a dual

band, nitrogen form had no effect. At Melfort, ammonium nitrate in the dual band gave a better
yield than urea or ammonium sulphate. The current understanding is that ammonium sulphate
gives a better response to P when it is placed in a dual band. When ammonium sulphate was put
down as a spring band and the P side-banded, there was no difference with urea except at Melfort
where it was significantly lower. We can conclude that urea is an appropriate source of nitrogen
for flax, especially in a dual banded situation as is the case for a one-pass seeding and fertilizing
system. '

The use of the urease inhibitor, NBPT, did not improve the response to P fertilizer at any
of the locations. At Melfort, it actually reduced the yields.




Field Study #1: N & P Management

Objective(s): To conduct field studies on the impact of side-banding P in flax and the implications
of dual N & P bands using urea and ammonium nitrate on P uptake and grain yield as
currently used in a one-pass direct seeding and fertilizing system.

Person(s) Resp(msibl'e:‘ Cihdy Grant, Adrian Johnston, Guy Lafond and Dave McAndrew.
Experxmental Protocol

‘Rates: .
- 170 kg/ha for N
- ~-20 kg/ha for P O5

Variety: Norhn
- Seeding ‘Rate: 62 kg/ha or 1 bus/ac

Llst of Treatments o
~- 1. - Early spnng band of N (urea) and side-band P at seeding time.
2 Early spring band of N (urea) and seed-placed P at seeding time

3. Early spring band of N (ammonium sulphate) and s1de-band P at seeding
- time. -

4 Dual N & P (urea + MAP) sxde-banded at seedmg time. - :

5 Dual N & P (ammonium nitrate + MAP) side-banded at seeding time.

6. Dual N & P (ammonium sulphate + MAP) side-banded at seedmg time.

7. Dual N & P (urea + MAP) using a urease inhibitor. . .

8 Spring pre-plant dual band of N (urea) & P(MAP) Band width of 1”

9 Spring pre-plant dual band of N (urea) & P(MAP) Band w1dth of 3-4" (if
equipment available). :

10. Control N (urea) only apphed pre-plant in a banding operatxon

Optional

Experimental Design:

Randomized complete block design with 6 replicates.

Measurements:
1. Dry matter production and N & P tissue content at 7, 14,21, and 28 days after
emergence and at flowering (2x one meter of row per plot)
2. Cd content of grain (sample size ... send to Brandon c¢/o C. Grant)
3. 0il content and fatty acid composition and iodine values of grain using NMR

(50 g sample size ... send to Morden)



LS 'L 961 [Sy44 67T 61 8¢ (4 AD
1000°0 su su osu - 190°0 86070 9100 9v0°0 Juouneal],
d<id
o 1881 99911 eYTh 90T qe 26 e 59 29 6§ qe 00S d 08U + N 1 PE
- - - - - - - - (deams) d+ N .8 PL
21161 90011 ® 98¢ qe 012 oqe ¥8 q 6 2 ¥§-. qe 80§ - d+0.lpd
qe 860 qe szl 6T Q0T oqe 18 q0¢ B LS o1z - d+ENas
B 9¥IT ® L0V1 ®LLY q 0T qe 66 qe y§ 296§ oqe 18% d+SVqs
B 61T qe 8.zl BOLY qe $5T oqe 18 qe 19 qe 95 oqe LY d+NV as
Qe 7112 q 1911 eIshy q 861 9.9 q 6 “qe s o1y d+Nn4qs = -
3 Ly6l qe 9571 e 08} € $97 ® 86 qe LS 0§ qe 661 d9S- SV pd
2 6981 q9601 BGEY qe €22 2001 qe LS o9 ¥§ 29 Iy dis-npd
2q $861 qLT1T ® 6l qe Z€T 9q 1L qe LS 2q $§ BTIS d9s-npd
ploiA wein | NgIemold | WaAkepsz | Wakepiz | WaAepyl | NAAepL WSy LU/SIue|d JueuIEaL],
“Apmg ruowaSeue i d-N - 9661 PEIH UeIpul ‘7 9[qeL




9 91 ' SC 9T 0€ 6T, 3 ¥l AD
1$00°0 1LL8O S TPLSO - 1$650°0 $590°0 - zsse0 |- 801070 LTY0°0 . jueunesll |
.M L W W L dd,
qe 87T 65T Teps | 09910T poLyL--| - 1'TS Qe T'69 Tpsh | . . dWOWI+NLIPE.
qe 0817 $0ST LLLo9 Q8 ¥'HET qe €001 €08 PTEY egsy... |  (domg)d+N.8Pd. i
® 667 61LT 1'61S P2 8°TLI P2 0°8L (1¥37 9qe 59 - Qe S d+0.1pd
299112 tosz | eeLy - 0| POTOST | POQLBL 88y qe L99 - 0Q.18€- L d+®NAS.... .
99 671 78T~ |y 0'¥8S Poq 481 poq p'8L 0¥S qe 8°99, qe9ey d+SVvas
® S0€T L3LT 90rs | Po 1081 0qe 1°56 9'Sp oqe €769 2 99% L d+NVes .
°q [112 829¢ gLy “peost ] P9I9T 9°8¢ ERYLY dEGE d+GS e
28£0T 1987 €9LS ® 8°05T ® LI 1'6S PO 9'%9 oqe L6€ das-sv pd
qe 64T 6£9T 0'S6¥ Poq T'L61 poSTL 61y oqe §°59 qe §TY dis-nrg
qe 812 959¢ 1'9¥S$ Poq ¥°L81 oqe 926 0Ly P29 0'$9 qe Zhv das-npd
PIIA WeID | JNQJemold | WAA®P 8T | WAAepIT | QAP ¥l NQ Aep L W3y [/syueld HELILEI

Apm§ JuowRSEUEN 4-N - 9661 HOJPIAL "€ 21qE.L




0°¢1

€01 L1 Y61 -S0T 6'0€ - Lyl AD
su su $Y0°0 00070 L00°0 90°0 - . su JueuIEaL],
d<id
88T LOST L1€ €el 8¢ 61 - 0L d Yoo+ N 41 PH
€eee 9pS1 Ly 801 - S9e 9T - 9 (doomg) d + N .8 PL
SOPeT €851 343 651 9 - 81 - 69 d+N.Ipd
08¢ 9791 143 SLT Ly 61 - €L d+®N4gs
0P¥e 09%1 66T €61 48 9z - SL d+Svas
0LYZ L6S1 zee 981 96 61 - 9L - d+NVas
1€9C 0171 $74 61 % L1 - L d+Nnas
p0ET 1LS1 8¢ L91 oy 91 - 9 das-svpd
0852 v6€1 L8T 091 97 1T - 0L dis-nrd
65¢€C 9851 00€ 1L 6v €1 - 29 dqs-nrg
pEIA uelD | NQIemold | WAAep8z | WaAepiz | Wadepyl | QAL WS1eH U/Syreld. Juaunesl],

ApnjS 1UdUIISBURBIA] J-N uopuexy *f 9]

181




1 1 9 2 T T . 1. A
su su su su su su SU. L - UERIL
d<id
L'9S 98I 67T AY4 LANS qe 061 - qQThy - d¥osyo + N .1 Pd
9'9§ qe 621 1€ qe 7 qeo's. qe 061 qe 0’y .. (deamg) d+N .8 PH
9'9¢ qe 8°C1 $1T qe §'Z Qe Qs Q681 q ¢y d+Nulpd
$9¢ qe 0'¢l TEL qe §'C Q6 qe 061 qe Sy d+BN4as
89S qe 6'C1 87T qe ¥'Z Qe Q'S qe 161 qe §'p d+SVas
$'9S 20€l T qe ¥'C qe Q'S qe 061 qe S d+ NV as
€96 qe 8°C1 £'€T qe 4’7 qe 0's qe 061 Qe S'h d+Nn9s
6'9§ qe §'Z1 0'€T qe p'C qe 0'§ qe 161 - qe SvP d9s - SV pd
698 qe 6Tl Lee qe y'C qe (s -qe 161 qe 9'pP dis-npd
695 qe 0l 82T Qe #'C qe Q'S qe 161 e 8y dqs-nrd
(%) (%) (%) .

€81 781 pIOY 918[0 ploy oHealS | POV opiw[ed # auIpo] 110 JueunEalL

Il

~-ponunuoe) ApnyS juewdFEUe]A d-N - 9661 UIPIOIA'S AIqLL,




Table 6. Zinc Management Study - Agronomic Information- 1996

13

Morden
Seeding Date May 24
Dry Matter- Sampling Date
Day 7 -
Day 14 June 20
Day 21 -
Day 28 July 3
Flowering July 10
Soil Fertility
Nitrogen (kg/ha) NO;-N
0-6" 16
6-24" 20
Phosphorus (kg/ha) PO-P
0-6" 56
pH
0-6" 7.8
6-12" 8.2
Conductance
0-6" 0.6
6-12" 0.8
Harvest Date Sept 11
Broadcast Application Date May 23




Table 7. Morden 1996 - Zinc Management Study Continued...

15

Treatment Oil lodine # 16:0 18:0 18:1
Zn-SO4-broad 432 ab 192 ¢ 50a 262 218a
Zn-SO4-band 43.1ab 193 abc 50a 26a 21.5ab
EDTA-broad 4290 193 abc 50a 2.6a 21.4ab

EDTA-band 4290 192 be 50a 26a 21.6 ab
Zn-S04-sausage 433a 193 ab 51a 26a 21.3ab
" EDTA-sausage 4290 193 a “5la 26a 212b
Contro!l - .429b "~ 193 abe S.la 26a 21.5ab
Pr>F :
Treatment 0.06 0.064 ns . ms - ns
CV 1 1 1 2




Measurements:

1. Plant counts (2x - 1 m of row)
2. Plant height
3. Lodging
4. Maturity
.S, Grain Yield
6. GrainN & P
7. Oil content using NMR
8. Fatty acid composition
Table 8. Nitrogen and Phosphorus Rate Study - Agronomic Information - 1996.
1 - i Indian Head ‘ ‘ " Melfort - ‘ : Lemberg
Seeding Date - - | - May14 .. Mbay 24 May 13 and May 23
Flowering Julys July 17 ' July 5
" Soil Fertility
- Nitrogen (kg/hé) NO;—N - - R : .
. 0-6" 4.1 : ‘ C- 10.1
6-12" 1.9 - e 5.2
12-24" 2.1 ‘ Lo - 5.3
Phosphorus (kg/ha) PO-P : :
s - 0-6" R 51.5 L - 30.4
Harvest Date Sept 12 Oct3 © Oct 11
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