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Winter canola (WC) offers not only marketable products but also excellent
rotational benefits through disease, weed, and pest control in the dryland
cropping systems of the inland Pacific Northwest (iPNW). However, little
regional fertility research has been conducted on WC. The objectives of this
study were to (i) determine the influence of soil N supply and fertilizer N rate
and timing effects on WC yield in four iPNW agroecological classes and (ii)
evaluate how N availability and fertilizer N application timing affect WC seed

quality.

Abbreviations:

AC annual crop;

AECs agroecological classes;

AFT annual crop—fallow transition;
GF grain—fallow;

iPNW inland Pacific Northwest;

IR irrigated,;

SC spring canola;

WC winter canola.
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plantduring therest of the canola growing season. Upon spring
green-up, the crop undergoes a period of rapid N uptake that
continues through flowering and then accumulates the remain-
ing N for seed production. Timing of N applications must be
managed to ensure N availability during peak uptake periods
while minimizing excess N.

The objectives of this study were to (i) determine the influ-
ence of soil N supply and fertilizer N rate and timing effects on WC
yield in four AECs of the IPNW and (ii) evaluate how N availability
and fertilizer N application timing affect WC seed quality.

Methods

We conducted seven on-farm experiments over two crop years,
from 2016 to 2018, across Washington and Oregon (Table 1).
Study sitesrepresented all four AECs of the iPNW. Site manage-
ment practices were determined by each collaborating grower.
The typical seeding rate was4 |b/ac, and the typical row spacing
was 12 to 16 inches. Soil test P levelswere greater than the agro-

nomic threshold of 16 ppm in all sites but Hartline and Odessa.
Farmerstypically apply 10 to 40 b/ac PO, with seed or banded
atplanting. We applied 50 lb/ac Sin the fall at each site.

We used a split-plot experimental design with either three
or four replications. Main plot treatmentswere three N applica-
tion timings: fall, spring, and split (50% of total N rate applied
in fall and again in spring). Fall applications occurred between
three to five weeks after planting. Spring applications occurred
at spring green-up, between February and April, depending on
the site. Either surface-applied granular urea or injected liquid
urea ammonium nitrate (UAN) fertilizer was used in the fall;
granular ureawas surface-applied in the spring. In the 2016-2017
cropyear, subplot (30 by 40 ft) treatments consisted of a control
plus three N rates: (i) recommended rate by Washington State
University Extension (Koenigetal.,2011), (i) 50% higher than the
recommended rate, and (iii) 50% lower than the recommended
rate. Because we observed limited yield responseto Nrate in the
2016-2017 cropyear,weincreased the range of fertilization rates
(0,40, 80, 120,160, and 200 Ib/ac) in the 2017-2018 crop year.

TABLE 1. Field and management information for the seven studied sites

Soil test at surface

Yield Recommended Planting Harvest 6-inch depth®
Site AEC®* Soiltype Rotation® goal N rate* Cultivar!  date date pH OM P K
lb/ac Ibfac % ——ppm——
2016-2017
Hartline  GF Magallon SW-F 1600 34 Claremore Aug.27  Jul.8 65 09 8 506 6
WA sandy loam
Odessa IR Renslowsilt WW-F 3100 167 Amanda  Sep.12  Jul. 14 72 20 12 220 10
WA loam
St.John  AFT Athenasilt WW-F 3100 66 Edimax Sep. 3 Jul. 23 51 32 24 694 21
WA loam
2017-2018

Almira GF Bagdad silt SW-F 2700 109 Claremore Aug.27  Jul.24 56 12 28 566 23
WA loam
EchoOR IR Ritzville very WW-F 3100 154 Edimax Sep. 6 Jul.3 74 10 25 485 40

fine sandy

loam
Endicott AFT Hermiston WW-F 2700 87 HyClass  Aug.12  Jul.31 55 16 32 620 20
WA siltloam 225W
Latah AC Naff-Garfield WW-F 2900 36 HyClass Sep.15  Aug.6 50 25 30 4712 22
WA complex 225W

*AEC, agroecological class; GF, grain-fallow; AFT, annual crop-fallow transition; AC, annual crop; IR, irrigated.

PWW, winter wheat; SW, spring wheat; F, Fallow.

‘Based on unit N requirement of 7 b N per 100 Ib seed yield (Koeniget al., 2011).
dClaremore, Amanda, NS HyClass are open-pollinated varieties, and EdiMax is a hybrid variety.
“pH: 1:1 soil: H O method; OM, soil organic matter, Walkley-Black method; P and K, phosphorus and potassium, Olsen method; S, sulfur,

Ca(H,PO,),"H,0 extraction method (Miller et al., 2013).
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We collected soil samples to a depth of 6 ft immediately
after planting and prior to fall fertilization and again between
February and March prior to spring fertilization. We divided
soil cores into 1-ft segments to determine root-zone-available
N and water at soil depth in the 6-ft profile. We estimated soil
N supply (soil test inorganic N in the fall + estimated N mineral-
ization) before fertilizer application and total N supply (soil test
inorganic N in the fall + estimated N mineralization + fertilizer
N). We harvested a 15 by 3 ft? area in each subplot and air-dried
seeds for »48 hoursin a greenhouse thatreached »122°F during
the day. Samples were analyzed for yield and seed oil and
protein concentrations. In each plot, we also cut, dried, and
then weighed an 11 ft? section of plant biomass to estimate total
biomass yield at harvest.

We used the Mitscherlich growth factor response model
{Pan et al., 2016) to study the yield responses to total N supply
for individual site-years. We used Proc GLIMMIX in Statistical
Analysis Software (SAS) to compare yield and protein and cil
concentrations among thedifferent treatments. We treated site-
year, N fertilizer rate and timing, and fertilizer rate and timing
interaction as fixed effects and block as arandom effect. Because
site-year had significant effectson yield, oil concentration, and
protein concentration and because of treatment differences
between the two crop years, we further analyzed these effects
for each site-year.
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Results

Effects of Soil N and Fertilizer N Rates on Yield

Soil N supply was high at all sites, ranging from 82 to 200 |b/ac
(Table 2). Dryland WC yields were highly variable, ranging from
1,900 to 4,300 lb/ac. Of the AECs, we found the highest yields
in annual crop (AC), followed by annual crop-fallow transition
(AFT), and then grain-fallow (GF). At Hartline in 2017, high seed
loss occurred at harvest due to combine malfunction; therefore,
yield data from that site are notincluded. Odessa yields were
abnormally low for an irrigated {IR) site. In comparison, yields
at Echo were more representative of expected yields under IR
conditions. Infestations of tumble mustard (Sisymbrium altissi-
mum) and tansy mustard (Descurainia pinnata) were presentin
the Odessa field, which likely contributed to the reduced yields.
No diseasesin any field were observed by farmers.

At only one site was the Mitscherlich model statistically
significant (Figure 1). At Odessa, where yield was lowest and total
N supply was below 90 lb/ac, yield response to total N supply
plateaued at 130 b/ac. At the other sites, we found no yield
response to N fertilizer applications. Lack of yield response was
likely due to high soil N supply at planting (Table 2). These find-
ings are similar to those of arecent SC study in Washington. Pan
et al. (2016) observed a yield response to increasing N supply

TABLE 2. Agroecological zone, available soil water to 180 cm, precipitation from fall soil sampling through
harvest, total available water (H,0t), inorganic soil N, estimated N mineralization, N supply, and seed yield at

each winter canola site by year

Inorganic Mineralized SoilN

Site-year AEC® SoilH,0 Precipitation® H,0t N° N¢ supply*  Seedyield
mm lh/ac Ib/ac

2016-2017

Hartline  GF 37 297 334 80 13 93 o

Odessa IR =7 400% 437 47 34 82 2039

St.John  AFT 264 417 681 135 48 184 3181
2017-2018

Almira GF 238 222 460 84 19 103 1902

Echo IR 93 5001 683 77 15 92 3153

Endicott  AFT 476 366 842 101 24 125 4349

Latah AC 344 471 795 162 37 199 3863

°*AEC, agroecological class; GF, grain-fallow; AFT, annual crop-fallow transition; AC, annual crop; IR, irrigated.

PPrecipitation +irrigation.

“NO; + NH; to a 180-cm depth.

dPercent organic matter in the top 30 cm x 19 kg N/kg
*Soil N supply =inorganic N + mineralized N.

- =no data due to combine malfunction at harvest.
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Figure 1. Winter canola vield response to total N supply at sites acrossthe four agro-
ecological classes: (a) grain-fallow, (b)annual crop-fallow transition, {c) annual crop,

and (d) irrigated during the 2016-2017 and 2017-2018 crop years,
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was significantly higher in the control than all other
treatments across allAECs. In general, the higher the
N rate, the lowerthe oil concentration and the higher
the protein concentration. Seed protein concentra-
tion decreased as total N supply increased to approx-
imately 170 lb/ac but increased dramatically as total
N supply increased from 170 to 450 |b/ac. Seed oil
concentration increased as total N supply increased
upto 170 Ib/ac butdecreased dramatically as totalN
supply increased from 170 to 450 Ib/ac. The increasein
protein concentrationwas stronger than the decrease
inoil concentration inresponse to increased N supply
{Figure 3).

We found that timing of N application had a
significant effect on seed oil concentration with
different responses observed across the AECs
{Figure 4). Fall application resulted in the highest
oil concentrations and lowest protein concentra-
tions; spring orsplit applications resulted in similar
oil and protein concentrations. In the GF, AC, and
IR AECs, fall N applications resulted in the highest
oil concentrations compared with split and spring
applications. In AFT, fall N applications resulted in
higher oil concentrations than spring-applied N.

360 450

at one of five sites where soil N supply was above 90 [b/ac. In
contrast, vield response to increasing N supply was observed at
six of seven sites where N supply was below 90 lb/ac.

Effects of Soil Water on Yield

We found that total availablewateris ane of the primary drivers

of WC maximum vield (Figure 2). For every 1 mm increase in

available water, we found a 5.7-Ib seed increase (2 = 0.98). In

comparison, Pan et al. (2016a) showed SC seed yield increased

2.8lbforeach 1 mmincrease inavailable water. The higheryield

response to available water for WC reflects a greater wateruse

efficiency (WUE) compared with SC. This greater WUE can be

attributed to WC taking advantage of fall and winter precipita-
tion; this is when 70% of the annual precipitation occurs in the

iPNW—and to deeper roots thatcan reach soilwater ata greater
depth. The x-intercept, which can be considered the theoretical

minimumwater required to produce a canola crop, was 110 mm,
which is greater than the threshold forwheat production (Schil-
linger etal., 2008).

Effects of N Rate and Timing on Seed Quality

Across all site-years, N rate and timing had significant effects on
seed pil and protein concentrations (Table 3). Oil concentration
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We found the lowest seed oil concentrations with
spring-applied Nin allAECs. The ACZone experienced the great-
estreduction in response to spring application with oil concen-
tration decreasing by 10% compared with the control. InACand
IR, we also found significant differences in oil concentration
response between splitand spring N applications. This finding
may be due to highersoil water availability and corresponding
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Figure 2, Relationship between total available water (fall stored soil
water + precipitation +irrigation) and mastimum yield of winter canola.
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TABLE 3. Seed oil and protein concentrations in response to different N rates and timings at the seven winter

canola site-years during the 2016-2018 crop years®

Parameter

Category”

N timing** Fall
Split
Spring

N rate (lb/ac)** 0

14

28

33

40

43

66

80

37

99

120

160

174

199

262
St. John 2016

Latah 2017
Almira 2017
Hartline 2016
Odessa 2016
Endicott 2017
Echo 2017

Site x year**

Mean oil Mean protein
concentration concentration
433a 22.1h
422b 22.5ab
42.2h 22.8a
44.5a 211b
43.1 abc 22.6 ab
42.6 abc 22.1ab
43.8ab 21.9 ab
43.5ab 216h
43.2 abc 21.6ab
42.6 abc 22.7 ab
43.6ab 21.7ab
42.4 abc 22.5ab
42.6 abc 22.7 ab
42.3hc 231a
41.9hc 233a
41.2bc 23.0ab
41.8bc 235a
39.6¢ 242a
456a 194c
44.6 ab 226h
43.2bc 226h
42.5bcd 223hc
41.9cde 20.7 cd
40.2de 261a
40.0e 235h

**Significant at .01 probability level.

*means followed by the same letter are not significantly different at p <.1 at Almira site-year and at p <.05 for all other site-years within each

N application timing.

®Fall = 100% fertilizer N was applied in fall after seeding. Split = 50% fertilizer N was applied in fall and 50% was applied in spring. Spring = 100%
fertilizer N was applied in March through April. Rates varied across sites in the 2016-2017 crop year based on the yield goal method; rates were 0, 40,

80,120, 160, 200 lb N/ac.

N leachinglosses at the time of fall-applied N in the split treat-
ment. Consequently, sites with only spring-applied N had a
greater amount of available N for crop uptake and, thereby, a
stronger oil concentration response. In addition, variable oil
and proteinresponse to N applications in different sites can be
attributed to different cultivars responding differently. Further-
more, temperature and water stresses can also influence oil
and protein concentrations.

Relationship between Canola Seed
0Oil and Protein

Winter canola oil and protein concentrations exhibited an
inverse linear relationship across all site-years. The phys-
iological reason for the reversed relationship between oil
and protein concentrations is the competition for carbohy-
drate skeletons during protein and fatty acid metabolism
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Figure 3, Seed protein and oil concentrations in response to nitrogen
supply (fall preplant W + fertilizer M + estimated mineralized M) during the
2016-2017 and 2017-2018 crop years at seven winter canola field sites
{n=332).

{Mitra & Bhatia, 1979; Hocking et al., 1997). Both protein and
fatty acid synthesis require carbon compounds produced
from the decomposition of carbohydrates. Increased N supply
enhances synthesis of proteins at the expense of fatty acid
synthesis, resulting in a lower oil concentration. Gao et al.
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Figure 4. The relationship betwean mean seed oil concentration and
timing of N application for the different agroecological classes. Data

for each time of application were averaged across M rates, Seed oil
concentration marked by different letters above the bars are significantly
differentwithin each agroecological class.
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{2010) found that urea additions changed the seed fatty acid
profile, increasing the less desirable total saturated fatty
acid concentration (palmatic + stearic + arachidic acid) and
decreasing the oil quality index ratio, defined as (oleic acid)/
{linoleic + linolenic acid).

Conclusion

We found that WC yleld in the iIPNW was influenced mainly by

total available water. Nitrogen fertilizer was a factor in yield

response only when soil N supply was below 90 Ib/ac. When N

supply was above this threshold, WC produced high yields with-
out additional N. We found opposite respanses of oiland protein

concentrations to N rate and timing. Higher N rates resulted in

lower oil concentrations and higher protein concentrations. Of
the AECs, this relationshipwas strongest forspring-applied Nin

AFT, followed by ACand IR. These findings emphasize the need

to cansidersoil N levels in fertilizer decisions. The current yield-
goal-based N recommendation should be modified to integrate

the soil test threshold. Qil concentration was highest when N

was applied in fall and lowest when Nwas applied in spring in

fields highin soil N.
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