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Abstract. The migratory locust (Locusta migratoria L.) is an important agricultural 
pest and has a broad host range, including various Gramineae plants, such as 
maize, rice, sorghum, barley, grasses, bamboo leaves, and several other types of 
plants. Due to the variety of existing plants in an area, understanding how different 
host plants affect migratory locust may provide insight into the population dynamic 
of this insects. This information may reveal susceptible phases for pest 
management. This study was designed to compile and to measure demographic 
parameters of the migratory locust on different types of host plants. The results 
showed that, locust migratory developed the fastest when fed with maize and the 
longest life span of imago was 131.00 days (males) and 122.33 days 
(females).Demographic parameters of migratory locust showed the highest 
number (G = 17.67 and R0 = 13.57 female individuals). At all stage of life and 
demographic parameters, locust fed with corn leaf showed that it was a suitable 
host plant for the development of locusts.This information may imply that 
continuous planting of maize may possess the risk of the migratory locust to 
develop rapidly. Therefore, diversification might be needed to suppress locust 
growth..  
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1. INTRODUCTION  
The migratory locust (Locusta migratoria L.) is an established global agricultural 

pest which have been reported to cause severe damage on cultivated and wild plants. 
Migratory locusts are widely distributed due to their ability to live in hot and cold-
tempered areas (Tokuda et al., 2010; Jing and Kang 2003). In addition, respective to 
this latitude differences, locust in tropical areas are multivoltine while only univoltine in 
northern areas as has been recorded in southern and northern areas of Europe, China, 
and Japan. Since the 1980’s, locust outbreaks have been recorded to occur in China, 
Australia, and Japan, possibly due to changes in climate and land-use (Scanlan et al. 
2001; Tokuda et al., 2010; Wang and Kang 2005). Locust exhibits polyphenism between 
a solitary stage and a gregarious phase which is triggered by epigenetic cues, such as 
population density and accumulation levels of volatiles from locust fecal (Robinson et 
al. 2011; Shi et al. 2011). Notable changes may occur in morphology and behavioral 
traits due to their change from solitary to gregarious phase (Tokuda et al., 2010). In the 
gregarious phase, locust will be able to travel long-distances in swarms causing severe 
damage to plants along their path and becoming an important insect pest for humans. 
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To this date, migratory locust control has relied on chemical insecticides and 
biocontrol agents, such as parasitoids and entomopathogenic organisms (Bitsadze et 
al. 2013).In Indonesia, active ingredients, such as fenobucarb, beta-cyfluthrin, and 
fipronil, are registered for this pest by the Ministry of Agriculture (Republic Indonesia 
Ministry of Agriculture). Insect growth regulators (IGR), which are considered “softer” 
insecticides, have been tested on the migratory locust and resulted in promising results 
(Bitsadze et al. 2013); however, other research have also showed that control from 
insecticides to be life-stage specific, causing insecticide applications to be less effective 
on specific insect phases (Onyeocha and Fuzeau-Braesch 1991). Although there has 
not yet been reports of existing resistances within Indonesian locust populations, 
resistances of organophosphates have been reported elsewhere (Yang et al. 2009). It 
is noteworthy that developing novel insecticides is time costly and laborious; thus, it 
essential to conserve the effectiveness of existing active ingredients by developing other 
control measures or spraying strategies. In addition, the use of chemical insecticides is 
complicated by the raised concerns from scientist on their impact to the environment if 
continuously used. Therefore, more information regarding the biology of the migratory 
locust is required to target susceptible and even may help refine management 
strategies. 

 

2. LITERATURE REVIEW 
Sustainable pest management strategies should be based a range of information 

regarding the biology of our focal pest and crop (Bostanian et al., 2012).Life tables 
provide essential demographic parameters of pests regarding to their population 
dynamics, such as their survival, development, and survival possibility under different 
growing situations (Ali & Rizvi, 2010). This information provides insights into species 
population dynamics which is useful to identify susceptible life stages, monitor, forecast, 
and regulate populations before ascending to devastating populations (Wiman et al., 
2014, Mangan et al., 2013; Permana, 1997). Life tables are can be categorized into two 
types, which are horizontal life tables which covers organism with short lifespans, such 
as insects, and vertical life tables which cover organism with longer lifespans 
(Southwood, 1971; Bellow et al., 1992; Tarumingkeng, 1994; Untung, 2006).Research 
have shown that demographic parameters regarding to life tables are affected by 
external factors, such as temperature and humidity (Chen et al. 2017) and the plants 
the feed on (Golizadeh et al. 2009).Insect diet affect certain demographic parameters 
within life table due to plant’s great differences in nutritional value and secondary 
metabolites (Soroushmehr et al., 2008; Segoli and Rosenheim 2013; Tanga et al., 
2013). In nature, various species of plants are available within landscapes causing 
population dynamics of herbivores and their interactions with other organisms. 
Therefore, identifying the effects of different host plant available in a focal landscape on 
demographic parameters, may provide insight on understand population dynamic and 
serve as additional information for management. 

Several research efforts have covered the effects of temperature to body weight, 
oviposition rate, and developmental rate of the migratory locust (Tu et al. 2012, 2014); 
however, to our knowledge none have examined the effects of different host plants 
towards this insect’s demographic parameters, especially host plants found in tropical 
areas, such as Nusa Tenggara Timur. Thus, to elucidate potential demographic 
changes of this insects in tropical ecosystem, we observed migratory locust 
survivorship, and developmental time on several wild and cultivated plants found in 
Indonesia. The information from this research will help cover potential population growth 
of the migratory locust in Indonesia. 
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3. RESEARCH METHODS/METHODOLOGY 
Research was conducted between June and October 2018 at the Lapang 

Kefamenanu semi-field laboratory, Central North Timor Regency, Nusa Tenggara Timur. 
Average air temperature and humidity were 28°C and ± 60%, respectively, with L:D 
period of 12:12.Locust population used in this study were obtained from a maize filed and 
surrounding prairie at Bibin Village (S 09o20’01,7”, E124o50’46,0”). Locust were collected 
during the night by attracting locust to a light source. Locust were then collected by hand. 
Both female and male insects were infested into an insect cage for mass rearing (Jones, 
1961). This mass rearing cage was 2 m x 3 m x 2 m andmade from wood, bamboo, and 
transparent plastic roofing a fine mesh was used as walls ensure air ventilation. Sandy 
loam soil was placed on the bottom of rearing cages and was maintained to field capacity 
to maintain humidity within the cage.  
3.1 Life table experiment 

This experiment tested life parameters of migratory locust on 9 different diet 
treatment, including (1) maize (Zea mays); (2) rice (Oryza sativa); (3) sorghum (Sorghum 
bicolor); (4) foxtail millet (Setaria italica); (5) cogon grass (Imperata cylindrica); (6) king 
grass (Pennisetum purpuphoides); (7) wild sugarcane (Saccharum spontaneum); (8) 
bamboo leaves (subfamily Bambusoideae); (9) mixture of the previous plants. 

Fifty migratory locust eggs were placed in a glass jar diameter 5 cm and height of 
7.5 cm filled with sandy loam soil held at soil’s water capacity. Jars were then placed 
inside 30 cm x 30 cm x 40 cm experimental cages. Cages were made out of wood, 
plywood, transparent plastic, and white mesh to ensure sufficient air circulation. 
Observation started 1 day after eggs hatched and continued until imagoes died. Food 
was given according to the corresponding treatments and were changed every 2 days to 
ensure healthy food for migratory locust. Each treatment was replicated three times. This 
experiment was set as a complete randomized block design.  

We recorded time required for eggs to hatch into nymphs, time required to develop 
through each nymph instars until imagoes, and imagoes mortality. Mortality numbers at 
each life stages were recorded as well. Survival data were made into a life table and 
survival curve. Life table was constructed based on number of live individuals at x days 
(nx), number of dead individuals at x days (dx), proportion of life individuals at x days (lx), 
death rate (qx), and living probability (ex). Survival curve was based on lx at each x days 
from each life stages. Crude reproduction (G), net reproduction rates (R0), generation 
time(T), and intrinsic growth (rm) were calculated as demographic parameters of 
migratory locust. Formula used were based on Price (1997): 

 

𝑮 = ∑𝑚𝑥……………………………………………………..………………….(1) 
𝑹𝟎 = ∑ 𝑙𝑥𝑚𝑥……………………………………………………………………..(2) 

𝑻 = ∑
𝑥𝑙𝑥𝑚𝑥

𝑙𝑥𝑚𝑥
……………………………….……………………………………...(3) 

𝑹𝒎 =
(𝑙𝑛𝑅0)

𝑇
……………………………………………………………………….(4) 

Remarks: 
mx : fecundity of female individuals at day x 
lx : proportion of living individuals at day x 

 
The value of rm was obtained by correction using Euler equation (Gotelli, 1995): ∑e-

rmx lxmx=1 
Value of each demographic parameter from each replication were average.  

 
3.2  Data analysis 

Developmental time at each life stage were compared between diet treatments 
using a one-way ANOVA. Subsequent Tukey-Kramer test was done on results that 
indicated significant effects from diet treatment. All tests were done at α = 0.05. 
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4. RESULTS AND DISCUSSION  
The results from this experiment demonstrates the various effects of plant diet on 

migratory locust. Plant diet significantly affected development time of all locust’s life 

stages and total lifespans of imagoes (Table 1). Developmental time of locust at pre-adult 

stages were not significantly different between each other when feed with Gramineae 

plants. Developmental time of locust feeding on bamboo leaves were significantly longer 

than maize at all developmental stages. This implies that bamboo may not be as suitable 

as maize for locust development. Faster development time and higher fecundity have 

showed to correlate with better suitable host (Slansky and Rodriquest in Wibowo et al., 

1995; Savopoulou, 1994). Similar results were also demonstrated on cabbage worm 

(Plutella xylostella) on different brassicaceous hosts and Aphis spiraecolae (Golizadeh 

et al. 2009; Tsai and Wang 2001). Our observations in the field indicates that locust in 

Nusa Tenggara Timur primarily feed on maize, rice, sorghum, and foxtail millet. Only 

when population increases, locust will feed on secondary crops, such as bamboo, 

coconut, and ground nut leaves in order to survive. Our observations in the field were 

similar to the findings of Murray (2016), which stated that locust damage in the United 

States on maize, wheat, soybean, cultivated vegetable, and some weed species. 
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Table 1.  Mean developmental times (mean ± SE; days) of various Locusta migratoria life stages on various host plants. 

Life stage  Maize Rice Sorghum Foxtail millet Cogon grass King grass Wild sugarcane Bamboo Mixed 

 Pre-adult          

Egg  22.33 ± 1.53 a 21.67 ± 1.15 a 22.67 ± 1.15 a 22.33 ± 1.53 a 22.33 ± 1.53 a 22.67 ± 2.52 a 22.67 ± 1.15 a 23.33 ± 0.58 a 23.33 ± 1.53 a 

1st  Instar   6.67 ± 0.58 a 7.00 ± 1.00 a 7.33 ± 0.58 a 7.67 ± 0.58 a 8.33 ± 0.58 ab 8.00 ± 1.00 ab 8.33 ± 0.58 ab 9.67 ± 0.58 b 7.33 ± 0.58 a 

2nd Instar  6.33 ± 0.58 a 6.67 ± 0.58 ab 7.00 ± 0.00 ab 7.33 ± 0.58 abc 8.00 ± 0.00b c 7.67 ± 0.58 abc 8.00 ± 0.00 bc 8.67 ± 0.58 c 7.00 ± 1.00 ab 

3rd Instar  7.00 ± 0.00 a 7.33 ± 0.58 ab 7.67 ± 0.58 abc 7.33 ± 0.58 ab 8.33 ± 0.58 bc 7.67 ± 0.58 abc 8.33 ± 0.58 bc 8.67 ± 0.58 c 7.00 ± 0.00 a 

4th Instar  10.33 ± 1.53 a 10.67 ± 0.58 ab 11.00 ± 0.00 ab 11.33 ± 0.58 ab 11.67 ± 1.53 ab 11.33 ± 1.53 ab 12.00 ± 1.00 ab 13.33 ± 0.58 b 10.67 ± 0.58 ab 

5th Instar  8.67 ± 0.58 abc 9.33 ± 0.58 bcd 10.67 ± 0.58 d 7.67 ± 0.58 ab 8.33 ± 0.58 abc 8.00 ± 1.00 abc 8.33 ± 0.58 abc 9.67 ± 0.58 cd 7.33 ± 0.58 a 

 Imagoes life spans 

Male  112.33 ± 0.58 a 104.33 ± 0.58 a 111.66 ± 0.58 a 112.33 ± 1.15 a 112.33 ± 1.53 a 113.00 ± 1.00 a 108.00 ± 7.00 a 106.00 ± 5.29 a 131.00 ± 1.00 b 

Female  100.00 ± 1.00 ab 101.00 ± 0.00 b 99.67 ± 0.58 ab 99.00 ± 1.00 ab 98.67 ± 2.31 ab 99.33 ± 1.15 ab 98.00 ± 1.00 ab 96.67 ± 1.53 a 122.33 ± 0.58 b 

 Length from egg-adult mortality 

Male  173.56 ± 1.58 b 167 ± 1.58 a 178 ± 1.58 d 175.99 ± 0.58 c 179.32 ± 1.58 e 178.67 ± 0.58 d 175.66 ± 0.58 c 179.34 ± 0.58 e 193.66 ± 0.58 f 

Female  163.33 b 163.67 ± 1.15 b 166.01 ± 1.15 e 162.66 ± 1.53 a 165.66 ± 1.33 d 164.67 ± 1.67 c 165.88 ± 2.33 de 170.01 ± 1.15 f 184.66 ± 1.53 g 
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Nutrients play an important role in determining the success rate of insect 

development due protein, sugar, fat, vitamin, and minerals effects towards insect 

physiology (Wigglesworth, 1953; Hause, 1961). Protein are used to form cell tissues and 

other compounds that can be converted into carbohydrates which serves as an energy 

source, regulates blood pressure within insects (Chapman, 1975), and essential ingredient 

in egg development. Fat in insects are also used as energy sources by converting sterol 

form cholesterol (Dadd 1960). Vitamin acts as catalyst of several metabolism process 

within insects. Previous research show that plant differ in host suitability to certain insects 

by affecting developmental time, survivorship, fecundity, and other life parameters (Tsai 

and Wang 2001; Lorena et al. 2012; Nikooei et al. 2015). Morrison (1961) stated that 

maize possessed superior nutrition compared to rice, sorghum, and other Gramineae 

species. Developmental time of locust fed with a mixed diet also showed non-significant 

differences compared to maize which may imply that although mixed with other host 

plants, maize was still able to provide substantial nutrition for insect developments. This 

Shorter developmental time is an indicator of host suitability for insects. However, before 

drawing conclusion on population dynamics of an insect, other information, such as their 

mortality and reproduction ability should be taken into consideration. Besides that, at a 

landscape level, land-use for certain cultivated or wild plants may substantially effect 

insect dynamics depending on its location (Karp et al. 2018). Our research covers an 

aspect to understand migratory locust at landscape scale by providing life parameter 

information regarding to different host plants. 

Survival rates of locust fed with maize was consistently the highest amongst all plant 

hosts at all life stages followed by rice (Table 2). The lowest survivorship was shown by 

locust fed with bamboo leaves. At the beginning of this experiment, drastic decreases of 

age-specific survival rates were observed from locust fed with bamboo leaves (Figure 1). 

Higher survival on maize may be due to the source of locust population used in this 

experiment. Locust population was collected from maize fields and maize is common crop 

found in Nusa Tenggara Timur. In addition, maize and rice are cultivated crops that 

regularly receive fertilizing treatments. Research on brown plant hopper (Nilaparvata 

lugens) on rice showed that body weight and fecundity, which are also indicators of host 

suitability, increase respectively to nitrogen rates (Horgan et al. 2016). This same 

phenomenon may occur for locust in this experiment. 

 

Table 2. Survival proportion and life expectancy of Locusta migratoria on various host 

plants 

Plant host Eggs 1st instar 2nd instar 3rdinstar 4thinstar 5thinstar Imago 

Survival proportion       

Maize 1.00 0.96 0.95 0.93 0.91 0.83 0.77 

Rice 1.00 0.87 0.82 0.79 0.77 0.71 0.67 

Sorghum 1.00 0.84 0.83 0.73 0.69 0.64 0.49 

Foxtail millet 1.00 0.84 0.75 0.73 0.69 0.61 0.52 

Cogon grass 1.00 0.77 0.68 0.64 0.57 0.47 0.39 

King grass 1.00 0.87 0.77 0.64 0.61 0.49 0.51 

Wild sugarcane 1.00 0.79 0.62 0.58 0.53 0.46 0.37 

Bamboo 1.00 0.72 0.61 0.49 0.42 0.29 0.18 

Mixed 1.00 0.89 0.84 0.79 0.76 0.71 0.65 

Life expectancy (ex)       

Maize 5.83 5.06 4.12 3.20 2.26 1.43 0.50 

Rice 5.13 4.80 4.08 3.23 2.30 1.43 0.50 

Sorghum 4.71 4.52 3.58 3.00 2.13 1.26 0.50 
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Foxtail millet 4.65 4.44 3.93 2.99 2.13 1.35 0.50 

Cogon grass 4.01 4.04 3.53 2.72 2.01 1.33 0.50 

King grass 4.47 4.05 3.54 3.15 2.26 1.38 0.50 

Wild sugarcane 3.85 3.73 3.63 2.84 2.08 1.31 0.50 

Bamboo 3.21 3.27 2.75 2.30 1.61 1.13 0.50 

Mixed 5.15 4.71 3.98 3.18 2.30 1.42 0.50 

 
 

 

Figure 1. Age-specific survival rates (lx) for pre-adult stages of Locusta migratoria on 

various host plants. 

 

 Brute reproduction rate was significantly affected by plant host where the highest 

reproduction rate was shown from maize while the lowest was observed on locust fed with 

bamboo leaves (Table 4). In addition, generation length of locust fed with maize and 

mixed diets were the lowest compared to other diets. Locust fed with bamboo leaves 

showed the longest generation length. 

Net reproduction rate (R0) demonstrates the average female individuals produced 

by a female in one generation was 13.57 individuals/female/generation on maize. If R0 > 

1, population will grow and if R0 = 1 then a stable population will be achieved (Price, 

1997). Higher G and R0 values indicated host suitability for locust. The lowest intrinsic 

rate of increase found on locust fed with bamboo leaves while the highest were found on 

locust fed with maize. Intrinsic rate of increases is determined by the number off offspring 

during growth, survival rates during reproductive stages, and the length of the 

reproductive stage (Brewer, 1979). Average generation length of locust fed with maize 

and mixed host were the shortest (5.33 days) indicating the quickest development through 

instar stages.  
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Table 3. Demographic parameters of Locusta migratoria on several hosts 

Plant Host 

Demographic parameters 

G Ro T r 

Maize 17.67 ± 2.08 d 13.57 ± 2.10 d 100.00 ± 0.10 ab 0.0261 ± 0.0013 e 

Rice 14.67 ± 1.15 cd 9.80 ± 1.22 cd 101.00 ± 0.00 ab 0.0225 ± 0.0012 de 

Sorghum 10.33 ± 2.08 bc 5.14 ±  1.79 ab 99.67 ± 0.58 ab 0.0160 ± 0.0039 c 

Foxtail millet 11.00 ± 1.00 bc 5.73 ± 0.86 bc 99.00 ± 0.10 ab 0.0176 ± 0.0013 cd 

Cogon grass 7.33 ± 1.15 ab 2.85 ± 0.60 ab 98.67 ± 2.31 ab 0.0105 ± 0.0024 b 

King grass 10.33 ± 3.21 bc 5.40 ± 2.60 bc 99.33 ± 1.15 ab 0.0163 ±  0.0043 c 

Wild sugarcane 7.33 ± 1.15 ab 2.73 ± 0.40 ab 98.00 ± 1.00 ab 0.0102 ± 0.0015 b 

Bamboo 3.67 ± 1.15 a 0.67 ± 0.28 a 96.67 ± 1.53 a 0.0047 ± 0.0041 a 

Mixed 14.00 ± 2.00 cd 9.20 ± 2.04 cd 122.33 ± 0.58 c 0.0180 ± 0.0017 cd 

 
CONCLUSION  

This research shows that different host plant species had significant effects to 
development time and survivorship of migratory locust at different life stages. Results 
also showed that cultivated crops, such as maize and rice had positive results towards 
the two previous parameters. 

We would like to thank the Indonesian Endowment Fund for Education for funding 
the first author’s research and doctoral program. 
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