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Abstract 27	

Invasions of Iris pseudacorus L. (yellow flag iris) into wetland environments can result in changes to the 28	

functioning of the ecosystem.   Field-based and greenhouse studies were initiated to study the effect of water depth 29	

on regrowth rates of cut stems of yellow flag iris.  The field-based experiment occurred at 41 independent 30	

populations around the perimeter of a single wetland.  The greenhouse experiment was conducted to further study 31	

the effect of water depth and duration of submersion on rhizome mortality. In both studies, treatments were 32	

compared against controls.  In the field-study, yellow flag iris regrowth was significantly affected by water, though 33	

there was no relationship between water depth and percent regrowth.  In the greenhouse study, there was a 34	

significant positive relationship between duration of submersion and percent mortality of rhizomes.  And, there was 35	

no relationship between water depth and percent mortality; indicating that as little as 5 cm of water is sufficient to 36	

kill yellow flag iris rhizomes, if the stems are cut to the base of the plant.  Our results indicate a simple technique 37	

can control yellow flag iris within aquatic ecosystems without the need for chemicals or laborious hand removal. 38	

 39	

Nomenclature: yellow flag iris, Iris pseudacorus (L.) IRPS 40	

Key words: mechanical control, yellow iris, anoxia, hypoxia, plant physiology, carbohydrate starvation 41	

 42	

 43	

44	



	 3	

Introduction 45	

Yellow flag iris (Iris pseudacorus L.) is one of many invasive species in North America altering ecosystem 46	

processes. Yellow flag iris is an emergent species found specifically along calm shorelines of fresh, brackish, and 47	

saline water bodies (Pathikonda et al. 2008; Sutherland and Walton 1990; Gerwing et al. 2020).  In western North 48	

America, yellow flag iris typically occurs in monocultures, or in mixed stands with broadleaf cattail (Typha latifolia 49	

L.) (Lakela 1939; Preece 1964; Rubtzoff 1959) and can grow in water depths ranging from 0-100 cm (Preece 1964).  50	

While yellow flag iris is typically associated with sites with continuous high soil-water content, it can grow in dry, 51	

sandy soils (Dykes, 1974 in Sutherland 1990).  Rhizomes placed indoors, without water, can continue to grow for 3 52	

months (Sutherland 1990).   53	

Yellow flag iris tolerates a wide range of soil pH ranging from 3.6 to 7.7 (Unit of Collaborative Plant 54	

Ecology, unpublished, in Sutherland 1990), but prefers high nutrient sites (Ellenberg 1979 in Sutherland 1990). 55	

Once established, yellow flag iris is known to change the hydrology, and ecosystem complexity and functioning of 56	

an area, reducing habitat suitability for native plant and animal species (Clark et al. 1998; Pathikonda et al. 2008; 57	

Raven and Thomas 1970; Thomas 1980).  The species has a very high carbohydrate storage capacity in the rhizomes 58	

(Taylor unpublished in Sutherland 1990) and is able to quickly colonize from rhizome fragments.  During peak 59	

storage capacity, yellow flag iris rhizomes soluble carbohydrate values may be as high as 80% of the dry matter 60	

(Hanhijarvi and Fagerstedt 1994).  The high carbohydrate content may allow a single population to expand rapidly. 61	

For example, in Ireland, populations 20 m across are thought to have originated from a single clone (Sutherland 62	

1990).  While yellow flag iris can invade new areas via rhizome fragments, seeds are the main mode of dispersal 63	

(Gaskin et al. 2016).  The success of this species may be due, in part, to the high buoyancy displayed by the seeds, 64	

which can float for over a year before establishing on a suitable substrate (Coops and Van Der Velde 1995; Van Den 65	

Broek et al. 2005).  66	

Yellow flag iris is able to dominate a site due to flooding and anoxia tolerance. Typically, wetland species 67	

down-regulate metabolism during prolonged anoxia (Schlüter and Crawford 2001).  However, when devoid of 68	

oxygen, total non-soluble and soluble carbohydrates contained within the rhizomes of yellow flag iris drops to about 69	

20% of their original levels within just 2 weeks (Schlüter and Crawford 2001) suggesting that the plant is actively 70	

transporting carbohydrates to maintain leaf tissue. The active transport of carbohydrates out of the rhizomes to feed 71	

metabolic processes in the leaf tissue would be critical to the establishment of a connection with atmospheric oxygen 72	



	 4	

to ensure survival in anoxic conditions.  The end product (acetaldehyde) created during anaerobic metabolism would 73	

typically be released via diffusion out of the leaf surface (Schlüter and Crawford 2001). The toxic effects of 74	

acetaldehyde on plant development and growth are well documented (Perata and Alpi 1991).   Kimmerer and 75	

Kozlowski (1982) demonstrated a linear relationship between acetaldehyde production and necrosis in birch and 76	

pine leaves.   The same researchers summarize data of many species that exhibit increased acetaldehyde production 77	

under stressed conditions (Kimmerer and Kozlowski 1982). Atkinson et al. (2008) monitored acetaldehyde 78	

concentrations in the xylem sap and leaves of intact Forsythia sp. plants and found that acetaldehyde concentrations 79	

in the xylem sap increased 4-fold and increased 10-fold in the leaf tissue, following 3 days under flooded conditions, 80	

versus under well drained control conditions.  Therefore, the active transport to leaves of the toxic by-product 81	

acetaldehyde is critical to ensuring survival under flooded conditions. 82	

Research by Tarasoff et al. (2016) found that yellow flag iris rhizomes died quickly (within 3 months) 83	

when plants were cut to the base and covered with a non-porous rubber matting.  They also observed that at one site 84	

after the plants were cut, the water levels rose such that the cut bases of the plants were under at least 10 cm of water 85	

for the duration of the study.   There was no significant difference between cutting the plants to the base versus 86	

cutting the plants to the base and putting the rubber matting on top.  The results of this study suggest that there may 87	

be an inhibitory effect of water on the ability of yellow flag iris to regrow.   88	

It is known that gases diffuse through water 1000 times more slowly than through the atmosphere (Sairam 89	

et al., 2008).  Therefore, we hypothesize that water may act as a barrier to gas (acetaldehyde) diffusion and thus 90	

water alone may result in yellow flag iris mortality.  We expect a relationship between water depth and duration of 91	

submersion and rhizome mortality; therefore, we hypothesis that a constant layer of water overtop cut yellow flag 92	

iris stems.  We pose the questions:  what depth of water is required and what is the optimal duration of treatment? 93	

 94	

Materials and Methods 95	

Field-Based Experiment  96	

The field-based portion of the study occurred at Cheam Lake Wetlands Regional Park (49.1981, -121.7503) 97	

(Cheam), near Vancouver, British Columbia, Canada.  Cheam is a 107 hectare wetland with a history of marl 98	

dredging.  In 1990, the area was designated a Regional park and Ducks Unlimited Canada installed a water-flow box 99	
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to control lake levels.  Because the lake has been dredged, it is unsafe to venture into deeper water.  Therefore, we 100	

chose to drop the lake levels by 40 cm to expose the bases of the plants prior to initiating the experiment. 101	

September 1, 2017, the controls of the water-flow box were lowered approximately 3-4 cm per day for 14 days.  102	

After 14 days, the water levels had dropped 40 cm; allowing safe access to yellow flag iris populations along the 103	

deeper regions of the shoreline.  On September 18, 2017, 41 unique populations of yellow flag iris were randomly 104	

selected and treated; in addition to 5 untreated Control sites (n=46).  Prior to treating the populations, number of 105	

stems were counted and marked with ‘pin-flags’, number of flowering stems were counted, the population size was 106	

measured, and a permanent water staff was installed.    107	

 September 19, 2017, the plants were treated by cutting the stem to the rhizome.  If the population had a 108	

terrestrial portion then the terrestrial portion was treated with rubber matting following the methods outlined by 109	

Tarasoff et al. (2016) to prevent gas exchange between the treated and untreated portions.   September 19, 2017 110	

immediately after treatments, the water-flow control box was raised to the original height and the wetland was 111	

allowed to recharge.  Water levels were monitored daily; after 10 days (September 29
th

), the wetland water levels 112	

had returned to pre-treatment levels.  November 6, 2017 all 46 locations were revisited and monitored for both water 113	

height and plant regrowth.  May 15, 2018 all 46 locations were again revisited and monitored for both water height 114	

and plant regrowth.  Two of the 41 treated sites were vandalized (n=39).   115	

We suspect that uneven ground surface and distance from rising water may have resulted in an uneven recharge rate 116	

at the 39 sites. This uneven recharge rate would allow the treated yellow flag iris at some sites to remain exposed for 117	

up to 10 days (the recharge time for the system) longer than other sites.  During this time, the plant could recover 118	

and form a leaf.  In order to control water depth treatment, we conducted a greenhouse study. 119	

Greenhouse Experiment 120	

A greenhouse experiment was initiated to create instant water depth treatments of 0, 5, 10, 15, 20 and 25 cm.   June 121	

10
th

, 2018, prior to initiating the study, 36 yellow flag iris plants were removed and transported to the greenhouse at 122	

Thompson Rivers University (Kamloops, BC, Canada).  The yellow flag iris plants were divided into rhizome 123	

sections of 10 cm lengths and transplanted into 1-gallon pots filled with potting soil.  The rhizomes were planted just 124	

at soil level to mimic natural field growth of yellow flag iris.   The transplanted iris’ were allowed to recover and 125	

grow for three months.  September 14
th

, 2018 the transplanted iris’ were cut to their bases.  To save space, 2 pots 126	

were placed in each 40 liter Rubbermaid tote.  The totes were filled with water such that when the 1-gallon pots 127	
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were submerged the water level was 5, 10, 15, 20, or 25 cm above the soil level.  The control treatment was sub-128	

irrigated. At 21, 68, 105, and 230 days of treatment, 3 rhizomes from each water depth were removed from the 129	

treatment and washed clean (n=36).  The rhizome was sliced into 5 sections and each section was assessed for 130	

percent mortality as a function of percent necrotic tissue. 131	

Statistical Analysis 132	

Using JMP 14.0 statistical software (SAS, Cary, NY), descriptive statistics and regressions were used to treatment 133	

effects and the relationship between regrowth and water depth, in the field based study; and mortality versus water 134	

depth and duration of treatment in the greenhouse study (α = 0.05).  135	

 136	

Results 137	

Field-Based Experiment 138	

Results presented are for the May 15, 2018 site visit to ensure all populations had sufficient time to regrow.  Of the 139	

original 41 sites, 2 were vandalized during the study and were omitted from analysis (n=39).  There was no 140	

relationship between the number of stems at each population at the start of the experiment and regrowth in May 141	

2018 (r
2
= 0.01, P=0.47).  Additionally, there was no relationship between water height and regrowth in May 2018 142	

(r
2
= 0.0008, P=0.86) (Figure 1).   143	

 For example, 59% of the populations treated had zero percent regrowth, 25% had more than 0% regrowth 144	

but less than 30%, 10% had more than 30% regrowth but less than 60%, and 6% had greater than 60% regrowth 145	

(Figure 2).  The Control sites experienced an average increase in stems of 34% (+ 20%). 146	

 Greenhouse Experiment 147	

Results from the greenhouse study provided some excellent insight into water treatment depth and duration.  Again, 148	

there was no effect of water depth on mortality (P=0.23) nor was there an interaction between water depth and days 149	

of treatment (P=0.49); therefore, all depth treatments were combined and analyzed by days of treatment (P<0.0001).   150	

We found that while significant mortality started to occur at 105 days of treatment (69% + 24%), 230 days of 151	

treatment were required to attain 100% mortality (Figure 3).  At 230 days of treatment the Control plants exhibited 152	

0% mortality. 153	

Discussion 154	
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The nature of anoxia/hypoxia tolerance in aquatic plants is complex and species specific (Loreti and Perata 2020).  155	

Regardless of the mechanism(s) of survival; for a species to be considered anoxia/hypoxia‐tolerant it is not 156	

necessary that every organ or tissue survive the oxygen deprivation. All that is required is the survival of the 157	

essential organs that support regrowth for survival once plants are returned to favourable conditions. Roots are 158	

relatively sensitive to oxygen deprivation, and the survival capacity of most tolerant species resides in the shoots or 159	

rhizomes. Schlüter and Crawford (1982) studied I. pseudacorus anoxia tolerance extensively and found that 160	

rhizomes could withstand approximately 65 days of total anoxia and regrow upon return to oxygenated conditions.  161	

This ability to withstand long durations of anoxia is likely linked to the very high carbohydrate reserves found 162	

within I. pseudacorus rhizomes (approximately 40 mg/g FW total soluble carbohydrates and 140 mg/g FW total 163	

non-soluble carbohydrates) (Schlüter and Crawford 1982).   Schlüter and Crawford (1982) documented a sharp 164	

decline in carbohydrates and a steady increase in ethanol content in the rhizomes till about 20 days after treatment; 165	

after which, ethanol content reached a steady state.   166	

 Interestingly, plants have two growth responses to anoxia: some species experience shoot elongation and, if 167	

successful, are able to ‘reconnect’ with the atmosphere (Voesenek et al. 2004); while others initiate a quasi-168	

dormancy to survive the anoxic condition and will not grow until oxygen is available (Barclay and Crawford 1982).  169	

The advantage in the latter adaptation is that plants seem to outlast anoxia by reducing metabolic activity.  However, 170	

reduced metabolic activity cannot be sustained indefinitely; and thus, carbohydrate starvation has long been 171	

regarded as one of the main causes of cell death under anoxia (Schlüter and Crawford 1982). The results from the 172	

current study indicate that I. pseudacorus utilizes the second, quasi-dormancy, mechanism to survive anoxic 173	

conditions.  Ironically, the rhizomes of yellow flag iris hold more than enough carbohydrate reserves to produce a 174	

leaf and reconnect with the atmosphere.  Only 5 cm of surface water is required to prevent shoot growth, however 175	

upwards of 240 days is required to completely kill the rhizomes through carbohydrate starvation.  176	

 For land managers using water as a control mechanism for yellow flag iris some key protocols must be 177	

observed to ensure success.   Often, yellow flag iris populations are a mixed condition where part of the population 178	

is terrestrial and part is in deep water.  In a mixed condition population, it is imperative that the terrestrial portion be 179	

treated with a benthic barrier following the guidelines outlined by Tarasoff et al. (2016) to the point where the water 180	

depth is at least 5 cm deep year round.  Treating the terrestrial portion will ensure that the deep-water portion does 181	

not receive oxygen via the interconnected rhizome network.  If the deep-water portion does not remain under at least 182	
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5 cm of water year round, then cutting alone will not result in mortality.  If the water drops below the cut rhizome 183	

surface, yellow flag iris will quickly send up a leaf and reconnect to the atmosphere.  Next, when cutting the deep 184	

water populations, success hinges on cutting the leaves to the base of the plant.   Lastly, monitoring treated areas and 185	

removing any rogue leaf formation may further improve success rates.  Future research should involve testing this 186	

technique at multiple sites and across a variety of ecological conditions.  The authors also encourage testing this 187	

technique on other, biologically similar, species. 188	

 189	

 190	

 191	

192	
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Figure Captions 209	

 210	

Fig. 1  The relationship between percent plant regrowth recorded May 2018 and water height above cut stems of 211	

treated yellow flag iris populations at Cheam Wetlands (Vancouver, BC) 212	

 213	

Fig. 2   Levels of control, measured by percent regrowth, at 39 treated yellow flag iris sites at Cheam Wetlands 214	

(Vancouver, BC) 215	

 216	

Fig. 3   The relationship between days of water treatment (5,10, 15, 20 or 25 cm water depth) and percent rhizome 217	

mortality of cut yellow flag iris plants grown under greenhouse conditions (+ 95% CI) 218	

 219	

220	
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Figures

Figure 1

The relationship between percent plant regrowth recorded May 2018 and water height above cut stems of
treated yellow �ag iris populations at Cheam Wetlands (Vancouver, BC)



Figure 2

Levels of control, measured by percent regrowth, at 39 treated yellow �ag iris sites at Cheam Wetlands
(Vancouver, BC)



Figure 3

The relationship between days of water treatment (5,10, 15, 20 or 25 cm water depth) and percent
rhizome mortality of cut yellow �ag iris plants grown under greenhouse conditions (± 95% CI)


