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Phenological Studies of Carbohydrate
Allocation in Hydrilla
CHETTA S. OWENS1 AND JOHN D. MADSEN2
ABSTRACT
Hydrilla (Hydrilla verticillata (L.f.) Royle), a nonindigenous submersed aquatic plant, was first introduced into the
United States in the 1960’s. Hydrilla exhibits aggressive
growth, forming dense canopies of biomass at the surface of
the invaded aquatic systems, affecting fisheries, water quality,
transportation and recreational usage. Studies of the phenological seasonal cycles of invasive plants indicate optimal timing to apply management techniques. Biomass and total
nonstructural carbohydrate (TNC) allocation of dioecious
hydrilla were studied in outdoor ponds in Texas between January 1994 through July 1995. Biomass increased from May
through September, growing from overwintering shoots and
root crowns, not tubers. Tuber germination occurred in
August. Tuber and turion production occurred from October through April. A carbohydrate storage minimum was
observed in late July for 1994 and June for 1995, with storage
generally split between stolon (7% TNC), root crown (10%
TNC) and lower stem (16% TNC). Tubers and turions
ranged from 58 to 68% TNC. These studies provide more
insight into the timing of major allocation shifts in the hydrilla seasonal growth cycle.
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INTRODUCTION
Most native aquatic plants enhance their ecosystems.
Some of the derived benefits include fish and waterfowl habitat, sediment stabilization and improved water quality (Madsen 1997a). However, many introduced species, including
hydrilla, can have negative impacts. Invaded aquatic ecosystem are impacted by increased biomass and dense canopy
production which affects water quality, especially dissolved
oxygen. Further, dense canopy production shade out native
vegetation, thereby leading to a loss of native diversity.
Hydrilla is native to Southeast Asia and Australia. The first
discovery of hydrilla in the United States was in the state of
Florida during the 1960’s (Pieterse 1981). Two distinct biotypes (monoecious and dioecious) exist in the United States
(Spencer and Anderson 1986). Monoecious hydrilla has
both staminate and pistillate floral components on the same
plant while dioecious biotypes produce staminate and pistil-
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late on separate plants. Currently, within the United States,
dioecious hydrilla is pistillate producing only; therefore,
indicating that no seeds are produced. Dioecious hydrilla is
found throughout the southeastern United States and as far
north as Connecticut (Les et al. 1997).
Phenology is the study of the seasonal cycle of plants and
animals. Previous plant phenology research has successfully
demonstrated optimal timing for control of cattails3. The
utility of herbicide application timing to carbohydrate depletion to improve weed management has also been demonstrated for the terrestrial weed quackgrass (Schirman and
Buchholtz 1966). At the Lewisville Aquatic Ecosystem
Research Facility (LAERF), phenology studies have been
conducted on waterhyacinth (Eichhornia crassipes (Mart.)
Solms) (Luu and Getsinger 1990) and Eurasian watermilfoil
(Myriophyllum spicatum L.) (Madsen 1997b).
Many aquatic plants have specific organs for storage of
carbohydrates, such as tubers in sago pondweed (Potamogeton
pectinatus L.), turions in curly-leaf pondweed (P. crispus L.)
and stembases in waterhyacinth (Madsen 1991). Hydrilla has
a number of different storage organs for carbohydrates,
including tubers, turions, stolons and root crowns. Upper
shoots perform photosynthesis, exporting carbohydrates to
these storage organs for use during periods of overwintering
or environmental stress. In the spring, these stored carbohydrates provide energy to the plant for regrowth. The goal of
this study was to document seasonal changes in the storage
of total nonstructural carbohydrates (TNC), expressed as
percent TNC of dry weight and observe low points in carbohydrate storage which might be exploited for management
of this species.
METHODS
This study was conducted at the LAERF, in Lewisville,
Texas (latitude 33°04’45”N, longitude 96°57’30”W), from
January 1994 through July 1995. Two experimental ponds
(0.3 ha) were utilized, with an average depth of 1.0 m and a
maximum depth of 1.5 m. Daily water temperature were continuously monitored using an Omnidata Easy Logger™ Field
Data Recording System adjacent to the hydrilla research
ponds. Missing temperature data was obtained from the
NOAA (National Oceanic and Atmospheric Administration)
monthly summary for the Dallas-Ft. Worth Regional Airport4.
From January 1994 through July 1995, 12 biomass samples
were collected monthly from each of the two ponds, using a
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0.1 m2 quadrat. Biomass samples were separated into upper
and lower shoots, root crowns, stolons, tubers and turions.
Inflorescences, root crowns, tubers and turions were
counted. All samples were dried at 55 C in a Blue M forced
air oven (General Signal, Atlanta, GA) for a minimum of 48
hours, then weighed. After obtaining a dry weight, samples
were finely ground using a Cyclone Sampling Mill (UDY
Corp, Ft. Collins, CO), for carbohydrate analysis.
Plant samples were analyzed for TNC using a modified
procedure by Swank et al. (1982). Total nonstructural carbohydrate (starch, hydrolyzable sugars, reducing sugars)
extracts were incubated at 55C for 15 minutes with one unit
of amyloglucosidase (Sigma A-3042) per milliliter of completely hydrolyzed starch before assaying for reducing sugars
(Nelson 1944, Madsen 1997b).
Additional core tuber samples (40) were collected
monthly from January 1994 through July 1995 using a
Wildco sediment sampler (Saginaw, MI; model # 2424-L15)
with a 4.5 cm wide cylinder. Samples were washed, tubers
counted and then processed as above to obtain dry weight
and TNC content.
RESULTS AND DISCUSSION
Hydrilla exhibited an aggressive growth strategy as water
temperatures increased. This is evident in the expansion in
root crown density (Figure 1A, 1B) during the summer
months. Flowering of hydrilla was observed in late September through October, just prior to tuber and turion formation (Figure 1C).
During the fall months, starting in October 1994, an
increase in stolon, tuber and turion densities occurred as
these storage organs were produced for winter (Figure 1B,
1E). Increases in tuber density were also evident in the core
data (Figure 1D). Other experiments (unpubl. data) have
indicated that undisturbed hydrilla tubers will germinate in
the latter part of July through August at this location. Evidence for this timing of tuber germination can be seen in
the decrease in tuber numbers before new tubers are produced in the fall (Figure 1D, 1E). At the LAERF, hydrilla
regrows in the spring from stolon and root crowns, rather
than tuber germination. The optimum temperature for
tuber germination has been shown to occur between 15 and
35 C (Haller et al. 1976), but temperature is not the only
controlling factor. Following a drawdown in Rodman Reservoir, Florida, 80% of the hydrilla tubers were found to germinate (Haller et al. 1976). Tubers, as well as turions, are
backup survival strategies for the primary plant. Thus all
reproductive activities (sexual and asexual) occurred in the
fall preceding plant senescence for winter.
An apparent disparity between tuber densities in core data
(Figure 1D) and quadrat data (Figure 1E) occurs because
plants produce tubers at the end of stolons, then stolons
senesce and the tuber is left in the sediment. Tubers remain
in the sediment, accumulating over time. The only tubers
detected through quadrat sampling were those still firmly
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attached to stolons, which were removed with the biomass
samples. Tuber densities (up to 200 m-2) observed in our
experimental ponds as sampled by coring are comparable to
densities cited in the literature, though possibly at the low
end of the range (Netherland 1997).
Hydrilla biomass was allocated principally to the aboveground shoots with a maximum dry weight of approximately
1200 g m-2 occurring in June through August 1994 (Figure
2A, 2B). Since hydrilla is a canopy producer, during the
warmer months, hydrilla effectively obtained sufficient light
to extend carbohydrate production. As the water temperature increased, the biomass in the upper and lower stems
increased (Figure 2A, 2B). Stolon, tuber and turion biomass
decreased throughout the summer months before increasing
in October as new storage organs were produced (Figure
2C).
The minimum for total nonstructural carbohydrate (%
TNC) for all plant organs occurred in July 1994 and June
1995 for this study (Figure 2), when most reserve carbohydrates had been utilized by the plant for spring regrowth.
From April through June, a steady increase in aboveground
biomass was detected (Figure 2B) as the hydrilla rapidly utilized stored carbohydrates to reach the surface. Additional
data at the LAERF (unpubl. data) have shown a low point for
carbohydrate storage occurred in June, indicating that hydrilla populations can vary the point of low carbohydrate storage throughout a mid-summer time frame. A similar
variation in the primary low point for carbohydrate storage
was observed for Eurasian watermilfoil (Madsen 1997b). The
time when hydrilla is expected to be most susceptible to a
management technique is at the point in the seasonal cycle
when the stored carbohydrates are at the lowest (Figure 2D,
2E). Without sufficient stored carbohydrates, the plant will
recover more slowly, and the management technique may
provide more effective control. In addition, mid-summer
management of hydrilla may eliminate the formation of
tubers and turions in the fall.
These phenological studies indicate that hydrilla utilizes
carbohydrates stored in the root crown to promote rapid
new spring growth. Carbohydrate storage in hydrilla is at its
lowest point during the seasonal cycle in late June to midJuly, with storage predominantly in root crowns, stolons, and
lower shoots. Tubers and turions are also storage organs, but
provide for dispersal (turion) and long-term survival if the
plant dies. These low points in carbohydrate storage may
enable the aquatic resource manager to utilize specific timing of control for improved management of this weedy species.
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Figure 1. Hydrilla populations in experimental ponds in Lewisville, Texas, during 1994-1995. (A) Average daily water temperature in research ponds. The
portions between the dotted lines indicate air temperature to replace missing water temperature data. (B) Density (N m-2) of hydrilla root crowns and stolons; (C) Density (N m-2) of hydrilla inflorescences; (D) Density (N m-2) of hydrilla tubers from sediment core data; and (E) Density (N m-2) of hydrilla tubers
and turions from quadrat data. Bars indicate ± standard error of the mean.
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Figure 2. Hydrilla populations in experimental ponds in Lewisville, Texas, during 1994-1995. (A) Average daily water temperature for research ponds. The
portions between dotted lines indicate air temperature to replace missing water temperature data. (B) Biomass (g m-2) of hydrilla lower stems, upper stems
and root crowns; (C) Biomass (g m-2) of hydrilla stolons, turions and tubers; (D) TNC concentrations (% dry weight) of hydrilla tubers and turions. Dashed
line indicates TNC seasonal low point; (E) TNC concentrations (% dry weight) of hydrilla root crowns, stolons, lower stems and upper stems. Dashed line
indicates TNC seasonal low point. Bars indicate ± stand error of the mean.
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