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INTRODUCTION 
Life table study is a central theme in ecological research to understand the temporal and spatial patterns in 
population dynamics8, 44. It is used to calculate the vital statistics on pest population dynamics and also 
give a comprehensive description of the survivorship, development, age or stage-specific fecundity, 
mortality rates, basic reproductive rates and life expectancy7,45,46,14,23. A life table developed based on field 
data may be used to estimate fitness of a population but unfortunately, it is often difficult to construct 
because tracing of population survival and reproduction in the open field under variable environmental 
conditions. To overcome these constrictions a standard cohort life table can easily be constructed in the 
laboratory conditions. Rizvi et al.32 were conducted both, age-specific (horizontal) and stage-specific 
(vertical) life-table of cabbage butterfly, Pieris brassicae on various crops. But, in our current study, we 
have used only the stage-specifc life table approach similar with the previous study of Roy 35,36 as it is 
with lower biasness and more useful in the field condition.  
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ABSTRACT 
The life table study of the rice bug, Leptocorisa acuta (Thunb.) on rice (R) and non-rice (NR) system 
were conducted in the laboratory condition. The average individual fecundity was recorded 100.999 
and 59.019 eggs on R and NR system, respectively. The nymphs were observed to pass through six 
instars with in the duration of 24 and 22 days respectively on R and NR host. The accumulated 
survival of adult was 20±0.58 and 12.22±0.33% respectively on R and NR system. The demographic 
parameters of L. acuta on R was significantly differed (F=10.931, P< 0.005) from the NR system 
with higher intrinsic (rm) and finite (λ) rate of increase (0.020 and 1.020, respectively) through 
shorter doubling time (DT) of 34.449 days. The total generation mortality (K) of L. acuta was 
minimum on R system (2.7721) and maximum on NR system (3.1496), whereas the overall 
generation survival (GS) was in reverse order of K values (0.2 and 0.122, respectively). These 
differences in the demographic parameters are due to better nutritional quality in R system relative 
to NR system. Thus, by knowing such variations and most vulnerable stages from life table, one can 
make time based application of appropriate control measures against the pest population. 
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There are several reports on the life table study of different pest species like, Spilosoma obliqua on 
sunflower52, Plutella xylostella on cauliflower16, Spodoptera litura on cotton13, Podontia 
quatuordecimpunctata on hog-plum35, Diacrisia casignetum Kollar on jute36 for their management. 
Rice (Oryza sativa L.) is the most economically important food crop in many developing countries50. But, 
insect pests are among the most important biological constraints limiting rice yield potential and reflect 
large scale reduction both in quality and quantity4,5. The rice crops of Asia are dominated by the rice bugs 
belong to the genus Leptocorisa  including L. acuta, L. oratorius, L. varicornis, L. chinensis, 
etc.1,10,11,18,20,24,26,49,54. Among them, L. acuta (Thunb.) (Hemiptera: Alydidae) has been reported earlier in 
many tropical countries including India27-30,38. They aggregate on non-rice weeds (Echinocola spp. 
Paniculum spp. Cyperus spp. etc.) grown in and around paddy fields before rice flowers29,38,49. The losses 
due to this bug may range from 10 – 20% to total crop failure depending on the degree of infestation5. 
Both their nymphs and adults feed on the milky juice of the developing rice grains which discolours the 
panicles and reduces yield4,18. The adult bugs emit a pungent smell when disturbed. Growing rice bug 
nymphs are more active feeders than adults, but adults cause more damage because they feed for a longer 
period on milk stage which causes reduce grain quality and yield loss4,49. Control strategies in current use 
against the pest are largely based on chemical insecticides but intensive use creates an ecological 
imbalance through destruction of non-target beneficial insects, and accumulation of toxic residues in the 
environment. Also the resistant rice varieties and the use of natural enemies like predators and parasites in 
the management of rice bug population have not been promising26. Today, the population dynamics along 
with limiting factors of this pest are very essential for timely adoption of different management practices. 
Though, few studies have been made in the past to correlate the incidence of rice bug with meteorological 
factors but all relations were site specific with some extent spatial and temporal variations12,41,42. So, there 
is a need to develop a standard cohort life tables on both R and NR system to understand their population 
dynamics for safer and ecologically sustainable management of the pest.  
 

MATERIALS AND METHODS 
Insect mass culture and development: The study on population dynamics and life table parameters of 
gundhi bug, Leptocorisa acuta, was carried out in the laboratory condition (27±1°C, 65±5% RH and a 
photoperiodism of 12:12 [L:D]). The initial population of this notorious insect pest was collected from the 
field near Chinsurah Rice Research Center (22°53' N, 88°23' E), Hooghly, West Bengal, India and was 
taken to the laboratory. Developmental time and survivability of L. acuta, was determined on rice (R) and 
non-rice weeds (NR) under the same laboratory condition. The bugs were placed for copulation followed 
by oviposition in glass jar (4l) covered with nylon net. Fresh rice panicles in the milk stage and non-rice 
weeds were added to the conical flasks as food for the bugs. The laid eggs were removed and placed in 
new glass jars after counting for their emergence. The newly emerged nymphs were observed daily 
throughout their developmental stages up to adult. Duration and survival for each molt were recorded in 
the laboratory condition of three generations for construction of their stage-specific life table.  
Life table parameters: The construction of L. acuta life table includes several parameters which were 
calculated with the formulae of Carey7, Krebs21 and Price25. These parameters include probability of 
survival from birth to age x (lx), proportion dying each age (dx), mortality (qx), survival rate (sx) per day 
per age class from egg to adult stages. Using these parameters, the following statistics like, average 
population alive in each stage (Lx), life expectancy (ex), exponential mortality or killing power (kx), total 
generation mortality (K), generation survival (GS),  indivisual fecundity (Fx), gross reproductive rate 
(GRR), net reproductive rate (R0), mean generation time (Tc), doubling time (DT), intrinsic rate of 
population increase (rm) and finite rate of population increase (λ) were also computed, using Carey’s 
formulae7,8.  
Statistical Analysis: Effect of the R and NR system on development and survival of L. acuta were 
analyzed using one-way ANOVA55. All the statistical analysis was performed using the statistical 
program SPSS v. 13.047. 
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RESULTS 
The biology of L. acuta was carried out in the laboratory on R and NR system and each stage was 
photographed in order to present a pictorial demonstration of the different life stages (Figure 1). The three 
cohorts containing 30 eggs in each were reared separately on R and NR system, respectively to construct 
the life table of this notorious pest, L. acuta.  The developmental duration and accumulated survival for 
each stage on R and NR system, from egg to six nymphal instars followed by adult is presented in figure 
2 and 3, respectively. It was observed that the average incubation period from the time of egg laying to 
hatching lasted for 4±0.58 and 4.66±0.33 days on R and NR, respectively. The period for each molt was 
recorded on the basis of exo-skeleton of the surviving nymphs present in each culture. The average 
shortest period was observed for the 2nd instar (2.66±0.33 and 2.33±0.33 days), while the average longest 
period was recorded for the 6th instar (7.33±0.33 and 6.33±0.33 days) on R and NR system, respectively 
(Figure 2). The accumulated survival of adult was 20±0.58 and 12.22±0.33% respectively on R and NR 
system (Figure 3).  
 

Fig. 1: Schematic representation of the life cycle of L. acuta 

  

 

Fig. 2: Stage-specific developmental duration of L. acuta on rice (R) and non-rice (NR) systems 
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Fig. 3: Stage-specific accumulated survival (with exponential trend line) of L. acuta on rice (R) and  
non-rice (NR) systems 

 
Life Table: The stage-specific life table of L. acuta was constracted on R and NR system separately and 

showed three distinct stages with six nymphal stages (Table 1 and 2). The demographic data of L. acuta 

reared on the two system represent similar pattern of development with significant variations (P<0.005) 

(Table 1 and 2). The proportion of surviving (lx) and average population alive in each stage (Lx) of L. 

acuta on each host system were gradually decreased throughout the developmental stages (Table 1 and 2). 

Whereas, proportion of dying (dx) and mortality (qx) were increased particularly in the early stages and 

subsequently decreased with variations in advance stages on both host system (Table 1 and 2). Life 

expectancy (ex) also followed the same pattern of lx and Lx for each kind of host system (Table 1 and 2). 

The killing power (kx) was gradually increased with developmental advancement in reverse of ex and Lx 

on both kind of host systems (Table 1 and 2). All the population parameters (lx, dx, qx, sx, Lx and ex) of 

L. acuta were significantly higher (F1, 7 =223.24, 31.04, 7.04, 7.04, 178.16 and 141.07, respectively, 

P<0.005) on R system relative to NR system except Kx (F1, 7 =1.07, P=0.45). Ultimately, the total 

generation mortality (K) of L. acuta was minimum on R system (2.7721) and maximum on NR system 

(3.1496), whereas the overall generation survival (GS) was in reverse order of K values (0.2 and 0.122, 

respectively).  
 

The survival of L. acuta indicated a gradual increased rate of mortality during initial developmental stages 

and then it relatively decreased in the advanced stages up to adulthood which may reflect a type-III 

survivorship curve (Table 1 and 2 ). The observed accumulated survival data of L. acuta on R and NR 

system indicated that the immature in early stages are more susceptible to NR system than R system may 

be due to their poor nutritional quality (Figure 3). The proportion of male to female was 0.80 and 0.57 for 

R and NR system, respectively. The average life span from egg to the death of adults was 60.33 and 57.66 

days for the three cohorts reared on R and NR system, respectively. 
 

The average individual fecundity (Fx), gross reproductive rate (GRR), net reproductive rate (R0), intrinsic 

rate of natural increase (rm) and the daily finite rate of increase (λ) always significantly higher (P<0.005) 

on R system (100.998, 20.199, 3.366, 0.020 and 1.020, respectively) than NR system (59.019, 11.803, 

1.967, 0.012 and 1.011, respectively). The generation time (Tc) was also significantly higher on R system 

(60.33 days) relative to the NR system (57.33 days) due to higher developmental duration (Table 3). 

Whereas, the doubling time (DT) was significantly lower on R system (34.45 days) relative to the NR 

system (58.73 days) due to higher Lx, Fx and lower Kx (Table1, 2 and 3). Thus, the population growth 

parameters of L. acuta were significantly affected by the different host system due to variation in their 

nutritional constituents. 
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Table 1. Stage-specific pooled life table of L. acuta on rice (R) system 
Developmental 
stages on rice 

lx dx qx sx Lx Tx ex kx 

Egg-0 1.000 0.300 0.300 0.700 0.850 3.656 3.656 0.000 
Nymph 1 0.700 0.100 0.143 0.857 0.650 2.806 4.008 0.155 
Nymph 2 0.600 0.078 0.130 0.870 0.561 2.156 3.593 0.222 
Nymph 3 0.522 0.089 0.170 0.830 0.478 1.594 3.053 0.282 
Nymph 4 0.433 0.100 0.231 0.769 0.383 1.117 2.577 0.363 
Nymph 5 0.333 0.067 0.200 0.800 0.300 0.733 2.200 0.477 
Nymph 6 0.267 0.067 0.250 0.750 0.233 0.433 1.625 0.574 
Adult-7 0.200 0.000 0.000 1.000 0.200 0.200 1.000 0.699 

 

Table 2. Stage-specific pooled life table of L. acuta on non-rice (NR) system 
Developmental stages 

on non-rice 
lx dx qx sx Lx Tx ex kx 

Egg-0 1.000 0.267 0.267 0.733 0.867 3.450 3.450 0.000 
Nymph 1 0.733 0.133 0.182 0.818 0.667 2.583 3.523 0.135 
Nymph 2 0.600 0.089 0.148 0.852 0.556 1.917 3.194 0.222 
Nymph 3 0.511 0.111 0.217 0.783 0.456 1.361 2.663 0.291 
Nymph 4 0.400 0.078 0.194 0.806 0.361 0.906 2.264 0.398 
Nymph 5 0.322 0.122 0.379 0.621 0.261 0.544 1.690 0.492 
Nymph 6 0.200 0.078 0.389 0.611 0.161 0.283 1.417 0.699 
Adult-7 0.122 0.000 0.000 1.000 0.122 0.122 1.000 0.913 

 

Table 3. Population and reproductive life table of L. acuta on rice (R) and non-rice (NR) systems 

Parameter Rice system Non-rice system Average Variance 

Individual fecundity (Fx) 100.999 59.019 80.009 881.160 

Gross reproductive rate (GRR) 20.200 11.804 16.002 35.246 

Net reproductive rate (R0) 3.367 1.967 2.667 0.979 

Mean generation time (Tc) 60.330 57.330 58.830 4.500 

Doubling time (DT) 34.449 58.727 46.588 294.717 

Intrinsic rate of increase (rm) 0.020 0.012 0.016 0.000 

Finite rate of increase (λ) 1.020 1.012 1.016 0.000 

 

DISCUSSIONS 
In this modern era with increasing human population there is a need to increase rice production per unit of 
land through economically and environmentally sustainable strategies. In fact, insects are a major 
constraint in the production of rice throughout the world including tropical and subtropical Asia. As rice 
is the staple food of most Asians, there is a need to control or manage populations of this pest18. Adult 
females oviposit in single or double rows from the booting stage to the milky stage of rice development 
similar with L. oratorius4. The egg incubation period and developmental duration of different stages of L. 
acuta are nearly similar with L. oratorius except 6th nymphal stage found only in L. acuta17,27. They also 
can grow on a number of wild grasses like L. oratorius, although as food plants wild grasses were inferior 
to rice. In our study it is also found that R system can support the better development of L. acuta relative 
to the NR system which may be due to nutritional quality of the respective host plants. The nymphs had 
green body with outstanding long black legs and mimic ants in form and behavior. There were six 
nymphal stages with a total nymphal development period of about 22-24 days. Well developed wings 
appeared after the final molt from the 6th instar nymph into adults. The life table data along with all the 
stages of L. acuta development will make easy to identify this notorious pest for effective management in 
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the field to reduce qualitative and quantitative losses on the yield of rice. The study can describe duration 
and survival at each life stage which allow prediction of the population size and age structure of a pest 
insect at any time35,36. It is very helpful to determine the different mortality stage as well as pattern of 
population growth on both R and NR system.   
 

There is a range of innet capacity for individual of a population but the variation in available food 
quality22,51,53 along with environmental factors (geographic source, RH, temperature, rainfall etc.)2,40 
always influence the growth, reproduction, longevity and survival of those populations35,36. Even, the host 
plant quality traits are the key determinants of the fecundity of herbivorous insects affecting insect 
reproductive strategies such as: egg size and quality, allocation of resources to eggs, the choice of 
oviposition sites, and egg or embryo resorption39. The effect of different food sources on population 
parameters were also observed in P. xylostella16, P. quatuordecimpunctata35 and D. casignetum36 on 
different host plants. The host plant quality during larval growth and development is a key determinant of 
both fecundity and fertility of adults3,33,34,37. Shorter developmental time along with greater total 
reproduction of insects on a host indicate greater suitability of a host plant3,33,34,37. In this study, the 
overall generation survival (GS) of L. acuta on R was significantly higher than NR system whereas total 
generation mortality (K) was in the reverse order. This difference was probably a result of different food 
sources taken up by the nymph and adult during their developmental growth similarly in other 
cases33,34,37,48. This difference could be due to the presence of nutritional and anti-nutritional factors that 
directly affect the pest development and fecundity3,33,34,37,48.  
 

The overall accumulated survival rate suggest that the survival curve of L. acuta is of type III, with high 
mortality during the immature stages, according to the classification of Pearl40 as found in most insect 
species25,35-37. The rm is a fundamental ecological parameter to predict the pest population growth under a 
given condition31. It would be a most appropriate index to evaluate the performance of an insect on 
different host plants as well as the host plant's resistance43. It represents the rate of potential increase of a 
population under optimal environmental conditions when fecundity and survival are maximal and 
adequately summarizes the physiological qualities of an animal in relation to its capacity to increase6. The 
high value of R0 on rice is a reflection of high rm. Thus high rm value on R system indicates that L. acuta 
has a greater reproductive potential and more preference on it relative to the NR system. The doubling 
time (DT) of L. acuta was significantly shorter on R than the NR system. Thus, the Fx, R0, rm and DT are 
useful indices of population growth under a given set of conditions9,35,36,53. This knowledge is very 
important when studying insect pest population dynamics for developing efficient pest management 
tactics 9,19,35,36. The low number of eggs laid on a plant could have been affected by larval feeding on 
nutritionally poor plants 33,35-37,48. Thus, R system had the lowest antibiosis resistance against L. acuta and 
was the most favorable one relative to the NR system due to high survival of immature stages as reflected 
in a higher value of rm. With this understanding, the population dynamics of L. acuta is highly supported 
by R system due to high nutritional quality relative to the NR system. But it is also predicted that, NR 
system is an alternative source of their population growth in absence of R system. So the removal of NR 
system is of course a way to control the pest in field condition. Lastly, this study also informs the 
vulnerable stage of the pest that may help the farmers to control them with proper measures in the field 
condition. 

CONCLUSIONS 
The life table study of L. acuta on R and NR system showed three distinct stages with six nymphs and 
represent similar pattern of development with significant variations (P< 0.005). The gross reproductive 
rate (GRR) and net reproductive rate (R0) on R (20.120 and 3.367, respectively) was significantly higher 
than NR system which ultimately influence the fecundity. The rm of L. acuta on R system was 0.020 per 
female per day and the λ was 1.020 female offspring per female per day with a mean generation time (Tc) 
of 60.330 days and the doubling time (DT) of 34.449 days. The generation survival (GS) of L. acuta on R 
(0.200) was significantly higher than NR (0.122) system, whereas total generation mortality (K) are in the 
reverse order. These differences in the demographic parameters are due to the variation in their nutritional 
quality of respective kind of host plants. So for first step management of the notorious insect pest, L. 
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acuta, is very essential to weed the R and NR areas which ultimately would reduce the population size of 
the paddy bug in the field condition. Their further management strategies may include different 
ecofriendly control measures following their population parameters. 
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