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ABSTRACT: Water hyacinth, Eichhornia crassipes (Mart.) Solms, is an alien invasive weed in Ethiopia 

that has been established in freshwater bodies. Eichhornia crassipes negatively affects water 
transportation, fishing and biodiversity among others. Hence, implementation of eco-friendly 
management option such as biological control is a mandatory. The weevils, Neochetina eichhorniae 
Warner and N. bruchi Hustache, are the principal biocontrol agents against E. crassipes in their native 
ranges and have been introduced to Ethiopia for the management of the weed. The weevils and their 
host are affected by the nitrate and phosphate contents of the water body. Thus, this study was 
conducted to investigate the effect of N. bruchi and N. eichhorniae in relation to water nutrient contents 
in the management of E. crassipes. The experiment was conducted in a randomized complete block 
design with three replications in a 4x4x3 factorial arrangement. Eight weeks after the treatments’ 
application, the population of the weevils and E. crassipes growth parameters were recorded. The larval 
population was significantly (p < 0.05) affected only by the interaction effect of N. bruchi and the 
nutrient levels. Among the treatments, the highest mean number of larvae was found on the plants 
given high and medium nutrient levels. There was also a significant interaction (p < 0.05) between the 
two weevils adult density. The mean number of emerged adult density of the weevils increased with 
increasing nutrient levels. The nutrients and weevils exhibited a significant interaction effect on E. 
crassipes leaf scarring and petiole tunnel. Leaf scarring at the highest weevil density and nutrient level 
was sixfold greater than that at the lower nutrient level and weevil density. The tunnel length of the 
weed was threefold higher at the highest nutrient level regardless of the weevil density. The growth 
parameters of E. crassipes were found to be greater at high nutrient level, except for the mean number of 
flowers. Conversely, the growth parameters showed a non-uniform trend with the increasing density of 
the weevils. The current result suggests reduction in E. crassipes could be achieved by lowering the 

water nutrient levels and use of N. bruchi and N. eichhorniae. 
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INTRODUCTION 
 

Water hyacinth (Eichhornia crassipes (Mart.) Solms 
(Pontederiaceae)) is a free-floating macrophyte that 
invades fresh water and reproduces sexually as 
well as vegetatively. Eichhornia crassipes is native to 
South America, with the suggestion that the center 
of origin may be the upper reaches of the Amazon 
River and its tributaries (Gopal, 1987; Julien, 2000). 
Eichhornia crassipes is known to have been 
introduced into tropical and temperate regions as 
an ornamental plant due to its beautiful flower 
(Little, 1965; Cilliers et al., 2003). Currently, it is 
among the aquatic weeds, especially problematic 
in Africa. In Ethiopia, the weed is causing a 

devastating problem by affecting biodiversity, 
water transportation and fishing among others in 
the water bodies of the Rift Valley and Lake Tana 
(Firehun Yirefu et al., 2014; Adugnaw Admas et al., 
2017). A recent report showed that E. crassipes 
covered approximately 2% of Lake Tana, reducing 
its potential for fish production by 92% (Nagassa 
Dechassa and Belay Abate, 2020). Its infestation in 
the Central Rift Valley was reported in the 1950s, 
but attained pest status very recently, mainly 
because of intensified agricultural systems around 
water bodies that discharged nutrients into the 
system. A good example is Lake Zuwayi which 
currently invaded by E. crassipes (Emana Getu, 
unpublished data). 
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 For the management of E. crassipes, physical and 
chemical control have been used extensively 
around the world to get short-term control (Dereje 
Tewabe, 2015; LVEMP, 2016), while wetland 
management and biological control were used as a 
long-term control (Harley et al., 1996; Julien, 1997; 
Mumma, 1999). Rapid proliferation of E. crassipes 
was observed in eutrophic water bodies (Yu et al., 
2019) where its natural enemies were absent 
(O’brien, 1976; Njoka, 2004; LVEMP, 2006). 
Neochetina eichhorniae Warner and N. bruchi 
Hustache (Order: Coleoptera, Family: 
Curculionidae) are among the main biocontrol 
agents found to be popular and effective in the 
management of E. crassipes (Mumma, 1999; Julein, 
2001). 

The biocontrol agents are native to the Amazon 

basin in South America, along with E. crassipes  

(Manning, 1979). In 1972, N. eichhorniae was the 

first insect approved for release as a biocontrol 

agent of E. crassipes followed by N. bruchi in 1974 

on canals and lakes of Fort Lauderdale, Florida  

(O’brien, 1976). These species are now distributed 

in over 30 countries in the world throughout the 

distribution range of E. crassipes as a classical 

biological control (Firehun Yirefu et al., 2016). This 

approach was kicked off in Ethiopia following the 

rapid expansion and proliferation of E. crassipes in 

newly infested water bodies (Wassie Anteneh et al., 

2015; Firehun Yirefu et al., 2016; Adugnaw Admas 

et al., 2017).   

Biotic potential of N. eichhorniae and N. bruchi is 

influenced by a variety of environmental factors 

such as temperature, water nutrients and herbicide 

use among others (Wilson et al., 2006; Wise et al., 

2007). Neochetina eichhorniae and N. bruchi were 

imported from Uganda and kept under quarantine 

at Ethiopian Sugar Corporation, Research and 

Development Center, Wonji (Firehun Yirefu et al., 

2015). Under controlled condition, adaptability test 

was conducted and the biocontrol agents found to 

be suitable for the area.  There were no variables 

studied in relation to their potential such as the 

effect of water nutrient levels both on the 

biocontrol agents and E. crassipes. Experiences 

elsewhere indicated that the efficacy of the 

biocontrol agents vary from place to place that 

implies the need of optimization to exploit the 

maximum benefit from the release of the weevils 

in the water body. Hence, the current study was 

conducted to understand the effect of water 

nutrient levels, N. eichhorniae and N. bruchi 

densities on E. crassipes. 

 
MATERIALS AND METHODS 

 
Description of the study area 

The study was conducted from April 2020 to 
October 2020 in the Lath House at Ethiopian Sugar 
Corporation, Research and Development Center, 
Wonji. Wonji is located approximately 67 km 
southeast of Addis Ababa. It is positioned in the 
central part of the main East African Rift Valley at 
8O30`- 8O35`N and 39O20`E and at an altitude of 
1540 meters above sea level. The annual 
precipitation, mean maximum, and minimum 
temperature of the area were 831 mm, 27°C, and 
15°C, respectively (Firehun Yirefu et al., 2015). The 
area has benefited from Awash River irrigation-
based agricultural practices. The Awash River is 
one of the major rivers of Ethiopia that is highly 
utilized and the first basin to be introduced to 
modern agriculture (Fekadu Aduna et al., 2021). It 
starts from the Highlands of Ginchi, flows toward 
the east and north of the country, and ends in the 
country after a long journey of approximately l, 
200 km (Addis Anteneh and Hailu Yemanu, 1970). 
 
Cultivation of Eichhornia crassipes 

Uniform and healthy E. crassipes plants with no 

symptoms of disease were collected for the 

experiment (Dissanayake et al., 2009). Eichhornia 

crassipes collection was done from Camp 9 

reservoir, located approximately 10 km southeast 

of the Wonji town. Four healthy young E. crassipes 

plants with three to four newly emerged leaves 

were placed in a plastic bucket of 15 liter capacity 

with a size of 16 cm in height x 40 cm in width and 

acclimatized for a week prior to the start of the 

experiment following Gore (2017). Each plastic 

bucket containing E. crassipes was treated with 

nitrate (KNO3) and phosphate (KH2PO4) sources 

(Bownes, 2008) at different levels. The levels used 

were low (10 mg/l N, 0.18 mg/l P), medium (35 

mg/l N, 1.68 mg/l P), and high (100 mg/l N, 3 

mg/l P) following a survey of water nutrient levels 

detected in fresh water bodies in Ethiopia by 
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Andualem Mekonnen et al. (2014) and Yirga 

Kebede (2016). Once the experiment commenced, 

the fertilizers were applied every week after 

replacing the water throughout the study period 

following Reddy et al. (1989). 

 
Rearing of Neochetina bruchi and Neochetina 
eichhorniae 

For both N. bruchi and N. eichhorniae, 150 adults 
each were collected from the quarantine lath house 
and mass reared separately in a new lath house at 
Ethiopian Sugar Corporation Research and 
Development Center, Wonji. Rearing was done on 
E. crassipes kept in round plastic buckets of 20 liter 
capacity with a size of 25 cm in height x 55 cm in 
width filled with water to ¾ and contained in 
rearing cages (Firehun Yirefu et al., 2016). The 
rearing cages were made of insect proof 
polyethylene mesh with a size of 50 cm in width 
and 90 cm in height, exposed to a 12:12 
photoperiod. The temperature and relative 
humidity of the lath house in which the cages were 
placed were 17.1°C to 33.7°C and 22% to 83%, 
respectively. Newly emerged five day-old N. bruchi 
and N. eichhorniae were collected separately. The 
adult weevils were grouped into male and female 
individuals per species to maintain their sex ratio 
for experiment by using keys of dimorphism such 
as snout length, snout curviness, and shininess of 
the snout tip (Dissanayake et al., 2009; Ray, 2015). 
 
Treatments and experimental design 

In this experiment, 144 round plastic buckets 
with a size of 16 cm in height x 40 cm in width 
were used, in which each bucket was considered as 
a plot. The experimental design consisted of three 
rows of plastic buckets, each with 0.3 m between 
plots and 0.1 m between rows. The experiment was 
designed in a randomized complete block design 
(RCBD) in a 4x4x3 factorial arrangement in three 
replications. Neochetina bruchi and N. eichhorniae 
each with four density levels were combined with 
three nutrient levels to make factorial treatments 
(Center et al., 1982). The density levels of the two 
weevils were zero, one pair, two pairs, and three 
pairs following Firehun Yirefu et al. (2016), while 
the E. crassipes plant nutrient levels were low (10 
mg/l N, 0.18 mg/l P), medium (35 mg/l N, 1.68 
mg/l P) and high (100 mg/l N, 3 mg/l P) as 
described in the E. crassipes cultivation 
methodology. Eichhornia crassipes plants contained 

in round plastic buckets were subjected to different 
nutrient concentration levels for a week and 
subsequently treated with the weevils (Mailu, 
2001). Once the treatment application was 
commenced, each plastic bucket containing E. 
crassipes that received the treatments was set in 
insect proof cages to prevent the entrance of other 
herbivores and natural enemies of the weevils 
following DeLoach (1976). 
 
Data collection 

Eight weeks after treatment application, data on 
live leaf number, leaf loss, ramet number, and 
flower number of E. crassipes per plot were 
collected (Heard and Winterton, 2000; 
Mukarugwiro et al., 2018). Leaf scars, length, and 
diameter per lamina were counted from randomly 
selected 3rd lamina of a E. crassipes inside out, while 
petiole tunnel, length and diameter per plant were 
measured from the longest petiole per a E. crassipes 
plant (Jones et al., 2018).  

Eichhornia crassipes biomass and the density of N. 
bruchi and N. eichhorniae were recorded three 
months after treatment application (Goyer and 
Stark, 1984). Eichhornia crassipes fresh weight was 
taken soon after the sample was blotted; while dry 
weight was taken after the samples were oven 
dried for 27°C hrs at 75°C following Bock (1969). 

Two petioles with tunnels were randomly 
selected from each of the three E. crassipes plants 
per plot for recording larvae of both N. bruchi and 
N. eichhorniae, and visible larval stages (2nd and 3rd 

larvae) were counted after petiole dissection 
(Jadhav et al., 2008). Adult N. bruchi and N. 
eichhorniae were counted from four randomly 
selected E. crassipes plants per plot by examining 
the individual plants (Pratiwi et al., 2018). 
 
Statistical analysis  

Data collected on E. crassipes, N. eichhorniae, and 
N. bruchi parameters were subjected to analysis of 
variance using the SAS 9.4 software package. 
Transformations were carried out for data that 
were not normally distributed. The logarithmic 
transformation was used for leaf length, leaf 
diameter, and tunnel length. Data on larva, adult, 
leaf scar, dry weight, petiole diameter, and leaf 
loss were normalized by the inverse distribution 
function, while leaf number data were transformed 
using square root transformation. The strength of 
the linear relationship within the E. crassipes 
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growth parameters was determined by two tailed 
Pearson correlation. Mean and standard error were 
used from descriptive statistics, and significant 
means were separated using Tukey’s studentized 
range (HSD) at 5%. The significance and non-
significance values of the tests in the results were 
denoted by p < 0.05 and p > 0.05, respectively. 

 
 

RESULTS AND DISCUSSION 
 

Effect of nutrient levels, Neochetina bruchi and 
Neochetina eichhorniae densities on larval 
emergence 

The interaction effect was only significant (p < 
0.05) with N. bruchi and nutrient levels for larval 
density. Eichhornia crassipes plants that received 
medium and higher nutrient levels exhibited 
higher larval density of the weevils compared to 
the plants which received low nutrient level (Table 
1). The current result is in line with Heard and 
Winterton (2000), who reported that N. bruchi and 
N. eichhorniae fecundity and immature stage 
survival were higher at higher nutrient level (1.6 
mg /l N and 1.0 mg/l P). The highest mean 

number of larvae (15.3) was recorded on E. 
crassipes plants that received the treatment 
combinations of the highest density of weevils 
with high nutrient level. This result was 
significantly (p < 0.05) different from the lowest 
mean number (4.0) obtained with the treatment 
combination of N. eichhorniae and the lowest water 
nutrient (Table 1). In contrast to the current 
findings, Wilson et al. (2006) reported that the 
larval stage mortality of weevils increased and that 
their density became low on E. crassipes plants, 
where the initial density of weevils was high 
regardless of nutrient levels.  

In the main effect of adult N. eichhorniae, the 
highest larval mean number (9.11) was recorded 
on E. crassipes plants that received the highest 
density of weevils. Eichhornia crassipes plants 
subjected to treatments that incorporated N. 
eichhorniae adults resulted in a higher larval mean 
number compared to the untreated control (Figure 
1). This result is in agreement with Julien et al. 
(1999) who reported that N. eichhorniae density was 
not sensitive to E. crassipes quality, unlike N. bruchi 
density (Center and Dray, 1992; Ray, 2015). 

 
Table 1. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on larva emergence 
 

Treatment Mean+SE Treatment Mean+SE Treatment Mean+SE 

b0 e1 p1 5.3+0.7 bdc b1 e2 p1 6.7+1.7 bdc b2 e3 p1 5.3+1.3 bdc 
b0 e1 p2 6.3+0.3 bdac b1 e2 p2 7.7+1.8 bdac b2 e3 p2 10.3+2.4 bdac  
b0 e1 p3 7.7+1.2 bdac b1 e2 p3 8.0+1.0 bdac  b2 e3 p3 12.7+1.7 bac 
b0 e2 p1 4.0+1.9 d  b1 e3 p1 8.0+2.0 bdac b3 e0 p1 5.0+2.0 bdc 
b0 e2 p2 5.3+0.9 bdc b1 e3 p2 8.7+1.2 bdac b3 e0 p2 10.3+0.9 bdac  
b0 e2 p3 5.7+1.2 bdc b1 e3 p3 10.0+1.5 bdac b3 e0 p3 10.3+1.3 bdac 
b0 e3 p1 5.0+0.6 bdc b2 e0 p1 6.7+1.7 bdc b3 e1 p1 5.0+1.5 bdc 
b0 e3 p2 5.7+0.7 bdc b2 e0 p2 8.3+1.8 bdac  b3 e1 p2 8.7+2.2 bdac  
b0 e3 p3 6.3+0.9 bdac  b2 e0 p3 9.0+1.7 bdac b3 e1 p3 11.0+2.0 bdac 
b1 e0 p1 6.0+2.0 bdc b2 e1 p1 6.0+1.0 bdc b3 e2 p1 5.3+0.7 bdc 
b1 e0 p2 7.0+1.5 bdac b2 e1 p2 8.0+1.5 bdac  b3 e2 p2 13.0+2.1 bac 
b1 e0 p3 8.7+1.2 bdac b2 e1 p3 8.7+1.9 bdac b3 e2 p3 13.3+1.2 ba 
b1 e1 p1 6.0+1.5 bdc b2 e2 p1 4.3+1.5 dc b3 e3 p1 7.0+1.7 bdac 
b1 e1 p2 8.7+2.2 bdac b2 e2 p2 10.7+1.7 bdac b3 e3 p2 15.0+1.5 a 
b1 e1 p3 8.7+1.2 bdac b2 e2 p3 11.3+1.3 bdac b3 e3 p3 15.3+0.9 a 

 
Letters under column "Treatment" refer to weevils (b = N. bruchi, e = N. eichhorniae) and plants (p = E. crassipes plant), while numbers 
associated with the letters refer to densities (0 = control, 1 = one pair, 2 = two pairs, and 3 = three pairs) and nutrient concentrations (1 = low, 2 
= medium, and 3 = high) of the weevils and E. crassipes, respectively. In columns, SE = standard error. Mean values followed by the same 
letter(s) indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 
 

Effect of nutrient levels, Neochetina bruchi and 
Neochetina eichhorniae densities on adult 
population  

A significant interaction was found between N. 
bruchi and N. eichhorniae on their adult density (p < 
0.05). Eichhornia crassipes plants in experimental 

buckets had a high adult density of N. bruchi and 
N. eichhorniae when they were treated with a high 
density of the weevils. The highest mean number 
(43) was obtained using a high adult density of 
weevils on E. crassipes plants that received the 
highest nutrient level (Table 2), which was 
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substantially different from the lowest result. In a 
combined application of the weevil with white 
amur, Delfosse et al. (1976) found a maximum of 
89.4 N. eichhorniae per 388 E. crassipes plants in a 
pool per season, which is lower than the current 
result. 
 

 
 
Figure 1. Mean larval density of N. eichhorniae (progeny) at 

different adult parental density of N. eichhorniae, 
e0-e3 (e= N. eichhorniae, e0= control, e1= one pair, 
e2= two pairs, and e3= three pairs). Means sharing 
the same letter are not significantly different from 
each other at the 5% level, Tukey’s studentized 

range test (HSD). 
 In the main effect, the mean density of adult 
weevils recorded from E. crassipes plants treated 
with a high nutrient level was the highest, and it 

was significantly different from the medium and 
untreated control (Figure 2). This is consistent with 
the work of Center and Dray (2010), who found 
that a high nutrient level resulted in a higher 
density of weevils in E. crassipes plants when 
treated with a higher combination of N. eichhorniae 
and N. bruchi density than when treated alone. 
Similarly, Ismail et al. (2017) reported that E. 
crassipes subjected to high nutrient level had the 
greatest adult mean population compared to other 
treatments. 

In comparison to those cultivated at an 
oligotrophic level, E. crassipes plants grown at a 
greater nutrient levels were preferred hosts for N. 
bruchi, but not for N. eichhorniae (Kidd, 2000). In 
this situation, N. bruchi generated a greater number 
of progeny, which severely destroyed the E. 
crassipes (Heard and Winterton, 2000). According 
to a report by Bick et al. (2020), salinity and 
nutrients that influenced E. crassipes had a 
significant impact on N. bruchi's life cycle. A factor 
that has a substantial negative impact on the 
biocontrol agents has a disproportional 
detrimental impact on the host plant (Wilson et al., 
2005). As a result, a number of ecological processes 
must be integrated to reduce the weed status in a 
given area and eventually eradicate it (Hopper et 
al., 2021). 

 
Table 2. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on adult 

 
Treatment Mean+SE Treatment Mean+SE Treatment Mean+SE 

b0 e1 p1 13.7+2.3 ehgf b1 e2 p1 15.7+1.9 edhgcf b2 e3 p1 25.3+1.5 ebdacf 
b0 e1 p2 17.0+2.5 edhgcf b1 e2 p2 20.0+3.8 ebdhgcf b2 e3 p2 32.7+5.8 bdac 
b0 e1 p3 17.3+2.2 ebdhgcf b1 e2 p3 22.7+2.9 ebdhagcf b2 e3 p3 41.3+1.3 a 
b0 e2 p1 15.0+2.5 edhgf b1 e3 p1 15.7+1.5 edhgcf b3 e0 p1 11.0+3.5 hg 
b0 e2 p2 16.3+2.2 edhgcf b1 e3 p2 24.0+0.6 ebdagcf b3 e0 p2 11.0+3.2 hg 
b0 e2 p3 17.0+2.1 edhgcf b1 e3 p3 29.3+1.2 ebdac b3 e0 p3 16.3+4.2 edhgcf 
b0 e3 p1 14.3+1.9 edhgf b2 e0 p1 15.0+2.1 edhgf b3 e1 p1 10.3+2.3 h 
b0 e3 p2 15.7+2.0 edhgcf b2 e0 p2 18.7+0.3 ebdhgcf b3 e1 p2 16.3+2.0 edhgcf 
b0 e3 p3 17.7+1.9 ebdhgcf b2 e0 p3 18.7+0.3ebdhgcf b3 e1 p3 19.7+3.8 ebdhgcf 
b1 e0 p1 15.3+1.8 edhgcf b2 e1 p1 18.0+2.1 ebdhgcf b3 e2 p1 22.7+3.8 ebdhagcf 
b1 e0 p2 16.7+0.7 edhgcf b2 e1 p2 26.7+3.5 ebdacf b3 e2 p2 39.7+4.8 a 
b1 e0 p3 20.0+4.4 ebdhgcf b2 e1 p3 33.0+2.1 bdac b3 e2 p3 40.0+1.7 ba 
b1 e1 p1 15.0+2.1 edhgf b2 e2 p1 27.0+3.2 ebdacf b3 e3 p1 34.0+3.8 bac 
b1 e1 p2 19.3+2.0 ebdhgcf b2 e2 p2 34.3+1.9 bac b3 e3 p2 41.7+1.5 a 
b1 e1 p3 25.0+1.7 ebdacf b2 e2 p3 40.3+2.3 a b3 e3 p3 43.0+2.5 a 

Letters under column "Treatment" refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to the densities (0= control, 1= one pair, 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 
2= medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same 
letter(s) indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 
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Figure 2. Adult N. bruchi and N. eichhorniae at different nutrient levels, p1-p3 (p= E. crassipes plant, p1= low, p2= medium, and 

p3=high). Means sharing the same letter are not significantly different from each other at the 5% level, Tukey’s 
studentized range test (HSD). 

 
Eichhornia crassipes leaf scar damage by 
Neochetina bruchi and Neochetina eichhorniae  

Neochetina bruchi, N. eichhorniae, and E. crassipes 
nutrient levels had a significant interaction on leaf 
scarring (p < 0.05). Eichhornia crassipes plants that 
received the treatment combination of low N. 
eichhorniae density and poor nutrient with no N. 
bruchi had the lowest mean (9.0 per lamina) E. 
crassipes leaf scar (Table 3). The treatment 
combination with the highest weevil density and 
high nutrient had the highest mean (53.7 per 
lamina), which was significantly different from all 
other treatments (Table 3). The highest feeding scar 
in this study (53.7 per lamina) was lower than the 
previous study by Wright and Center  (1984) who 

recorded 91 scars per lamina, but higher than 11.1 
and 24.66 scars per lamina by a single insect in 24 
hrs for N. bruchi and N. eichhorniae, respectively 
(Gore et al., 2020). Scars were enhanced by 
increasing the density of weevils and the nutrient 
content of E. crassipes (Hopper et al., 2021). In 
another study (Heard and Winterton, 2000), adult 
feeding scars were unaffected by nutrient 
concentrations, but the presence of old leaf scars 
on E. crassipes hindered adult weevil feeding 
performance (Buchanan, 2013). However, when 
both weevils were combined, the injury to E. 
crassipes increased (DeLoach and Cordo, 1976; 
Gupta and Yadav, 2020). 

 
Table 3. Neochetinia bruchi and N. eichhorniae feeding scars per leaf of E. crassipes. 

 
Treatment  Mean+SE Treatment Mean+SE  Treatment Mean+SE  
b0 e1 p1 9.0+1.5 r b1 e2 p1 33.2+2.6 ihgfj b2 e3 p1 26.1+1.8 nml 
b0 e1 p2 16.7+1.5 pq b1 e2 p2 35.1+3.5 iehgf b2 e3 p2 28.7+1.8 knmlj 
b0 e1 p3 17.9+1.4 opq b1 e2 p3 35.3+2.0 ehgf b2 e3 p3 33.3+2.4 ihgfj 
b0 e2 p1 15.3+1.5 q b1 e3 p1 30.8+1.9 ikhlj b3 e0 p1 22.5+1.7 onp 
b0 e2 p2 15.5+1.5 q b1 e3 p2 39.2+3.1 edf b3 e0 p2 23.3+1.9 onm 
b0 e2 p3 35.8+1.5 ehgf b1 e3 p3 39.8+3.4 ed b3 e0 p3 33.5+1.7 iehgfj 
b0 e3 p1 17.1+1.4 pq b2 e0 p1 31.7+1.5. ikhglj b3 e1 p1 18.1+2.3 opq 
b0 e3 p2 27.1+1.4 knml b2 e0 p2 31.8+2.5ikhglj b3 e1 p2 25.7+2.7 nml 
b0 e3 p3 31.7+1.5 ikhglj b2 e0 p3 43.7+2.4 cd b3 e1 p3 34.1+2.3 iehgfj 
b1 e0 p1 15.8+2.1 q b2 e1 p1 22.1+1.2 onp b3 e2 p1 26.0+2.1 knml 
b1 e0 p2 29.5+2.4 ikmlj b2 e1 p2 23.9+2.3 onm b3 e2 p2 38.3+3.8 egf 
b1 e0 p3 29.8+2.1 ikmlj b2 e1 p3 32.0+1.7 ikhgj b3 e2 p3 51.7+1.7 b 
b1 e1 p1 11.1+1.2 r b2 e2 p1 32.9+1.8 ihgfj b3 e3 p1 29.3+3.8 ikmlj 
b1 e1 p2 15.8+2.1 q b2 e2 p2 34.9+3.0 iehgf b3 e3 p2 34.6+3.8 iehgfj 
b1 e1 p3 18.9+2.8 opq b2 e2 p3 50.0+2.3 cb b3 e3 p3 53.7+1.3 a 

Letters under column "Treatment" refer to weevils (b = N. bruchi, e = N. eichhorniae) and plants (p= E. crassipes plant), while the numbers 
associated with the letters refer to the densities (0=control, 1= one pair, 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 2= 
medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same letter(s) 
indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 
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Eichhornia crassipes petiole tunnel damage by 
Neochetina bruchi and Neochetina eichhorniae 

The interaction of E. crassipes weevils had a 
significant effect on the tunnel of the E. crassipes 
petiole (p < 0.05). The treatment combination of no 
N. bruchi, low N. eichhorniae density, and low 
nutrient level resulted in the lowest mean (1.2 cm 
per plant) of E. crassipes tunnel length, which was 
significantly different from all other treatments 
(Table 4). On E. crassipes with high nutrient level 
but varied density of weevils, the highest mean of 
tunnel (4.5 cm per plant) was recorded (Table 4). 
This demonstrated that tunnel length maximized 
since damage was proportional to the amount of E. 
crassipes nutrient present, regardless of density. 

Wilson et al. (2005) found that at the highest 
nutrient level, N. eichhorniae larvae grew larger and 
matured faster, resulting in more damage. This 
was in contrast to Mukarugwiro et al. (2018), who 
found that E. crassipes plants kept at low nutrient 
level had the highest N. eichhorniae larval feeding 
rates. This meant that increasing E. crassipes 
nutrient levels had a detrimental impact on the 
weevils’ ability to damage the plant (Moran, 2006). 
The damage intensity increased as the density of 
weevils increased (Hopper et al., 2017). The current 
study's findings were supported by Firehun Yirefu 
et al. (2016), who found that the weevils' 
interaction effect was better for the E. crassipes 
tunnel than when they were alone. 

 
 
Table 4. Neochetinia bruchi and N. eichhorniae tunnel (cm) on the petiole of E. crassipes. 

 
Treatment mean + SE Treatment mean + SE Treatment mean + SE 
b0 e1 p1 1.2+0.15 m b1 e2 p1 2.4+0.09 hjfig b2 e3 p1 2.5+0.12 hefig 
b0 e1 p2 3.8+0.18 bac b1 e2 p2 3.2+0.09 edc b2 e3 p2 2.7+0.18 hefdg 
b0 e1 p3 4.4+0.17 a b1 e2 p3 4.4+0.12 a b2 e3 p3 3.4+0.15 bdc 
b0 e2 p1 1.6+0.23 l b1 e3 p1 2.4+0.12 hjfigk b3 e0 p1 1.9+0.09 jlk 
b0 e2 p2 2.2+0.20 hjik b1 e3 p2 2.5+0.09 hefig b3 e0 p2 3.5+0.09 bdc 
b0 e2 p3 2.5+0.06 hefig b1 e3 p3 3.0+0.09 efdc b3 e0 p3 4.1+0.18 a 
b0 e3 p1 2.2+0.12 hjik b2 e0 p1 1.7+0.15 l b3 e1 p1 2.3+0.09 hjigk 
b0 e3 p2 2.4+0.13 hjigk b2 e0 p2 2.5+0.15 hefig b3 e1 p2 3.2+0.18 edc 
b0 e3 p3 3.0+0.03 efdc b2 e0 p3 4.4+0.21 a b3 e1 p3 3.4+0.06 bdc 
b1 e0 p1 2.4+0.19 hjigk b2 e1 p1 1.9+0.06 lk b3 e2 p1 2.9+0.07 efdg 
b1 e0 p2 3.0+0.03 efdc b2 e1 p2 3.3+0.15 bdc b3 e2 p2 3.4+0.06 bdc 
b1 e0 p3 3.1+0.09 edc b2 e1 p3 4.2+0.15 a b3 e2 p3 4.5+0.17 a 
b1 e1 p1    2.2+0.12 hjik b2 e2 p1 2.0+0.09 jilk b3 e3 p1 2.4+0.06 hjfigk 
b1 e1 p2    2.9+0.07 efdg b2 e2 p2 3.3+0.15 bdc b3 e3 p2 2.9+0.06 efdg 
b1 e1 p3    3.9+0.18 ba b2 e2 p3 4.3+0.15 a b3 e3 p3 3.8+0.12 bac 

Letters under column ’’Treatment’’ refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to the densities (0= control, 1= one pair, 2= two pairs, and 3= three pairs) and nutrient concentrations (1= low, 
2= medium, and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same 
letter(s) indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 

 

Effect of water nutrient levels, Neochetina bruchi 
and Neochetina eichhorniae densities on the 
biomass of Eichhornia crassipes 

The interaction of nutrients with N. bruchi or N. 
eichhorniae had no significant effect on E. crassipes 
fresh weight. In the fresh weight measurements, 
the maximum mean was obtained at high water 
nutrient level, whereas the lowest mean was 
obtained from an untreated control (Figure 3A). 
The mean fresh weight of E. crassipes grown at the 
highest nutrient level differed significantly from 
that of the untreated control and medium nutrient 
levels, but untreated control and medium nutrient 

levels showed no significant difference between 
each other (Figure 3A). 
 

This indicates that ecological factors such as 
nutrients play a role in E. crassipes biomass 
(Voukeng, 2017). Neochetina bruchi and N. 
eichhorniae, on the other hand, had an effect on the 
fresh weight of E. crassipes. The fresh weight 
showed an increasing trend with a decreasing 
population density in both weevils (Figure 3B and 
C). A similar trend was observed in postrelease 
evaluation in the Chittar River, India, where 
weevil density increased after inoculation and 
slowed down E. crassipes biomass as a result of 
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stunted growth and low reproduction (Sivaraman 
and Murugesan, 2017). 

The interaction of the two weevils and the E. 
crassipes nutrient levels resulted in a significant 
effect (p < 0.05) on` the dry weight of E. crassipes. 
In the current study, the highest mean (2.70 g) E. 
crassipes dry weight was found in the untreated 
control with the treatment combination of high 
water nutrient level and free of weevils (Table 5). 

On the other hand, the treatment combination of 
the highest weevils’ density and the highest water 
nutrient level resulted in the lowest mean (2.46 g) 
E. crassipes dry weight (Table 5). This indicates that 
the dry weight of E. crassipes plants was influenced 
by weevils’ density (Firehun Yirefu et al., 2016) and 
water nutrient levels, which had a greater impact 
than their herbivores (Coetzee and Hill, 2012). 

 

 

 
 
Figure 3. Effect of nutrient concentration levels, p1-p3 (p= E. crassipes  plant on different nutrient concentration levels, p1= low, 

p2= medium, and p3= high) on E. crassipes fresh weight (A), effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= 
control, b1= one pair, b2= two pairs, and b3= three pairs) on E. crassipes fresh weight (B) and effect of N. eichhorniae 
densities, e0-e3 (e= N. eichhorniae, e0= control, e1= one pair, e2= two pairs, and e3= three pairs) on E. crassipes fresh 
weight (C). Means sharing the same letter are not significantly different from each other at the 5% level, Tukey’s 
studentized range test (HSD). 

 
Effect of water nutrient levels, Neochetina bruchi 
and Neochetina eichhorniae densities on the length 
and diameter of Eichhornia crassipes leaves and 
petioles 

There was nonsignificant (p > 0.05) interaction 
among N. bruchi, N. eichhorniae and water nutrient 
levels on E. crassipes leaf length. Weevils and water 
nutrient levels had a significant impact on E. 
crassipes leaf length (Figure 4A, B and C). With 
increasing densities of both N. bruchi and N. 
eichhorniae, the leaf length decreased dramatically 
(Figure 4A and B). The leaf length of E. crassipes 
grew longer at the highest nutrient than at the 

lowest (Figure 4C). A significant interaction 
between N. eichhorniae and the water nutrient 
levels (p < 0.05) was revealed in the leaf diameter 
of the E. crassipes. Eichhornia crassipes leaf diameter 
was found to be small when nutrient level was low 
(Table 6). Eichhornia crassipes with the lowest 
nutrient level (untreated control treatment) 
subjected to the lowest density of weevils showed, 
the lowest mean (3.4 cm per plant) leaf diameter. 
On the other hand, regardless of weevils’ species 
or density, the largest mean (7.2 cm per plant) leaf 
diameter was obtained on E. crassipes with the 
highest nutrient level (Table 6). 
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Table 5. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on E. crassipes dry weight (g). 
 

Treatment Mean+ SE Treatment Mean+ SE Treatment Mean+ SE 

b0 e0 p1 2.53+0.01 mjlihkn b1 e1 p2 2.61+0.01 ebdghcf b2 e2 p3 2.53+0.01 mjlihkn 
b0 e0 p2 2.66+0.01 bac b1 e1 p3 2.61+0.01 ebdghcf b2 e3 p1 2.53+0.02 mjlihkn 
b0 e0 p3 2.70+0.01 a b1 e2 p1 2.61+0.01 ebdighcf b2 e3 p2 2.58+0.01 ejdighcf 
b0 e1 p1 2.65+0.01 ebdacf b1 e2 p2 2.51+0.01 mlon b2 e3 p3 2.54+0.01 mjlihkn 
b0 e1 p2 2.67+0.02 bac b1 e2 p3 2.52+0.01 mjlkn b3 e0 p1 2.58+0.01 ejdighcf 
b0 e1 p3 2.68+0.01 bac b1 e3 p1 2.50+0.01 on b3 e0 p2 2.59+0.01 ejdighcf  
b0 e2 p1 2.53+0.02 mjlihkn b1 e3 p2 2.57+0.01 ejdighkf b3 e0 p3 2.53+0.01 mjlihkn 
b0 e2 p2 2.57+0.01 ejdighkf b1 e3 p3 2.57+0.02 ejlighkf b3 e1 p1 2.54+0.01 mjlihkn 
b0 e2 p3 2.52+0.02 mjlkn b2 e0 p1 2.58+0.01 ejdighcf b3 e1 p2 2.64+0.01 ebdgcf 
b0 e3 p1 2.53+0.01 mjlihkn b2 e0 p2 2.50+0.02 on b3 e1 p3 2.69+0.01 ba 
b0 e3 p2 2.57+0.02 ejdighkf b2 e0 p3 2.63+0.01 ebdgcf b3 e2 p1 2.63+0.01 ebdgcf 
b0 e3 p3 2.60+0.01 ejdighcf b2 e1 p1 2.57+0.01 ejdighkf b3 e2 p2 2.59+0.02 ejdighcf 
b1 e0 p1 2.53+0.01 mjlihkn b2 e1 p2 2.56+0.01 jlighkf b3 e2 p3 2.51+0.01 mlokn 
b1 e0 p2 2.66+0.02 bac b2 e1 p3 2.63+0.01 ebdgcf b3 e3 p1 2.56+0.02 mjlighkf 
b1 e0 p3 2.64+0.01 ebdgcf b2 e2 p1 2.53+0.01 mjlihkn b3 e3 p2 2.66+0.02 bac 
b1 e1 p1 2.55+0.01 mjlighkn b2 e2 p2 2.55+0.01 mjlighkn b3 e3 p3 2.46+0.02 o 

 
Letters under column ’’ Treatment’’ refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to densities (0= control, 1= one pair, 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 2= 
medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same letter(s) 
indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 

 
 

The E. crassipes leaf diameter was found to be 

low when N. bruchi density was high in the 

single effect of N. bruchi. The largest mean (5.44 

cm) E. crassipes leaf diameter was recorded for 

the untreated control, whereas the smallest 

mean (4.78 cm) was obtained for the E. crassipes 

that received three pairs of N. bruchi (Figure 5). 

The mean leaf diameter of E. crassipes treated 

with two pairs and three pairs of N. bruchi was 

significantly (p < 0.05) different from the mean 

leaf diameter treated with one pair of N. bruchi 

and untreated weed (control). In this study, the 

reduction in mean leaf length and diameter was 

less than 1.5-fold (Figures 4, 5 and Table 6). This 

finding was lower than the 1.7- and 1.9-fold 

reductions in leaf length and diameter, 

respectively (Sivaraman and Murugesan, 2017). 

The leaf length and width reduction show slight 

differences since they may depend on the 

number of leaves present per E. crassipes plant.   

The two weevils and the nutrient levels had a 
significant interaction on the petiole length of 
the E. crassipes (p < 0.05). Eichhornia crassipes 
petiole length and diameter were generally 
greater on the E. crassipes plant across high 
water nutrient level compared to the low 
nutrient level regardless of the weevils’ densities 
(Tables 7 and 8). In this result, the E. crassipes 
petiole length and diameter reduction were 
twofold. Similar to the current study result, 
Coetzee et al. (2007) reported that the difference 
in petiole parameters of E. crassipes was doubled 
at high nutrient level relative to low nutrient 
level. The current study result was greater than 
the 50% reduction in the petiole parameters 
reported by Ajuonu et al. (2003) but lower than 
the 2.5- and 2.6-fold reductions reported by 
Sivaraman and Murugesan (2017) and Firehun 
Yirefu et al. (2016), respectively. These 
differences may be attributed to environmental 
or E. crassipes forms (long and slender 
to swollen or bulbous). 
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Figure 4. Effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= control, b1=one pair, b2= two pairs, and b3= three pairs) on E. 

crassipes leaf length (A), effect of N. eichhorniae densities,   e0-e3 (e=N. eichhorniae, e0= control, e1= one pair, e2= two 
pairs, and e3= three pairs) on E. crassipes leaf length (B) and the effect of nutrient levels, p1-p3 (p= E. crassipes plant, 
p1= low, p2 = medium, and p3= high)  on E. crassipes leaf length (C). Means sharing the same letter are not 
significantly different from each other at the 5% level, Tukey’s studentized range test (HSD).

  
 
Table 6. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on E. crassipes leaf diameter (cm) 

 
Treatment Mean+SE Treatment Mean+SE Treatment Mean+SE 

b0 e0 p1 4.1+0.3 eidhgf b1 e1 p2 6.9+0.2 ba b2 e2 p3 5.4+0.5 ebidhagcf 
b0 e0 p2 6.3+0.8 ebdac b1 e1 p3 6.8+1.0 bdac b2 e3 p1 3.9+0.4 eihgf 
b0 e0 p3 6.6+0.7 bdac b1 e2 p1 4.2+0.3 eidhgcf b2 e3 p2 4.9+0.2 ebidhagcf 
b0 e1 p1 4.0+0.3 eidhgf b1 e2 p2 5.9+0.4 ebdagcf b2 e3 p3 4.5+0.4 ebidhagcf 
b0 e1 p2 6.2+0.6 ebdacf b1 e2 p3 5.4+0.4 ebidhagcf b3 e0 p1 3.7+0.6 ihg 
b0 e1 p3 7.1+0.5 a b1 e3 p1 4.1+0.1 eidhgcf b3 e0 p2 5.4+0.8 ebidhagcf 
b0 e2 p1 3.8+0.3 eihgf b1 e3 p2 5.5+0.3 ebidhagcf b3 e0 p3 5.6+0.7 ebidhagcf 
b0 e2 p2 4.5+0.5 ebidhagcf b1 e3 p3 4.9+0.9 ebidhagcf b3 e1 p1 4.0+0.3 eidhgf 
b0 e2 p3 6.6+0.6 bdac b2 e0 p1 4.4+0.3 ebidhagcf b3 e1 p2 4.9+0.4 ebidhagcf 
b0 e3 p1 3.8+0.5 ihgf b2 e0 p2 5.6+0.5 ebidhagcf b3 e1 p3 5.8+0.4 ebdhagcf 
b0 e3 p2 5.8+0.2 ebdhagcf b2 e0 p3 6.0+1.1 ebdhagcf b3 e2 p1 3.9+0.2 eihgf 
b0 e3 p3 6.0+0.6 ebdagcf b2 e1 p1 3.5+0.4 ih b3 e2 p2 5.1+0.2 ebidhagcf 
b1 e0 p1 4.2+0.4 ebidhgcf b2 e1 p2 5.0+0.4 ebidhagcf b3 e2 p3 5.1+0.6 ebidhagcf 
b1 e0 p2 6.8+0.2 bac b2 e1 p3 7.1+0.3 a b3 e3 p1 3.7+0.2 ihgf 
b1 e0 p3 7.2+1.0 a b2 e2 p1 3.9+0.3 eihgf b3 e3 p2 5.5+0.1 ebidhagcf 
b1 e1 p1 3.4+0.2 i b2 e2 p2 5.3+0.6 ebidhagcf b3 e3 p3 4.7+0.8 ebidhagcf 

 
Letters under column ’’ Treatment’’ refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to densities (0= control, 1= one pair 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 2= 
medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same letter(s) 
indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 
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Figure 5. Effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= control, b1= one pair, b2= two pairs, and b3= three pairs) on E. 

crassipes leaf diameter (cm). Means sharing the same letter are not significantly different from each other at the 5% 
level, Tukey’s studentized range test (HSD). 

 
 
 
 
 
Table 7. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on E. crassipes petiole length (cm).  

 
Treatment Mean+ SE Treatment Mean+ SE Treatment Mean+ SE 

b0 e0 p1 5.53+0.12 ebdcf b1 e1 p2 7.03+0.38 bdac b2 e2 p3 6.50+0.51 ebdac 
b0 e0 p2 5.80+0.36 ebdacf b1 e1 p3 5.73+0.24 ebdacf b2 e3 p1 4.70+0.17 edf 
b0 e0 p3 5.80+0.40 ebdacf b1 e2 p1 5.97+0.29 ebdacf b2 e3 p2 5.40+0.65 edcf 
b0 e1 p1 6.10+0.06 ebdacf b1 e2 p2 6.70+0.62 bdac b2 e3 p3 5.47+0.32 ebdcf 
b0 e1 p2 5.63+0.19 ebdcf b1 e2 p3 6.00+0.35 ebdacf b3 e0 p1 7.00+0.51 bdac 
b0 e1 p3 6.60+0.55 bdac b1 e3 p1 6.57+0.47 ebdac b3 e0 p2 5.67+0.26 ebdacf 
b0 e2 p1 5.00+0.40 edcf b1 e3 p2 6.20+0.42 ebdac b3 e0 p3 6.37+0.38 ebdac 
b0 e2 p2 5.47+0.24 ebdcf b1 e3 p3 6.33+0.55 ebdac b3 e1 p1 4.27+0.44 ef 
b0 e2 p3 7.07+0.22 bac b2 e0 p1 5.53+0.24 ebdcf b3 e1 p2 5.47+0.41 ebdcf 
b0 e3 p1 5.57+0.52 ebdcf b2 e0 p2 6.27+0.32 ebdac b3 e1 p3 6.40+0.35 ebdac 
b0 e3 p2 6.67+0.44 bdac b2 e0 p3 6.10+0.67 ebdacf b3 e2 p1 5.73+0.38 ebdacf 
b0 e3 p3 7.73+0.15 ba b2 e1 p1 3.93+0.37 f b3 e2 p2 5.03+0.50 edcf 
b1 e0 p1 5.07+0.27 edcf b2 e1 p2 5.67+0.52 ebdacf b3 e2 p3 5.90+0.50 ebdacf 
b1 e0 p2 7.10+0.55 bac b2 e1 p3 7.90+0.21 a b3 e3 p1 5.93+0.47 ebdacf 
b1 e0 p3 7.00+0.58 bdac b2 e2 p1 7.20+0.44 bac b3 e3 p2 5.50+0.25 ebdcf 
b1 e1 p1 5.73+0.43 ebdacf b2 e2 p2 5.27+0.41 edcf b3 e3 p3 5.03+0.22 edcf 

 
 
Letters under column ’’ Treatment’’ refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to densities (0= control, 1= one pair 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 2= 
medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same letter(s) 
indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 
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Table 8. Effect of nutrient levels, N. bruchi and N. eichhorniae densities on E. crassipes petiole diameter (cm). 

 
Treatment Mean+ SE Treatment Mean+ SE Treatment Mean+ SE 
b0 e0 p1 1.93+0.03 fcebdg b1 e1 p2 1.13+0.03 p b2 e2 p3 1.50+0.06 nkmjlo 
b0 e0 p2 1.53+0.03 nkmijl b1 e1 p3 1.73+0.03 fkeijhg b2 e3 p1 2.00+0.06 cebd 
b0 e0 p3 1.23+0.03 po b1 e2 p1 2.30+0.06 a b2 e3 p2 1.97+0.03 fcebd 
b0 e1 p1 1.13+0.03 p b1 e2 p2 1.50+0.06 nkmjlo b2 e3 p3 1.63+0.03 kmijhlg 
b0 e1 p2 1.63+0.03 kmijhlg b1 e2 p3 1.53+0.03 nkmjlo b3 e0 p1 1.83+0.03 fceihdg 
b0 e1 p3 1.77+0.12 feijhdg b1 e3 p1 1.87+0.07 fceibhdg b3 e0 p2 1.73+0.03 fkeijhg 
b0 e2 p1 1.37+0.09 nmo b1 e3 p2 1.63+0.03 kmijhlg b3 e0 p3 1.53+0.03 nkmjlo 
b0 e2 p2 1.93+0.09 fcebdg b1 e3 p3 1.43+0.03 nmlo b3 e1 p1 1.77+0.03 feijhdg 
b0 e2 p3 2.10+0.17 b b2 e0 p1 1.67+0.03 fkijhlg b3 e1 p2 1.47+0.03 nkmlo 
b0 e3 p1 1.30+0.06 npo b2 e0 p2 1.87+0.03 fceibhdg b3 e1 p3 2.07+0.03 cb 
b0 e3 p2 1.90+0.06 fcebhdg b2 e0 p3 1.50+0.06 nkmjlo b3 e2 p1 1.50+0.06 nkmjlo 
b0 e3 p3 1.60+0.06 kmijhl b2 e1 p1 1.30+0.06 npo b3 e2 p2 1.63+0.03 kmijhlg 
b1 e0 p1 1.50+0.06 nkmjlo b2 e1 p2 1.60+0.06 kmijhl b3 e2 p3 2.00+0.06 cebd 
b1 e0 p2 1.57+0.03 nkmijl b2 e1 p3 1.97+0.03 fcebd b3 e3 p1 1.63+0.03 kmijhlg 
b1 e0 p3 2.07+0.03 cb b2 e2 p1 1.83+0.03 fceihdg b3 e3 p2 1.87+0.03 fceibhdg 
b1 e1 p1 1.30+0.06 npo b2 e2 p2 1.47+0.03 nkmlo b3 e3 p3 2.03+0.07 cbd 

 
Letters under column ’’Treatment’’ refer to weevils (b= N. bruchi, e= N. eichhorniae) and plants (p= E. crassipes plant), while numbers 
associated with the letters refer to densities (0= control, 1= one pair 2= two pairs and 3= three pairs) and nutrient concentrations (1= low, 2= 
medium and 3= high) of the weevils and E. crassipes, respectively. On columns, SE=standard error. Mean values followed by the same letter(s) 
indicate no significant difference at the 5% level, Tukey’s studentized range test (HSD). 

 

Effect of water nutrient levels, Neochetina bruchi 
and Neochetina eichhorniae densities on the 
number of Eichhornia crassipes leaves 

There was nonsignificant (p > 0.05) interaction 
between the variables on E. crassipes leaf. The 
number of E. crassipes leaves was significantly 
affected by N. bruchi (p < 0.05) and water nutrient 
levels (p < 0.05), and it was the highest when it 
was free of N. bruchi and received the highest 
nutrient level (Figure 6A and B). Except for the 
treatment with the three pairs of N. bruchi, the E. 
crassipes mean leaf number in the untreated control 
was not significantly different from that in the 
other treatments (Figure 6A). 

Eichhornia crassipes that was exposed to both low 
water nutrient level and high N. bruchi density, the 
mean leaf number decreased significantly (Figure 
6A and B), whereas, N. eichhorniae had no 
significant effect on the E. crassipes mean leaf 
number. However, in another study, E. crassipes 
subjected to a greater mean number of N. 
eichhorniae damaged more quickly and produced 
fewer leaves (Center and Van, 1989). This shows 
that low water nutrient level (Yu et al., 2019) and 
high N. bruchi density had a negative impact on E. 
crassipes mean leaf number (Firehun Yirefu et al., 
2016). 

There was nonsignificant (p > 0.5) interaction 
between N. bruchi, N. eichhorniae, and water 
nutrient levels on E. crassipes leaf loss, but all had a 

significant (p < 0.05) effect on leaf loss as a single 
factor (Figure 7 A, B, and C). The mean leaf loss of 
E. crassipes in the highest nutrient level treatments 
was significantly different from the mean within 
the untreated control. The mean leaf loss of the E. 
crassipes increased with increasing water nutrient 
concentrations and decreased with a decrease in 
the weevil density (Figure 7A, B, and C). Similar to 
the current study, other studies reported that the E. 
crassipes leaf damage and loss were high as the 
density of N. bruchi and N. eichhorniae increased 
(Kariuki and Minteer, 2021), but E. crassipes 
productivity increased with a decrease in the 
feeding intensity of the herbivores when they were 
at a lower density (Bownes et al., 2010). The results 
imply that the biocontrol of E. crassipes is 
influenced by both herbivore densities and water 
nutrient levels. Comparing each N. bruchi and N. 
eichhorniae independently, N. bruchi resulted in a 
higher number of E. crassipes leaf losses and was 
more effective than N. eichhorniae due to its higher 
fecundity (Bashir et al., 1984; Firehun Yirefu et al., 
2016). Although E. crassipes density reacts 
favorably to rising water nutrient levels (Prasetyo 
et al., 2021), leaf turnover is increased in crowded 
E. crassipes, comparable to when it was infested by 
herbivores (Center and Van, 1989). This is 
supported by the current investigation, which 
indicates that the mean leaf loss trend of E. 
crassipes increased as nutrient levels increased. 
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Figure 6.  Effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= control, b1= one pair, b2= two pairs, and b3= three pairs) on E. 

crassipes leaf number (A) and effect of nutrient levels, p1-p3 (p= E. crassipes plant, p1= low, p2= medium, and p3= 
high) on E. crassipes leaf number (B). Means sharing the same letter are not significantly different from each other at 
the 5% level, Tukey’s studentized range test (HSD).  

 
 

 
 

 
 

Figure 7. Effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= control, b1= one pair, b2= two pairs, and b3= three pairs) on E. 
crassipes leaf loss (A), effect of nutrient levels, p1-p3 (p= E. crassipes plant, p1= low, p2= medium, and p3= high) on E. 
crassipes leaf loss (B) and effect of N. eichhorniae densities, e0-e3 (e= N. eichhorniae, e0= control, e1= one pair, e2= two 
pairs, and e3= three pairs) on E. crassipes leaf loss (C). Means sharing the same letter are not significantly different 
from each other at the 5% level, Tukey’s studentized range test (HSD). 
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Effect of nutrient levels, Neochetina bruchi and 
Neochetina eichhorniae densities on the number of 
Eichhornia crassipes ramets and flowers 

The ramet number of the E. crassipes was 
nonsignificantly (p > 0.5) affected by the 
interaction of the water nutrient levels, N. bruchi 
and N. eichhorniae. The presence of N. bruchi and N. 
eichhorniae had nonsignificant (p > 0.05) effect on 
the E. crassipes ramet number, but the water 
nutrient levels did (p < 0.05). In an earlier study, 
Coetzee et al. (2007) reported that, herbivore 
damage did not have as great an effect on E. 
crassipes potential as water nutrient concentrations 
did. In this study, the E. crassipes ramet mean 
number record was significantly high (5.58 per 
plot) for the high nutrient level and nearly twofold 
(1.7) relative to the lowest levels (3.38 per plot) 
(Figure 8). This is in line with what Yu et al. (2019) 
reported for E. crassipes plants at high nutrient 
level, which could be more than double that in the 
low nutrient level treatment. This challenge is 
severe because E. crassipes growth and 
reproduction happen faster than weevils can 
control them (Ray and Pandey, 2009). 

Neochtina eichhorniae had nonsignificant effect on 
E. crassipes flower number either with interaction 
or as a main effect (p > 0.05). The flower number 
was significantly affected by nutrient levels in E. 
crassipes (p < 0.05) and the density of N. bruchi (p < 
0.05). The mean E. crassipes flower number was the 
highest in the untreated control and significantly 
different from that in the other treatments. It 
showed a decreasing trend with an increase in N. 
bruchi density and water nutrient levels (Figure 9A 
and B).  This reduction in inflorescence was related 
to damage caused by N. bruchi, which feeds on E. 
crassipes and subsequently affects seed production 
(Fayad et al., 2008; Gupta and Yadav, 2020). The 
current study found that the highest nutrient level 
treatments reduced the mean number of E. 
crassipes flowers. This was due to the high nutrient 
treatment level which exhibited a better relative 
growth rate than the low nutrient treatment level, 
which had a higher allocation to sexual 
reproduction (Soti and Volin, 2010). Water nutrient 
enrichment, such as nitrogen, increases the rate of 
asexual reproduction and leaf turnover in E. 
crassipes (Wilson et al., 2005). 
 
 

 
 
 
Figure 8. Effect of nutrient levels, p1-p3 (p= E. crassipes plant, p1= low, p2= medium, and p3= high) on E. crassipes ramet 

number. Means sharing the same letter are not significantly different from each other at the 5% level, Tukey’s 
studentized range test (HSD). 
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Figure 9. Effect of N. bruchi densities, b0-b3 (b= N. bruchi, b0= control, b1= one pair, b2= two pairs, and b3= three pairs) on E. 

crassipes flower number (A) and effect of nutrient levels, p1-p3 (p= E. crassipes plant, p1= low, p2= medium, and p3= 
high) on E. crassipes flower number (B). Means sharing the same letter are not significantly different from each other 
at the 5% level, Tukey’s studentized range test (HSD).  

 
 
 

Association between Eichhornia crassipes growth 
parameters 

Leaf number had a significant positive 
correlation with fresh weight (r = 0.58, p < 0.05), 
dry weight (r = 0.36, p < 0.05), leaf length (r = 0.32, 
p < 0.05), leaf diameter (r = 0.23, p < 0.05), petiole 

length (r = 0.26, p < 0.05), leaf loss (r = 0.28, p < 
0.05), and ramet number (r = 0.59, p < 0.05) (Table 
9). However, leaf number had a nonsignificant 
negative correlation with petiole diameter (r = -
0.03, p > 0.05) and flower number (r = -0.16, p > 
0.05) (Table 9). 

 
 

Table 9. Correlation coefficient of E. crassipes growth parameters. 

 
 Fresh Dry Lfl Lfdm Ptl Ptldm Lfno Lfloss Rmtno Flrno 
Fresh 1          
Dry .401** 1         

.000          
Lfl .357** .309** 1        

.000 .000         
Lfdm .242** .301** .882** 1       

.003 .000 .000        
Ptl .249** .094 .443** .383** 1      

.003 .263 .000 .000       
Ptldm -.041 -.092 .138 .119 .102 1     

.627 .272 .098 .156 .223      
Lfno .584** .355** .322** .234** .264** -.031 1    

.000 .000 .000 .005 .001 .709     
Lfloss -.066 -.134 -.018 .066 .039 .060 .284** 1   

.432 .108 .834 .434 .639 .472 .001    
Rmtno .513** .316** .409** .441** .291** .056 .587** .187* 1  

.000 .000 .000 .000 .000 .505 .000 .025   
Flrno .050 .016 -.103 -.204* -.183* -.133 -.162 -.320** -.320** 1 

.554 .850 .219 .014 .028 .111 .052 .000 .000  

 
** = Correlation is significant at the 0.01 level (2-tailed),*= Correlation is significant at the 0.05 level (2-tailed). Lfl = leaf length, Lfdm = leaf 
diameter, Ptl = petiole length, Ptldm = petiole diameter, Lfno = leaf number, Lfloss = leaf loss, Rmtno = ramet number, Flrno = flower number. 
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CONCLUSION 
 

The present study indicates that, changes in E. 
crassipes quality affected a feeding potential and 
population dynamics of N. bruchi and N. 
eichhorniae as they feed on it. Density of the weevils 
and their feeding potential increased on E. crassipes 
under eutrophic nutrient conditions. Based on 
these findings, more weevils should be released 
into heavily infested E. crassipes to provide 
effective and faster control by compensating the 
weevils' delayed life cycle. Because of their 
different responses to E. crassipes under varied 
nutrient concentrations, the combined release of 
the two weevils must be employed for better 
management. Field release and postrelease 
evaluation of N. bruchi and N. eichhorniae need to 
be considered. In integrated E. crassipes 
management, the effective use of weevils should 
be emphasized to address the enormous 
socioeconomic, ecological, industrial, and domestic 
concerns that Ethiopia and the rest of the world 
face.  
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