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Introduction
Abiotic Stress
• Abiotic stresses (waterlogging, drought, extreme temperatures)
represent a major threat to agricultural productivity worldwide. [1]
• Tolerance to and effects of abiotic stress are variable, but there are
many common effects of abiotic stress (loss of yield, decrease in
crop quality) and shared responses (antioxidant production,
changes to metabolism & gene expression etc.).
• Waterlogging & cold stress represents an understudied stress
combination relevant under Canadian spring conditions.

Cold Stress

Day 7

Waterlogging Stress

• Outcome = wilting, yellowing of
leaves, yield loss
• Tobacco is prone to suffering
from cold damage particularly
at the seedling stage.
• More tolerant strains have more
pronounced changes in gene
expression. [2]

• Two waves of Stress
• Outcome = wilting, yellowing of
leaves, yield loss, changes to root
& shoot morphology
• Tobacco is sensitive to
waterlogging stress – three days
is sufficient to significantly
decrease plant height, and dry
weight while leading to an
increase in adventitious roots [3,4]

Stress Combinations
• A plant’s response to a
single stressor is not
predictive of its response
to a combination of
stressors

Recovery

• Recent studies suggest that
exposure to waterlogging
under suboptimal conditions
may result in increased
survival rates and decreased
cellular injury [5]

Figure 2. Photographs of Nicotiana tabacum plants from four different treatments (Control, waterlogging, cold, combination) at three different time points (day 0, day 7 and recovery – seven days after treatment ended)

Waterlogged plants are visually most affected by the stress treatment.
Chlorophyll

Objectives -Apply waterlogging and cold stress
individually and in combination to determine the plant’s
physiological response.
Hypothesis – Waterlogging and cold stress combined
will have a less severe impact than either stress
individually.
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Cold + Combination

Photoperiod

16 hours

16 hours

Temperature

28ºC (light)/22ºC (dark) 10ºC (light)/4ºC (dark)

Humidity

60%

60%

Light intensity

150 μmol m-2 s-1

150 μmol m-2 s-1

Waterlog and combination plants submerged in pots of water, refilled daily
Experiments were conducted in two blocks: Control & waterlogging, Cold & Combination
Duration = 7 days in a growth chamber followed by 7-day recovery in greenhouse
Measurements = Leaf length, chlorophyll meter & extractions, electrical conductivity
Statistical Analysis = Data is of a representative replicate, Data are the means of
technical replicates ± SEM. Within a given day, values with different letters are significantly
different (P <0.05).
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The strongest decline is under waterlogging conditions. Does not fully
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Figure 5. Electrical Conductivity based on an ion leakage assay. Data are of a representative
replicate, Data are the means of technical replicates ± SEM. Within a given day, values with different
letters are significantly different (P <0.05).

Electrical conductivity indicated that cold treatment resulted in the highest
level of ion leakage during the treatment, following recovery that declined.
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Figure 4. Chlorophyll A/B ratio. Chlorophyll extraction in 80% acetone according to Lichtenthaler &
Wellburn. Data are of a representative replicate. Data are the means of technical replicates ± SEM.
Within a given day, values with different letters are significantly different (P <0.05).

Under waterlogging treatment the ratio decreased and did not recover. Cold
treatment results in potential increase that did recover within 7 days.
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Figure 3. Total chlorophyll values. Measurements taken of the first mature leaf using a chlorophyll
meter (Apogee Instruments). Data are of a representative replicate. Data are the means of
technical replicates ± SEM. Within a given day, values with different letters are significantly
different (P <0.05).
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Figure 1. Stress matrix representing
interactions between different stressors, from
Zandalinas et al. 2018. [1]
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Data suggests:
• Combination of stresses is less damaging than
waterlogging
• No more damaging than cold stress alone
Waterlogging conditions decreased chl a/b ratio,
due to degradation of chl a, as seen in other papers
[5]
Cold conditions result in increased CHL a/b ratio
Increased ratio may result from a decline in the
degradation of Chl A under colder temperatures.
[7]
Future work:
• Perform Lipid peroxidation and ROS enzyme
assays to further elucidate the plant stress
response under different stress conditions.
• Investigate if decreased plant activity at cold
temperatures is behind decreased effects of
stress under combination conditions(Fig 4). [8]
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Figure 6. Percent change in leaf length. Measurements taken of a new leaf and represents a fold
change from the length of the day 0 leaf. Data is of a representative replicate, Data are the
means of technical replicates ± SEM. Within a given day, values with different letters are
significantly different (P <0.05).

Plant growth may to be hindered by cold
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