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a  b  s  t  r  a  c  t

Alternative  types  of planting  methods  can  alter  seed  placement,  and  seedling  growing  conditions.  These
factors  can  affect  establishment  and seed  yield  of  spring  oilseed  crops,  evaluated  in six  growing  envi-
ronments  of the  U.S.  central  High  Plains.  Seeding  with  a hoe  drill (HD)  resulted  in the  best  emergence
and  stand  ratings,  and earlier  flowering.  Emergence  and  stand  ratings  for seeding  with a no-till  drill  (NT)
were  better  than  ratings  for broadcast  seeding  (BC).  Canola  (Brassica  napus  L.)  had  better  stand  rating
and  earlier  flowering  than Indian  mustard  (Brassica  juncea  (L.)  Czernj.  & Cosson)  and  Camelina  (Camelina
sativa  (L.) Crantz),  which  were  similar.  Oilseed  yield  was  limited  by available  water  or  heat  stress  at
evelopment
pring oilseed

all  experimental  sites.  At Colby,  with  good  growing  conditions  in  2005,  canola  provided  greatest  yield
(2180  kg  ha−1).  Relative  productivity  of  the oilseed  species  shifted  from  canola  to Camelina  with  warmer
and  drier  growing  conditions.  Adapting  spring  oilseed  germplasm  to  the  U.S.  central  High  Plains  can focus
on  cold  tolerance  for emergence,  intensive  water  extraction  to avoid  water  stress,  heat  tolerance  during
flowering  and  increased  harvest  index  and  oil  content.
. Introduction

Spring oilseed crops develop over a reduced growing season
nd provide diversity to wheat-based cropping systems in North-
rn Great Plains (Johnston et al., 2002). The extracted oil can be
ood grade, provide an industrial feedstock or serve as biofuel
Pavlista et al., 2011a); oilseed meal can be used as livestock feed.
n adapted, early short-season oilseed crop could add diversity and
erve as a transition crop following corn or grain sorghum, prior
o drilling wheat in the central High Plains (Johnston et al., 2002;
altensperger et al., 2004; Boyles et al., 2006). Developing base-

ine data on seeding methods for oilseed cultivars can help growers
valuate the commercial feasibility of spring oilseed production in

emperate semiarid regions.

Nielsen (1997) demonstrated agronomic feasibility of canola
n the central High Plains and forecast yields for spring canola

Abbreviations: BC, broadcast; DAP, days after planting; GDD, growing degree
ays; HD, hoe drill; NT, no-till.
∗ Corresponding author. Tel.: +1 785 462 6281; fax: +1 785 462 2315.

E-mail address: raiken@ksu.edu (R. Aiken).
1 Present address: Texas A&M University, College Station, TX 77843, USA.

ttp://dx.doi.org/10.1016/j.indcrop.2015.02.025
926-6690/© 2015 Elsevier B.V. All rights reserved.
© 2015  Elsevier  B.V.  All  rights  reserved.

in the range of 600–1700 kg ha−1 for 80% of growing seasons in
NE Colorado. Nielsen (1998) reported water productivity of canola
equivalent to 7.72 kg ha−1 for each mm of water used, after a yield
threshold of 160 mm  of water use; similar yield response to water
use was  observed in S. Africa (Tesfamariam et al., 2010). Gunasekera
et al. (2006) concluded Indian mustard had potential for oilseed
production in semiarid regions due to stress tolerance traits and
superior biomass productivity relative to water use and utilization
of sunlight. However, oilseed productivity was less for Indian mus-
tard than canola due to a larger oilseed fraction of above-ground
biomass (harvest index) for canola. Camelina is a potential oilseed
crop for semi-arid cropping systems with reduced growing sea-
son duration (Pavlista et al., 2011b; Pileram et al., 2007; Robinson
1987). Stand establishment for spring oilseed crops is hampered by
small seed size, need for shallow seed placement and temporal vari-
ation in near-surface conditions. In semi-arid regions, inadequate
moisture can limit germination; when emerged, seedlings can be
vulnerable to dry conditions. Alternative types of planting meth-
ods can alter seed placement, soil and growing conditions; these

factors can affect crop establishment and seed yield. Floral devel-
opment, seed set and seed fill can be impaired by heat stress and
water deficits. Our objective was  to determine effects of planting

dx.doi.org/10.1016/j.indcrop.2015.02.025
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
http://crossmark.crossref.org/dialog/?doi=10.1016/j.indcrop.2015.02.025&domain=pdf
mailto:raiken@ksu.edu
dx.doi.org/10.1016/j.indcrop.2015.02.025
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Table  1
Growing conditions at six environments for spring oilseed crop planted in six growing environments (AK 05 = Akron, CO, 2005; CB 05 = Colby, KS, 2005; LN 05 = Lingle, WY,
2005;  SN 05 = Sidney, NE, 2005; CB 06 = Colby, KS, 2006; and SN 06 = Sidney, NE, 2006).

Environment Planting date Harvest date CumGDDa

21 DAP
(◦C-d)

Precip 3/1–7/15
(mm)

Flowering ± 4 wksb

Precip
(mm)

Tmax

(◦C)

AK 05 3/29 7/19 227 233 121 21.6
CB  05 3/30 7/7–16 293 323 162 23.9
LN  05 4/27 7/22–8/1 154 243 187 28.8
SN  05 3/29 8/5 224 301 220 24.8
CB  06 4/18 7/7–26 306 212 134 31.9
SN  06 4/5 7/31 278 185 114 29.1

a Growing degree days (GDD) calculated as average of daily temperature extremes, with base temperature of 5 ◦C. Cumulative growing degree days (CumGDD) calculated
a

calculated for the eight-week time interval centered on average 50% bloom date for the
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Table 2
Analysis of variance for emergence and stand ratings, days from planting to 50%
bloom and oilseed yield for spring oilseed crop planted in six growing environments
(AK  05 = Akron, CO, 2005; CB 05 = Colby, KS, 2005; LN 05 = Lingle, WY,  2005; SN
05 = Sidney, NE, 2005; CB 06 = Colby, KS, 2006; and SN 06 = Sidney, NE, 2006). Values
represent the probability of observing a greater ‘F’ value due to chance alone (Type
III  mean squares).

Effect Emergence Stand 50% bloom (DAP) Yield (kg ha−1)

Environment 0.0035 <0.0001 <0.0001 <0.0001
Planting method <0.0001 0.0002 0.0005 0.6885
Env × PM <0.0001 <0.0001 <0.0001 0.5407
Species <0.0001 <0.0001 <0.0001 <0.0001
Env × Sp <0.0001 <0.0001 <0.0001 <0.0001
PM × Sp <0.0001 0.1931 <0.0001 0.0790
Env × PM × Sp 0.0244 0.0588 0.0015 0.0690
s  the sum of GDD for the 21 days following planting (days after planting, DAP).
b Cumulative precipitation and average daily maximum temperature (Tmax) are 

rowing environment.

ethod on stand formation, bloom date and yield of spring oilseed
rops under semi-arid, rain-fed conditions.

. Material and methods

Field studies evaluating oilseed planting methods were con-
ucted at four locations: Akron, CO in 2005, Lingle, WY  in 2005,
olby, KS in 2005 and 2006 and Sidney, NE in 2005 and 2006. These
ites span a range of growing conditions in the central High Plains
Table 1, also find planting and harvest dates). The three plant-
ng methods were: no till (NT, double-disk opener) where seeds

ere drilled at row spacings of 0.25 m (Akron), 0.19 m (Colby)
nd 0.2 m (Lingle and Sidney); broadcast (BC) where seeds were
lanted with the same drill as NT but with the hoses discon-
ected and drag chains attached for incorporation, and hoe drill
HD) where seeds were planted following primary tillage with a
andom disc and drilled at comparable row spacing. Target plant-
ng depth was 20 mm.  Oilseed cultivars included canola cv. ‘Hyola
01’, Indian mustard cv. ‘Arid’ and Camelina cv. ‘Boa’. Seed from
hese cool-season oilseed species were planted in four replicated
lots of 31 m2 (Akron), 65 m2 (Colby), 32 m2 (Lingle) or 9 m2 (Sid-
ey) with a targeted plant population density of approximately

 million seeds ha−1, 10.5, 6.5 and 2.2 kg ha−1 for canola, Indian
ustard and Camelina, respectively. Previous crop was wheat for

olby in 2005 and 2006, Proso millet for Akron in 2005 and for Sid-
ey in 2006, and corn for Sidney in 2005; previous crop for Lingle,
005 was not recorded. Soil fertility was amended with 50–0–0
kg ha−1 of N–P–K) at Akron, 2005; 15–17–0 at Sidney, 2005;
5–34–0 at Colby, 2005; 109–34–0 at Colby 2006 or none (Lin-
le, 2005 and Sidney, 2006). Glyphosate (0.9 L ha−1) was applied
re-plant for weed suppression. Trifluralin (784 g a.i. ha−1) was  also
pplied pre-plant at Sydney (2005 and 2006) and incorporated by
otary hoe; at Akron ethalfluralin (0.931 L a.i. ha−1) was  applied
re-plant, but incorporated with primary tillage for HD treatment
nly. Pesticides applied early post-emergence to suppress insects

nclude zeta-cypermethrin (0.10 L a.i. ha−1, Akron, 2005), bifenfrin
0.0326 L a.i. ha−1, Colby 2005 and 2006) and lambda cyhalothrin
0.025 L a.i. ha−1, Sidney, 2005). Field observations included emer-
ence and stand ratings (visual ratings based on scale of 0 = no
tand and 10 = excellent) and 50% bloom date, from which days
fter planting (DAP) were calculated. Seed was machine-harvested
entire plot length), cleaned and analyzed for yield. Reported yields
rom Colby were adjusted to 13% moisture content, at other loca-

ions yields are reported on a field moisture basis. Harvest data
ollected from Akron in 2005 were not included in the analysis
ue to effects of a hailstorm, severe drought and inadequate weed
ontrol in NT and BC treatments. Field observations were incom-
Mean 4.03 6.12 57.1 630
RMSE 1.06 1.25 2.25 204

plete at some locations, in 2005: emergence ratings and bloom date
were not recorded at Sidney, stand ratings were not recorded at
Lingle and bloom date was not recorded at Akron. Statistical analy-
sis were conducted (SAS 9.13, PROC GLM) with each site year as
an environment (whole plot effect) with planting method (split
effect) and oilseed species (split–split effect) as treatment design;
environment and planting method effects were declared random.
Experimental design was randomized complete block within each
environment. Main effects were evaluated by Tukey’s protected
honestly significant difference (HSD); interacting effects were eval-
uated by linear contrasts, as suggested by results, and tested using
Scheffe’s procedure (Milliken and Johnson, 2009). Within environ-
ment comparisons were evaluated by HSD for bloom DAP, as linear
contrasts were not estimable.

3. Results

Growing environment, planting method, oilseed species and
their interactions affected crop emergence, stand, 50% bloom DAP
and yield (Table 2). Main effect means are presented for environ-
ment (Table 3), planting method (Table 4) and species (Table 5).
Interacting effect means are presented for environment and plant-
ing method (Table 6), environment and species (Table 7) and
planting method and species (Table 8). These results are summa-
rized in the following sections.

3.1. Emergence and stand
Emergence ratings were poor to adequate. Linear contrasts sug-
gested by results were not significant, using Scheffe’s procedure,
therefore main effects are discussed. Poorest emergence ratings
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Table  3
Emergence and stand ratings, days from planting to 50% bloom and oilseed yield
for spring oilseed crop planted in six growing environments (AK 05 = Akron, CO,
2005; CB 05 = Colby, KS, 2005; LN 05 = Lingle, WY,  2005; SN 05 = Sidney, NE, 2005;
CB  06 = Colby, KS, 2006; and SN 06 = Sidney, NE, 2006). Results are averaged over
oilseed species (canola, Indian mustard, Camelina) and planting methods (no-till
drill,  broadcast or hoe drill).

Environment Emergencea,b Standc 50% bloom (DAP) Yield (kg ha−1)

AK 05 2.9 d 3.1 d –
CB 05 4.4 b 8.3 a 53.7 c 1580 a
LN 05 5.4 a – 52.3 c 450 c
SN  05 – 6.8 b – 620 b
CB  06 3.6 cd 7.3 b 58.2 b 130 e
SN  06 3.9 bc 5.1 c 67.3 a 300 d
HSD 0.69 0.82 1.4 134

a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days after
planting.

b Means in a column with the same letter are not statistically different according
to  Tukey’s HSD mean separation test at  ̨ = 0.05.

c Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative
growth.

Table 4
Emergence and stand ratings, days from planting to 50% bloom and oilseed yield
for spring oilseed crop planted in six growing environments. Results are averaged
over growing environments (Akron, CO, 2005; Colby, KS, 2005 and 2006; Lingle,
WY,  2005; Sidney, NE, 2005 and 2006) and oilseed species (canola, Indian mustard,
Camelina).

Planting method Emergencea,b Standc 50% bloom (DAP) Yield (kg ha−1)

NT drill 4.5b 6.3b 57.2b 620b
Broadcast 1.9c 5.1c 58.7a 640a
Hoe drill 5.7a 7.0a 55.4c 630b
HSD 0.46 0.54 1.1 88

a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days after
planting.

b Means in a column with the same letter are not statistically different according
t
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Table 5
Emergence and stand ratings, days from planting to 50% bloom and oilseed yield
for spring oilseed crop planted in six growing environments. Results are averaged
over growing environments (Akron, CO, 2005; Colby, KS, 2005 and 2006; Lingle, WY,
2005; Sidney, NE, 2005 and 2006) and planting methods (no-till drill, broadcast or
hoe drill).

Species Emergencea,b Standc 50% bloom (DAP) Yield (kg ha−1)

Canola 4.8a 6.8a 56.4b 750a
Indian mustard 4.3b 5.9b 57.5a 510c
Camelina 3.0c 5.6b 57.5a 640b
HSD 0.46 0.54 1.1 88

a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days after
planting.

b Means in a column with the same letter are not statistically different according

T
E
o

o  Tukey’s HSD mean separation test at  ̨ = 0.05.
c Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative

rowth.

ccurred at Akron (2005) due to dry spring conditions, while best
atings were recorded at Lingle, 2005. Best emergence and stand

atings resulted from seeding with the HD (Table 4); poorest emer-
ence and stand ratings were recorded for seeding with BC; at
kron (2005), stand failure occurred with BC (Table 6). The best
mergence and stand ratings occurred for canola (Table 5). Rela-

able 6
mergence and stand ratings, days from planting to 50% bloom and oilseed yield for sp
ilseed species (canola, Indian mustard, Camelina).

Environment Planting method Emergencea

Akron 05 NT drill 4.2 

Akron 05 Broadcast 0 

Akron 05 Hoe drill 4.5 

Colby 05 NT drill 4.2 

Colby 05 Broadcast 3.2 

Colby 05 Hoe drill 6.0 

Lingle 05 NT drill 7.6 

Lingle 05 Broadcast 2.4 

Lingle 05 Hoe drill 6.1 

Sidney 05 NT drill 

Sidney 05 Broadcast 

Sidney 05 Hoe drill 

Colby 06 NT drill 3.2 

Colby 06 Broadcast 1.8 

Colby 06 Hoe drill 5.7 

Sidney 06 NT drill 3.1 

Sidney 06 Broadcast 2.2 

Sidney 06 Hoe drill 6.5 

a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days after plan
b Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative growth. Re
c Statistical differences were not detected for means followed by the same letter, withi
to  Tukey’s HSD mean separation test at  ̨ = 0.05.
c Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative

growth.

tive stand ratings for oilseed species differed among environments:
ratings for Indian mustard exceeded those for Camelina at Colby in
2005 and 2006 (Table 7); however, ratings for Camelina exceeded
those for Indian mustard at Sidney in 2006. Thermal conditions
likely did not limit emergence. Nykiforuk and Johnson-Flanagan
(1994) reported that canola lines required 8–12 days for germina-
tion at 10 C, corresponding to 40–60 GDD (base 5 C). At all locations,
an equivalent GDD exceeded this range of values, at 21 days after
planting (Table 1). Johnston et al. (2002) reported that NT seed-
ing improved canola establishment in the northern Great Plains. In
this study, the HD provided the best seeding environment, canola
resulted in the best stands and poorer emergence occurred under
dry conditions.

3.2. Flowering

Planting methods affected flowering (50% bloom DAP) dif-
ferentially among the growing environments (Table 6); these
interactions were analyzed within each growing environment, as
linear contrasts were not estimable. At Colby, in 2006, HD resulted
in earlier flowering; also, BC delayed flowering at Colby in 2005
and 2005, relative to HD. No significant planting method effects

were detected in Lingle, 2005 nor in Sidney, 2006. Canola and
Indian mustard flowered earlier than Camelina in 2005 and 2006
at Colby (Table 7). At Lingle, in 2005, Indian mustard and Camelina
flowered later than canola. No differences were detected in Sid-

ring oilseed crop planted in six growing environments. Results are averaged over

Standb 50% bloomc (DAP) Yield (kg ha−1)

4.2
0.2
4.8
7.8 52.9b 1590
8.0 55.5a 1630
9.2 52.7b 1520

52.9a 410
52.6a 410
51.5a 520

7.3 560
6.7 670
6.2 640
7.3 59.2b 100
6.2 62.3a 30
8.5 53.2c 200
4.8 67.1a 320
4.3 67.2a 280
6.2 67.4a 290

ting.
fer to text for analysis of interacting effects.
n a growing environment.
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Table  7
Emergence and stand ratings, days from planting to 50% bloom and oilseed yield for spring oilseed crop planted in six growing environments. Results are averaged over
planting methods (no-till drill, broadcast or hoe drill).

Environment Species Emergencea Standb 50% bloomc (DAP) Yield (kg ha−1)d

Akron 05 Canola 3.8 3.9
Akron 05 Indian mustard 3.2 2.6
Akron 05 Camelina 1.7 2.8
Colby  05 Canola 5.8 9.5 52.8b 2180
Colby 05 Indian mustard 5.0 8.7 53.2b 1560
Colby 05 Camelina 2.5 6.8 55.0a 1000
Lingle 05 Canola 5.8 49.7b 400
Lingle 05 Indian mustard 4.9 54.1a 240
Lingle  05 Camelina 5.4 53.2a 700
Sidney 05 Canola 7.6 770
Sidney 05 Indian mustard 6.0 480
Sidney 05 Camelina 6.7 610
Colby  06 Canola 3.9 7.7 55.0b 110
Colby 06 Indian mustard 4.0 8.3 56.3b 20
Colby  06 Camelina 2.8 6.0 63.3a 340
Sidney 06 Canola 4.9 5.3 68.0a 240
Sidney 06 Indian mustard 4.4 4.1 66.4a 270
Sidney 06 Camelina 2.5 5.9 69.0a 370

a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days after planting.
b Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative growth.
c Statistical differences were not detected for means followed by the same letter, within a growing environment.
d Refer to text for analysis of interacting effects.

Table 8
Emergence and stand ratings, days from planting to 50% bloom and oilseed yield for spring oilseed crop planted by three methods (no-till drill, broadcast or hoe drill). Results
are  averaged over growing environments.

Plantingmethod Species Emergencea Standb 50% bloomc (DAP) Yield (kg ha−1)

No till Canola 5.4 7.3 55.4b 800
No  till Indian mustard 4.6 6.2 58.8a 490
No  till Camelina 3.4 5.5 57.5a 580
Broadcast Canola 2.4 5.4 58.8a 680
Broadcast Indian mustard 1.7 5.0 59.4a 510
Broadcast Camelina 1.6 4.9 57.6a 770
Hoe  drill Canola 6.8 7.8 54.9b 770
Hoe  drill Indian mustard 6.6 6.7 54.4b 550
Hoe  drill Camelina 3.8 6.5 57.5a 570
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a Emergence ratings (0 = no emergence; 10 = 100% emergence) taken 21 days afte
b Stand ratings (0 = no stand; 10 = 100% stand) taken during mid-vegetative grow
c Statistical differences were not detected for means followed by the same letter

ey, 2006. Oilseed species responded differentially to planting
ethods (Table 8); these interactions were analyzed within each

lanting method, as linear contrasts were not estimable. Under
T, canola flowered earlier than Indian mustard and Camelina.
ith HD, Camelina flowered later than canola and Indian mus-

ard. No differences were detected with BC. Averaging over planting
ethod and species, flowering (Table 3) occurred earliest at Lingle

2005) and Colby (2005) and latest at Sidney (2006). Earliest flow-
ring resulted from HD seeding, averaged over environments and
pecies (Table 4). Differences in flowering, due to planting method,
s likely an indicator of relative emergence. Earlier flowering with
D seeding supports the observation of improved seeding environ-
ent for the HD method. Averaged over environments and planting
ethods, canola flowered slightly earlier than Indian mustard and

amelina, which were similar (Table 5). In contrast, under Mediter-
anean conditions, Gunasekera et al. (2006) found Indian mustard
owered earlier than canola.

.3. Seed yield

Relative yields of oilseed species differed among growing envi-
onments (Table 7). Canola yields exceeded that of Camelina in

olby, 2005 and Sidney, 2005; in contrast, Camelina yields exceeded
anola yields in Lingle, 2005; Colby, 2006 and Sidney, 2006. Canola
roduced relatively more in cool and wet environments (Table 1),
hile Camelina was relatively more productive under warmer
ting.

n a planting method.

growing environments. Averaged over species and planting meth-
ods, oilseed yields (Table 3) were greatest in Colby (2005) and
least at Colby (2006), corresponding with in-season precipitation
and heat stress (Table 1, see also Section 4). No differences were
detected due to planting methods (Table 4). Averaged over environ-
ments and planting methods, canola yields were greatest, Indian
mustard yields were least and Camelina yields were intermediate
(Table 5).

4. Discussion

There was  no correspondence between emergence and stand
responses to planting methods with that of seed yield. These crops
have a high degree of plasticity and furthermore the seeding rate in
these trials exceeded the optimal rate for highest yields. In Canada,
canola showed no significant change in yield when increasing the
population from 40 to 80 plants m−2 (Angadi et al., 2003). The seed-
ing rate in our trials was  200 seed m−2; therefore, a 40% stand would
still give optimal yield under the conditions. In Lithuania in 2009,
Camelina yields were not affected by seeding rates between 110
and 220 plants m−2 (Koncius and Karcauskiene, 2010). Camelina
was seeded, in our trials, at 200 seed m−2, indicating seeding rates

should not be yield-limiting. A possible influence in the Brassica
species used in this study could be shading due to over-planting,
which could reduce yield (Shekhawat et al., 2012). Many regions
do not use the HD for small seeded oil crops because of the risk of
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Tesfamariam, E.H., Annandale, J.G., Steyn, J.M., 2010. Water stress effects on winter
canola growth and yield. Agron. J. 102, 658–666.

Vigil, M.F., Anderson, R.L., Beard, W.E., 1997. Base temperature and
growing-degree-hour requirements for the emergence of Canola. Crop Sci. 37,
844–849.
R. Aiken et al. / Industrial Crop

eedling burial with a heavy rain. However, our data indicate that in
he harsher environments of the High Plains, the HD may  provide
eneficial seedling protection and improved seed-zone moisture
onditions.

Oilseed yields can be limited by heat and water stress which
ccurs during flowering and early seed set (Tesfamariam et al.,
010; Champolivier and Merrien, 1996). Gunasekera et al., 2006
eported that harvest index increased slightly with mild water
tress, relative to that of no stress or severe water stress, which
ere similar. However, Nielsen (1997) failed to detect differences

n yield responses of canola to timing of water use when water
upply matched average precipitation at the semi-arid site. Angadi
t al. (2000) found that heat stress conditions of 35 C were more
njurious when occurring at flowering rather than at pod develop-

ental stage. Daily maximum temperature matched or exceeded
5 C on 12 days at Colby, 2006, 2 days at Colby, 2005 and 2 days
t Sidney, 2006 during the period four weeks prior to and four
eeks following flowering. Greater heat stress during flowering,

t Colby in 2006, could account for smaller yields than recorded at
idney in 2006, despite the drier conditions at Sidney. Nuttall et al.
1992) reported a yield decline for canola which was  equivalent
o 147 kg ha−1 per degree (C) increased temperature (average daily

aximum temperature, four weeks prior to and following anthesis,
1–24 C range). In the present study, yields were likely limited by
ater deficits and/or heat stress at each of the sites.

Opportunities to develop adapted cultivars should focus on
mergence, water use and stress tolerance traits. Nykiforuk and
ohnson-Flanagan (1994) reported differences in germination rates,
mong canola lines, which were related to mobilization of lipid and
rotein reserves; indicating opportunity for genetic improvement

n cold tolerance for germination. Vigil et al. (1997) reported sim-
lar thermal requirements for germination for three spring canola
ultivars, but greater requirements for emergence of winter canola
ultivars. Gunasekera et al. (2006) reported that Indian mustard
ad greater potential for stress tolerance than canola, as indi-
ated by greater water use efficiency (biomass-based) and radiation
se efficiency—attributed to greater osmotic adjustment. How-
ver, the yield advantage of canola resulted from a larger harvest
ndex. Authors identified the need to improve harvest index and oil
ontent of Indian mustard to combine yield potential with stress
olerance.

. Conclusion

The HD was beneficial for seedling emergence and stand
evelopment while NT seeding resulted in adequate stands. No
ifferences were detected in yield response to planting method.
arlier flowering with HD seeding, and for canola likely resulted
rom improved emergence. Oilseed yields were likely limited by

ater deficits and/or heat stress at all experimental sites. Rela-
ive productivity shifted from canola to Camelina for warmer and
rier growing conditions. Opportunities for genetic gain leading to
dapted cultivars include cold tolerance for germination, heat tol-
rance at flowering, osmotic adjustment to avoid water deficits,
nd increases in harvest index and oil content.
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