
"■ 
US Army Corps 
of Engineers 
Waterways Experiment 
Station 

Vol A-96-2 

Aquatic Plant Control 
Research Program 

May 1996 

Phenological studies to improve 
hydrilla management 
by 
John D. Madsen and Chetta S. Owens 

Most native aquatic vegeta- 
tion enhances aquatic eco- 

systems. Some of the benefits that 
are derived include fish and water- 
fowl habitat, sediment stabilization, 
and improved water quality, espe- 
cially with regard to nutrient 
removal and water clarity (Smart 
and Doyle 1995). However, many 
introduced species can have nega- 
tive impacts. Aquatic ecosystems 

are often destroyed as a result of 
the increased biomass, dense can- 
opy production, and the loss of 
diversity due to aggressive, weedy 
growth patterns that overwhelm 
native vegetation or fill unoccupied 
niches. One such non-native 
aquatic plant that causes exces- 
sive negative impacts is hydrilla 
(Hydrilla verticillata (L.f.) Royle). 

Dense growth of hydrilla can affect water quality, habitat, and human usage 
of an aquatic system 
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Hydrilla is native to Southeast Asia 
and Australia. It was first discov- 
ered in the United States in the 
1960s (Pieterse 1981). Two dis- 
tinct biotypes (monoecious and 
dioecious) exist in the United 
States (Spencer and Anderson 
1986). Dioecious hydrilla was first 
found in Florida and spread 
throughout the southeastern 
United States. Monoecious 
hydrilla was discovered in 1982 in 
the Potomac River, just outside 
Alexandria, Virginia (Steward and 
others 1984). It has since been 
found in other parts of Virginia, in 
addition to North Carolina, Dela- 
ware, Maryland, California, and 
Washington (Spencer and Ander- 
son 1986). 

Once hydrilla invades an aquatic 
ecosystem, the plant spreads rap- 
idly, either by root crown and 
stolon growth or by drifting frag- 
ments or turions. Hydrilla also pro- 
duces an underground tuber, 
another reproductive strategy for 
survival. Monoecious hydrilla 
(which has both male and female 
floral structures on the same plant) 
produces a viable seed, whereas 
dioecious hydrilla, in the United 
States, produces only female 
flowers. Hydrilla can rapidly pro- 
duce a dense canopy, shading out 
desirable native vegetation and 
reducing plant diversity in the 
system. 
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Hydrilla has created problems for 
the Guntersville Reservoir, Alabama 

Purpose of 
phrenological studies 
To improve hydrilla management, 
the U.S. Army Corps of Engineers' 
Aquatic Plant Control Research 
Program supports studies in four 
main technology areas—Biological 
Control, Chemical Control, Ecologi- 
cal, and Simulation Technologies. 

The Biological Control Technology 
area is investigating fungal patho- 
gens and insects as potential bio- 
control agents for controlling 
hydrilla populations. The Chemi- 
cal Control Technology area exam- 
ines concentration and exposure 
times required for aquatic herbi- 
cides and evaluates their use on 
an operational level. The Ecologi- 
cal Technology area examines the 
environmental parameters that de- 
termine the distribution and abun- 
dance of hydrilla. The Simulation 
Technology area has been devel- 
oping growth models for hydrilla, 
as well as predictive models for 
specific control techniques used 
on the species, such as herbi- 
cides, harvesting, or triploid grass 
carp. 

The success of any management 
technique for nuisance aquatic 
plants is increased when applied 
at the optimal time. Phenological 
studies provide managers with the 
information needed to identify 
weak points in the life cycles of tar- 
get plants, during which control 
measures can be applied with opti- 
mum effect. Another objective in 
studying the phenological cycles of 
target species is to identify biologi- 

cal parameters that affect manage- 
ment strategies. 

One mechanism for optimizing the 
timing of management tactics is to 
examine the storage of carbohy- 
drate reserves by plants, and to 
apply control tactics when 
reserves are at their lowest levels 
in storage organs. Low carbohy- 
drate reserves can then be corre- 
lated to readily observable 
phenological phenomena (such as 
the onset of flowering), to provide 
managers with cues for control. 

Previous research has success- 
fully demonstrated this approach 
for cattail (Linde, Janisch, and 
Smith 1976).  In these studies, a 
late-June weak point, identified by 
low carbohydrate reserves in the 
rhizome, was shown to coincide 
with the appearance of the stami- 
nate (pollen-producing) inflores- 
cence. A similar approach has 
been used successfully to control 
terrestrial weeds such as quack- 
grass (Schirman and Buchholtz 
1966). 

Scientists at the Waterways Experi- 
ment Station (WES) are investigat- 
ing these phenological cues for the 
three major nuisance aquatic 
plants encountered by the Corps 
of Engineers: hydrilla, waterhya- 
cinth (Eichhornia crassipes), and 
Eurasian watermilfoil (Myriophyl- 
lum spicatum L.). 

Small-scale studies of waterhya- 
cinth phenology and carbohydrate 
storage patterns, conducted at 
WES, concluded that potential 
weak points occurred in early 

Underwater photo of hydrilla 
showing the typical stolon growth 

spring and between mid- 
September and early October, 
before substantial fall storage had 
occurred in the stembases (Luu 
and Getsinger 1988, 1990). 
These conclusions were verified 
by pond-scale studies at the Lewis- 
ville Aquatic Ecosystem Research 
Facility (LAERF) in Lewisville, 
Texas, in which the same timing of 
potential weak points was 
observed. 

The WES waterhyacinth studies 
also confirmed the importance of 
developmental stage of the popula- 
tion. That is, waterhyacinth popula- 
tions should be controlled before 
large, mature plants can develop 
(Madsen, Luu, and Getsinger 
1993). This finding substantiates 
the current practices of mainte- 
nance management. 

The phenology of Eurasian water- 
milfoil was also studied at LAERF 
in a pond-scale study to determine 
potential weak points. This spe- 
cies lacks any distinct, specialized 
carbohydrate structures for stor- 
age.  Instead, carbohydrates are 
stored in lower shoots and the root 
crown, which is a mass of under- 
ground stems that initiates new 
shoot growth. Two potential weak 
points were also observed for the 
Texas populations of Eurasian 
watermilfoil, occurring in late June 
and early October (Madsen 1993). 

Carbohydrate 
allocation in hydrilla 
Many aquatic plants have well- 
defined storage organs for carbo- 
hydrate reserves, such as tubers 
in sago pondweed [Potamogeton 
pectinatus) and American pond- 
weed (P. nodosus), turions in 
curly-leaf pondweed (P. crispus), 
rhizomes in cattail (Typha spp.) 
and yellow pond-lily (Nuphar 
advena), and stembases of 
waterhyacinth (Linde, Janisch, and 
Smith 1976; Luu and Getsinger 
1990; Madsen, Luu, and Getsinger 
1993). 



Typical hydrilla plant indicating the 
shoots, root crown, stolon, and 
tubers 

Hydrilla has a number of organs 
that store carbohydrates, such as 
the root crown and stolons, tubers, 
and turions (Figure 1). Tubers in 
particular are specialized for this 
function. Upper photosynthetic 
shoots produce excess carbohy- 
drates that are translocated as 
sugars to these storage organs. 
Here, sugars are converted to 
starch for long-term storage. 
When plant carbohydrate require- 
ments exceed plant production 
capability, carbohydrates in the 
root crown and stolon are remo- 
bilized and exported to the tissues 
that need additional carbohy- 
drates. The tubers and turions are 
storage reserves for times of 

stress, such as overwintering and 
drawdown. 

During a hypothetical growing 
season, stored carbohydrates start 
at high levels. They are con- 
sumed by new spring growth as 
they are exported to upper shoots. 
At a certain point, plant production 
exceeds plant requirements, and 
carbohydrates are then trans- 
ported to storage organs. Just 
before this stage, when stored 
carbohydrates are at their mini- 
mum, management techniques will 
have optimal effect. During the 
continuing process of carbohy- 
drate production and allocation to 
storage in autumn, the contents in 
the storage organs increase to 
high levels. Carbohydrate storage 
remains high throughout the 
winter, when little is used by the 
dormant plant. 

Experimental 
approach 
Three areas of study concerning 
the phenology of dioecious hydrilla 
are being pursued at the LAERF: 
seasonal growth and carbohydrate 
allocation studies, seasonal growth 
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Figure 1. Diagram of carbohydrate production and storage areas in a hydrilla 
plant. (Drawing based on illustration provided by the Center for Aquatic 
Plants, University of Florida, Gainesville.) 

Sampling hydrilla in a pond at the 
LAERF 

and spread dynamics, and tuber 
and turion production and germina- 
tion. Monoecious hydrilla has not 
been studied at the LAERF. 

Seasonal growth and allocation of 
biomass and carbohydrates is 
being examined through whole- 
pond studies. Plant samples 
taken throughout the growing 
season are separated into lower 
and upper shoots, root crowns, 
stolons, tubers, and turions. 
Tissues are then analyzed for 
sugar, starch, and total nonstructu- 
ral carbohydrates (Madsen, Luu, 
and Getsinger 1993). These 
studies will provide an indication of 
a weak point based on carbohy- 
drate storage. 

Seasonal control of the spread of 
hydrilla is being examined in a 
series of pond experiments. A grid 
system is used for mapping of all 
rooted plants and fragments. The 
grids are examined regularly, and 
data are used to compute 
seasonal expansion and decline 
(Madsen, Eichler, and Boylen 
1988). 

Students assisted with processing 
hydrilla samples for the 
phenological studies at LAERF 



The importance of tubers and 
turions to hydrilla's overwintering, 
survival during times of stress, and 
spread is also being examined. 

Preliminary results 
Total nonstructural carbohydrate 
(TNC) concentrations in the 
hydrilla storage organs reached 
maximum levels of 22 percent in 
root crowns, 35 percent in stolons, 
and 70 percent in tubers and 
turions (Figure 2). Minimum TNC 
storage of all tissues occurred at 
the end of July, indicating this may 
be a primary weak point for 
hydrilla. 

Unlike the Eurasian watermilfoil 
weak points, which occurred simul- 
taneously with autofragment pro- 
duction and flowering, hydrilla 
exhibited no concurrent visual indi- 
cator. Although hydrilla popula- 
tions will vary in timing of weak 
points from year to year (Madsen 
1993), these mid-summer low stor- 
age levels can be exploited for 
management purposes to prevent 
excessive summer growth and to 
destroy aboveground biomass 
before the production of new 
tubers in the fall (Figure 3). 

Hydrilla biomass was allocated pri- 
marily to the upper and lower 
stems, a strategy that is consistent 
with maximizing photosynthetic 
and production capabilities (Fig- 
ure 4). Root crown, stolon, tuber, 
and turion biomass allocation was 
consistent across the seasons, 
although an increase in density 
occurred in the early fall, from 
October through March of the fol- 
lowing year (Figure 3). Increased 
tuber, turion, and inflorescence 
production to support hydrilla's 
reproductive strategies occurred 
concurrently in the fall, around 
October (Figure 5). Tuber germi- 
nation has been shown to occur 
from mid- to late-summer, too late 
to be responsible for the rapid 
regrowth seen after winter 
senescence in warm temperate 
populations of dioecious hydrilla. 

Figure 2. Total nonstructural carbohydrate (TNC) concentration as percent 
of dry weight of hydrilla plant parts sampled at LAERF. The hypothesized 
weak point is indicated. 
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Figure 3. Biomass allocations as percent of total dry mass for hydrilla 
populations at LAERF. (Legend symbols are RT = root crown, LS = lower 
stem, US = upper stem, STO = stolon, TUB = tuber, and TUR = turion.) 



Figure 4. Average daily water temperature (panel a) and biomass allocation 
measurements (panels b-c) for hydrilla populations at LAERF, 1994-95. (In 
panel a, the portions between dotted lines indicate air temperature, to 
replace missing water temperature data.) 

Figure 5. Average daily water temperature (panel a) and density 
measurements (panels b-e) for hydrilla populations at LAERF, 1994-95. 
panel a, the portions between dotted lines indicate air temperature, to 
replace missing water temperature data.) 
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Conclusions 
Studies of phenological weak 
points caused by the depletion of 
carbohydrate reserves demon- 
strate that excellent potential 
exists for improving the manage- 
ment of Hydrilla verticillata through 
the timing of control measures. 
Preliminary studies in Lewisville, 
Texas, suggest one primary weak 
point in late July, prior to the occur- 
rence of flowering and tuber/turion 
production. Continued studies of 
carbohydrate production and phe- 
nological events will refine this 
relationship. 

Future studies 
Future studies are planned to fur- 
ther define the relative importance 
of season, water temperature, 
population age/development with 
regard to the observed patterns of 
biomass and carbohydrate alloca- 
tion in hydrilla populations. These 
studies may help explain the suc- 
cesses and failures of past hydrilla 
control efforts. More importantly, it 
is hoped that continued studies will 
allow managers to better predict 
control results in the future. 

References 
Linde, A. F., Janisch, T., and 

Smith, D. (1976). "Cattail—The 
significance of its growth, 
phenology and carbohydrate 
storage to its control and man- 
agement," Technical Bulletin 
No. 94, Wisconsin Department 
of Natural Resources, Madison, 
Wl. 

Luu, K. T., and Getsinger, K. D. 
(1988). "Control points in the 
growth cycle of waterhyacinth," 
Aquatic Plant Control Research 
Program, Vol A-88-2, U.S. Army 
Engineer Waterways Experi- 
ment Station, Vicksburg, MS. 

Luu, K. T., and Getsinger, K. D. 
(1990). "Seasonal biomass and 
carbohydrate distribution in 
waterhyacinth; Small-scale 



Surface and underwater light intensity was examined for 
research conducted at LAERF 

Data loggers were deployed to obtain air and water 
temperatures 

evaluation," Technical Report 
A-90-1, U.S. Army Engineer 
Waterways Experiment Station, 
Vicksburg, MS. 

Madsen, J. D. (1993). "Control 
points in the phenological cycle 
of Eurasian watermilfoil," 
Aquatic Plant Control Re- 
search Program, Vol A-93-1, 
U.S. Army Engineer Water- 
ways Experiment Station, 
Vicksburg, MS. 

Madsen, J. D., Eichler, L. W., and 
Boylen, C. W. (1988). "Vegeta- 
tive spread of Eurasian watermil- 
foil in Lake George, New York," 
Journal of Aquatic Plant Man- 
agement 26, 47-50. 

Madsen, J. D., Luu, K. T., and 
Getsinger, K. D. (1993). "Alloca- 
tion of biomass and carbohy- 
drates in waterhyacinth (Eich- 
hornia crassipes): Pond-scale 
verification," Technical Report 
A-93-3, U.S. Army Engineer 
Waterways Experiment Station, 
Vicksburg, MS. 

Pieterse, A. H. (1981). "Hydrilla ver- 
ticillata—a review," Abstracts on 
Tropical Agriculture 1{Q), 9-34. 

Schirman, R., and Buchholtz, K. P. 
(1966). "Influence of atrazine on 
control and rhizome carbohy- 
drate reserves of quackgrass," 
Weeds 14, 233-36. 

Smart, R. M., and Doyle, R. 
(1995). "Ecological theory and 

the management of submersed 
aquatic plant communities," 
Aquatic Plant Control Re- 
search Program, Vol A-95-3, 
U.S. Army Engineer Water- 
ways Experiment Station, 
Vicksburg, MS. 

Spencer, D. F., and Anderson, L. 
W. J. (1986). "Photoperiod 
responses in monoecious and 
dioecious Hydrilla verticillata." 
Weed Science 34, 551 -57. 

Steward, K. K., Van, T. K., Carter, 
V., and Pieterse, A. H. (1984). 
"Hydrilla invades Washington, 
D.C., and the Potomac," Ameri- 
can Journal of Botany 71(1), 
162-63. 

*•* i 

Dr. John D. Madsen, a 
research biologist in the 
Environmental Laboratory, 
Waterways Experiment 
Station (WES), is stationed 
at the Lewisville Aquatic 
Ecosystem   Research 
Facility (LAERF) in Lewis- 

^J    •m0t0' ^^ ville, Texas.   He conducts 
^^fl&    ^" ^^^^^    research on the phenol- 
^^^H  jmm ^^HH    ogy, ecology, and manage- 

^^^H IRfc tfl^^^H ment of aauatlc Plants- ^■I^K JHBi i^^^n Qr Madsen has a Bache- 
lor of Science degree from Wheaton College and Master 
of Science and Doctor of Philosophy degrees in Botany 
from the University of Wisconsin-Madison. 

J^^^K, Jspi       n,    jfliijiff 

m           Jo!. 

Ms. Chetta S. Owens, a 
research assistant for AscI 
Corporation of McLean, 
Virginia, is also stationed at 
the LAERF. She assists in 
research on the phenology 
and   management   of 
aquatic plants. Ms. Owens 
has Bachelor of Science 
and Master of Science 
degrees in Biology from 
Texas Woman's University. 



Calendar of events 
July 14-17, 1996 

August 21-23, 1996 

October 8-10, 1996 

October 16-18, 1996 

November 13-16, 1996 

Aquatic Plant Management Society, Inc. (APMS), 36th Annual Meeting, 
Radisson Hotel, Burlington, Vermont, POC: Kurt Getsinger, (601) 634-2498 

South Carolina Aquatic Plant Management Society (SCAPMS), 18th Annual 
Meeting, Springmaid Beach Recreation and Conference Center, Myrtle Beach, 
South Carolina, POC: David DeMont, (919) 715-0389 

Florida Aquatic Plant Management Society (FAPMS), 20th Annual Meeting, 
The Sheraton Harbor Place Hotel, Fort Myers, Florida, 
POC: Alison Fox, (352) 392-1808 

MidSouth Aquatic Plant Management Society (MSAPMS), 15th Annual Meeting, 
Gulf Shores State Park, Gulf Shores, Alabama, POC: Stan Cook, (334) 242-3471 

North American Lake Management Society (NALMS), 16th Annual International 
Symposium, Radisson Hotel South, Minneapolis, Minnesota, 
POC: Steve Heiskary, (612)296-7217 
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This issue reports on a study to identify the poten- 
tial weak points in the phenological cycle of 
hydrilla. The weak points are identified based on 
the relationship between growth characteristics 
and carbohydrate allocations. These findings will 
enable field personnel to select the optimal time 
for control efforts. 
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This bulletin is published in accordance with AR 25-30 as one of the 
information dissemination functions of the Environmental Laboratory of 
the U.S. Army Engineer Waterways Experiment Station. It is principally 
intended to be a forum whereby information pertaining to and resulting 
from the Corps of Engineers' nationwide Aquatic Plant Control Research 
Program (APCRP) can be rapidly and widely disseminated to Corps 
District and Division offices and other Federal and State agencies, uni- 
versities, research institutes, corporations, and individuals. Contribu- 
tions are solicited, but should be relevant to the management of aquatic 
plants, providing tools and techniques for the control of problem aquatic 
plant infestations in the Nation's waterways. These management meth- 
ods must be effective, economical, and environmentally compatible. 
The contents of this bulletin are not to be used for advertising, publica- 
tion, or promotional purposes. Citation of trade names does not consti- 
tute an official endorsement or approval of the use of such products. 
This bulletin will be issued on an irregular basis as dictated by the 
quantity and importance of information to be disseminated. Communi- 
cations are welcomed and should be addressed to the Environmental 
Laboratory, ATTN: John W. Barko, U.S. Army Engineer Waterways 
Experiment Station, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, 
or call (601) 634-3654. 
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