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Abstract  Alternanthera philoxeroides which originated in South America is a noxious weed species in the
warm temperate and subtropical regions of China infesting rivers lakes ponds and irrigation canals as well
as many terrestrial habitats. A host-specific flea beetle Agasicles hygrophila introduced from the USA in
1986 as a biological control agent has become widely established in South China and has effectively controlled
the weed in many water bodies. It has been observed however that the beetle’ s ability in controlling the
weed in terrestrial habitats has been limited apparently due to its poor and/or greatly varying pupation rates.
This study analyses the mechanism underpinning the relationship between the beetle’ s pupation rate and the
morphological and physiological characters of the three ecotypes of its host plant wviz. the weed growing in the
water bodies hydrophytes  that growing in wet soil with 15% — 30% moisture content and the roots some-
times saturated with water hygrophytes  and that growing in terrestrial soil with 5% — 15% moisture content
and the roots never saturated with water. Anatomical studies showed that hydrophytes do not have secondary
structures in the stems whereas stems of the hygrophytes and xerophytes have tight cortex cells and abundant
crystals. The 7 morphological and anatomical characters of the alligatorweed analyzed in this study showed sig-
nificant differences among the ecotypes of the weed as well as between the internodes of the same ecotype. Re-
sults of the principal component and clustering analysis placed these characters into three groups which coin-
cided with the distinctive levels of the beetle’ s pupation rate and the effect of controlling the weed observed in
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both potted plants and the field experiments. A stepwise regression model was established between the pupation
rate of A. hygrophiia and the 7 morphological and anatomical characters of the alligatorweed stems and intern-
odes y=1.5332-0.2483x3-0.051 2x4 — 1.634 9x5 - 0.957 Tx¢ R*=0.9999 . The pupation rate of
the beetle was found to be in simple positive correlation with the lengths of the internodes and the external di-
ameter of the stems and the diameter of the pith cavity of the alligatorweed. The pupation rate was found to be
in simple negative correlation with the density and thickness of the cortex parenchyma and the thickness of the
vascular cylinder and the pith cavity parenchyma. It is concluded that the pupation rate and the biological con-
trol effect of the flea beetle on A. philoxeroides are affected primarily by the thickness of vascular cylinder

cortex parenchyma pith cavity parenchyma and the density of cortex parenchyma of its host plant. This is a
rather different explanation for the poor performance of the beetle on terrestrial alligatorweed from the observa-

tions of other researchers in the USA Australia and China.
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Table 1 Anatomical structure features of different ecotypes of alligatorweed stem
Ecotypes Material Secondary structure Peridem Tracheid Crystal
Hydrophytes 1~2
Hygrophytes 2~4
5~8
Xerophytes 3~4
2 *
Table 2 Comparison of the stem morphological and anatomical features of different ecotypes of alligatorweed
pupation rate of Alternanthera philoxeroides Mean + SD
S
Ecotypes Material Lin cm ED mm TCo DCo/10 w TPP DPiC PR %
mm ) mm mm
p’ mm
12.49 = 5.12+ 0.26 + 19.80 = 0.0355+ 0.05 4.13 % 0.7
Hydrophytes 2.63" 0.88" 0.08 3.01 0.006 9" 0.02 0.49° '
8.22+ 3.43+ 0.34 = 27.20 = 0.049 9 + 0.30 1.99 = 65.3
Hygrophytes 1.86" 0.61" 0.07" 2.62° 0.014 3 0.05" 0.59" ’
1.51+ 2.78 + 0.42 + 26.40 = 0.1209 + 0.77 = 0.13+ 2.3
1.05 0.41" 0.11° 4.33¢ 0.034 1" 0.07* 0.21¢ ’
7.11% 3.47+ 0.38 + 16.20 = 0.694 6 + 0.23 0.91=+ 0
3.64" 1.13 0.14 6.37" 0.423 7 0.11" 0.78°¢
3.58+ 2.54+ 0.24 + 32.40 = 0.336 0+ 0.86 = 0.89 7.3
Xerophytes 1.39% 0.58¢ 0.07¢ 3.20° 0.008 3" 0.11° 0.44° ’
0.91 =+ 2.82+ 0.49 + 43.30+ 0.563 5+ 0.28 + 0.05 = 0
0.34¢ 0.49" 0.10° 4.29° 0.118 6° 0.13 0.16"
Lin Length of intemode DCo Density of cortex parenchyma TCo Thickness of cortex ED External diameter TV Thickness of vascular cylinder or
bundle TPP Thickness of parenchyma pith cavity DPic Diameter of pith cavity PR Pupationrate a b ¢ d Ducan a

b ¢ d denote significant difference by Ducan multiple comparisons



1 4 x3.3 The 6th internode of mesophytes alligatorweed 4 x 3.3 2 20x 3.3 Crystal 20x 3.3 3
20 x 3.3 Pinnate crystal 20 x 3.3 4 4x3.3 The 6th internode of xerophytes alligatorweed 4 x 3.3 5
10x 3.3 The 6th internode of hydrophytes alligatorweed 10x 3.3 6 10 x 3.3 The 6th internode of hydrophytes alligator-
weed 10x3.3 7 10 x 3.3 The 12th internode of hydrophytes alligatorweed 10 x 3.3 8 4x3.3 The old
internode of hydrophytes alligatorweed 4 x 3.3 9 4x3.3 The 12th internode of xerophytes alligatorweed 4 x 3.3
VB Vascular bundle Pd Peridem PLM Cork layer Co Cortex  Pi Pith  Pic Pith cavity RV
Reticulate vessel SV Spiral vessel V Vessel t Tracheid C Robohedral crystal  Pe Pinnate crystal
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Fig.1 Dendrogram of different internodes
a06 The 6th internode of hydrophytes alligatorweed
7 h06 The 6th internode of hydrophytes alligatorweed
h12 The 12th internode of hydrophytes alligatorweed
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weed  x06 The 6th internode of xerophytes alligatorweed
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Table 3 Correlation analysis between pupation rate and morphological anatomical features

X1 X2 X3 X4 X5 Xg X7
Pupation rate 0.8321 0.800 9 -0.5956 -0.3597 -0.650 0 -0.4653 0.9328
X Length of internode em  x; External diameter mm x5 Thickness of vascular cylinder or bundle mm x4
Density of cortex parenchyma /100 pm? x5 Thickness of vascular cylinder or bundle mm  xg
Thickness of parenchyma pith cavity mm  x; Diameter of pith cavity mm PR Pupation rate
1993 Stewart 2000
1.21 mm
2003b
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