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ABSTRACT 
 
Field experiments were established in 2004 at two sites [soil types were a fine sandy loam at one site (site A), and a Macdonald clay 

loam at the other (site B).] of the Emile A. Lods Agronomy Research Centre in Sainte-Anne-de-Bellevue, QC, Canada to determine the 

effect of foliar application of yeast extract on the soybean seed yield and related variables. Seed yield, 1000- seed weight, seeds per 
pod, pods per plant, pod length, pod width, seed length, seed width, and oil, crude protein and crude fiber concentrations were 

concurrently determined. Results indicated that soybean plants grown at sandy soil location had higher seed yield than those grown at 

the clay loam location. All elicitor treatment increased the soybean seed yield when compared to an untreated control plants. The 

greatest seed yield was observed following the foliar application of yeast extract 2 ,mg /ml at R3 stage, which represented a 25 % 

increase compared to an untreated control. Most elicitor treatments increased the crude protein content, the exception being yeast 

extract 2 or 4 ,mg /ml applied at the R4 stage, which failed to increase crude protein content when compared to an untreated plant. On 
the other hand, most elicitor treatments failed to increase the oil content, the exception being yeast extract 2 or 3 ,mg /ml applied at the 

R4 stage, which increased crude protein content, 2.3 and 2.0 %, respectively when compared to an untreated plants. 
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INTRODUCTION 

 

Elicitors have been involved in plant defence response and plant-microbe interactions, flavonoid production 

by plants (including isoflavones) may be increased when plants recognize certain molecules or structures that 

characterize a pathogen or a symbiont; such compounds are known as inducers or elicitors. Consequently the 

use of biotic or abiotic elicitors of plant defence response has been evaluated for a number of years as a pest 

biocontrol strategy[1], and more recently as a means of increasing the production of compounds of value to the 

nutraceutical industry. Concerning the impact of biotic elicitor on plant growth Khan et al. [2] did not observe 

any changes in soybean height, root length, leaf area, and shoot or root biomass following foliar applications of 

chitosan, despite an increase in photosynthesis. Bittelli et al. [3] reported a reduction in transpiration of pepper 

plants upon the foliar application of chitosan. This translated in 26 to 43% reduction in water use, while 

maintaining fruit yield and biomass accumulation. In contrast, in certain situations the impacts elicitors have on 

plant physiology and defence response may translate into yield increases, as observed by Hirano et al. [4]; with 

20% seed yield increase in soybean following treatment of seeds with chitosan. The objective of this study was 

to determine the effect of site and exogenous application of yeast extract on soybean yield and related variables 
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MATERIAL AND METHODS 

 

Soybean plants (cultivar ‘OAC Chamption’) were established in 2004 at two sites at the Emile A. Lods 

Agronomy Research Centre in Sainte-Anne-de-Bellevue, QC, Canada. Soil types were a fine sandy loam at one 

site (site A), and a Macdonald clay loam at the other (site B). Plots was seeded on the 26 May 2004 at a rate of 

500,000 plants/ha and treated with different concentrations of yeast extract (1, 2, 3 and 4 mg ml-1). Yeast 

extracts were applied at two stages of development [early podding (R3); and mid podding (R4); [5]. A non-

treated control was also included. Foliar applications of elicitors were made using a hand-held spray bottle with 

a volume of 4 ml applied per plant. Treatment (i.e., stages of application and concentrations) were replicated 4 

times and assigned to a randomised complete block design. Plants were seeded at a rate of 500,000 plants/ha and 

were fertilized following recommendations of the [6]. Seeds were inoculated at seeding with a commercial 

rhizobial inoculant (Liphatech, Milwaukee, WI, USA). Plots were consist in 5 m rows, which were bordered by 

non-treated rows. Weeds were controlled by hand weeding later during the season..  

 

A. Measured variables: 

Seed yield per 20 plants, 1000 seed weight (g), pods per plant, seeds per pod, pod length (cm), pod width 

(cm), seed samples from the harvested plots were also used to determine the crude protein (CP), oil and crude 

fiber (CF) concentrations. CP, oil and CF concentrations were determined on finely ground seeds using a FOSS 

NIR Systems Model 6500 (Silver Springs, MD, USA). All values are expressed on a DM basis.  

 

B. Statistical analysis: 

In both sites, the plots were arranged in a randomised complete block design with three replicates. All data 

were subjected to an analysis of variance (ANOVA) using the general linear model (GLM) procedure in SAS 

[7], to identify significant treatment effects and interactions. Data were then analysed in a combined analysis 

that regrouped sites and reatments (McIntosh 1984). Comparisons between means were made using least 

significant differences (LSD) at a 0.05 probability when ANOVA indicated model and treatment significances. 

 

RESULTS AND DISCUSSION 

 

Average minimum and maximum air temperatures and rainfall for May, June, July, August and September 

for Montreal area are shown in Figure 1. Growing conditions were positive at the experimental sites during the 

growing season. 

 

Yield, yield components and phenological traits:  

Site and elicitor treatment (P < 0.001) main effects were observed for seed yield (Table I). However, seed 

yield did not differ significantly due to site x elicitor’s treatments interaction . Soybean plants grown at sandy 

soil location had higher seed yield than those grown at the clay loam location. All elicitor treatment increased 

the soybean seed yield when compared to an untreated control plants (Table I). The greatest seed yield was 

observed following the foliar application of yeast extract 2 mg /ml at R3 stage, which represented a 25 % 

increase compared to the an untreated control. This increase in seed yield was due to increases in 1000 seed 

weight, number of pods per plant and seeds per pod (Table I). Several  researchers reported that plant growth 

and productivity is affected by many biotic and abiotic factors 

[11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28] Previous studies suggest that impact of elicitors on 

plant growth might be either minimal or positive. For example; Reddy et al. [8] reported that chitosan treatment 

of wheat seeds induced resistance to Fusarium graminearum and enhanced crop yields as well as improved seed 

quality by rousing the accumulation of phenolics and lignin. Furthermore, Bittelli et al. [3] reported a reduction 

in transpiration of pepper plants upon the foliar application of chitosan. This translated in 26 to 43% reduction in 

water use, while maintaining fruit yield and biomass accumulation. Souleimanov et al. [9] found that the 

injection of 10-7 M LCO into the stem of soybean increased total dry matter by 8%. On the other hand, Khan et 

al. (2002) did not observe any changes in soybean height, root length, leaf area, and shoot or root biomass 

following foliar applications of chitosan, despite an increase in photosynthesis. In contrast, in certain situations 

the impacts elicitors have on plant physiology and defence response may translate into yield increases, as 

observed by Hirano et al. (2000); with 20% seed yield increase in soybean following treatment of seeds with 

chitosan. Elicitor treatment (P < 0.001) main effects and site x elicitor treatment (P < 0.001) interaction were 

observed for pods per plant (Table I). Most elicitor treatments increased the number of pods per plant, the 

exception being yeast extract 2 or 4 mg /ml applied at the R4 stage, which failed to increase number of pods per 

plant when compared to an untreated plants. Overall, the highest number of pods per plant was observed 

following the foliar application of yeast extract 2 mg /ml at R3 stage, which represented an 83 % increase 

compared to an untreated control. On the other hand, all elicitor treatment increased the number of seeds per pod 

when compared to an untreated control plants (Table I). Significant differences (P < 0.01) in 1000 seed weight 
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were recorded among different elicitor’s treatments. However, 1000 seed weight did not differ significantly due 

to site effects or due to site x elicitor’s treatments interaction. All elicitor treatment increased the seed weight of 

soybean plants when compared to an untreated control plants. The greatest seed yield was observed following 

the foliar application of yeast extract 2 mg /ml at R3 stage, which represented a 29 % increase compared to the 

an untreated control. Pod length and pod width did not differ significantly due to site effects, elicitor’s 

treatments or due to site x elicitor’s treatments interaction . However, seed length and width differ significantly 

due to elicitor’s treatments (Table 1). Compared to an untreated control all elicitor treatment increased the seed 

length and width (Data not shown). The highest seed width was recorded following the foliar application of 

yeast extract 4 mg /ml at R4 stage. However, the longest seed were recorded following the foliar application of 

yeast extract 2 mg /ml at R3 stage, which represented a 58 % increase compared to an untreated control.  

 
Table I: Yield and yield components of field-grown soybean as affected by site, foliar application of yeast extract. 

Treatments Seed 
yield per 

20 plants 

Seeds 
per pod 

Pods per 
plant 

1000 
seed 

weight 

(g) 

Sites     

Sandy 180.13  3.09  18.63  225.9 

Clay loam 172.17  3.08  17.70  230.4 

LSD 0.05 2.067 NS NS NS 

Yeast application     

Control 164.04 2.7  14.0  196.7 

1 mg /ml at R3 stage 177.91  3.1  18.17  223.3 

2 mg /ml at R3 stage 204.34  3.2  25.67  253.3 

3 mg /ml at R3 stage 185.56 7 3.2  22.83  236.7 

4 mg /ml at R3 stage 179.35  3.1  21.17  221.7 

1 mg /ml at R4 stage 170.90  3.2 0 16.0  225.0 

2 mg /ml at R4 stage 167.65  3.1  15.16  231.7 

3 mg /ml at R4 stage 169.25 3.1  15.5  231.7 

4 mg /ml at R4 stage 166.38 3.1  15.0  233.3 

LSD 0.05 12.65  0.23  2.81  18.0 

R3, early podding; R4, mid podding, LSD, least significance difference. 
 

Table ii: Cp, oil and cf concentrations of field-grown soybean as affected by site, foliar application of yeast extract. 

Treatments CP g/kg  Oil g/kg  CF g/kg  

Sites    

Sandy 476.7  186.4 78 

Clay loam 455.4  189.2  81 

LSD 0.05 0.9   0.6  1.7 

Yeast application    

Control 457.7  190.9  77.9 

1 mg /ml at R3 stage 484.2  184.6  81.5 

2 mg /ml at R3 stage 476.8  177.2  97.7 

3 mg /ml at R3 stage 466.3  185.3  83.2 

4 mg /ml at R3 stage 462.8  184.2  85.8 

1 mg /ml at R4 stage 469.2  188.8  73.9 

2 mg /ml at R4 stage 454.4  195.2  65.6 

3 mg /ml at R4 stage 465.5  194.8  67.5 

4 mg /ml at R4 stage 457.5  189.0  78.8 

LSD 0.05 0.80  1.1  3.3 

R3, early podding; R4, mid podding, LSD, least significance difference. 
 

Crude protein, crude fiber and oil contents:  

Site (P < 0.001), elicitor treatments (P < 0.001) main effects and site x elicitor treatments (P < 0.001) 

interaction were observed for crude protein content (Data not shown). Overall, soybean plants grown at sandy 

soil had greater crude protein content (477 g/kg ) than those grown at clay loam soil (455 g/kg ). These results 

are in agreement with those reported by several researchers [10] who concluded that environmental effects on 

harvested seed protein were generally relatively high. This also appeared to be true for our results. Most elicitor 

treatments increased the crude protein content, the exception being yeast extract 2 or 4 mg /ml applied at the R4 

stage, which failed to increase crude protein content when compared to an untreated plants. Overall, the highest 

number of crude protein content was observed following the foliar application of yeast extract 1 mg /ml at R3 

stage, which represented a 6 % increase compared to an untreated control (Table II). Site (P < 0.001), elicitor 

treatments (P < 0.001) main effects and site x elicitor treatments (P < 0.001) interaction were observed for oil 

content . Overall, soybean plants grown at clay loam soil had greater crude protein content (189 g/kg ) than 

those grown at sandy soil (186 g/kg ). Most elicitor treatments failed to increase the oil content, the exception 

being yeast extract 2 or 3 mg /ml applied at the R4 stage, which increased crude protein content, 2.3 and 2.0 %, 

respectively when compared to an untreated plants. Site (P < 0.01), elicitor treatments (P < 0.001) main effects 
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and site x elicitor treatments (P < 0.001) interaction were observed for crude fiber content (Table II). Overall, 

soybean plants grown at clay loam soil had greater crude fiber content (81 g/kg ) than those grown at sandy soil 

(78 g/kg ). Most elicitor treatments failed to increase the crude fiber content, the exception being yeast extract 2 

or 3 or 4 ,mg /ml applied at the R3 stage, which increased crude fiber content, 23, 4 and 8 %, respectively when 

compared to an untreated plants. 

 

Conclusions: 

This is the first study addressing the effects of foliar application of yeast extract on the seed yield of 

soybean plants. While all yeast extract treatments caused an oftenmarked increase in seed yield compared to an 

untreated plants, the greatest seed yield was observed following the foliar application of yeast extract 2 ,mg /ml 

at R3 stage, which represented a 25 % increase compared to the untreated control. This increase in seed yield 

was due to increases in 1000 seed weight, number of pods per plant and seeds per pod. 
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