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ABSTRACT 

studies were conducted during the 1993 and 1994 growing 
seasons to determine the potential of a short-term summer 
drawdown for management of monoecious hydrilla [Hvdrilla 
verticillata (LA.) Royle] in impoundments. In 1993, hydrilla 
was grown in an outdoor, flow-through mesocosm system in sand or 
silt loam hydrosoils and exposed to dewatering for periods of one 
to four weeks. Substantial regrowth and tuber production 
occurred by the end of the growing season following a one-week 
drawdown. Plants grown on silt loam and exposed to only one week 
drawdown produced about 80% of the biomass and nearly twice as 
many tubers as the controls. A drawdown of two, three, or four 
weeks resulted in complete suppression of hydrilla grown on sandy 
hydrosoils and nearly complete (about 99%) suppression of 
vegetative growth and tuber production on silt loam. 

The drawdown simulation was repeated in 1994 to determine 
the effects of dewatering on non-target vegetation. ~ydrilla and 
four species of native vegetation were grown in sandy hydrosoil 
and exposed to dewatering for a period of two to four weeks. 
Again, there was no regrowth of hydrilla following the drawdown. 
Fanwort (Cabomba caroliniana Gray), another submersed species, 
also was suppressed. Soft rush (Juncus effusus L.), an emergent 
species, maintained growth while dewatered and appeared to be 
unaffected by the drawdown. Another emergent plant, waterwillow 
wa us ti cia americana (L.) Vahl], grew better after the drawdown. 
The growth of watershield (Brasenia schreberi Gmelin), a 
floating-leaf plant, was temporarily suppressed by the drawdown, 
but exhibited regrowth after ten days. These data suggest that 
the target weed, hydrilla, could be managed by a short-term 
summer drawdown. Such a drawdown very likely will have an 
adverse impact on other submersed species, but emergent and 
floating-leaf vegetation probably would not be severely affected. 

(Key words: Submersed aquatic plant, Hvdrilla verticillata, weed 
management) 
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SUMMARY AND CONCLUSIONS 

Studies were conducted during the 1993 and 1994 growing 
seasons to determine the potential of a short-term summer 
drawdown for management of monoecious hydrilla in impoundments. 
In 1993, hydrilla was grown in an outdoor flow-through mesocosm 
system in sand or silt loam hydrosoils and exposed to dewatering 
for periods varying from one to four weeks. substantial regrowth 
and tuber production occurred by the end of the growing season 
following a one-week drawdown. Plants grown on silt loam and 
exposed to only one week drawdown produced about 80% of the 
biomass and nearly twice as many tubers as the controls. A 
drawdown of two, three, or four weeks resulted in complete 
suppression of hydrilla grown on sandy hydrosoils and nearly 
complete (about 99%) suppression of vegetative growth and tuber 
production on silt loam. 

The drawdown simulation was repeated in 1994 to determine 
the effects of dewatering on non-target vegetation. ~ydrilla and 
four species of native vegetation were grown in sandy hydrosoil 
and exposed to dewatering for a period of two to four weeks. 
Again, there was no regrowth of hydrilla following the drawdown. 
Fanwort (Cabomba caroliniana), another submersed species, also 
was suppressed. Soft rush (Juncus effusus), an emergent species, 
maintained growth durincpdewatering and appeared unaffected by 
the drawdown. The other emergent plant, waterwillow (Justicia 
americana), grew better after the drawdown than under normal 
conditions. The growth of watershield (~rasenia schreberi), a 
floating-leaf plant, was temporarily suppressed by the drawdown, 
but exhibited regrowth after ten days. 

The results of this study suggest that a short-term, summer 
drawdown of two to four weeks duration will be sufficient to kill 
most of the existing vegetative biomass of monoecious hydrilla 
and suppress the formation of its primary overwintering 
reproductive structures, the subterranean tubers. The drawdown 
will have to be timed carefully to coincide with the time at 
which most of the previous season's tuber crop already will have 
sprouted but prior to the maturation of new tubers during the 
current season. This environmental window may vary in different 
bodies of water. Consequently, phenological studies may be 
needed to determine the correct timing of the drawdown for a 
specific impoundment. This study also raises concern that an 
insufficiently-long drawdown could stimulate hydrilla 
reproduction. A drawdown very likely will have an adverse impact 
on non-target submersed species. Floating-leaf vegetation 
probably would recover if its roots and rhizomes have sufficient 
carbohydrate reserve and are rooted deeply enough to prevent 
desiccation. Emergent vegetation most likely would not be 
severely affected by a drawdown. 
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RECOMMENDATIONS 

Short-term summer drawdown has potential for monoecious 
hydrilla management. However, it should be recognized that 
the response of plants in a mesocosm system represents only 
a first approximation of their response in a natural system. 
Consequently, the impact of an actual drawdown needs to be 
evaluated on a small scale prior to recommendation for its 
use in a large impoundment. This possibly could be tested 
at a smaller impoundment such as Roanoke Rapids Lake 
(approximately 2 4 0 0  ha), as it has a good recharge 
capability. In addition, the lake is relatively unpopulated 
and few lake users would be affected during implementation. 

The phenology of monoecious hydrilla needs to be determined 
in an infested body of water prior to implementing this 
technique. 

The portion of this study related to effects on non-target 
vegetation should be repeated in the mesocosm system to 
confirm the results of the initial tests. Other species 
also might be included at this time. These studies probably 
should be conducted before conducting field tests in an 
impoundment. 

/ 

The results of this study also suggest that additional 
research should examine the effects of sub-lethal stress 
(including very short-term dewatering and other management 
procedures) on reproduction of monoecious hydrilla. 



INTRODUCTION 

Exotic aquatic plants may quickly overrun ponds and shallow 
lakes or the entire littoral zone in a deeper body of water. 
Dense growths of these plants can make shallow bodies of water 
unusable for intended uses, which may include fishing, 
aquaculture, recreation, irrigation, electrical power generation, 
and domestic and industrial water supplies. Exotic species also 
crowd out the more desirable native plants that create habitat 
for macroinvertebrates and fish populations. 

The most competitive exotic species found in the littoral 
zone beyond the areas normally colonized by emergent plants is a 
submersed vascular macrophyte, hydrilla [~ydrilla verticillata 
(L.f.)Royle]. Hydrilla was first identified in North Carolina in 
Umstead Park (Wake County) in 1980. A survey conducted by the NC 
Department of Agriculture (NCDA) in 1981 found hydrilla in 11 
locations, primarily in Wake County. By 1989 hydrilla had spread 
to approximately 48 new locations, and about 72 locations were 
known by the end of 1994. About 80 percent of the confirmed 
infestations are in the Neuse River Basin in Wake and surrounding 
counties. However, outlying infestations are present in Burnt 
Mill Creek in Wilmington, as far north as Lake Gaston, and as far 
west as Asheville. The explosive growth rate of this plant and 
its competitiveness with,native vegetation makes hydrilla the 
most serious weed threat in North Carolina's inland waters (David 
DeMont, NC Division of Water Resources, personal communication). 

currently-available technology (chemical, biological, 
mechanical, and cultural practices) has not curbed the spread of 
hydrilla in North Carolina. Grass carp are effective in small 
impoundments, but generally are not stocked in large, open lake 
systems because of concern about their potential effect on the 
total lake fisheries and possible adverse downstream impacts on 
the seagrass beds in the estuaries (Kay 1990). The production of 
specialized vegetative structures, the subterranean tubers and 
axillary turions, allows hydrilla to survive many aquatic weed 
management procedures including herbicide treatments, mechanical 
removal, and traditional winter drawdowns (Haller 1976). New 
technology is needed to control the spread of hydrilla in North 
~arolina. 

Previous studies have shown that monoecious hydrilla, unlike 
the dioecious biotype found further south, produces tubers 
independently of photoperiod (Sutton et al. 1992) and does not 
form many dormant tubers (Sutton and Van 1992). Once a tuber has 
sprouted, it will not form a new plant, if the sprout is killed. 
Thus, management of monoecious hydrilla means tuber management. 
A summer drawdown timed carefully to kill the new plants after 
tuber sprouting is complete (about mid-June in North Carolina), 
but prior to production of new tubers (late June to early July), 



could effectively eliminate hydrilla as a weed for the remainder 
of the season. 

The concept of drawdown (lake lowering or dewatering) has 
been used for many years as a tool for management of submersed 
aquatic vegetation in fish ponds and waterfowl habitats (Uhler 
1944), in reservoirs (Beard 1969, Manning and Sanders 1975, 
Richardson 1975, Bond and Roberts 1978), and in irrigation 
supplies (Malhotra 1976). Drawdown usually is conducted during 
the winter months and achieves weed control through a combination 
of dehydration of the plants, exposure to freezing, and by 
altering the characteristics of the sediments (Riemer 1984, Wade 
1990). The most important advantage of drawdown is its low cost. 
Cooke (1980) provided an extensive review of drawdown as a weed 
management technique. He indicated that the results tend to be 
quite variable and that the effectiveness of drawdown is limited 
by the following factors: 

1. The formation of a protective %kinu of dried vegetation 
over the sediment surface which inhibits dehydration of the 
underlying plants and root systems. A cover of filamentous 
algae was cited as being very effective in this manner. 
Coffey (1975) indicated that mechanical turning of the dried 
weed canopy can reduce this problem. 

d 

2. The nature of the substrate. Sandy soils will drain and dry 
out much more quickly than clay sediments. 

3. The rate and degree of substrate desiccation. Weather 
conditions (temperature, rainfall, wind, etc.) and length of 
exposure will determine the extent, speed, and depth of 
desiccation. 

4. The susceptibility of the individual species to desiccation. 

5. The level of drawdown. Partial drawdowns provide temporary 
relief along the shoreline, but regrowth may occur if the 
drawdown does not expose all of the target weeds 
sufficiently long. 

Summer drawdowns also have been used. Haller (1976) has 
suggested that a late-summer drawdown could be used in 
conjunction with either early-season herbicide applications or 
with a winter drawdown to break the tuber formation cycle and to 
kill any new sprouts that originated from dormant tubers of 
dioecious hydrilla in North Florida. A late-summer drawdown 
would not be effective on monoecious hydrilla, as tuber 
production begins in early summer and continues throughout the 
growing season (Sutton et al. 1992). ~untersville ~eservoir (TVA 
system) was drawn down in July 1983 and again in 1985 for 
approximately 2 weeks. Another TVA lake, Chickamauga Reservoir, 
also was drawn down in 1985. The littoral zones of both of these 



reservoirs were infested with exotic submersed vegetation prior 
to the drawdowns. The drawdowns resulted in almost complete kill 
of all exposed submersed vegetation at both reservoirs (Anonymous 
1983, 1985), including Eurasian watermilfoil, spiny-leaf 
(brittle) naiad (Naias minor), and southern naiad (L 
guadalupensis). Local fishermen reported increased success while 
the drawdowns were in progress and indicated that, after the 
water level was returned to normal, they were able to navigate 
and fish successfully in areas that had been inaccessible. 
Dioecious hydrilla was present in Guntersville at the time of the 
1985 drawdown, but was not mentioned in either of the two 
articles cited above. 

The Aquatic Weed Management Team at North ~arolina State 
University conducted a preliminary test on monoecious hydrilla in 
late summer and early fall of 1992 in a previously-described 
(Coley 1993) 12-tank mesocosm system. Presprouted hydrilla 
tubers were planted in boxes containing hydrosoil and placed in 
the mesocosms in September for establishment. After a four-week 
growth period, the boxes were removed from the mesocosms, placed 
on the adjacent ground, and allowed to dry uncovered for one, 
two, four, or seven days. After the respective drying periods, 
the boxes were returned to the mesocosms to observe for regrowth 
until early November. Weather conditions during the entire 7-day 
exposure period were sunny and dry, and daytime air temperatures 
ranged from 26 to 2g°C. Complete rehydration of the green 
vegetation occurred in plants exposed to drying for one, two or 
four days. There was little effect on regrowth, except that 
regrowth was depressed slightly by four days drying. Plants 
exposed for seven days did not rehydrate, but regrowth began 
immediately from the root crowns. The results of this 
preliminary test suggested that a carefully-timed drawdown 
conducted during the summer might provide control of hydrilla in 
shallow waters during the growing season. Higher day and night 
temperatures during the summer would be expected to increase the 
rate of plant and hydrosoil drying. However, the drawdown would 
have to be substantially longer than one week to sufficiently 
dehydrate the hydrosoil to kill the root crowns. 

PURPOSE AND OBJECTIVES 

This project evaluated the feasibility of using a short- 
term, summer drawdown as an inexpensive and more environmentally 
acceptable alternative to herbicides for management of monoecious 
hydrilla in impoundments. The objectives were to: determine the 
length of drawdown (i.e., rain-free drying period) required to 
kill shoots, roots, and rhizomes; evaluate vegetative recovery 
(i.e., regrowth) and development of reproductive structures 
(tubers and turions) following the drawdown; examine the 
influence of hydrosoil characteristics on plant response to 
drawdown; and study the effects of a drawdown on selected 
desirable vegetation. 



MATERIALS AND METHODS 

Tests were conducted during the 1993 and 1994 growing 
seasons in a flow-through mesocosm system located at the NCSU 
Unit 1 Research Farm in Raleigh, North Carolina, U.S.A.. The 
mesocosm system consisted of 24, 2.19 x 0.76 x 0.58 m concrete 
tanks connected to two Grainger 1-hp pumps which provided three 
complete water exchanges per day per tank from an adjacent 
irrigation pond. 

1993 Drawdown Experiment 

In 1993, two hydrosoils, a silt loam and a sand, were 
collected from Lake Gaston, North Carolina-Virginia. They were 
air dried, crushed, and sieved to remove rocks and other debris 
to insure uniformity among experimental units. The hydrosoils 
were placed into 9 x 30 x 30 cm boxes lined with fabric (YardTek 
Weed Shield, American Agrifabrics, Inc., Alpharetta, GA) to 
retard soil loss but to allow drainage. Silt loam and sand were 
selected because they have distinct physicochemical 
characteristics and different drainage and drying properties. In 
addition, they are known to produce substantial hydrilla growth 
(Coley, 1993). 

Tubers of hydrilla -[Hvdrilla verticillata (LA.) Royle] 
used for these studies were collected from Lake Gaston. The 
tubers were placed into aquaria in the laboratory and held under 
fluorescent light at 26 + 3OC for sprouting. Sprouted tubers 
were allowed to grow to a shoot length of 10 cm. On 3 June 1993, 
five sprouted tubers were transplanted into each hydrosoil box. 
After a one-week equilibration, the planted hydrosoil boxes were 
placed into the flow-through mesocosm system. The hydrilla was 
allowed to grow for six weeks (from the initial date of planting 
the sprouted tubers) prior to initiating the drawdown simulation. 

The drawdown simulation was initiated on 19 July. Three 
replicate boxes of hydrilla growing on each hydrosoil were 
harvested at this time to determine biomass at the initiation of 
the drawdown simulation. The remaining hydrosoil boxes (except 
controls) were removed carefully from the mesocosm system and 
placed on the ground either uncovered or beneath a clear plastic 
rain shelter for time intervals of one, two, three, or four 
weeks. The rain shelter permitted us to determine the length of 
rain-free period necessary to dehydrate the vegetation and 
underlying hydrosoils sufficiently to give a complete kill of the 
entire plant, including the roots and rhizomes, during the 
drawdown period. The uncovered boxes were used as a comparison 
in case rainfall influenced the outcome of the experiment. 

The plastic cover of the rain shelter was placed 
sufficiently high above the boxes to allow good air circulation 
and to prevent overheating. A horticultural ground-cover fabric 



was placed beneath the boxes to eliminate interference from 
terrestrial plants growing around the soil boxes during the 
drawdown simulation. At this time, all mesocosms used as 
HdrawdownN experimental units were thoroughly cleaned to remove 
any remaining hydrilla fragments. After the appropriate time 
interval, three replicates of each experimental combination were 
returned to their respective mesocosm for the remainder of the 
growing season. Controls remained in the mesocosm system during 
the drawdown simulation period for comparison of hydrilla growth 
and reproductive capacity in the absence of a drawdown. 

On 19 October, 13 weeks after the drawdown inititation, the 
hydrilla was harvested by clipping the plants at the surface of 
the hydrosoil. Vegetative growth was examined for the presence 
of axillary turions at this time. Hydrosoils were washed through 
a 3.2-mm mesh sieve to collect roots, rhizomes, and tubers. 
Tubers were counted and all plant materials were oven dried at 
70°C to a constant weight to determine biomass production. 

This study was established as a 2 (hydrosoils) x 5 (lengths 
of exposure) factorial split plot design with three replicates 
per treatment. Lengths of drawdown (main plots) were assigned to 
individual tanks randomly within the mesocosm system, and each 
mesocosm contained two boxes of each hydrosoil (subplots). For 
each hydrosoil type, one-box was placed under the rain shelter 
and another was left exposed to ambient conditions. Data 
initially were subjected to an analysis of variance using a 
three-way interactive model (Steel and Torrie 1980). Data for 
the boxes placed under and those outside of the rain shelter 
later were combined and re-analyzed using a two-way interactive 
model because no significant differences in response were found 
between plants placed under or outside of the rain shelter. 

1994 Drawdown Experiment 

In 1994, sandy hydrosoil was collected from Lake Gaston. 
All rocks and other debris including plant fragments, tubers, 
etc. were removed and the soil was placed into pots (30-cm depth 
x 25-cm diameter) lined with landscape fabric. Sandy hydrosoil 
was selected because of good drainage and drying properties that 
approximated a worst-case drawdown scenario for plant survival 
(i. e., minimum water-holding capacity and most rapid drainage of 
hydrosoil) . 

Several plants commonly found in North Carolina Piedmont 
impoundments were used in this study, including monoecious 
hydrilla, watershield (Brasenia schreberi ~melin), fanwort 
(Cabomba caroliniana Gray), soft rush (Juncus effusus L.), and 
waterwillow [Justicia americana (L.) Vahl]. Hydrilla tubers were 
field-collected at Lake Gaston and sprouted as described 
previously. When new shoots reached a 10-cm length, they were 
planted in the pots, one shoot per pot. Watershield and each of 



the emergent species also were field-collected from Lake Gaston. 
Each was dug carefully to keep the roots, rhizomes, and 
vegetative shoots intact. The roots and rhizomes were washed and 
the vegetative shoots separated into uniform sizes. Watershield 
was planted with three vegetative shoots and their roots. Soft 
rush plants had four to six stems and attached roots. 
Waterwillow was planted with one 15-cm shoot containing two 
nodes. Fanwort was purchased from Carolina Biological 
(Burlington, NC) and was established from 10-cm apical cuttings, 
one cutting per pot. All species were planted to a depth of 5- 
cm. Each pot of hydrilla and watershield was enclosed in a mesh 
cage (Extruded Vexar Diamond mesh, InterNet, Inc., Minneapolis, 
MN) to keep adjacent plants from growing into each other. 

Each tank served as one experimental unit (or replicate) and 
contained only one plant species. The experiment had a split 
plot design with species as the main plots and exposure time as 
the subplots. There were four replicates for all species except 
hydrilla, which had only three replicates due to poor growth 
during establishment. 

Plants were allowed to establish for ten weeks (from 10 May 
to 19 July). On 20 July, drawdown conditions were simulated by 
removing pots from the mesocosms and placing them on the ground 
adjacent to the mesocosrns. Landscape fabric was used to prevent 
overgrowth by terrestrial grasses and weeds. The plants were 
left exposed to ambient environmental conditions for time 
intervals of two, three, or four weeks. After the appropriate 
time interval, plants were placed back into their original tanks. 
Controls were not exposed to a drawdown and were left in the tank 
throughout the study. At the drawdown initiation, four 
replicates of each plant were harvested to determine initial 
biomass (this point was designated time zero). Four replicates 
of each plant were harvested at seven weeks (6 September) and 
again at 14 weeks (25 October). 

At each harvest date, plant heights were measured and number 
of stems (plant density) counted. The hydrosoil was washed 
through a 3.2-mm mesh sieve and plants were separated into shoots 
and underground parts (roots, rhizomes, tubers, etc.). Tissues 
were oven-dried at 70°C to a constant weight. Biomass production 
and relative growth rates (RGR = g dry biomasslg initial dry 
weightlday) were calculated from dry weight data. The impacts of 
the drawdown on each species were evaluated on the basis of 
changes in biomass and RGR. Use of the RGR allowed for 
interspecific comparisons that could not be made directly from 
biomass data. 

Hydrosoil moisture in the pots exposed during the drawdown 
simulation was estimated each time of drawdown by removing and 
weighing a soil core from each exposed pot just prior to 
returning the pot to the mesocosm. This soil core was oven-dried 



for 48 hr at 105OC and weighed again. A similar soil core was 
removed from the saturated control pot harvested at time zero to 
determine the percent water content of the hydrosoil at the 
initiation of the drawdown simulation. 

This study was established as a 5 (plants) x 4 (lengths of 
exposure) factorial split plot design with four replicates per 
treatment. Plants (main plots) were assigned to individual tanks 
randomly within the mesocosm system, and each mesocosm contained 
pots that were randomly assigned a drawdown treatment (subplots). 
Data were square-root transformed where appropriate and subjected 
to an analysis of variance using a two-way interactive model 
(Steel and Torrie 1980) Regression analyses were run between 
biomass data and soil moisture data. 

Turbidity, pH, and water temperature in the mesocosm system 
were monitored weekly during both 1993 and 1994 studies. 
Temperature in the water column was measured using a YSI model 54 
oxygen meter. Turbidity was measured nephelometrically with a 
Monitek Model 21PE portable turbidimeter and pH with a portable 
pH meter. Plant heights and the presence of male and female 
flowers were noted weekly throughout the duration of the study. 
Air temperature (using maximum-minimum reading thermometer) and 
rainfall also were measured weekly. 



RESULTS AND DISCUSSION 

Water Quality in the Mesocosm System 

Water quality in the mesocosm tanks varied only slightly 
during the course of both experiments (~igure 1). Temperature, 
and pH varied somewhat during the experiment, but variation from 
tank to tank within the mesocosm system was minimal on any given 
date. Because of low variation among tanks, data were not 
separated on a treatment-by-treatment basis but are shown only by 
date. Turbidity generally was uniformly low (between 1 and 5 
NTUts) throughout both studies, except on one occasion following 
a heavy rainfall in 1993, after which turbidity readings 
temporarily rose to 90 NTU. This probably was the result of 
erosion from the surrounding land entering the mesocosm water 
supply after a storm event. This was the only instance of 
rainfall during the 1993 drawdown simulation. During the 1994 
drawdown simulation 16.25 cm of rain fell. Water quality 
variables did not have any observable influence on the growth of 
either controls or plants exposed to dewatering. 

Impacts on Hydrilla Growth and Reproduction 

Early observations in 1993 suggested that a drawdown of less 
than two weeks duration would not be long enough to kill 
monoecious hydrilla. Visual examinations made six weeks 
following the initiation of the drawdown simulation suggested 
that a one-week exposure would suppress plant growth on either 
silt loam or sand only temporarily. Five weeks after the return 
of these hydrosoil boxes (after only one week of dewatering) to 
the mesocosm system, the hydrilla had regrown substantially. 
This regrowth occurred largely from the old root crowns, which 
suggested that sufficient moisture had been retained within the 
hydrosoil to prevent complete desiccation of the root crowns. 
Evaluations made at the end of the growing season showed that 
plants grown on silt loam exposed for only one week had produced 
only slightly less vegetative biomass than the control plants 
(Figure 2). However, there was little evidence remaining of the 
plants grown on sand that also had been exposed to one week of 
drawdown, even though there had been observable growth of these 
plants earlier in the season. All plant growth in the sand 
hydrosoil boxes appeared to come from plants rooted in the 
adjacent boxes of silt loam, which had totally overgrown the 
hydrosoil boxes containing sand. We are uncertain exactly what 
became of the plants that were originally in the sand boxes. 
Observations suggest that they may have died as the result of 
excessive shading. A large portion of the biomass of the 
controls and the silt loam one-week drawdown treatment also had 
grown outside of the hydrosoil boxes, spread across the bottom 
of the tanks, and surfaced to produce dense mats. 



Figure 1. Water quality in the flow-through mesocosm system 
during simulated summer drawdowns in 1 9 9 3  and 1 9 9 4 :  pH; 
turbidity; water temperature. Weekly measurements were 
taken at mid-day near the surface. 
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Figure 2. Total dry biomass production of monoecious hydrilla 
grown on sand or silt loam hydrosoils exposed to a 
short-term summer drawdown in 1993. Means are from six 
replicates (+ lse). 

Control 

Length of Exposure (weeks) 



Biomass production in 1993 and 1994 was essentially 
eliminated by dewatering for two weeks or longer (Figures 2 and 
3, respectively). No regrowth was observed in any plants exposed 
for two weeks. However, one box with silt loam exposed for three 
weeks and one box each with sand and silt loam exposed for four 
weeks had a little growth present at the end of the 1993 season. 
The small amount of regrowth represented less than one percent of 
the average growth of the controls and was not statistically 
significant. It is uncertain if these surviving shoots came from 
a pre-existing root crown that was not totally dehydrated or from 
a new tuber that was sufficiently mature to sprout. The latter 
seems unlikely, since no new tubers were found in any of the 
hydrosoil boxes harvested at the outset of the drawdown 
simulation. The limited regrowth this late in the season was 
unlikely to be biologically significant, either for the potential 
production of any significant numbers of tubers or turions for 
successful overwintering of monoecious hydrilla. 

There was no measurable hydrilla root biomass produced by 
any plants on either hydrosoil during the 1993 study. However, 
in 1994, roots were present at mid-growing season (data not 
shown) but not at the end of the season (Figure 3). One possible 
explanation is that monoecious hydrilla allocates most of its 
nutrients to tuber production, once vegetative reproduction is 
well established (Spencer et al. 1994). This would explain the 
reduced biomass of shoots and roots at the end of the season. 

In 1993, large numbers of tubers were present on the 
controls and on plants grown in silt loam subjected to a one-week 
simulated drawdown. Plants subjected to a one-week drawdown had 
produced significantly more tubers by the end of the growing 
season than the controls (Figure 4a). They were substantially 
smaller than the tubers produced by control plants (Table 1). 
Stimulation of reproduction is not unusual, as many species of 
plants may reproduce prolifically when placed under stress 
(Sculthorpe, 1967). Most of the tubers occurred on rhizomes 
outside of the soil boxes, rather than at the tips of 
subterranean rhizomes. These tubers were green and scaly and 
were similar in appearance to axillary turions, except that they 
were larger than axillary turions and were growing at the tips of 
rhizomes (in the normal habit of tubers) rather than being 
sessile. We previously have observed similar occurrences of non- 
subterranean, rhizomal tuber production along the free-floating 
edges of hydrilla mats at Lake Gaston (Kay, unpublished data). 

No tubers were produced in either sand or silt loam exposed 
to a two-week simulated drawdown in either 1993 or 1994 (Figure 
4a and 4b). A few tubers were produced in 1993 on the silt loam 
following exposure to either three- or four-weeks drawdown (a 
single replicate each from the three- and four-week treatment 
contained 1 and 7 tubers, respectively). However, tuber 
production was completely suppressed in sandy hydrosoil. 



Figure 3. Dry shoot and root production of monoecious hydrilla, 
fanwort, watershield, waterwillow, and soft rush 
exposed to a short-term summer drawdown in 1994. Plant 
means are based on four replicates (+ lse), except 
hydrilla which has means based on three replicates 
(t lse). Treatments with the same letter indicate no 
significant difference for each plant. 



Figure 4. Numbers of tubers produced by monoecious hydrilla grown 
(a) on sand or silt loam hydrosoils in 1993 (means of 
six replicates + lse) and (b) on sand in 1994 (means of 
three replicates + lse). 
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In 1993, the total tuber dry weight of control plants in 
silt loam hydrosoil was significantly greater than control plants 
on sand (~igure 5a). Also, the total dry weight of tubers 
produced by plants grown on silt loam and exposed to a one-week 
drawdown was similar to that of the silt loam control plants. 
Average dry weights of tubers produced by control plants on sand 
in both 1993 and 1994 were somewhat lower than those produced by 
control plants on silt loam (Table 1). Average dry weight of 
tubers produced by plants on silt loam and exposed to the one- 
week drawdown was about half that of the control plants on silt 
loam, clearly indicating that stress induced the plants to 
produce more, but smaller, tubers. Dry weights of tubers 
produced in silt loam exposed to either three or four weeks 
drawdown were < 0.01 g. Ratio of total dry tuber weight per unit 
of biomass was slightly (but not significantly) greater in 1993 
controls on silt than those grown on sand (Table 1). Number of 
tubers produced per unit weight of shoot biomass was similar for 
both the 1993 sand and silt loam controls, but the stress induced 
by one week of drawdown resulted in doubling of this ratio on 
silt loam. Compared to 1994 sand controls, the number of tubers 
per shoot biomass in the 1993 one week drawdown also resulted in 
a significantly greater ratio. These data suggest that a 
drawdown that is not long enough to completely kill the shoot 
biomass and the associated root system may stimulate the 
production of tubers by -monoecious hydrilla. 

Table 1. Average tuber weights and ratios of tuber weights and 
numbers per unit of vegetative biomass. 1993 values 
are means of six replicates (+ lsd), 1994 values are 
means of three replicates (+ lsd). 

soil 
1993 

Sand 
Silt Loam 
Silt Loam 
Sand 
Silt Loam 
Sand 
Silt Loam 
Sand 
Silt Loam 

1994 
Sand 

Length of 
exposure , 
weeks 

Average 
tuber 
weight, 

mq 

Number 
of tubers 
Per g 
biomass 

Weight (9) 
of tubers 
Per g 
biomass 

* weights were below the detection limit of available balances. 



Figure 5. Total dry weights of tubers produced by monoecious 
hydrilla grown (a) on sand or silt loam hydrosoils in 
1993 (means of six replicates + lse) and (b) on sand in 
1994 (means of three replicates + lse). 
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No axillary turions were found on any of the plants at any 
harvest date in either 1993 or 1994. We are uncertain why there 
was no turion production, since axillary turions were produced in 
mesocosm studies conducted in 1992 (Coley 1993). Some axillary 
turion production had occurred by October in the field for 1993 
and 1994 (C. R. Coley and S. T. Hoyle, personal communication). 

These results suggest that a properly-timed drawdown of only 
two to four weeks duration may successfully reduce vegetative 
growth and break the reproductive cycle of monoecious hydrilla. 
However, the presence of some plant survival and tuber production 
by plants grown on silt loam and exposed to three or four weeks 
simulated drawdown suggests that some hydrilla survival following 
drawdown might occur in areas of lakes having predominately silt 
loam hydrosoils. Maintaining a sufficiently long period of 
dewatering to kill the vegetative biomass, including any roots 
and rhizomes, will be absolutely critical to the success of a 
short-term summer drawdown for management of monoecious hydrilla. 

Impacts on Non-Target Plant Growth 

The 1994 data indicate that a short-term summer drawdown 
very likely would have an adverse impact on non-target, submersed 
species but that the emergent and floating-leaf vegetation 
probably would not be severely affected. There was no regrowth 
of the submersed species, fanwort, following the drawdown (Figure 
3). Throughout the experiment it exhibited poor growth, and each 
replicate consisted of just one shoot. The floating-leaf plant, 
watershield, was temporarily suppressed by all drawdown 
scenarios, but exhibited regrowth about ten days after being put 
back in the mesocosms for each drawdown time interval. However, 
there were significant decreases in both above- and below-ground 
biomass production compared to the controls (Figure 3). There 
were no significant decreases in the above-ground biomass between 
a 2-and 3-week drawdown and a 3- and 4-week drawdown. But, there 
was a significant decrease between a 2- and 4-week drawdown. 
These results support a linear relationship between exposure time 
and absolute growth rate (Figure 6). During exposure the leaves 
and stems were completely desiccated, but the root and rhizomes 
maintained some water storage independent of soil moisture 
(r2=0.012), which ranged from 10% to 22%. Recovery of 
watershield also may be explained by sufficient carbohydrate 
reserves in the root system to permit regrowth, since there were 
no significant differences in below-ground biomass among any 
plants exposed to the 2-, 3- or 4-week drawdowns. Moreover, 
there were no significant differences among RGRfs of plants 
exposed to dewatering, but RGRfs of dewatered plants were 
significantly depressed in comparison with controls (Figure 6). 



Figure 6. Growth curves of watershield from drawdown initiation 
to the end of the 1994 growing season. Numbers 
indicate RGRfs for each drawdown scenario. 



Contrary to watershield, neither emergent species exhibited 
a decrease in biomass production after the drawdown. Growth of 
soft rush was not affected by a 2-week drawdown, but shoot 
biomass production increased during a 3-week and 4-week drawdown 
(Figure 3). There were no significant differences between shoot 
biomass of soft rush controls and plants exposed to a 2-week 
drawdown. However, plants exposed to either a 3- or 4-week 
drawdown had significantly greater shoot biomass than the 
controls. There were no significant differences in below-ground 
biomass between the controls and plants exposed to a drawdown. 
This is not surprising because root systems of emergent plants 
are adapted to the fluctuating water levels (Sculthorpe 1967). 
Soft rush has a well-developed fibrous root system for absorption 
of water and nutrients. In addition, a drawdown would increase 
aeration in the root zone, potentially reducing the amount of 
energy used for oxygen translocation from the shoots to the roots 
(Dacey 1981) and perhaps stimulating shoot biomass production. 
RGRfs from drawdown initiation to mid-season are significantly 
greater in plants exposed to dewatering than plants that remained 
in the mesocosms (Figure 7). Decrease in RGR's from mid-season 
until the end of the study may have been caused by decreased root 
zone aeration due to reflooding of the soil when plants were 
placed back in the mesocosms. Although control RGRfs decreased 
by half during this time interval, suggesting the onset of 
senescence (Figure 7), observations of the plants showed no 
apparent browning of the shoots. 

Shoot biomass of waterwillow was not significantly affected 
by the drawdown, but there were significant increases in root 
biomass production in plants exposed to drawdown (Figure 3). 
Root biomass increase in the 3- and 4-week drawdown treatments 
was significantly greater than that of the controls, but there 
were no significant differences between the controls and 2-week. 
drawdown. The allocation of energy for root production in 
waterwillow may have inhibited shoot biomass production, because 
there were no significant differences in shoot production between 
the controls and plants exposed to dewatering. soil moisture 
during the drawdown was weakly correlated with waterwillow root 
biomass (r2=0.46). Soft rush root production was independent of 
soil moisture (r2=0.16) which suggests that its root system was 
sufficient for water uptake and continued shoot growth, even 
after a 4-week exposure. The increase in root biomass of 
waterwillow may have been a plant response to soil desiccation an 
increased need for a larger root system to provide water to 
maintain shoot integrity. Waterwillow RGRfs from drawdown 
initiation to mid-season increased linearly with exposure time 
(Figure 8). Afterward, RGRfs were lower, as senescence had 
obviously set in, based on the appearance of the plants (browning 

- and decay). 



Differences in shoot and root production between soft rush 
and waterwillow probably reflect different survival strategies in 
response to dewatering. Because emergent plants have well- 
developed root systems, they are able to take up water and 
nutrients from the soil and maintain shoot biomass production. 
In contrast, watershield has only one large rhizome that stores 
only enough water and nutrients to maintain below-ground 
viability during a drawdown (Sculthorpe 1967). If returned to 
water, however, it is able to recover and resume shoot biomass 
production rapidly. 



Figure 7. Growth curves of soft rush from drawdown initiation to 
the end of the 1994 growing season. Numbers indicate 
RGRfs for each drawdown scenario. 



~ i g u r e  8. Growth curves of waterwillow from drawdown initiation 
to the end of the 1994 growing season. Numbers 
indicate RGR's for each drawdown scenario. 
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