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Introduction:

Dissolved oxygen in irrigation water affects the root zone environment in many ways in greenhouse crops. Most of the
greenhouse vegetables in Alberta and Canada are grown in hydroponics systems with or without the use of a growing
medium. The growing volume is generally limited to a few liters/plant to make the use of greenhouse space in an
economic manner. For example 3 cucumber plants are grown in a 20 L pillow bags with sawdust or coir (coco fiber) as
a growing medium. Two plants are grown in 20 L buckets, which provide better vertical drainage. Tomatoes are grown
on smaller volume of growing medium. The growing medium volume affects the oxygen and water dynamics in the root
zone and the plant growth and yields can be affected by the amount of oxygen in water.

For example oxygen in water at 4C is generally around 8-10 ppm if there is not high biological activity. In many dugouts
water supply we have observed oxygen as low as 4 ppm because of high microbial activity. When this water is used to
irrigate plants, the oxygen in leached water may be as low as 1-2 ppm. Such low oxygen promotes the growth of
pathogenic fungi like Pythium which attacks root hair and thus reduced the plant’s capability to absorb water causing
water stress and thus reducing yields. Furthermore low oxygen in root zone promotes an increase of gases like carbon
di oxide and other gases, which are bye products of root respiration.

Oxygen demand in inorganic mineral growing media consists of root and microbial respiration. Root respiration provides
plants with energy for root growth, ion uptake and maintenance processes, and is influenced by among others, temperature
and relative growth rate (Van der Werf 1993). Oxygen availability to roots grown in soilless culture can become limiting
in case oxygen demand exceeds oxygen supply, inducing reduced root growth rate, ion and water uptake, eventually
reducing production (Pezeshki et al. 1993).

Thus increasing the dissolved oxygen levels in water especially at higher temperature e.g. 20C, should be beneficial to
root zone. Following advantages may be expected:

= Better root health, which will promote better absorption of nutrients.

* Reduced incidence of diseases like Pythium damping off , which is a low oxygen disease.
= Better plant quality

= Better and higher total marketable yields

This is the first part of a larger study to determine the beneficial effects of dissolved oxygen in water on the growth
and biomass development of cucumber and tomato seedlings grown in rockwool cubes and coir.

Material and Methods:

A research study was conducted between January and March 2003 at the Crop Diversification Centre North, Edmonton,
Alberta, Canada in which the affect of using oxygenated water and regular city of Edmonton water was studied on the
growth of seedless cucumbers and tomatoes. Cucumber CV Corona was seeded in 2.5 cm rockwool cubes and germinated
at 24C. After 2 weeks the seedlings were either transferred into 15 cm rockwool blocks or 15 cm green, plastic pots
with pre-wetted coir as a growing medium. Tomato seeds CV Blitz were similarly germinated in 2.5 cm rockwool cubes
and after 3 weeks the seedlings were transferred either into 15 cm rockwool blocks or 15 cm green plastic pots containing
pre wetter coir.

The seedlings were grown for a period of 5 weeks in case of cucumbers and 6 weeks for tomatoes in a replicated,
completely randomized factorial design. There were four replicates of 10 plants each. There were two treatments
compared in this study. Water was oxygenated using SEAIR Diffusion System, 3LPM generator. Non-oxygenated water
came from city of Edmonton water supply.

Treatment of seeds with two types of water was started right at the time of germination and continued till the end of

the experiment. Oxygenated water was always over 20ppm and regular water was around 12.8 ppm at a temperature
of 14C.
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The plants were regularly fertilized with a nutrient solution of the following composition:
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Material and Methods (continued):

Nitrogen 200 mg/L, Phosphorus 40, Potassium 350, Calcium 150, Magnesium 60, Sulfur 120, Iron 3, Manganese 0.8,
Copper 0.15, Zinc 0.12, Boron 0.25 and molybdenum 0.10. The nutrients were derived from commercial fertilizers. The
plants were watered as needed. PH was maintained between 5.8 and 6.2 and Electrical Conductivity (E.C.) was maintained
between 1.5 and 2.0 ms/cm.

At the end of the experiment the plants were cut off at the base and fresh and dry weights were determined. Roots
weights were difficult to quantify because a significant number of roots were inside the growing medium and could not
be removed for weight determination.

The statistical data was analyzed using Duncan Multiple Range Analysis using SAS program.

Results:

This graph presents the comparison of two

treatments on fresh biomass of 5 weeks old cucumber
seedlings. The seedlings which were grown on
non-oxygenated water in coir had a fresh biomass of
72.0 grams as compared to 88.20 grams weight obtained
in seedlings grown in oxygenated water. Similarly, the
fresh weights were 103.27 and 119.37 grams for seedlings
grown in rockwool for the respective treatments. The
weight differences were statistically significant at 0.05%
level of probability.

This graph presents average dry weights of cucumber
seedlings grown on non-oxygenated and oxygenated
water treatments. It was 6.17 grams in seedlings grown
in non-oxygenated water in coir and 7.85 grams in
seedlings grown in oxygenated water. In case of seedlings
grown in rockwool, the dry weights were 9.19 and 10.62
grams for the respective treatment. The differences
between the dry weights were statistically significant at
0.05% level of probability.
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This graph shows fresh weight of tomato seedlings grown
in rockwool and coir with and without oxygenated water.
The average weight of seedlings which were grown in
coir using non-oxygenated water was 99.05 grams and
it was 116.05 grams in seedlings where oxygenated
water was used. The differences in fresh weight were
statistically significant at 0.05% of probability. In case
of seedlings grown in rockwool without oxygenated water
the fresh weight was 8.51 grams as compared to 9.90
grams in case of seedlings grown in rockwool using
oxygenated water.

This graph indicates dry weights of seedlings grown in
coir and rockwool. The weight differences between
seedlings grown in coir were statistically significant while
there were no significant difference in seedlings

Discussion:

Results showed that cucumbers seedlings which were grown using oxygenated water had significantly (p>0.05%) higher
fresh and dry weights both in rock wool and coconut fiber when compared to plants grown in non-oxygenated water.
In case of tomatoes the plants grown on COIR showed significantly higher fresh and dry weights when compared to
those grown on regular water. The differences in fresh and dry weights were not significant in those tomato plants, which
were grown on rockwool.

Cucumber seedlings showed a positive growth effect when they were grown on oxygenated water both when fresh and
dry weights were compared and in both coir and rockwool. In case of tomatoes the differences were not significant
between the treatments. It was observed that a large number of roots came out of the pot into the free standing water
while in case of rockwool the tomato roots had a tendency to stat inside the block and oxygen availability may have
been affected.

This study definitely showed a positive and significant growth affect in cucumber and tomato seedlings. Further studies

are being planned in larger volume of growing medium and its affect on actual marketable yields of plants. With better
root health, better plant growth and better yields may be expected.
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Future Research: SEAIR DIFFUSION SYSTEMS INC. is part of a funding consortium to study the affect of oxygenated
water on the root health of cucumbers. The other partners in this study are Alberta Crop Industry Development Fund
(ACIDF), Alberta Agriculture, Food and Rural Development, Alberta Greenhouse Growers Association, Red-Hat Coop and
Pik-N-Pak Coop. This is a three years study in which role of oxygenated water in reducing root zone diseases will be
examined.
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generating unit and also provided partial funding for this project. | also appreciate the help provided by many growers
who have installed the SEAIR system and shared several observations on oxygen level in water and positive affect on
growth.

Seedless cucumber seedlings 3 weeks old grown in A SEAIR unit installed in a commercial bedding
floating system where roots were always in water. plants greenhouse. The oxygen in recycled
water is over 20 ppm
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Roots of seedless cucumbers grown
in rockwool, 3 weeks old

Six weeks old tomato seedlings.
Left Oxygenated water
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