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Background:
Alberta’s greenhouse industry has been continuously expanding in recent years. However, vegetable
production is significantly affected by root diseases caused by bacterial and fungal pathogens. These
diseases are increasingly problematic in hydroponic vegetable production, because the pathogens can
spread quickly and cause dramatic plant/yield losses once they contaminate the water systems.
Silver (Ag+) has been extensively studied for applications in disinfection of various harmful
microorganisms due to its multiple modes of inhibition mechanism. Nanotechnology has been widely
applied in clinical methodologies including imaging, diagnostic, and therapeutics, drug delivery and
tissue engineering. Silver nanoparticles have been used as antimicrobial agents in many applications.
To utilize the great potential application in controlled environment agriculture (CEA) -- an advanced
and intensive form of hydroponically-based agriculture, we conducted this study and aimed to
develop a filter device using silver nanoparticles (AgNPs) for disinfection of pathogen-contaminated
water in the greenhouse.
Objective:
(1) To evaluate the in vitro antifungal effect of AgNPs against fungal and bacterial pathogens of
Alberta’s most important greenhouse vegetables; (2) To select a suitable filter substrate for the AgNPscoating; (3) To design and develop a new water filter material using the silver nanoparticles-coated
substrate; and (4) To characterize the AgNPs-coated substrate.
What we did:
A novel water filter system has been developed by synthesizing silver nanoparticles in situ either on
the external surface or in the inside pores of the substrate, activated carbon (AC). The coated AC
was characterized by using scanning electron micrographs (SEM) to confirm that AC was evenly
coated by silver nanoparticles, and transmission electron micrographs (TEM) to prove that AgNPs
were present on both outside and inside the structure of treated AC and the size of the AgNPs
(<100 nm). We conducted in vitro tests to evaluate the antimicrobial effect of AgNPs against yeast
(Saccharomyces cerevisiae), bacterial (Paenibacillus sp. and Pseudomonas sp.) and fungal (Botrytis cinerea,
Fusarium oxysporum, Rhizoctonia solani and Sclerotinia sclerotiorum) cells/spores. We evaluated different
concentrations of AgNO3 solutions in order to determine the optimal dose that served our goal; also
we aimed to find the best method for the AgNP-AC preparation. Starting with a small-scale test and
finally getting to a scale-up dynamic filtration test, we evaluated the efficacy AgNPs-coated AC
against a bacterium.

Key results:

1. Silver nanoparticles killed yeast (Saccharomyces cerevisiae), bacterial (Paenibacillus sp. and
Pseudomonas sp.) and fungal (Botrytis cinerea, Fusarium oxysporum, Rhizoctonia solani and Sclerotinia
sclerotiorum) cells/spores at low concentrations (1-10 mg L-1 Ag+) in the laboratory test.
2. AgNPs-coated activated carbon (20 – 23 g L-1) killed more than 90% - 99% of bacterial and
fungal cells/spores in water in comparison to their original concentration and a control in
the filtration tests.
3. No or very low level of silver ions were detected in the eluent.
Take home message for the industry:
Silver nanoparticle-coated activated carbon can effectively kill microbes in water through the filtration
treatment. It has great potential as a filter substrate for disinfection of pathogen contaminated water.
The developed technique is approved to be a very efficient approach and can be used in the final stage
of the water treatment in the greenhouse to reduce the cost. The knowledge generated in this project
has and will contribute to the development of innovative technology for water treatment industry.
Value to the industry:
Fungal and bacterial diseases in the greenhouse vegetable can cause 10 – 50% yield losses, also can
reduce the quality of products. If the disease can be effective controlled, the yield losses can be
decreased. For example, the cucumber in greenhouse can have 150 – 300 fruits per square meter per
crop at optimum production and generate $150 - $300 ($1.00 per fruit). For a 100 m2 greenhouse, it
will earn $15000 – 30000 per crop. If the yield loss is 50% due to Fusarium root rot, it will reduce half
of the income. Our filter device (2L size) will effectively control the disease at 90% efficiency, and
reduce the yield loss from 50% to 5%, the yield will be 135 - 270 fruits per square meter and only cost
about $80 (at lab scale AgNP production and double-coating) extra than a regular filter. This cost of
filter can be significantly reduced if AgNPs is produced in an industrial-scale.
Value to the team:
One graduate student was trained at the University of Alberta under this project funding.

