Munroe, E. G. 1972. Pyraloidea. Pyralidae (In Part), Fasc. 13.1, A-C., pp. 1304. In: R. B. Dominick (ed.). The moths of North America north of Mexico. E. W. Classey Ltd., London.
Newman, R. M. 1991. Herbivory and detritivory on freshwater macrophytes
by invertebrates: a review. J. N. Am. Benthol. Soc. 10:89-114.
O’Brien, C. W. 1981. The larger (4.5+ mm.) Listronotus of America, north of
Mexico (Cylindrorhininae, Curculionidae, Coleoptera). Trans. Am. Entomol. Soc. 107:69-123.
O’Brien, C. W. 1990. Neobagoides carlsoni, new genus, new species of aquatic
weevil from Florida. Southwest. Entomol. 15:71-76.
O’Brien, C. W. 1997. A catalog of the Coleoptera of America north of Mexico. Family: Curculionidae. Subfamilies: Acicnemidinae, Cossonincae,
Rhytirrhininae, Molytinae, Petalochilinae, Trypetidinae, Dryophthorinae, Tachygoninae, Thecesterninae. United States Department of Agriculture, Agriculture Handbook No. 529, 48 pp.
O’Brien, C. W. and G. B. Marshall. 1979. U.S. Bagous, bionomic notes, a new
species, and a new name (Bagoini, Erirhininae, Curculionidae,
Coleoptera). Southwest. Entomol. 4:141-149.
Packard, A. S. 1884. Habits of an aquatic pyralid caterpillar. Am. Nat. 8:824829.
Richerson, P. J. and A. A. Grigarick. 1967. The life history of Stenopelmus
rufinasus (Coleoptera: Curculionidae). Ann. Entomol. Soc. Am.
60:351-354.
Riley, E. G., S. M. Clark, R. W. Flowers and A. J. Gilbert. 2002. 124. Chrysomelidae Latreille 1802. pp. 617-692. In: American Beetles, R. H. Arnett Jr., M.
C. Thomas, P. E. Skelley and J. H. Frank (eds.). CRC Press, Boca Raton,
FL.
Sanborn, C. E. 1906. Kansas Aphididae, with catalogue of North American
Aphididae, and with host-plant and plant-host list, Part II. Kansas Univ.
Sci. Bul. 3:225-274.
Scott, H. M. 1924. Observations on the habits and life history of Galerucella
nymphaeae (Coleoptera). Trans. Am. Microsc. Soc. 43:11-16.
Solis, M. A. 2008. Aquatic and semiaquatic Lepidoptera. pp. 553-569. In: R.
W. Merritt, K. W. Cummins and M. B. Berg (eds.). An introduction to the
aquatic insects of North America. Kendall/Hunt Publishing Co., Dubuque, IA.
Spencer, N. R. and M. Lekie. 1974. Prospects for biological control of Eurasian watermilfoil. Weed Sci. 22:401-404.

Squitier J. M. and J. L. Capinera. 2002. Host selection by grasshoppers
(Orthoptera: Acrididae) inhabiting semi-aquatic environments. Fla.
Entomol. 85:336-340.
Smart, R. M., G. O. Dick and R. D. Doyle. 1998. Techniques for establishing
native aquatic plants. J. Aquat. Plant Manage. 36:44-49.
Stegmaier, Jr., C. E. 1966. Host plants and parasites of Liriomyza munda in
Florida (Diptera: Agromyzidae). Fla. Entomol. 49:75-80.
Stiling, P. D., B. V. Brodbeck and D. R. Strong. 1984. Intraspecific competition in Hydrellia valida (Diptera: Ephydridae), a leaf miner of Spartina
alterniflora. Ecology 65:660-662.
Stiling, P. D. and D. R. Strong. 1982. A leaf miner (Diptera: Ephydridae) and
its parasitoids on Spartina alterniflora in northwest Florida. Fla. Entomol.
64:468-471.
Stoops, C. A., P. H. Adler and J. W. McCreadie. 1998. Ecology of aquatic Lepidoptera (Crambidae: Nymphulinae) in South Carolina, USA. Hydrobiologia 379:33-40.
Tanner, V. M. 1943. Study of the subtribe Hydronomi with description of new
species, (Curculionidae), Study No. VI. Great Basin Nat. 4:1-38.
Tietz, H. G. 1972. An index to the described life histories, early stages, and
hosts of the Macrolepidoptera of the Continental United States and Canada. Allyn Mus. Ent., Sarasota. 2 vol.
USDA, NRCS (U.S. Department of Agriculture, Natural Resources Conservation Service. 2009. The PLANTS Database. http://plants.usda.gov.
Accessed 6 April 2009). National Plant Data Center, Baton Rouge, LA
70874-4490 USA.
Vogel, E. and A. D. Oliver, Jr. 1969. Life history and some factors affecting the
population of Arzama densa in Louisiana. Ann. Entomol. Soc. Am. 62:749752.
Wallace, J. B. and J. O’Hop. 1985. Life on a fast pad: waterlily leaf beetle
impact on water lilies. Ecology 66:1534-1544.
Welch, P. S. 1916. Contributions to the biology of certain aquatic Lepidoptera. Ann. Ent. Soc. Am. 9:159-87.
Wibmer, G. J. 1981. Revision of the New World weevil genus Tyloderma in
America north of Mexico (Coleoptera: Curculionidae: Cryptorhynchinae). Southwest. Entomol. 3:1-95.
Wilson, H. F. and R. A. Vickery. 1918. A species list of the Aphididae of the
world and their recorded food plants. Wisc. Acad. Sci., Arts Lett. Trans.
19: 25-355.

J. Aquat. Plant Manage. 47: 96-100

Effect of Root Fragment Length and Planting
Depth on Clonal Establishment of
Alligatorweed
Y. PAN, Y. P. GENG1, B. LI1 AND J. K. CHEN1
ABSTRACT
Alligatorweed (Alternanthera philoxeroides [Mart.] Griseb) is
commonly abundant in open disturbed riparian zones in
south China. Based on field observations, roots of alligatorweed are often fragmented into different sizes and buried at
various depths in the soil following disturbances such as
flooding and mechanical control. To gain knowledge about
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the regeneration of alligatorweed from root fragments following mechanical control, the viability of root fragments
was studied in pots. Roots were cut into three lengths (1, 3,
and 6 cm) and planted at depths of 3, 7, and 15 cm in pots.
All root fragments sprouted at least one ramet 33 days after
planting. The time of emergence was delayed by greater soil
depth but was not affected by tuber size or by the interaction
of tuber size and soil depth. The emergence rate (depth/
mean emergence time, cm day-1) increased with planting
depth. Ramet number per root increased with root size but
was not affected by soil depth or by the interaction of root
size and soil depth. Although the dry mass and leaf area of alligatorweed increased with increasing tuber size and reduced
J. Aquat. Plant Manage. 47: 2009.

with planting depth significantly, these treatments had no effect on the root:shoot ratio. These results suggest that mechanical control of alligatorweed is of low efficacy if root
fragments are left within 15 cm of the soil surface.
Key words: Alternanthera philoxeroides, biomass allocation,
emergence, riparian zones.
INTRODUCTION
Riparian zones, the interfaces between terrestrial and
aquatic ecosystems, are particularly susceptible to invasion by
exotic species because of the high frequency disturbances and
readily available soil resources (Planty-Tabacchi et al. 1996,
Hood and Naiman 2000). Aquatic weed species have the potential to spread by seed and/or clonal fragments (e.g., tubers,
stolons, or rhizomes). In most cases, however, clonal growth
predominates in invasive aquatic weeds and seeds contribute
relatively little to their spread (Alpert et al. 2000). In riparian
habitats, disturbances such as flooding and cutting often produce vegetative fragments that may be buried in the sediment
at different depths (Bourdot 1984, Dietz et al. 1999, Smith and
Walters 1999, Fernandez 2003, Shen et al. 2005). Thus, clonal
fragment size and burial depth may affect ramet emergence
and subsequent growth in these fragments.
The reestablishment phase of a weed is crucial because it determines the effective recruitment of new ramets during the
early period of weed population establishments (Radosevich et
al. 1997). Weed control decisions are commonly based on density of seedlings or other attributes of the weed population, such
as spatial distribution and emergence period (Bourdot 1984,
Fernandez 2003).
We studied the clonal establishment behavior (ramet emergence and growth and biomass allocation) of alligatorweed
root fragments. We chose root fragments rather than other
vegetative propagules because alligatorweed has a very dense
root system concentrated in the upper 20 cm of the soil, and
most of the belowground dry biomass (>70%) is involved in
storage (Jia et al. 2008). Buds and ramets regenerated from
massive storage roots have played an important role in formation of local dense populations of alligatorweed (Pan et al.
2007). In earlier successional habitats, alligatorweed generally
forms individual patches (Figure 1a), which consists of clusters
of daughter ramets on a fragment of mother storage root (Figure 1b). The size of patches varies widely, with sometimes as
much as a 20-fold difference in patch diameter (Pan et al.
2006). Thus, the population dynamics of alligatorweed can be
influenced by the size of mother storage roots and its establishment habitats after disturbance. The objectives of this research were to determine if alligatorweed ramet emergence is
affected by root fragment size and planting depth and to determine if ramet growth and biomass allocation are affected
by root fragment size and planting depth. The root fragment
lengths and planting depths used in this research were intended to simulate the different fragment sizes and burial depths
that would occur as a result of disturbances such as flooding
or mechanical control.
MATERIALS AND METHODS
We excavated storage roots of alligatorweed from the riparian dunes in Zhuji (Zhejiang Province, China) on 27 April
J. Aquat. Plant Manage. 47: 2009.

Figure 1. Clonal growth of alligatorweed: (a) a plant patch; (b) cluster of
daughter ramets on storage root; (c) buds on root fragments.

2004 and transported them to the laboratory in polyethylene
bags. All fine adventitious roots were washed and removed,
and storage roots (3-5 mm dia) were cut into 1-, 3-, or 6-cm
fragments and germinated in the dark at 15 to 20 C. After 2
weeks, root fragments with at least one vigorous bud were selected for transplanting into 20-cm diameter by 30-cm deep
plastic pots containing 3.5 L of a 3:1 mixture of loamy soil and
silica sand. One root fragment was planted horizontally into
each pot at one of three depths (3, 7, or 15 cm) with the
sprouting bud oriented upward. Three root fragment lengths
and three burial depths were applied in a complete factorial
design. Root fragments were randomly assigned to one of the
nine treatment combinations, and each treatment was replicated five times. Peter’s fertilizer (N-P-K = 20-20-20; Scotts Co.,
USA) was initially applied as base nutrients (5 g per pot), and
pots were fertilized weekly with 4 g Peter’s fertilizer per pot.
Watering by hand was performed every other day to keep the
mixture moist. All pots were grown in a greenhouse (25-36 C,
14:10 light:dark) at Fudan University, Shanghai.
Ramet emergence was recorded daily, and the last ramet
sprouted 33 days after planting (DAP). The number of
emerged ramets per root fragment was counted 56 DAP, and
stem length (the length of the longest ramet) was measured
from the soil surface to the tip of the apical meristem. Each
plant was separated into leaves, stems, and roots (belowground biomass). The original root fragment was not included in determination of belowground biomass. Leaf area of
plants generated from each root fragment was determined
using an electronic planimeter (LI 3100, Li-Cor, Lincoln,
NE, USA), and dry biomass of plant segments was measured
after the material had been oven dried (80 C, 48 h).
Emergence rate was regressed as a function of DAP using
a logistic regression model:

1
ER = ----------------------------------------–1
Y + a ⋅ b ⋅ DAP

where ER = alligatorweed emergence rate (%); and Y, a, and
b = regression model parameters. The DAP for 50% of root
fragments was calculated as:
97

Figure 2. The effect of planting depth on the emergence dynamics of alligatorweed ramets regenerated from root fragments with days after planting
(DAP).

DAP50% = (lnY - ln a) / ln b
where Y = 100%.
All dependent variables were log-transformed where necessary to meet assumptions of normality and homogeneity of
variance. The effect of the initial root fragment size was included as block, but it is not reported because it was not significant in any analysis. The growth data (dry biomass, leaf
area, stem length, and the number of ramets per root fragment) were analyzed using a two-way analysis of variance
(ANOVA) to test the effect of root fragment size and burial
depth on the variables.
RESULTS AND DISCUSSION
Ramets emerged from root fragments within 33 DAP (Figure 2). The emergence time was affected by planting depth
(F2, 36 = 30.32, P < 0.001) but not by root fragments size (F2, 36 =
2.18, P = 0.12) or depth x size interaction (F4, 36 = 0.78, P =

0.54), which is consistent with the findings of Shen at al.
(2005). Because emergence potential was insensitive to root
size, we pooled the data across the three sizes to test the effect of burial depth on emergence. There was a significant
logistic relationship between emergence time and the emergence percentage of root fragments, and the times needed
for 50% of emergence were 11, 16, and 24 days at 3 cm, 7cm,
and 15 cm depth, respectively (Table 1). But the mean emergence time per unit depth (days/cm) decreased with planting depth (3.7 → 2.3 → 1.6 days/cm). The more rapid
emergence rate (days/cm) at greater planting depths may be
a result of increasing soil temperatures at greater depths
(Guo et al. 2001). The rapid sprouting and emergence of alligatorweed following disturbance confirmed that the vast
majority of the buds on roots were viable and under an environmentally imposed quiescence.
Both root size and planting depth had a significant effect
on ramet growth (Figure 3; Table 2). Generally, the larger
the fragment, the larger the regenerated ramets; the greater
the depth of planting, the smaller the regenerated ramets, irrespective of which parameter (i.e., total mass, shoot biomass, root biomass, or total leaf area) was measured (Figure 3).
Stem length decreased with increasing planting depth (Figure 3) but was unaffected by root size or depth x root size interaction (Table 2). Larger roots generated more ramets per
root fragment (Figure 3), but burial depth or depth x root
size interaction did not affect the number of ramets produced per root (Table 2). Depth x size interactions generally
had no effect on ramet growth (Table 2).
Although root fragment size and planting depth significantly affected alligatorweed growth (Tables 2 and 3), these
treatments had no effect on partitioning of dry mass between
root and shoot (Figure 4; Table 2). This result suggests that
the differences in allocation patterns of alligatorweed under
varying disturbance conditions are largely due to allometric
growth (“apparent plasticity,” McConnaughay and Coleman
1999). Such firm responses can enhance plant reproductive
effort at the population level, especially in monocultures
(Weiner 2004).
Storage of resources is a widespread phenomenon in
clonal species and can be understood as a safety measure
against temporal changes in the growing conditions of
plants; storing carbohydrates for later use enables plants to
rapidly resume growth and reproduction (Suzuki and
Steufer. 1999). The results of this study suggest that reestablishment from root fragments is not affected by fragmentation disturbance, which indicates that the efficacy of
mechanical control of alligatorweed may be low (Jia et al.
2009). Our results also support the hypothesis that fragmen-

TABLE 1. EFFECT OF PLANTING DEPTH ON EMERGENCE TIME FOR ROOT FRAGMENTS OF ALLIGATORWEED. THE EMERGENCE TIME FOR 50% OF SPROUTING WAS ESTIMATED
FROM THE LOGISTIC REGRESSION BETWEEN ACCUMULATIVE EMERGENCE RATE AND EMERGENCE TIME. VALUES IN PARENTHESES REPRESENT STANDARD ERRORS (SE).
Emergence time (DAP, days after planting)

Logistic regression parameters

Depth

First

Last

Mean

50%

a

b

df

P

R2

3 cm
7 cm
15 cm

5
12
18

21
27
33

10.0 (0.8)
17.8 (1.1)
24.5 (1.0)

11.1
16.0
24.0

1.70 (0.68)
5.76 (2.76)
1553.4 (283.0)

0.63 (0.02)
0.67 (0.02)
0.61 (0.04)

8
11
9

<0.001
<0.001
<0.001

0.97
0.95
0.85
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Figure 3. Effects of root size and planting depth on growth of alligatorweed. Means and 1SE (n = 5) are shown.
Plant depth: 3 cm white bar; 7 cm diagonal bar; 15 cm dark bar.

tation is an effective propagation mechanism that contributes to the spread of invasive weeds (Smith and Walters 1999,
Pan et al. 2007, Jia et al. 2009).
Also note that alligatorweed fragments used in this study
were maintained under favorable growing conditions. Under
natural field conditions, fragments could free-float for extended periods of time, potentially lowering the viability of
individual fragments. Future research needs to determine
the effect of damage to free-floating alligatorweed fragments
on fragment viability.
TABLE 2. F-VALUES OF A TWO-WAY ANALYSIS OF VARIANCE (ANOVA) ON
PLANT CHARACTERISTICS OF ALLIGATORWEED REGENERATED FROM THREE
ROOT FRAGMENT SIZES (1, 3, AND 6 CM LENGTH) PLANTED AT THREE DEPTHS
(3, 7, AND 15 CM). DEGREES OF FREEDOM IN THE MODEL WERE: ROOT FRAGMENT SIZE (2), DEPTH (2), AND SIZE X DEPTH (4). SIGNIFICANCE IS DEFINED AS:
* P < 0.05, ** P < 0.01, *** P < 0.001.

Source
Total mass (g)
Shoot mass (g)
Leaf mass (g)
Stem mass (g)
Root mass (g)
Leaf area (cm2)
Stem length (cm)
No. ramets
Shoot mass fraction (%)
Root mass fraction (%)

Root
fragment size

Depth

Size × depth

8.05**
8.08**
8.87**
8.50**
8.96**
7.36**
0.97
21.9***
0.35
0.41

18.43***
18.09***
15.73***
20.57***
14.58***
11.66***
3.99*
0.30
0.77
0.94

0.79
0.84
0.99
0.94
0.68
0.97
1.13
0.15
0.09
0.12
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Figure 4. Effects of root fragment size and planting depth on biomass allocation of alligatorweed.
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Physiological and Cellular Ultrastructure
Responses for Three Grass Species under
Submergence
HANPING XIA1,2, X. ZHANG1, Z. LI1, X. LU1 AND S. FU1
ABSTRACT
To illustrate the tolerance mechanisms of different grass
species to submergence, we examined the changes in biochemical and anatomical characteristics and leaf photosynthesis of three grass species. Vetivergrass (Vetiveria
zizanioides), bahiagrass (Paspalum notatum), and carpetgrass
(Axonopus compressus), the species selected for this study, are
commonly used for erosion control under complete submergence in water-cultivation studies. After submergence, chlorophyll (a + b) and carotenoids of carpetgrass decreased by
10.4 and 32.2%, respectively, while those of vetivergrass increased by 39.8 and 39.5%, and bahiagrass increased by 35.9
and 27.8%, respectively, from 9 to 36 days. The PSII maximum photochemical efficiency and the quantum yield of
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carpetgrass decreased to a greater extent than that of vetivergrass and bahiagrass. The malondialdehyde content of carpetgrass increased more than that of vetivergrass and
bahiagrass with increasing submergence time. The activity of
superoxide dismutase and ascorbate peroxidase of carpetgrass decreased with submergence duration, whereas those
of vetivergrass and bahiagrass remained stable or increased.
When the stress duration was relatively short (<60 days),
vetivergrass and bahiagrass had similar levels of tolerance
with respect to photosynthetic features and biochemical response; however, the damage of submergence to the ultrastructure of some important organelles of bahiagrass was
more severe than vetivergrass when the duration was longer
than 60 days. The ultrastructure of vetivergrass was not damaged markedly unless it was exposed to 120 days of submergence, whereas that of carpetgrass was severely damaged by
32 days after submergence. Overall, vetivergrass was the most
tolerant of the three species, while carpetgrass had the poorest tolerance.
Key words: enzymatic antioxidant, grass for erosion control, photosynthetic pigment, starch grains, stress tolerance.
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