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Short Executive Summary of report: 

Marine bio-products have been known to induce plant responses such as altered fatty acid biosynthesis, 
induce plant defense to pathogens, improve crop growth under unfavourable environments and increase 
seed yield under limiting growth conditions. 
A number of products were tested in this project. Seed germination at 10 and 15°C was not affected by 
treatments. However, a considerable increase in germination was observed at 25°C with treatments, 
particularly seaweed extract (3g/l), λ-carrageenan (3g/l) and chitosan (0.05g/l). Plants with SW,  
λ-carrageenan and chitosan were also taller than control plants at 25°C. To some extent, the fatty acid 
contents, particularly C18:1, C18:3 and C24:0 were altered in greenhouse experiment whereas C18:1 
and C18:3 were altered in the field experiments, suggesting further detailed experiments are needed to 
determine this effect. Treatments also showed an increase in oil content that ranged from 0.5-2.0 %, 
indicating for a need of further scientific exploration. Seaweed extract (2g/l) lowered the percentage of 
sterility in canola at 25°C in the greenhouse, indicating potential of bioactive treatments to reduce sterility 
and increase seed yield. 
Overall, there were improvements in agronomic parameters in the field, but without statistical 
significance. 
 
 
A.  Research Progress and Accomplishments  (to date in relation to expected milestones and 
deliverables / outputs) 
 

• Include brief summary of: 
- Introduction, literature review, objectives, milestones and deliverables / outputs. 
- Approach / methodology (summary by objectives). 

• Include results and discussion (overview by objectives and milestones), next steps and 
references. 

Sub-activity B.2.2: Test ability of marine bio-products to alleviate temperature stress in the field, 
greenhouse and growth chamber 

Sub-activity B.2.3: Evaluate effects of marine bio-products on oil content and fatty acid 
composition of oil in greenhouse and field studies 

Introduction:  

Canola/rapeseed is a cool climate crop with low erucic acid content. It is the third largest global 
vegetable oil source, after soybean and palm oil. Canola is a popular oil seed crop in Western Canada. 
Growing demand of canola oil has emphasized the need to expand canola cultivation in the Eastern 
Canadian region. However, various environmental challenges in Eastern Canada such as air 
temperatures exceeding 27ºC, particularly during flowering time, lead to poor establishment of the crop, 
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low seed yield and quality of oil (Angadi et al. 2000). Agronomic practices aimed to improve heat stress 
tolerance during sensitive crop stages are useful for maintaining or improving canola oil quality and yield. 
To alleviate this problem, heat-tolerant genotypes are developed via conventional plant breeding, 
molecular breeding and genetic engineering in other crops (Ehlers and Hall, 1998). Similarly, practices 
are used to modify the fatty acid composition of Brassica ssp. seed oil through induced mutations, 
genetic engineering and conventional breeding that can alter the enzymes in the fatty acid biosynthetic 
pathway. 

Interestingly, achieving stress tolerance and high yield at the same time is challenging and often results 
in alterations to other plant traits. This necessitates the development of alternate strategies to mitigate 
environmental stresses and improve quantity and quality of oil. Induced tolerance to heat has been 
attributed to activation of enzymes in various biochemical pathways. Seed treatment and foliar 
application with inorganic salts, osmo-protectants, growth hormones and antioxidants have shown 
promising effects on plant stress tolerance and performance (Colclough et al., 1990; Morales et al., 2003; 
Xu et al., 2006). Recently, marine bio-products including extracts of some marine macroalgae and 
compounds isolated from marine organisms have shown effects on stress tolerance and fatty acid 
composition in plants (Khan et al 2009; Chouliaras et al 2009). In this project the effect of marine bio-
products on growth, stress tolerance, fatty acid composition and yield was studied.  

Review of literature: 

Canola is a popular oil seed crop in Canada and it is the third largest global vegetable oil source, after 
soybean and palm oil. Rapeseed oil in B. napus, B. rapa, and B. juncea typically has a fatty acid 
composition of 5% palmitic (C16:0), 1% stearic (C18:0), 15% oleic (C18:1), 14% linoleic (C18:2), 9% 
linolenic (C18:3), and 45% erucic acid (C22:1), an undesirable fatty acid  that has been reduced to very 
low levels in canola for edible uses (Ackman, 1990). Brassica ssp. oil has a nutritionally desirable fatty 
acid profile, with low saturated fatty acids and significant levels of C18:3, an omega-3 fatty acid (Eskin et 
al., 1996).  

Heat stress due to high ambient temperatures is a serious threat to crop production worldwide. Heat 
tolerance is generally defined as the ability of the plant to grow and produce economic yield under high 
temperatures. Higher temperatures (5–10 °C above the optimum growing temperature) increase carbon 
consumption through increased respiration and damage to the photosynthetic system, enzymes, cell 
membranes and genetic material (Georgieva, 1999). In Brassica napus, high air temperatures during 
reproduction cause reduced fertilization and, therefore, reduced seed yield (Morrison and Stewart 2002). 
Exposure of Brassica species to hot weather for seven days during early flowering caused greater yield 
reduction due to flower abortion caused by pollen infertility (Angadi et al. 2000). Various canola 
genotypes demonstrate differential heat stress tolerance and each genotype will perform differently 
depending on environmental conditions prevalent in the region.   

The seed oil content in oilseed crops is a major selection trait for a variety and a major target of breeders 
during varietal development. It is also possible to manipulate the composition of seed oil through 
molecular engineering (Thelen & Ohlrogge 2002) such as overexpression of AtLEC1 and its orthologs in 
canola (Brassica napus), increased fatty acid level in transgenic Arabidopsis plants (Tan et al 2011). 
Genetic improvement for oil quality has also been achieved through induced mutagenesis in various 
oilseed crops (Savant and Kothekar, 2011) including rapeseed (Barve et al 2009). Interestingly, fatty acid 
composition in oilseeds crops can be altered in response to environmental stimuli such as abiotic or 
biotic stress, agronomic practices such as planting dates, fertilizer applications and treatment with 
elicitors including marine bio-products (Zheljazkov et al., 2009).  

Global climate change remains the primary reason for reduced crop productivity (Garrett et al., 2006), 
and mitigative meaures are a priority for sustainable crop production. The use of biostimulants such as 
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macroalgal extracts in agriculture, to manage stress responses in crop plants, will help alleviate problems 
due to environmental stresses. Macroalgae have been identified as an exceptional source of biologically 
active compounds such as fucoidan, carrageenans and phlorotannins with potential use as plant 
biostimulants (Zhang et al 2003; Khan et al., 2009; Cox et al., 2010; Craigie, 2011). The application of 
macroalgal extracts can activate plant molecular responses linked with physiological and biochemical 
activities that lead to altered tolerance to a variety of stresses such as plant pathogens (Khan et al 2009; 
Craigie, 2011; Subramanian et al 2011), heat (Zhang et al 2003), freezing (Nair et al 2012) and can have 
an impact on fatty acid accumulation (Chouliaras et al., 2009; Nair et al 2012). 

Extracts of the Ascophyllum nodosum and other seaweeds have been used as a biostimulant to promote 
growth and productivity in a number of agricultural production systems. The application of extracts of 
seaweeds Ecklonia maxima, Ascophyllum nodosum, Laminaria hyperborea helped plants to overcome 
several stress conditions. Seaweed extracts induced heat stress tolerance in creeping bent grass and 
this effect was attributed to cytokinin and other bioactive components in the extracts (Zhang and Ervin 
2008). Seed priming with A. nodosum improved germination of lettuce seeds and better plant 
performance under high temperature stress (Moeller and Smith 1998). Recently, it was demonstrated 
that the lipophilic components of A. nodosum impart freezing stress tolerance in Arabidopsis, a close 
relative of canola, by inducing differential gene expression (Rayirath et al, 2009). Macroalgal extracts 
also enhanced heat stress (unpublished) and salinity stress (Wally et al, 2012) and molecular and 
biochemical pathways are strongly altered in plants treated with these extracts. A whole genome 
transcriptome analysis revealed that liophilic components of A. nodosum altered the expression of a 
number of genes in fatty acid metabolism (Nair et al., 2012). Recent work shows that treatment of olive 
with A. nodosum extract in combination with nitrogen fertilization and Borax increased productivity and oil 
content and also accelerated maturation of the olive fruits (Chouliaras et al 2009). Further, the treatment 
also resulted in significant increase in linolenic and oleic acid concentrations, but reduced palmitoleic, 
stearic and linoleic acid concentrations in the oil.  

The extensive literature on improved plant tolerance to various stresses suggests the need to explore 
use of marine bio-products to modify fatty acid profile, crop yield and impart heat stress tolerance, 
particularly during pollination.  

The following experiments were conducted: 

Experiment 1. Effect of seed treatment with marine bio-products on seed germination under different 
temperatures 

Experiment 2. Effect of marine bio-products treatment on oilseed quality and fatty acid profile of canola 

Experiment 3. Effect of marine bio-products treatment on fertility of canola under high temperature 
stress 

Experiment 4. Effect of marine bio-products treatment on yield of canola  

Plant material: Canola variety InVigor L130 was obtained from Bayer Crop Science Corporation, 
Lethbridge, AB. In the greenhouse, seeds were planted in 10cm diameter pots containing ProMix BX 
(Premier Horticulture INC. PA. USA) potting mixture and the plants were thinned to obtain one plant per 
pot. Plants were grown at 25°C under 300-450 µmol m-2 S-1 and 16 h photoperiod. Field experiment was 
established following standard agronomy practices at two different locations in two counties in Nova 
Scotia. 

Treatments: Powdered Ascophyllum nodosum seaweed extract (SW; 1-3g/l), λ-carrageenan (1-5g/l), 
chitosan (0.2-0.1g/l), water or LANS (nutrient solution) as control and fungicide Proline as a check for 
field studies. 
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Experimental Plan and Results. 

Experiment.1. Effect of seed treatment with marine bio-products on seed germination under 
different temperatures 

Methods: Different temperatures, particularly low temperatures, affect canola seed germination. During 
2012 a greenhouse experiment was conducted to study the effect of seaweed extract, λ- carrageenan 
and chitosan on seed germination at different temperatures (5, 10, 15 and 25°C). Seeds were subjected 
to either a soaking or coating treatment. The soaking treatment consisted of seeds being soaked 
overnight (15 °C) in seaweed extract (1, 3 and 5g/l), λ-carrageenan (1, 3, 5g/l), chitosan (0.02, 0.05 and 
0.1g/l) or water (control). The coating treatment used the same treatments as soaking, however, each 
treatment was mixed with talc powder facilitated with carboxymethyl cellulose (CMC) as a sticking agent. 
The seeds were rolled in a mixture containing talc, CMC and the treatments, and dried overnight at room 
temperature. The seeds were then planted in 200 well germination trays containing Pro-Mix BX (Premier 
Horticulture INC. PA. USA). Each treatment had 10 replicates. Each treatment was randomized in the 
tray and each tray was replicated three times. Trays were then placed in growth chambers set at 5, 10, 
15 and 25°C and seed germination was observed at different time points (12-144h) (figure 1). The 
experiment was repeated three times. The same set was also used to measure plant height at seven and 
14 days after planting (figure 2). Mean percent germination and plant height after treatment with marine 
bio-products was compared with untreated controls. 

Results. Experiments performed for determining the effect of treatments on seed germination potential 
at lower than usual temperature conditions revealed contrasting results, both for seed soaking (figure 1a) 
and seed coating experiments (figure 1b). The germination was faster in seed soaking treatments 
compared to the seed coating. However, against expectation, the seed treatments with marine bio-
products did not show significant improvement in germination rate. With seed soaking treatment, the 
overall seed germination was delayed at 10°C. The seedlings at 10°C started emerging only by 72h, 
which was also true for the coating treatment. In contrast, seed germination was observed at 24h at 15°C 
and 36h at 25°C. Although it appeared that treatment with SW (3g/l and 5g/l), λ-carrageenan (3g/l and 
5g/l) and chitosan (0.05 and 0.1g/l) at 10°C resulted in higher percent germination after 96 h, the 
differences were not significant. In fact, near 100% germination was observed for all treatments by 120h 
after seeding (figure 1a). No clear difference in seed germination was observed between marine bio-
products and control at 15 and 25°C. 
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Fig.1a. Effect of marine bio-products on canola seed germination at low temperatures (seed soaking 
treatment) 
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Fig.1b. Effect of marine bio-products on canola seed germination at low temperatures (seed coating 
treatment) 

In contrast to soaking treatment, seed coating treatments at 10 and 15°C showed lower percentage of 
germination in all treatments as compared to control up to 96h after planting, although this difference was 
not significant. Surprisingly, at 25°C, control seeds either did not germinate at 36h after seeding or 
showed low germination whereas seeds with all three treatments (SW, λ-carrageenan and chitosan) 
emerged during this time. 
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Further, percentage of germination of control seeds was also significantly lower than after treatments 
with SW (3g/l), λ-carrageenan (3g/l) and chitosan (0.05g/l) at 60 to 108h after planting, indicating that 
seed coating treatments enhanced germination under greenhouse conditions (25°C), but no difference 
was observed between treatments at lower temperatures. 

Plant height was also measured in different treatments one to two weeks after planting. With seed 
soaking treatment, the plant height at 10°C was reduced in all concentrations; however, no difference in 
plant height was observed two weeks after planting (figure 1c). No treatment effect was observed at 
15°C. The average plant height with seed soaking treatment at 25°C was, however, altered in treatments 
(figure 1c). The results showed that at 25°C, plants from seeds treated with SW, λ-carrageenan and 
chitosan were taller than control plants.  
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Fig.1c. Effect of marine bio-products on plant height (cm) at low temperatures (seed soaking treatment). 
Bars with different letters are significantly different at p ≤ 0.05. 

However, this trend was not observed with seed coating treatments (figure 1d). No difference in plant 
height was observed at 10 and 15°C for most treatments, although λ-carrageenan (5g/l) at 10°C showed 
significant suppression in plant height. The average plant height at 25°C was not significantly different in 
treatments.  
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Fig. 1d. Effect of marine bio-products on plant height (cm) at low temperatures (seed coating treatment). 
Bars with different letters are significantly different at p ≤ 0.05 
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Experiment 2: Effect of marine bio-products treatment on oilseed quality and fatty acid profile of 
canola 

Methods: Marine bio-products have been shown to alter the fatty acid biosynthesis pathways in plants 
(Nair et al. 2012); this may affect the oil quality and yield in oil seed crops. To determine the effect of 
marine bio-products on the fatty acid profiles of canola seeds, greenhouse (2010-2011) and field 
experiments (2012) were conducted. For greenhouse experiments, plants were grown under greenhouse 
conditions until approximately 50% flowering. At this time, plants were spray treated until drip with λ-
carrageenan (1g/l), seaweed extract (2g/l), chitosan (0.1g/l) and LANS control. The treatments were 
continued once a week for four weeks. The plants were arranged in a completely randomized design with 
15 replicates per treatment and the experiment was repeated three times. Seed was harvested after 
maturity and fatty acid, oil content and protein dry matter were analyzed. Seed were crushed and the oil 
was extracted using hexane. Then, the oil was methylated (using sodium methoxide) to generate Fatty 
Acid Methyl Esters (FAME) for gas chromatography (GC) analysis using Agilent 7890A using standard 
protocol. 

In the field experiments canola was planted at two different field locations; Truro, NS (Brookside Field 
201, Dalhousie Agricultural Campus Farm) and Canning, NS (Lyndhurst Farms Ltd.). The Truro site was 
planted on May 26, 2012 while the Canning site was planted three separate times starting April 20th 
2012. It was an unusually warm and dry spring and summer resulting in uneven germination and low 
crop density in Canning. The plots were laid out in a randomized complete block design with eight 
treatments and four replications per treatment. Recommended agronomic practice was followed. The 
crop was spray treated with λ-carrageenan (0.5, 1 and 2g/l), seaweed extract (SW; 1, 2 and 3g/l), 
fungicide Proline (check) and water (control). The plots were treated three times, with the first spray at 
the early flowering stage (approximately 35 days after planting), second and third treatments were done 
at weekly intervals. Treatments were applied at a rate of 400l/ha. At maturity, 50 plants per plot were 
harvested and used in GC analysis for oil and protein content as well as fatty acid profile.  

Results. Marine bio-products SW, λ-carrageenan and chitosan did not significantly alter fatty acid 
profiles of canola under greenhouse conditions and the same was true for field experiments. A consistent 
fatty acid pattern was observed in the greenhouse and field sample (figures 2a & 2b). Under greenhouse 
conditions, although the difference between control and treatments [SW (2g/l), λ-carrageenan (λ-carr; 
1g/l) and chitosan (0.1g/l)] appeared not significant, a minor difference was observed for fatty acids: 18:1 
(oleic acid), 18:3 (alpha-linolenic acid) and 24:0 (lignoceric acid) between treatments. For example, 18:1 
in the control was 69.54±0.19% whereas it was 69.12±0.22% in SW treatment and 68.81±0.36% in 
chitosan, i.e. a small reduction. In contrast, the percentage of C18:3 in the control was 5.9±0.08 and it 
was slightly higher in SW (6.19±0.09%) and chitosan (6.28±0.11%). The percentage of 24:0 for control 
was 0.25±0.006 and it was 0.23±0.004 in the chitosan treatment. These small differences may be an 
indication of treatment effect on fatty acid profile of canola that need further study. 

In the field study, a lower percentage of fatty acid C18:1 (oleic acid) was observed with all three SW 
treatments (SW-1g/l=63.96±0.19; SW-2g/l=63.78±0.27; SW-3g/l=63.97±0.17) compared to the control 
(64.03±0.19%), however, the differences were not significant. The % FA value of C18:3 in SW (0.2%) 
was 8.71±0.08 and in λ-carrageenan was 8.49±0.14 and the control was 8.61±0.05%.  



 
 

AAFC RESEARCH BRANCH 
Research Project Final Report  

2011-02-28 Page 11 of 21 

 

Figure 2a. Fatty acid (%) profile of canola seeds grown in greenhouse (2011). 

 

Figure 2b. Fatty acid (%) profile of field grown canola seeds (2012). 
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A similar trend was observed with % oil content (OC) of seeds harvested from greenhouse and field. The 
results showed that the % OC of control plants was lower in both in the field and greenhouse, although 
not significant (figures 2c & 2d). When converted to relative 100 percent value of the control treatment 
and compared with the other treatments, the results revealed an increase in % oil content ranged from 
0.5 -2.0 % (table 1). 

Table 1. Oil content (%) with different treatments in greenhouse and field canola 

Oil (%) Control SW 
1g/l 

SW 
2g/l 

SW 
3g/l 

λ-Carr 
0.5g/l 

λ-Carr 
1g/l 

λ-Carr 
2g/l 

Fungi Chit 
0.1g/l 

Field 100 

±0.90 

100.10 

±1.38 

100.16 

±1.58 

100.01 

±1.38 

100.59 

±1.48 

101.39 

±1.46 

99.71±
1.08 

100.99
±0.70 

---- 

Green- 

house 

100 

±0.34 

--- 100.54
±0.67 

--- --- 101.35 

±0.99 

--- --- 102.75
±0.59 

 

 

 

Figure 2c. Oil Content of canola seeds grown in the greenhouse (2012). Bars with different letters are 
significantly different at p ≤ 0.05. 

 

In the field samples, the SW treatment did not show significant difference in OC compared to the control 
whereas λ-carrageenan (1g/l) had 1.39% higher % OC, a trend very close to what was observed in the 
greenhouse. Under greenhouse conditions, chitosan (0.1g/l) increased OC by 2.75% compared to the 
control, whereas OC was 0.54% higher in SW (1g/l). 
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Figure 2d. Oil content of canola seeds grown in the field (2012). Bars with different letters are 
significantly different at p ≤ 0.05 

No significant differences were observed in % protein dry matter between treatments and the control 
(figures 2e & 2f). 

 

Figure 2e. Protein dry matter of canola seeds grown in greenhouse (2012). Bars with different letters are 
significantly different at p ≤ 0.05 
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Figure 2f. Protein dry matter of canola seeds grown in the field (2012). Bars with different letters are 
significantly different at p ≤ 0.05. 

 

Experiment 3: Effect of marine bio-products treatment on sterility of canola at high temperature 
stress 

Methods: Pollination, seed setting and seed maturity are affected by high temperature. Plants were 
grown in a greenhouse until about 50% flowering. At this time, plants were spray treated until drip with 
the following treatments: λ-carrageenan (1g/l), seaweed extract (SW; 2g/l), chitosan (0.1g/l) and a LANS 
control. The treatments were repeated at weekly intervals for four weeks. The plants were arranged in a 
completely randomized design with 15 replicates per treatment and the experiment was repeated three 
times. After first treatment, plants were placed in a growth chamber at 35°C and the subsequent 
treatments were carried out at this temperature. A second set of plants were given the same treatments, 
but were kept at greenhouse temperature (25°C).  After maturity, seeds were harvested from both sets 
and data on the number of fertile and aborted siliques was collected. The observations were taken at six 
weeks after initiation of temperature stress by counting the developed siliques, undeveloped siliques and 
flowers, and healthy flowers. Percent sterility was determined in each treatment and compared with the 
control. 

Results. The result showed that SW (2g/l) treatment reduced the percentage of sterility of canola at 
typical greenhouse conditions (25°C). Results from two trials reveal that the number of sterile flowers or 
dead siliques (sterility) was significantly lower in SW treatment (figure 3a). This effect was also evident 
with λ-carrageenan in one of the trials (figure 3a); however, the difference was not significant. When the 
plants were subjected to heat stress (35°C), SW or λ-carrageenan treatment did not protect against 
pollen abortion, although chitosan seemed to reduce sterility in second trial (figure 3a).  

 

 



 
 

AAFC RESEARCH BRANCH 
Research Project Final Report  

2011-02-28 Page 15 of 21 

 

Figure 3a. Effect of heat stress on fertility of canola. Bars with different letters are significantly different at 
p ≤ 0.05. 

 

Figure 3b. Effect of heat stress on canola seeds and siliques. Bars with different letters are significantly 
different at p ≤ 0.05. 
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The results indicate that under optimal growth conditions, SW treatment reduced sterility. However, the 
number of seeds per silique or siliques per plant was not affected in the treatments (figure 3b).  

Experiment 4: Effect of marine bio-products treatment on growth and yield of canola  

Methods: To study the effect of marine bio-products on the canola seed yield, experiments were 
performed both in the greenhouse and in the field. Plants were grown under greenhouse conditions until 
approximately 50% flowering. At this time plants were spray treated until drip with λ-carrageenan (1g/l), 
seaweed extract (SW 2g/l), chitosan (0.1g/l) or LANS control. The treatment was repeated four times at 
weekly intervals. The plant was arranged in a completely randomized design with 15 replicates per 
treatment and the experiment was repeated three times. After the plants reached maturity they were 
harvested and number of siliques, total weight of siliques, seeds per silique and seed weight per plant 
were collected.  

Field experiments were carried out at two locations. The first location was Truro, NS (Brookside Field 
201, Dalhousie Agricultural Campus Farm), and the second location was in Canning, NS (Lyndhurst 
Farms Ltd.). The Truro site was planted on May 26, 2012, while Canning site was seeded three separate 
times starting April 20, 2012. It was an unusually warm and dry spring and summer resulting in uneven 
germination and low crop density in Canning. The plots were laid out in a randomized complete block 
design with eight treatments and four replications per treatment. The crop was spray treated with: λ-
carrageenan (0.5, 1 and 2g/l), seaweed extract (SW; 1, 2 and 3g/l), fungicide (check) and water (control). 
The plots were treated three times, with the first spray at the early flowering stage (35 days after 
seeding), second spray followed one week later followed by the third another week after the second 
treatment. Treatments were applied at a rate of 400l/ha. At maturity, 50 plants per plot were harvested 
and the following observations were made: number of siliques, total weight of siliques, 1000 kernel 
weight and seed yield per plot. 

Results. 

Marine bio-products improved plant growth, both in the greenhouse and in the field (figures 4a & 4b). In 
detail, the following observations were made: 

Number of siliques: Total number of siliques was higher in SW (2g/l) and chitosan (0.1g/l) treatments in 
the greenhouse whereas λ-carrageenan did not show any effect (figure 4a). A similar trend was observed 
in the field experiment: SW (2g/l) had a higher number of siliques per plant compared to the control 
(figure 4b). Surprisingly, this effect was not observed in SW 1g/l and 3g/l treatment. The number of 
siliques was higher in all three concentrations of λ-carrageenan and the difference was, however, not 
statistically significant. 

Seeds per silique: The number of seeds per silique was higher in SW-2g/l and λ-carrageenan-1g/l 
treatments in the greenhouse grown plants and this effect was significantly different from the control 
(figure 4a). Similarly, under field conditions the number of seeds per silique was higher in SW-1g/l and 
3g/l treatment, although not statistically significant (figure 4b). The number of seeds per silique with other 
treatments was similar to the control. 

1000 kernel weight: The 1000 kernel weight was not affected by marine bio-products treatments, 
neither in the greenhouse (figure 4a) nor in the field (figure 4b). 

Seed yield: The average seed yield per plant was not affected by treatments, although there was a 
higher number of siliques and seeds per siliques in the SW and λ-carrageenan treatments (figure 4a). 
The reason for this variation might be due to differences in the seed thrashing and cleaning process. To 
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rectify this, the hypothetical seed yield based on 1000 kernel weight was calculated, number of siliques 
per plant and number of seeds per silique and found, that seed yield could potentially increase with SW 
treatment (data not shown).  

 

Figure 4a. Effect of marine bio-products treatment on canola yield in the greenhouse. Bars with different 
letters are significantly different at p ≤ 0.05. 

 

In the field, the average seed yields (g) per plant in the SW and λ-carrageenan treatments were higher 
than the control and the difference in seed yield with SW-0.2% was significant. 
The yields in terms of kg/ha were: 
     Control   = 2602.66 
     SW 1g/l   =  2695.33 
     SW 2g/l   = 2810.40 
     SW 3g/l   = 2771.62 
     λ-carrageenan 0.5g/l  = 2573.71 
     λ-carrageenan 1g/l  = 2729.27 
     λ-carrageenan 2g/l  = 2695.80 
     fungicide check   = 3022.26 
and indicate, that marine bio-products in general increased canola yield compared to the untreated 
control.  

 



 
 

AAFC RESEARCH BRANCH 
Research Project Final Report  

2011-02-28 Page 18 of 21 

 

Figure 4b. Effect of marine bio-products treatment on canola yield in the field. Bars with different letters 
are significantly different at p ≤ 0.05. 
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