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Key messages 

• Grading OP TT canola seed to >2mm provides increased plant establishment, grain yield and gross returns 

• Higher yielding CT® and TT hybrids provide consistent higher grain yields and gross returns than OP TT varieties 

• CT® and TT hybrids with seed sizes of =2mm or >2mm established at lower plant populations can provide higher 
grain yields and gross returns than OP TT varieties graded to >2mm at higher plant populations.  

Aims 
This research examines the differences in plant establishment (p/m2), harvested grain yield (t/ha) production for 5 
different hybrids versus 3 open pollinated (OP) TT varieties (farmer retained source) with various seed sizes to determine 
the best gross return ($/ha) value propositions for growers. 

Introduction 
 

Australian canola growers and agricultural advisors have been seeking increased scientific information and 
recommendations around OP TT variety performance versus new CT® and TT hybrids, where growers perceive 
agronomic advantage by using OP TT seed graded to larger seed sizes and planted at higher plant populations.    
 
This research was to further ascertain the effect of canola seed size and interactions with plant populations of various 
new CT® and TT hybrids vs OP TT varieties containing different genetic backgrounds and herbicide tolerant 
technologies on harvested grain yield and gross return value equations for growers. 
 
Previous published literature has identified sometimes differing results in this field of research where in general terms, 
larger canola seed size, especially hybrids have provided higher % establishment, especially when planted deeper. 

 
Brill et al. (2015) demonstrated that hybrid cultivars with larger seed sizes were able to maintain higher emergence 
rates and grain yield compared with open-pollinated cultivars from deep sowing, as well as showing that larger seed 
size of both hybrid and open-pollinated canola increased early biomass accumulation and final grain yield. 

 
Harries and Seymour (2018) found that seed size effects on canola emergence, yield or seed quality were not 
significant. Increasing seed size had a positive linear association with early canola biomass and 1000-seed weights, 
whereas both days to flowering and days to the end of flowering had a negative linear association with seed size. 
 
In 24 experiments conducted across a range of agricultural environments in Western Australia between 2010 and 
2014, French et al. (2016) reported grain yield response to crop density was adequately described by an asymptotic 
model (where yield approaches but never quite reaches a ceiling at very high density). 

 
Zhang et al. (2016) demonstrated that relative yield and profit of Australian hybrid compared with open-pollinated 
canola is largely determined by growing-season rainfall which forms a key component of environment (E). 

 
 
 
 
 
 
 
 
 
 
 
 
 



Method 
 

9 field research extension sites (RCB * 3 replicates) across Australia were sown at Geraldton WA, Morbinning WA, 
Katanning WA, Kojonup WA, Yarrawonga Vic, Lake Bolac Vic, Horsham Vic, Wallendbeen NSW and Lockhart 
NSW. 
 
These 9 trial environments had a wide range of differences for seasonal rainfall, cropping histories, soil types and soil 
pH, whilst applying a combination of Best Management Practice (BMP) and District Standard Practice (DSP) 
treatments per each location, thus enabling a diverse set of data collection for accurate comparison. 

 
9 canola varieties in total were compared, 3 open pollinated and 6 hybrids across 2 different herbicide technology 
groups with 3 different target populations. Herbicide tolerance technologies included, CT® - Clearfield® + Triazine 
Tolerant and TT - Triazine Tolerant.  

 
Target Populations treatments included 15 plants per m2, 25 plants per m2 and 40 plants per m2 based on an estimated 
75% establishment survival factorial by adjusting all seed packet weights.  
 
Thousand-seed weight (TSW) values across varieties varied from 2.47 (405,000 seeds per kg) to 6.75 (148,000 seeds 
per kg) and effectively seed sizing ranged from <1.8mm to >2mm in diameter.  
 
 

SEED SOURCE Farmer Retained Farmer Retained Farmer Retained Farmer Retained Farmer Retained Farmer Retained 

CANOLA VARIETY Bonito Bonito Stingray Stingray Gem Gem 

SEED SIZE (mm) >2mm <2mm >2mm <2mm >2mm <2mm 

SEED TREATMENT COM COM COM COM COM COM 

TSW Value 5.41 3.33 6.75 3.27 5.26 3.12 

Seed Count per Kg 185,000 300,000 148,000 305,000 190,000 320,000 

Germination % 97 94 97 95 94 91 

Vigour % 91 88 96 84 88 84 

Germination % Factorial 90% 90% 90% 90% 90% 90% 

Establishment % Factorial 75% 75% 75% 75% 75% 75% 

15p/m2 seeds per packet 200 SEEDS 200 SEEDS 200 SEEDS 200 SEEDS 200 SEEDS 200 SEEDS 

25p/m2 seeds per packet 300 SEEDS 300 SEEDS 300 SEEDS 300 SEEDS 300 SEEDS 300 SEEDS 

40p/m2 seeds per packet 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 

Estimated Plants/m2 @ 15 17 17 17 17 17 17 

Estimated Plants/m2 @ 25 25 25 25 25 25 25 

Estimated Plants/m2 @ 40 42 42 42 42 42 42 

Plot size in m2 8 8 8 8 8 8 

Effective seed rate kg/ha 15p/m2 1.35 0.83 1.69 0.82 1.32 0.78 

Effective seed rate kg/ha 25p/m2 2.03 1.25 2.53 1.23 1.97 1.17 

Effective seed rate kg/ha 40p/m2 3.38 2.08 4.22 2.05 3.29 1.95 

Seed Cost $/ha 15p/m2 Target $4.05 $2.50 $5.10 $2.50 $3.95 $2.35 

Seed Cost $/ha 25p/m2 Target $6.10 $3.75 $7.60 $3.70 $5.90 $3.50 

Seed Cost $/ha 40p/m2 Target $10.15 $6.25 $12.65 $6.15 $9.90 $5.85 

 
 
Table 1: Overall 2020 Seed quality and sowing rate details including seed cost $/ha assumptions for (OP) varieties 
 
 
 
 
 
 
 
 



SEED SOURCE Purchased Experimental Purchased Purchased Experimental Purchased 

CANOLA VARIETY Hyola 350TT CT200251 HyTTec Trophy Hyola Enforcer CT CT90001 Hyola 580CT 

SEED SIZE (mm) >2mm <1.8mm =2mm =2mm >2mm =2mm 

SEED TREATMENT COM BARE COM COM BARE COM 

TSW Value 6.45 2.47 4.65 4.17 6.06 4.65 

Seed Count per Kg 155,000 405,000 215,000 240,000 165,000 215,000 

Germination % 90 98 100 99 98 98 

Vigour % 98 82 90 96 92 97 

Germination % Factorial 90% 90% 90% 90% 90% 90% 

Establishment % Factorial 75% 75% 75% 75% 75% 75% 

15p/m2 seeds per packet 200 SEEDS NA NA 200 SEEDS NA NA 

25p/m2 seeds per packet 300 SEEDS NA NA 300 SEEDS NA NA 

40p/m2 seeds per packet 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 500 SEEDS 

Estimated Plants/m2 @ 15 17 NA NA 17 NA NA 

Estimated Plants/m2 @ 25 25 NA NA 25 NA NA 

Estimated Plants/m2 @ 40 42 42 42 42 42 42 

Plot size in m2 8 8 8 8 8 8 

Effective seed rate kg/ha 15p/m2 1.61 0.62 1.16 1.04 1.52 1.16 

Effective seed rate kg/ha 25p/m2 2.42 0.93 1.74 1.56 2.27 1.74 

Effective seed rate kg/ha 40p/m2 4.03 1.54 2.91 2.60 3.79 2.91 

Seed Cost $/ha 15p/m2 Target $40.00 NA NA $30.00 NA NA 

Seed Cost $/ha 25p/m2 Target $60.00 NA NA $45.00 NA NA 

Seed Cost $/ha 40p/m2 Target $101.00 $45.00 $58.00 $75.00 $110.00 $84.00 

 
Table 2: Overall 2020 Seed quality and sowing rate details including seed cost $/ha assumptions for hybrid varieties 
 

Trial Trial Design Sowing GSR (mm) Trial Mean  
Location State # Reps Date Rainfall Yield (t/ha) 

Geraldton WA RCB 3 25.05.20  389  1.25 
Morbinning WA RCB 3 28.04.20 250 1.48 
Katanning WA RCB 3 09.05.20 320 2.68  
Kojonup WA RCB 3 08.05.20 268 2.00  

Lake Bolac  Vic RCB 3 06.05.20 372 2.39  
Yarrawonga Vic RCB 3 24.04.20  334 2.99 

Horsham Vic RCB 3 05.05.20  322 3.04 
Lockhart NSW RCB 3 21.04.20  361 2.81  

Wallendbeen NSW RCB 3 15.04.20  537 3.16  
 
Table 3: 2020 Individual trial location sowing and seasonal details 

 



Variety Hybrid Seed Seed  End Point  Base Price 
Details or OP Source Cost $/kg Royalty $/MT 

ATR Bonito OP Retained $3/kg $5/MT $600/MT 
ATR Stingray OP Retained $3/kg NA $600/MT 

ATR Gem OP Retained $3/kg NA $600/MT 
Hyola 350TT Hybrid Purchased $25/kg NA $600/MT 

HyTTec Trophy Hybrid Purchased $20/kg $10/MT $600/MT 
Hyola 580CT Hybrid Purchased $29/kg NA $600/MT 

Hyola Enforcer CT Hybrid Purchased $29/kg NA $600/MT 
CT90001 Hybrid Experimental $29/kg NA $600/MT 

CT200251 Hybrid Experimental $29/kg NA $600/MT 
 
Table 4: 2020 Variety seed source details and Gross Return components assumptions 
 
Measurements across all replicates and environments conducted were plants per m2 using 4*1m row counts per plot 14 
DAS and 28DAS, visual subjective vigour ratings at 4-6 leaf stage, visual maturity ratings at flowering and maturity, , 
grain yield (t/ha) using plot harvesters and Gross return calculations using assumptions from Tables 1 and 4. 
 
Population and Yield Analysis for Single Sites were performed fitting Entry, Popm2, TargetPop, TSW as fixed linear 
factors and spatial adjustments performed using the auto-regressive model hence giving a BLUE output for each site. 
Statistical Reference: Using ASReml (Gilmour et al., 2010). 
 
In addition, Yield was further investigated using Single Step Factor Analytic MET (Multiple Environment Trial) analysis 
with ASReml in a model with Plants/m2 as a linear fixed factor with Composite Entry as a random factor hence giving a 
BLUP for each site. Spatial adjustments were determined using the auto-regressive model. Significant G*E*M effects 
were identified by the MET analysis. Statistical Reference: Using ASReml (Gilmour et al., 2010). 

 
Results and Discussion 

 
With respect to plant establishment, French et al. (2016) showed that canola field establishment varied from 0.3 to 1 
and was higher at low target densities with a median of 0.585 at a target density of 40 plants/m². This research showed 
in Graph 1, that across variety by seed size treatments mean field establishment varied from 0.51 to 0.87 for the 15 
plants per m2 target, 0.43 to 0.79 for the 25 plants per m2 target, and 0.42 to 0.76 for the 40 plants per m2 target. 
 
Graphs 2 and 3 illustrate the differences between a drier seasonal growing profile compared to a wetter rainfall zone. 
Geraldton represents an example of one of 3 trial environments that clustered for both establishment and yield results, 
showing lower overall percentage establishment for all variety treatments and differences between hybrid and OP 
varieties were exacerbated for plant establishment. Most of the hybrids showed excellent establishment under less 
optimal emergence conditions. 
 
Kojonup which represents an example of one of the 6 remaining trial environments where overall rainfall and 
establishment conditions where more conducive to much higher levels of plant establishment across all treatments. The 
OP TT varieties regardless of seed size, showed increased levels of overall plant establishment compared to the 
Geraldton environment, however most of the hybrids again demonstrated the highest % levels of establishment.             



 
 

 
Graph 1: Mean % of Target population achieved by variety by seed size treatments across 9 environments. 

 
 
 

 
 
Graph 2: Mean % of Target population achieved by variety by seed size treatments for the Geraldton environment.
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Graph 3: Mean % of Target population achieved by variety by seed size treatments for the Kojonup environment. 
 

French et al. (2016) showed little difference between optimum densities for hybrid and open- pollinated cultivars, 
and optimal in the high rainfall zone were about 10 plants/m² higher than in low and medium rainfall zones. 

This research demonstrates that site environmental conditions and variety genetics had the largest effects on final 
established % of plant numbers rather than (TSW) seed size and target plant populations.  

Yield responses using the MET analysis showed that Environment is the key factor, followed by genetics. The 40 
plants per m2 target treatment provided the highest yields across all trial locations. Refer to Table 5 for MET % 
variance factor comparisons. 

If population establishment is known, adding seeding rate to the model does not contribute additional information to the 
model. However, in a real-life situation, seeding rate is the single biggest seed-related factor growers can control to 
target a specific establishment. If Pop/m2 is removed from the Analysis Model on Individual Trials, then TargetPop and 
TSW factors become more significant. 

 

ANALYSIS 2020 Hyola TD - Population by Size Agronomy Trials - % Variance Accounted for by Factor on Yield 
FACTOR MET ALL HOR LKH KOJ WAL YAR LKB KAT YUN MEK 

Site 85.93%          

Entry 8.90% 84.24% 76.45% 46.41% 61.72% 61.33% 64.33% 65.92% 60.55% 79.88% 

Popm2 5.17% 15.76% 23.55% 53.59% 38.28% 38.67% 35.67% 34.08% 39.45% 20.12% 

TargetPop 0.00% 0.14% 1.91% 1.00% 0.58% 2.63% 0.58% 3.27% 3.79% 8.85% 

TSW 0.00% 0.43% 2.56% 1.01% 0.41% 1.54% 5.91% 8.66% 7.35% 7.58% 

Table 5: 2020 MET Analysis for Grain Yield (t/ha) % Variance comparisons 

Catalier (2019) found in some studies, canola yield increased with seeding rate (Harker et al 2012a, 75 and 150 
seeds m2), and in other studies seeding rate did not influence yield (Kutcher et al., 2013). Gan et al. (2016) 
observed that yield response to seeding rates appeared to depend not only on environment, but what seeding 
rates or plant densities were being compared; lower seeding rates were more likely to show yield responses than 
higher seeding rates. 
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Yang et al. (2014) found seed yield increased with seeding rate, however leveled off at higher plant densities. With 
seed size, a yield benefit from larger canola seed was observed by Elliot et al. (2008) and Brill et al. (2016), while 
Harker et al. (2015), Clayton et al. (2009), Lamb and Johnson (2004) did not see a benefit of larger seed on canola 
yield. 
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CT200251-L1.8mm-40 3.327 2.188 2.771 3.422 3.443 4.271 3.885 HyTTec Trophy=2mm-40 2.348 1.806 1.881 3.288 

Hyola Enforcer CT=2mm-40 3.325 2.293 3.080 3.179 3.494 3.865 3.812 Hyola Enforcer CT=2mm-40 2.264 1.699 1.817 3.207 

HyTTec Trophy=2mm-40 3.241 2.277 3.056 3.070 3.435 3.653 3.703 Hyola 350TT-G2mm-40 2.228 1.694 1.794 3.128 

Hyola Enforcer CT=2mm-25 3.165 2.206 2.869 3.099 3.354 3.676 3.642 Hyola 350TT-G2mm-25 2.088 1.546 1.690 2.959 

Hyola 350TT-G2mm-40 3.048 2.186 2.846 2.938 3.273 3.365 3.487 Hyola Enforcer CT=2mm-25 2.087 1.518 1.687 2.988 

Hyola Enforcer CT=2mm-15 3.004 2.104 2.618 3.048 3.206 3.534 3.479 Hyola 350TT-G2mm-15 1.987 1.447 1.617 2.829 

Hyola 350TT-G2mm-25 2.958 2.130 2.707 2.909 3.191 3.285 3.396 ATR Gem-G2mm-40 1.969 1.436 1.604 2.799 

Hyola 350TT-G2mm-15 2.832 2.068 2.559 2.832 3.084 3.112 3.259 Hyola 580CT=2mm-40 1.960 1.428 1.597 2.786 

ATR Stingray-G2mm-25 2.766 2.000 2.381 2.870 3.011 3.152 3.209 ATR Bonito-G2mm-40 1.918 1.378 1.565 2.741 

ATR Gem-G2mm-40 2.759 2.038 2.493 2.772 3.025 2.986 3.174 ATR Gem-G2mm-25 1.867 1.334 1.529 2.670 

ATR Bonito-G2mm-40 2.758 2.029 2.466 2.790 3.020 3.016 3.178 ATR Stingray-G2mm-40 1.845 1.295 1.511 2.659 

ATR Stingray-G2mm-40 2.748 2.013 2.423 2.809 3.006 3.045 3.175 ATR Stingray-L2mm-40 1.839 1.289 1.507 2.652 

ATR Stingray-L2mm-40 2.748 2.012 2.420 2.811 3.005 3.047 3.175 Hyola Enforcer CT=2mm-15 1.833 1.248 1.499 2.681 

Hyola 580CT=2mm-40 2.743 2.030 2.475 2.760 3.011 2.961 3.155 ATR Gem-L2mm-40 1.803 1.270 1.482 2.588 

ATR Bonito-L2mm-40 2.669 1.968 2.315 2.773 2.937 2.955 3.092 ATR Bonito-G2mm-25 1.794 1.249 1.474 2.591 

ATR Stingray-G2mm-15 2.669 1.935 2.217 2.848 2.920 3.080 3.113 ATR Bonito-L2mm-40 1.751 1.198 1.442 2.543 

ATR Bonito-G2mm-25 2.662 1.973 2.331 2.749 2.934 2.913 3.078 ATR Stingray-G2mm-25 1.729 1.161 1.424 2.532 

ATR Gem-G2mm-25 2.653 1.982 2.360 2.713 2.933 2.850 3.059 ATR Gem-L2mm-25 1.682 1.154 1.394 2.431 

ATR Stingray-L2mm-25 2.646 1.945 2.253 2.785 2.911 2.969 3.074 ATR Stingray-L2mm-25 1.660 1.098 1.374 2.439 

ATR Gem-L2mm-40 2.577 1.944 2.269 2.668 2.869 2.749 2.977 CT200251-L1.8mm-40 1.630 0.975 1.344 2.502 

ATR Bonito-L2mm-25 2.467 1.861 2.059 2.662 2.761 2.699 2.873 ATR Bonito-G2mm-15 1.609 1.071 1.339 2.348 

ATR Gem-G2mm-15 2.463 1.867 2.077 2.643 2.761 2.666 2.864 ATR Gem-G2mm-15 1.593 1.046 1.327 2.339 

ATR Stingray-L2mm-15 2.432 1.845 2.022 2.638 2.732 2.647 2.834 ATR Bonito-L2mm-25 1.551 0.997 1.295 2.293 

ATR Gem-L2mm-25 2.414 1.864 2.082 2.564 2.730 2.517 2.796 ATR Stingray-G2mm-15 1.551 0.971 1.293 2.321 

ATR Bonito-G2mm-15 2.405 1.848 2.039 2.583 2.717 2.547 2.793 ATR Stingray-L2mm-15 1.532 0.979 1.281 2.266 

ATR Gem-L2mm-15 2.243 1.754 1.809 2.515 2.573 2.376 2.625 ATR Gem-L2mm-15 1.399 0.852 1.184 2.091 

ATR Bonito-L2mm-15 2.198 1.728 1.746 2.496 2.533 2.327 2.578 ATR Bonito-L2mm-15 1.341 0.793 1.142 2.021 

Mean Analysed Yield (t/ha) 2.732 2.000 2.390 2.810 2.990 3.040 3.160 Mean Analysed Yield 
(t/ha) 1.803 1.250 1.480 2.610 

 
Table 6: 2020 MET analyses heatmap for all treatments grain yield across 9 trial environments in Australia 

 
The MET analyses showed two distinct yield clusters broadly described as Cluster 1 being higher rainfall higher 
yielding and Cluster 2 as drier lower rainfall environments. Yields across both clusters showed CT® or TT hybrids with 
more widely adapted genetics, seed size =2mm or >2mm, providing the highest yields at 25 and 40 plants per m2 
targets compared to any of the OP TT varieties regardless of plant population target or seed size. 
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CT200251-L1.8mm-40 $321 $71 $160 $358 $234 $733 $405 HyTTec Trophy=2mm-40 $196 $198 $131 $261 

Hyola Enforcer CT=2mm-40 $289 $104 $316 $183 $235 $460 $332 Hyola Enforcer CT=2mm-40 $152 $135 $94 $228 

HyTTec Trophy=2mm-40 $223 $88 $287 $103 $182 $313 $246 Hyola 350TT-G2mm-40 $105 $106 $54 $155 

Hyola Enforcer CT=2mm-25 $223 $81 $219 $165 $181 $376 $260 Hyola 350TT-G2mm-25 $62 $58 $33 $94 

Hyola 350TT-G2mm-40 $97 $14 $149 $12 $76 $134 $111 Hyola Enforcer CT=2mm-25 $77 $56 $46 $127 

Hyola Enforcer CT=2mm-15 $142 $35 $83 $149 $107 $306 $177 Hyola 350TT-G2mm-15 $22 $19 $9 $37 

Hyola 350TT-G2mm-25 $84 $21 $107 $36 $68 $127 $97 ATR Gem-G2mm-40 $41 $42 $31 $49 

Hyola 350TT-G2mm-15 $29 $4 $38 $9 $24 $43 $34 Hyola 580CT=2mm-40 -$39 -$37 -$47 -$33 

ATR Stingray-G2mm-25 $22 -$5 -$37 $64 $12 $99 $37 ATR Bonito-G2mm-40 $0 $0 $0 $0 

ATR Gem-G2mm-40 $15 $16 $28 $3 $19 -$3 $14 ATR Gem-G2mm-25 -$16 -$15 -$10 -$25 

ATR Bonito-G2mm-40 $0 $0 $0 $0 $0 $0 $0 ATR Stingray-G2mm-40 -$37 -$45 -$27 -$38 

ATR Stingray-G2mm-40 $6 -$2 -$16 $23 $5 $30 $12 ATR Stingray-L2mm-40 -$34 -$42 -$23 -$36 

ATR Stingray-L2mm-40 $12 $4 -$11 $30 $11 $38 $18 Hyola Enforcer CT=2mm-15 -$61 -$91 -$52 -$42 

Hyola 580CT=2mm-40 -$69 -$63 -$56 -$78 -$64 -$92 -$72 ATR Gem-L2mm-40 -$55 -$53 -$38 -$74 

ATR Bonito-L2mm-40 -$49 -$32 -$86 -$6 -$46 -$32 -$47 ATR Bonito-G2mm-25 -$69 -$72 -$50 -$86 

ATR Stingray-G2mm-15 -$34 -$41 -$132 $54 -$40 $59 -$18 ATR Bonito-L2mm-40 -$96 -$103 -$70 -$114 

ATR Bonito-G2mm-25 -$53 -$29 -$77 -$20 -$47 -$57 -$56 ATR Stingray-G2mm-25 -$101 -$121 -$74 -$109 

ATR Gem-G2mm-25 -$45 -$14 -$48 -$28 -$33 -$80 -$51 ATR Gem-L2mm-25 -$125 -$121 -$89 -$166 

ATR Stingray-L2mm-25 -$47 -$34 -$109 $18 -$44 -$7 -$40 ATR Stingray-L2mm-25 -$139 -$154 -$100 -$161 

ATR Gem-L2mm-40 -$90 -$37 -$102 -$55 -$71 -$141 -$101 CT200251-L1.8mm-40 -$198 -$269 -$160 -$165 

ATR Bonito-L2mm-25 -$167 -$93 -$236 -$70 -$148 -$182 -$175 ATR Bonito-G2mm-15 -$177 -$176 -$129 -$228 

ATR Gem-G2mm-15 -$157 -$81 -$215 -$68 -$134 -$189 -$166 ATR Gem-G2mm-15 -$179 -$186 -$129 -$222 

ATR Stingray-L2mm-15 -$174 -$92 -$247 -$70 -$150 -$199 -$183 ATR Bonito-L2mm-25 -$212 -$220 -$154 -$261 

ATR Gem-L2mm-25 -$186 -$82 -$212 -$115 -$152 -$277 -$206 ATR Stingray-G2mm-15 -$205 -$232 -$151 -$233 

ATR Bonito-G2mm-15 -$204 -$101 -$248 -$117 -$174 -$273 -$223 ATR Stingray-L2mm-15 -$214 -$224 -$155 -$264 

ATR Gem-L2mm-15 -$287 -$147 -$374 -$143 -$245 -$361 -$308 ATR Gem-L2mm-15 -$294 -$301 -$213 -$369 

ATR Bonito-L2mm-15 -$325 -$171 -$421 -$168 -$282 -$402 -$349 ATR Bonito-L2mm-15 -$335 -$340 -$245 -$421 

Mean Analysed Yield (t/ha) 2.732 2.000 2.390 2.810 2.990 3.040 3.160 Mean Analysed Yield (t/ha) 1.803 1.250 1.480 2.610 

 
Table 7: 2020 MET analysed Heatmap for grain yield converted to Gross Returns $/ha expressed against baseline 
(Key Grower Option), open pollinated variety, ATR Bonito >2mm at 40 p/m2 target 

. 
The gross return comparisons between hybrids and OP varieties were calculated using the most popular OP TT 
variety, ATR Bonito with >2mm seed size and at 40 plants per m2 target used as the baseline.  
 
Some CT® and TT Hybrids between =2mm to >2mm seed size at the 25 or 40 plants per m2 targets compared to 
OP TT varieties with larger >2mm seed showed average gross return increases ranging between $84/ha to 
$321/ha in the higher rainfall environments and $36/ha to $196/ha in the medium rainfall environments. 
 

 
 

 
 

 



 
Graph 4: 2020 Analysed Grain Yield (t/ha) of ATR Bonito - OP TT >2mm vs <2mm seed size across 3 population 
targets 

 

For ATR Bonito, when comparing seed size of >2mm vs <2mm, the G2mm size at 25 and 40p/m2 population 
targets provided the higher yield performance in all environments. The <2mm seed size at 40p/m2 showed yield 
equivalence with >2mm seed size at the 25p/m2 population target. 

 
 

 
Graph 5: 2020 Gross return comparisons ($/ha) of ATR Bonito - OP TT >2mm vs <2mm seed size across 3 
population targets 

The gross return baseline was defined using ATR Bonito at >2mm seed size at 40p/m2 population target with 
provided the highest returns across all sites. Interestingly, ATR Bonito at G2mm seed size at the 25p/m2 target 
showed similar returns to the <2mm treatment at 40p/m2, demonstrating that savings related to sowing seed can be 
captured by growers using graded OP TT seed to >2mm size. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
Graph 6: 2020 Analysed Grain Yield (t/ha) of ATR Bonito - OP TT >2mm vs Hyola Enforcer CT® =2mm seed size 
across 3 population targets 

 

Hyola Enforcer CT® with =2mm seed size at 25 and 40p/m2 population targets provided higher yields even over 
ATR Bonito >2mm at 40p/m2 over all sites. Hyola Enforcer CT® with =2mm seed size at 15p/m2 demonstrated 
yields equal to, slightly below or higher than ATR Bonito >2mm at 40p/m2 target, depending on the individual 
environments. 

 
 

 
Graph 7: 2020 Gross return comparisons ($/ha) of ATR Bonito - OP TT >2mm vs Hyola Enforcer CT® =2mm seed 
size across 3 population targets 

 

The gross return baseline was defined using ATR Bonito at >2mm seed size at 40p/m2 population target. Hyola 
Enforcer CT® at 25 and 40p/m2 population targets provided higher $/ha returns at all sites with the 15p/m2 
population target providing higher returns at some individual higher rainfall locations. 

 
 
 
 
 
 
 
 
 
 
 
 



 
Graph 8: 2020 Analysed Grain Yield (t/ha) of ATR Bonito - OP TT >2mm vs Hyola 350TT >2mm seed size across 3 
population targets 

 

Hyola 350TT with >2mm seed size at the 15, 25 and 40p/m2 population targets provided higher yields over ATR 
Bonito >2mm seed size at all 3 population targets over all 9 trial environments. ATR Bonito with >2mm seed size 
showed the highest yields at 40p/m2 over 25 and 15 p/m2 population targets across all trial sites. 

 
 

 
Graph 9: 2020 Gross return comparisons ($/ha) of ATR Bonito - OP TT >2mm vs Hyola 350TT >2mm seed size 
across 3 population targets 

The gross return baseline was defined using ATR Bonito at >2mm seed size at 40p/m2 population target. Despite 
the higher seed costs associated with the larger hybrid seed, Hyola 350TT at 25 and 40p/m2 population targets 
provided higher $/ha returns at nearly all trial sites and importantly at the 15p/m2 target, provided similar gross 
returns to OP TT >2mm baseline at 40p/m2. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
Graph 10: 2020 Analysed Grain Yield (t/ha) of 3 OP TT varieties with >2mm at 40p/m2 vs 2 hybrids =2mm and 
>2mm seed size at 25p/m2 across 3 population targets 

The hybrids, Hyola Enforcer CT and Hyola 350TT at the 25 and 40p/m2 targets provided higher yields over all 3 OP 
TT varieties with >2mm at the 40p/m2 target over all yield environments. 

 
 

 
Graph 11: 2020 Gross return comparisons ($/ha) of 3 OP TT varieties with >2mm vs 2 hybrids =2mm and >2mm 
seed size across 3 population targets 

The gross return baseline was defined using ATR Bonito at >2mm seed size at 40p/m2 population target. Hyola 
Enforcer CT at the 25p/m2 target provided higher $/ha returns at all sites compared to all 3 OP TT varieties with 
>2mm seed size at 40p/m2.  

Despite the higher seed costs associated with the larger hybrid seed, Hyola 350TT at the 25p/m2 target population 
provided comparable to higher returns to all 3 OP TT varieties with >2mm seed size at 40p/m2. 

 
 
 
 
 
 
 
 
 



 
Graph 12: 2020 Analysed Grain Yield (t/ha) of 3 OP TT varieties with >2mm at 40p/m2 vs 4 hybrids ranging from 
(<1.8mm to >2mm) seed size at 40p/m2 across 3 population targets 

3 of the 4 hybrids at 40p/m2 showed higher yields than all 3 OP TT varieties across all locations with many of these 
being many significantly higher. CT200251, a longer season experimental hybrid with <1.8mm small seed size at 
40p/m2 showed very high yields in higher rainfall environments and yielded less competitively at individual lower 
yielding sites. 

 

 
Graph 13: 2020 Gross return comparisons ($/ha) of 3 OP TT varieties with >2mm at 40p/m2 vs 4 hybrids ranging 
from (<1.8mm to >2mm) seed size at 40p/m2 across 3 population targets 

 
Hybrids, Hyola Enforcer CT® and HyTTech® Trophy at 40p/m2 showed much higher gross returns than all 3 OP TT 
varieties at 40p/m2 across all sites, whereas 2 other hybrids showed varied gross return responses due to influences 
from background genetics, plant maturity, individual site rainfall, seed size and related sowing costs. 
 

Conclusion 
 

This study highlights that G X E X M interactions are very complex and dynamic. Genetics (G) is the biggest 
controllable factor, i.e. varietal choice; Environment (E) is the most significant factor by far. Management (M) will 
influence to a small degree in some environments, but for every environment where M has a significant effect, there 
are many environments where it does not. From a profitability perspective, the main consideration is “Genetics by 
Multi-Environment” relationships. 
 
In relation to addressing canola growers industry ongoing requests for further research on validation of grading OP TT 
seed to >2mm, this research showed the >2mm seed across three OP TT “farmer sourced” varieties, increased plant 
establishment by up to 35 %, provided statistically significant yield increases of up to 433 kg per hectare and effectively 
lifted gross returns by up to $255 per hectare compared to the <2mm seed size. 

 

 

 



 

Several CT® or TT hybrids across all 9 environments whether =2mm or >2mm seed size, demonstrated up to 35% 
higher establishment than all the OP TT varieties whether <2mm or >2mm seed size. Grain yields of several CT® or TT 
hybrids where significantly higher than all OP TT varieties irrespective of seed size, measured up to 560kg per hectare.  

Whether the trial locations received a medium or high growing seasonal rainfall total, several CT® or TT hybrids, even 
with the lower plant population targets, provided higher gross returns in $ per hectare than all 3 OP TT varieties with the 
>2mm seed size in conjunction with the highest target population.  

This effectively validates that CT® or TT hybrids with higher yielding genetic backgrounds now provide a strong positive 
value proposition in $ per hectare for canola growers by consistently providing higher returns than graded larger seed of 
farmer retained OP TT canola seed.     
 
 
Key words 
Canola, varieties, Hybrid, Triazine tolerant (TT), Clearfield + Triazine Tolerant (CT®), open pollinated, cultivar type, 
seed size, plant populations, seed-lots, plant height, grain yield, gross returns, value proposition. 
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