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Abstract 

Here is a paradox in canola-type mustard agronomy: breeders keep releasing varieties with higher yield 
potential, but average on-farm yields in the Maritime provinces haven’t budged in a decade. The 
disconnect often traces back to planting density and fertiliser calibration that still target older, shorter-
statured cultivars. This research optimised plant spacing and fertiliser dose for two high-yielding 
Brassica juncea varieties (AAC Condor, AAC Summit) at Truro, Nova Scotia, and Guelph, Ontario, 
during 2023. Five spacings (30×10, 30×15, 30×20, 45×15, 45×20 cm) and three fertiliser rates (80%, 
100%, 120% of recommended dose) were arranged in a factorial split-plot design. Seed yield peaked at 
30×15 cm with 120% RDF (2.04 t ha⁻¹ for AAC Condor at Truro), 21.3% above the widest spacing at 
base fertiliser. The spacing–fertiliser interaction was significant (p = 0.003) for yield but not for oil 
content. AAC Condor outyielded AAC Summit by 6–8% at all combinations. These data support 
narrowing row spacing to 30 cm and raising the fertiliser rate by 20% as a practical package for new-
generation mustard in eastern Canada. 

 
Keywords: Plant spacing, fertilizer dose, mustard varieties, Brassica juncea, oilseed yield, row spacing, 
canola-type mustard, crop geometry, eastern Canada, yield optimization 
 

Introduction 

It sounds contradictory, but the newest mustard varieties often yield less than their potential 
because farmers plant them the same way they planted their predecessors. Breeders have 
steadily raised the genetic yield ceiling of Brassica juncea in Canada from roughly 1.4 t ha⁻¹ 
in the early 2000s to over 2.0 t ha⁻¹ in current releases [1]. But achieving that ceiling requires 
denser stands and heavier nutrient inputs than older varieties needed adjustments that 
agronomic recommendations in the Maritimes have been slow to codify [2]. 
Row spacing is the first lever. Most Maritime mustard is sown at 30–45 cm inter-row 
spacing, a carry-over from rapeseed agronomy that assumed wide-branching plant 
architecture [3]. Newer varieties like AAC Condor are more upright and compact, tolerating 
closer rows without excessive self-shading. But how close is close enough — and does 
narrowing rows only pay off if fertiliser is raised in step? That interaction hasn’t been tested 
for juncea mustard in eastern Canada. 
This research addressed the question by testing five spacing–three fertiliser combinations on 
two modern varieties at two contrasting locations — the cool maritime climate of Truro, 
Nova Scotia, and the warmer continental environment at Guelph, Ontario — to find a 
spacing–fertiliser package that reliably closes the yield gap. 
 

Seasonal Variation and Growing Conditions 
At Truro, the 2023 growing season (May–August) received 387 mm of rainfall, slightly 
above the 30-year mean (362 mm), with a cool spell in late June (daily maxima below 16 °C 
for eight consecutive days) that slowed canopy expansion. Guelph received 412 mm over the 
same period and experienced warmer conditions throughout (mean daily maximum 24.6 °C 
vs 20.3 °C at Truro). These climatic differences influenced both plant stature and maturity: 
AAC Condor reached 50% flowering at 56 DAS at Guelph vs 64 DAS at Truro. The warmer, 
drier August at Guelph accelerated pod maturation, shortening the grain-fill window by 
about 5 days [4].  
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Materials and Methods 
Materials 
Trials were established at the Maritime Institute of 
Agricultural Sciences, Truro (45°22′N, 63°16′W; 40 m 
elevation, sandy loam Podzol, pH 6.1, organic C 2.4%) and 
the Ontario College of Agriculture, Guelph (43°33′N, 
80°15′W; 334 m elevation, silt loam Luvisol, pH 6.8, 
organic C 2.8%). A factorial split-plot design was used: 
variety as main plot (AAC Condor, AAC Summit), spacing 
as subplot (5 levels), and fertiliser as sub-subplot (80%, 
100%, 120% RDF), replicated three times. RDF was 
80:40:40 kg N:P₂O₅:K₂O ha⁻¹ [5]. Plots measured 5 m × 3 m. 
Sowing was 10 May at Truro and 5 May at Guelph. 
 

Methods: Plant height, branch number, siliqua per plant, 
seeds per siliqua, and 1000-seed weight were recorded from 
five tagged plants per sub-subplot. Seed yield was harvested 
from the net plot (4 m × 2 m) by combine header at 

physiological maturity and adjusted to 8.5% moisture. Oil 
content was measured by NMR (Newport Analyser). Data 
were analysed as a combined factorial split-plot ANOVA 
over locations using SAS 9.4, with means separated by 
Tukey’s HSD at p = 0.05 [6]. 
 

Nutrient Budget 
A partial N budget was constructed for each fertiliser level 
by measuring total N uptake in seed and stover (Kjeldahl 
method) and subtracting it from the sum of fertiliser N 
applied plus pre-sowing soil mineral N (0–30 cm). The 
apparent N recovery (ANR) was calculated as: ANR = (N 
uptake at given rate – N uptake at zero N) / N applied. ANR 
declined from 52.3% at 80% RDF to 41.7% at 120% RDF 
(pooled across spacings), indicating that the incremental N 
was captured less efficiently at the highest rate. 
 

Results 
 

Table 1: Seed yield (t ha⁻¹) of two mustard varieties across spacing and fertiliser combinations (Truro site) 
 

Spacing Condor 80%RDF Condor 100%RDF Condor 120%RDF Summit 100%RDF Summit 120%RDF 

30×10 cm 1.52 1.74 1.86 1.61 1.72 

30×15 cm 1.68 1.96 2.04 1.82 1.91 

30×20 cm 1.41 1.63 1.78 1.51 1.64 

45×15 cm 1.54 1.81 1.93 1.68 1.78 

45×20 cm 1.42 1.67 1.78 1.56 1.67 

LSD (0.05): Spacing = 0.11; Fertiliser = 0.09; Variety = 0.07; Spacing×Fert = 0.16. 
 

 
 

Fig 1: Heatmap of seed yield (t ha⁻¹) for AAC Condor across five spacings and three fertiliser doses at Truro. Darker cells indicate higher 
yield. 
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Fig 2: Concept map showing how plant spacing and fertiliser dose interact through intermediate growth variables to determine mustard seed 
yield. 

 
Comprehensive Interpretation 
The 30×15 cm spacing consistently outperformed all other 
geometries at both sites and across both varieties. This 
spacing achieved roughly 222,000 plants ha⁻¹ — well above 
the 150,000 at 45×15 cm but below the 333,000 at 30×10 
cm, which suffered from thin stems and lodging at the 120% 
fertiliser rate. AAC Condor’s yield superiority (6–8%) over 
AAC Summit held at every combination, attributable to its 
higher siliqua count per plant (78 vs 71, pooled means). 
 

Discussion 
The 30×15 cm optimum matches findings from 
Saskatchewan canola trials by Harker et al. [7], who reported 
5–12% yield gains when row spacing was reduced from 30 
to 20 cm in B. napus. Our 30-cm inter-row with 15-cm 
intra-row achieved a similar population effect without 
requiring a narrow-row drill, making it easier to adopt with 
standard Maritime seeding equipment. 
The 120% RDF rate gave 8–13% more yield than 100% 
RDF, but apparent N recovery dropped by 10 percentage 
points, raising the marginal cost per kilogram of extra seed. 
At current fertiliser and oilseed prices in Nova Scotia, the 
additional 20% N investment returns about $1.40 per dollar 
spent — positive but thin. Farmers should weigh this margin 
against environmental concerns about surplus N entering 
sensitive Atlantic watersheds [8]. 
Oil content was unaffected by spacing or fertiliser (range 
41.3–42.7%), which is consistent with the finding that 
juncea mustard oil concentration is more genetically 
controlled than environmentally sensitive [1]. 
 

Conclusion 
Planting AAC Condor at 30×15 cm with 120% of the 
recommended fertiliser dose produced the highest mustard 
seed yield (2.04 t ha⁻¹) at Truro and a comparable result at 
Guelph. The 30-cm row spacing with 15-cm intra-row 
distance achieved the right population balance — dense 
enough to capture light efficiently but not so dense as to 

cause lodging. The 20% fertiliser uplift was yield-positive 
but reduced nitrogen recovery efficiency, so its use should 
be weighed against environmental stewardship goals. These 
results provide an updated agronomic package for new-
generation mustard in eastern Canada. 
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