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Rice (Oryza sativa L.) production, the largest agricultural sub-sector in Guyana, is greatly affected by insect pests. The rice
water weevil (Helodytes foveolatus Duval) is an early-season pest of rice at both the adult and larval stages with the latter
resulting in the greater yield loss. This study compared the growth and development of rice plants subjected to varying
levels of water weevil larvae infestation. Plants were infested with 3, 5, and 7 larvae/plant at two periods: 18 and 30 days
after sowing (DAS). Uninfested plants served as the control. Each treatment was replicated five times and plant height,
tiller count, panicle emergence and panicle density were recorded. Results showed that there were significant differences
in plant height at maturity and throughout the trial, for infestation treatments applied at 18 and 30 DAS. At maturity, a
similar trend was observed in the number of tillers produced by the various treatments; plants infested at 18 and 30 DAS
with 7 larvae/plant had significantly lower number of tillers than the control and plants infested with 3 and S larvae/plant
(P=0.03 and P=0.02) respectively. Panicle emergence and panicle density were also influenced by the number of water weevil
larvae per plant and the length of time of infestation. This study proves that growth and development of rice plants can be
affected by the level of infestation and the time of infestation of rice water weevil larvae. This can be useful in determining
the amount of damage caused by the pest and therefore indicate to farmers whether or not control measures should be

applied.
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Rice, Oryza sativa L., is an annual grass in the
family Gramineae. It is the second largest
cereal produced globally and, together with
maize and wheat, provides 50% of the calories
consumed by the global population (Zibaee
2013).

The rice industry is the largest agricultural
sub-sector in Guyana, with over 91,054
hectares of land under cultivation in Regions 2,
3, 4, 5, and 6 (Pomeroon-Supenaam,
Essequibo Islands West Demerara, Demerara-
Mahaica, Mahaica-Berbice, East Berbice-
Corentyne). It provides income for
approximately 100,000 persons, or 14% of the
Guyanese population and accounts for
approximately 4% of the country’s total gross
domestic product (Guyana Rice Development
Board 2016a). Most importantly, more than
70% of the total rice produced is exported and

contributes approximately 12.6% of the
country’s annual foreign exchange earnings
(Bureau of Statistics 2017).

An average of 37% of the rice crop is lost
annually due to pest and diseases (IRRI 2017).
Over 100 species of insects are considered as
pests to the rice crop worldwide (IRRI 2017);
while in  Guyana approximately 50
invertebrates have been identified as being
field pests of rice (Kennard 1976). These pests
attack the crop at all stages of growth, from
sowing to harvesting (Kennard 1976).

The rice water weevil (Helodytes foveolatus
Duval) is considered an early-season pest of rice
in Guyana (Guyana Rice Development Board
2016c¢). Both the adults and larvae feed on rice
but it is generally the larval stage that causes
higher yield loss (Way 1990). Studies have
shown that root feeding by the larvae can result
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in yield losses exceeding 10% if not controlled
(Tindall et al. 2012). Neonate larvae feed on the
leaf sheaths and move downward into the soil
where they begin to feed on the outside of the
roots. The larvae move and feed on several roots
and complete the larval stage in one month
(Tindall et al. 2012).

Laval feeding can result in stunted growth
(reduction in plant height) and leaf chlorosis
which is due to reduced nutrient uptake and
causes plants to be easily uprooted. Larval
feeding also results in a reduction in tillering
and grain yield (Saichuk 2012). Zou (2004)
found that yield losses resulted from decreases
in panicle densities, number of grains per
panicle and grain weights.

The damage caused by H. foveolatus
infestation is dependent on cropping system,
length of time in rice production, weevil
infestation during previous years, plant stand
and density, and environmental conditions
(Guyana Rice Development Board 2016). In
Guyana, most farmers rely on insecticides for
control as soon as symptoms of larval feeding
appear in their field; Imidacloprid applied at 37
grams per hectare is the most popular
insecticide used. Use of synthetic pesticides
results in additional challenges and alternative
methods are required to reduce pest damage
while avoiding the cost and negative impacts
associated with their use (Pretty and Bharucha
2015). The Guyana Rice Development Board
has been urging farmers to adopt an integrated
pest management (IPM) approach. IPM
involves numerous methods for pest control
and incorporates the simultaneous
management and integration of tactics, regular
monitoring of pests and natural enemies, the
use of thresholds for decision-making and the
judicious use of pesticides (Pretty and
Bharucha 2015).

Monitoring is a key component in any IPM
programme as it reveals the growth stage of the
pest, location and population of the pest in the
crop and the crop condition (Hines 2002).

A good monitoring programme must
include records of the field locations, field
conditions, prior pest infestations and control
measures utilized (Hines 2002). By analyzing
this information, a farmer can determine
whether or not control measures should be
applied (Hines 2002). In Guyana, monitoring
for water weevil larvae is done by scouting at
2 to 3 weeks after sowing. Determination of
larval infestation is usually done by removing
the rice plants along with the soil that
surrounds the root system. The soil sample
collected is wusually 10.16 centimeters in
diameter and 5.08 to 7.62 centimeters deep.
The plant, with soil, is washed vigorously in a
bucket with a screen at the bottom and the
larvae that dislodge from the roots are counted.
The number of larvae found can be used to
predict the level of damage caused to the crops;
however, no such study has been done in
Guyana. This experiment seeks to compare the
growth and development of rice plants
subjected to infestation with water weevil
larvae to that of plants with no infestation.

Methods

The study was carried out in a screen-house at
the Rice Research Station, Burma Mahaicony.
Forty pots were filled with clay soil from the
field. Five rice plants (variety G98-196) were
transplanted, equal distance apart, into each
pot. H. foveolatus larvae for the infestation
were collected from the rice field located in the
Research Station. Pots were infested with 0
larva/plant, 3 larvae/plant, 5 larvae/plant and 7
larvae/plant at 18 and 30 days after sowing
(DAS) (Table 1). Each treatment was
replicated 5 times.
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Table 1: The number of water weevil larvae
per treatment

Days at Number of
Treatment . Water Weevil
Infestation
Larvae
1 Control 0
2 18 3
3 18 5
4 18 7
5 30 3
6 30 5
7 30 7

Plants were monitored to ensure that the larvae
did not die or make their way into the soil.
Daily observations were made and water was
added to pots to ensure they remained filled.
General crop husbandry practices were carried
out as required and no insecticides were
applied. Data collected included plant height,
number of tillers, number of plants which
demonstrated panicle emergence, and number
of panicles at harvesting.

Statistical Analysis

All statistical analyses, including the means were
conducted using the Statistics Version 10
programme. One-way analysis of variance tests
were performed to detect the statistical
differences (P <0.05) of plant height, tiller count
and number of panicles. The LSD test was used
to perform multiple comparisons (p < 0.05).

Results and discussion

Plant heights after infestation of 18 and 30
days after sowing (DAS)

Guessan et al. (1994) noted that infestation
with water weevil larvae resulted in
significantly reduced rice plant height of the
various lines tested for tolerance (Guessan et
al. 1994). In the current experiment, significant
differences were observed in the height of the
plants for the various treatments infested with
larvae at 18 DAS. The plant heights for the
control treatments were the highest throughout
the duration of the trial and were significantly
different from plant heights from plants
infested with 7 larvae/plant at 2, 4 and 10
weeks after infestation (Table 2).

A similar trend was observed for
treatments infested with larvae at 30 DAS
(Table 3). Plants from the control treatments
again had the largest plant height which was
significantly different from plants infested
with 5 larvae/plant at 2, 4 and 6 weeks after
infestation ((P = 0.0149, F = 9.45), (P = 0.024,
F =7.89) and (P = 0.001, F = 11.87)
respectively). Plants infested with 7
larvae/plant had the lowest average plant
height which was significantly lower than that
of control plants and those infested with 3
larvae/plant at 6 and 8 weeks after infestation
(P =0.004, F = 11.87) and (P = 0.0229, F
=8.63), respectively (Table 3).

Table 2: Plant heights after infestation of 18 days after sowing

Treatments Average Plant Height (cm)

2 weeks 4 weeks 6 weeks 8 weeks 10 weeks
Control — 0 larva  50.52+3.03a 71.10£2.04a  78.70+£5.10a 85.00+2.79a  89.00 £3.12a
3 larvae/plant 49.63+3.7a 69.26+1.89a 77.2943.22a 82.31+3.47a  87.06+5.29ab
5 larvae/plant 47.50+5.98ab 63.47+2.21b  73.87+5.25a 80.27+3.76a  84.29+3.78ab
7 larvae/plant 40.52+8.23b 62.60+4.98b 73.01x1.82a 78.83+6.21a 80.90+5.82 b
Grand Mean 47.04+5.99 66.61+4.65 75.72+4.40 81.60+4.50 85.31+5.21
SEM 2.57 1.35 2.19 2.35 2.51
P — Value 0.0082 0.0036 0.270 0.998 0.019

*Results are expressed as mean + standard deviation

*Means with the same letter are not significantly different from each other; *SEM = Standard Error of Mean
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Number of tillers in plants infested at 18 and
30 DAS

The average number of tillers differed
statistically among treatments infested at both
18 and 30 DAS (Table 4 and Table 5). For
plants infested with larvae at 18 and 30 DAS,
those infested with 7 larvae/plant had the
lowest average number of tillers throughout
the trial and was significantly different from
the control plants. Plants infested with 5
larvae/plant at 18 DAS also had significantly
lower mean number of tillers than the control
plants at 6 weeks and 10 weeks (P = 0.05, F =
4.01) and (P = 0.03, F = 4.55) respectively.
Previous studies have demonstrated that
larval infestation of water weevil resulted in
reductions in tillering of the rice plants
(Grigarick 1984; Hesler et al. 2000). In this
experiment it was confirmed that the number
of tillers produced by a plant was influenced by

the number of larvae per plant but not the time
of infestation (Table 5).

Panicle emergence for treatments infested at
18 and 30 DAS

Feeding of the water weevil larvae on the roots
is known to, not only affect the tiller count and
yield, but has been shown to delay maturity
also (CABI 2017, Shi et al 2008, Carol 2001).
In this experiment, panicle emergence was
influenced by both the pest density and time of
infestation.

All plants in the control treatment had
panicle emergence by 80 DAS. The average
number of plants with panicles was higher for
plants infested at 30 DAS than for those
infested at 18 DAS throughout the trial. At 92
DAS, all treatments had 5 plants with panicles
except for the treatment with plants infested at
18 DAS with 7 larvae/plant (Table 6).

Table 3: Plant height of treatments infested at 30 DAS

Treatments Average Plant Height (cm)

2 weeks 4 weeks 6 weeks 8 weeks
Control - 0 larva 69.50+£3.68 a 76.93+3.88 a 85.73 +2.87a 83.65+4.12 a
3 larvae/plant 65.01£2.30 b 73.64+2.42 ab 82.97+4.02 a 81.15+4.96 a
5 larvae/plant 63.05+£2.12b 72.13+0.88 b 77.83+2.07b 75.78+4.97a
7 larvae/plant 62.74+£2.55b 70.36+£3.36 b 70.34+ 4.53¢ 63.12+12.96 b
Grand Mean 65.07£3.70 73.26£3.58 79.2246.82 75.92+10.67
SEM 1.26 1.22 1.58 2.86
P — Value 0.0149 0.0235 0.004 0.0229

*Results are expressed as mean + standard deviation
*Means with the same letter are not significantly different from each other; *SEM = Standard Error of Mean

Table 4: Tiller count for plants infested at 18 DAS

Treatments Average Number of Tillers

4 weeks 6 weeks 8 weeks 10 weeks
Control — 0 larva 6.25+0.50 a 11.00£2.16 a 12.25+3.10a 15.00+3.83 a
3 larvae/plant 6.00+2.71 a 10.254+4.11 ab 11.50+ 4.20a 10.25+ 3.30ab
5 larvae/plant 4.50+1.29 ab 5.50%2.65¢ 7.75+ 3.77ab 6.50+2.38 b
7 larvae/plant 2.00+2.31 Db 5.00+1.41 bc 5.00+£2.16 b 6.25+4.27 b
Grand Mean 4.69+2.44 7.94+3.73 9.13+4.28 9.50+4.83
SEM 1.01 1.56 1.2 1.922
P — Value 0.0544 0.0456 0.0081 0.0335

*Results are expressed as mean + standard deviation
*Means with the same letter are not significantly different from each other; *SEM = Standard Error of Mean
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Table 5: Tiller count for plants infested at 30 DAS

Treatments Average Plant Height (cm)
2 weeks 4 weeks 6 weeks 8 weeks
Control — 0 larva 9.25+2.36 a 10.50+2.08 a 13.50£1.91 a 13.50£1.91 a
3 larvae/plant 8.75+£1.50 a 10.00+1.83 ab 13.254£3.50 a 13.25+ 3.50a
5 larvae/plant 4.75+£2.22b 6.50+£3.11 bc 9.00£3.92 ab 9.00+£ 3.92ab
7 larvae/plant 4.00£2.94 b 4.50+2.89 ¢ 4.75+£3.20b 4.75+£3.20b
Grand Mean 6.69+3.18 7.88+3.42 10.13+4.69 10.13+
SEM 1.13 1.15 1.79 1.79
P — Value 0.0178 0.0143 0.022 0.0220
*Results are expressed as mean + standard deviation
*Means with the same letter are not significantly different from each other
*SEM = Standard Error of Mean
Table 6: Panicle emergence of plants infested at 18 and 30 DAS
Treatment DAS
catme 76 78 80 82 84 86 88 90 92
ijl(f)::-ste d 0 larva 2.50£1.29® 4.50£1.00° 5.00£0.00*° 5.00£0.00° 5.00£0.00* 5.00+0.00° 5.00£0.00° 5.00£0.00° 5.00£0.00°
Infested 3 larvae/plant 0.00£0.00 ¢ 0.25+0.50° 1.75%0.96Y 2.50+0.58" 3.50+0.58° 4.25+0.50° 5.00£0.00° 5.00+£0.00* 5.00+0.00°
at 18 5 larvae/plant 0.00£0.00 ¢ 0.00£0.00° 0.00£0.00°  0.25£0.50° 0.75+0.96° 2.00£1.63" 3.75£1.26* 5.00£0.00* 5.00+0.00*
DAS 7 larvae/plant 0.00+0.00 ¢ 0.00£0.00° 0.25+0.50°  0.25+0.50° 0.50+£0.58° 1.50+1.29° 3.25+1.5¢ 4.25+0.96° 4.75+0.50"
Infested 3 larvae/plant 3.50£1.29% 3.75£0.50° 4.75+0.50° 4.75£0.50° 5.00+0.00° 5.00+0.00" 5.00£0.00* 5.00+£0.00° 5.00£0.00°
at 30 5 larvae/plant 1.25+0.96% 2.50£0.58 3.50+1.00* 3.50+1.00° 3.75£0.50° 4.50+0.58% 4.75£0.50®° 4.75+0.50* 5.00+0.00°
DAS 7 larvae/plant 1.00£0.82 ¢ 2.00£1.15° 2.75+1.71% 2.75£1.71° 3.50+1.00° 4.50£0.58" 4.50+0.58" 4.75+0.50° 5.00+0.00"
Grand Mean 1.18£1.49  1.86£1.84 2.57+£2.04 2.71£1.96 3.14+£1.82 3.82+1.56 4.46+£0.96 4.82+0.48 4.96+0.19
SEM 0.45 0.35 043 0.42 0.29 0.42 0.37 0.21 0.10
P — Value 0.001 0.001 0.001 0.001 0.001 0.001 0.016 0.018 0.4552
*Results are expressed as mean + standard deviation
*Means with the same letter are not significantly different from each other
*SEM = Standard Error of Mean
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Figure 1: The Average number of Panicles per Treatment
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Average number of panicles

Zou et al. (2004) found that reduction in yield
occurred as a result of decreases in panicle
densities, number of grains per panicle and
overall grain weights. The reduction in the
number of tillers has been shown to
significantly influence the production of
panicles in rice plants (Miller et al. 1991; Wu
et al. 1998) and, in turn, the panicle density of
that plant, which is correlated with grain yield
(Counce and Wells, 1990; Gravois and Helms,
1992). For both periods of infestation, the
average number of panicles was significantly
higher in control plants and plants with the
lowest level of infestation (3 larvae/plant) than
in plants with the higher levels of infestation (7
larvae/plant) at 18 DAS and at 30 DAS (p =
0.0023, F = 5.43) (Figure 1).

Conclusion

Larval feeding on the root system of the plants
can significantly reduce growth and yield
parameters of rice plants. Reduction in plant
height, tiller count, panicle emergence and
panicle density can be affected by the pest
density. The stage of the crop when the
infestation occurs can also influence these
factors.
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