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Abstract: The efficacy of Chrozophora plicata and Trianthema portuclacastrum extracts was investigated against 

Trogoderma granarium at 10%, 20% and 30% concentrations and 2, 4 and 6 days of exposure periods. It was found that 

T. portuclacastrum extract caused significantly higher larval mortality (37.47%) than C. plicata (27.03%). Maximum 

number of T. granarium larvae (91.11% and 82.22%) was repelled when exposed to 30% concentration. A significant 

reduction in percentage larval emergence was also found in F1 generation. A decrease in the activity of Acetylcholine 

Esterase (AChE), Acid Phosphatase (ACP), Alkaline Phosphatase (AKP), α-Carboxyl and β-Carboxyl was also found. 

The FTIR analysis showed the presence of polyphenolic compounds in T. portuclacastrum extract. The overall results 

revealed that T. portuclacastrum extract was very effective against T. granarium than C. plicata. 
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INTRODUCTION 
 

Stored grain insect pests are the major problem which 

deteriorates the quantity as well as quality of stored grain 

(Madrid et al., 1990). The storage losses are extremely 

high in both developing and developed countries (Sagheer 

et al., 2013; Hasan et al., 2014; Kulkarni et al., 2015; 

Forghani et al., 2015; EPPO, 2015). About 10% of world 

stored grains are lost, i.e. 13 million tons of grain by 

insect attack or 100 million tons due to improper storage 

(Hasan et al., 2014). 

 

The khapra beetle, Trogoderma granarium Everts is 

considered as a serious pest of stored grains particularly 

of wheat grains throughout the world (Moreira et al., 

2007; Kulkarni et al., 2015; Forghani et al., 2015; EPPO, 

2015). Due to high infestation potential of T. granarium, 

it is also a major threat in Pakistan (Ahmad et al., 2011; 

Ahmad, 2013; Sagheer et al., 2013, 2013a; Hasan et al., 

2014). The development of T. granarium depends on 

physical conditions such as temperature, light, moisture. 

High humidity has a depressing effect on population 

buildup. It has one to nine or more generations per year 

(Ramzan and Chahal, 1986). At favorable temperatures; 

eggs, pupae and adults, each take about a week for 

development while the larval stage may survive a month 

to several years under diapause condition (Burges, 1962; 

Peacock, 1993). 
 

Mostly, synthetic insecticides are used for the control of 

stored product pests (Arthur, 1996; Forghani and Marouf, 

2015; EPPO, 2015). Besides their effectiveness; there are 

major health and environmental concerns due to 

insecticides (Benhalima et al., 2004). Hence, effective 

biodegradable and non toxic control measures are needed 

(Alves et al., 2014; Rafiee-Dastjerdi et al., 2014; Asma 

et al., 2015). 

 

Several natural substances from plant origin are being 

used as an alternative to pesticides against many insects 

(Moreira et al., 2007; Satti and Elmin, 2012; Talukder, 

2006; Montenegro et al., 2013; Alves et al., 2014; Rafiee- 

Dastjerdi et al., 2014; Mahmoud et al., 2014 & 2015; 

Asma et al., 2015). These plant-derived products are not 

involved in the inhibition of photosynthesis, growth or 

other process of plant physiology; however, their 

biological activity against insect pests is widely reported 

(Subramanyam and Roesli, 2000; Moreira et al., 2007; 

Sagheer et al., 2013; Hasan et al., 2014). Moreover, the 

insecticidal, repellent and anti-feedant effect of plant 

products have also been well documented so far (Huang 

et al., 1998; Sagheer et al., 2013; Hasan et al., 2014). 

Recently, the plant extracts are gaining tremendous 

importance to protect the stored grain commodities 

(Sultana et al., 2016; Pugazhvendan and Elumalai, 2012). 

Sometimes, biochemical changes have also been reported 

due to the use of different plant extracts. The activity of 

various enzymes such as Acetylcholine esterase (AChE), 

Acid phosphatase (ACP) and Alkaline phosphatase (ALP) 

are decreased by plant extracts. Lipid, glucose and protein 

contents are also affected due to a change in the 

corresponding metabolism (Younes et al., 2011). 
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Weeds are unwanted and undesirable plants commonly 

found in and around the crop lands (Samad et al., 2008; 

Hegab et al., 2008). One of the most common genus, 

Chrozophora   (Euphorbiaceae)   comprises of 11    

species, which are mostly shrubs and distributed in 

Pakistan, India, West Africa and Mediterranean 

regions. Chrozophora plicata is a monoecious, annual or 

perennial herb, up to 50cm; and grows in warmer climate 

and temperate regions throughout tropical Africa to 

Northern South Africa, Egypt, Syria, Palestine, and 

North-Western India to the Mediterranean (Forster and 

Welzem, 1999; Chopra, 1988). This weed plant is 

medicinally used in Saudi Arabia, Pakistan and India 

for the purification of blood and to cure gastro, jaundice 

and ulcer diseases (Kadiri et al., 2013; Kadiri and 

Avanapu, 2013). The leaves of C. plicata contain 

triterpenoids and related compounds such as sterols, 

alcohols and hydrocarbons and phenolic compounds 

like flavonoids, lignans, coumarins, tannins, 

phenanthrenes, quinines and phenolic acids (Kadiri et 

al., 2013). Trianthema portulacastrum Linn. (Family: 

Aizoacae) is commonly known as black pigweed or It-

Sit. It is an annual herb commonly found in moist soil 

and spreads on the ground in circle not more than 4-6 

ft. in length. Its leaves are more commonly used as 

therapeutic agent for diverse pathological conditions, 

viz. Mudirre Baul (diuretic), Mudirrehaiz (emmenagogue) 

jali (detergent), muqawwiebaah (aphrodisiac), musakkhin 

(calorific), used in colitis, jaundice and ascites. Its juice is 

used in corneal ulcer, night blindness and dribbling of 

urine (Ghani, 2010; Kirtikar and Basu, 2003). 

 

Since there are no reports on the evaluation of insecticidal 

activities of weed extracts against stored grain insect 

pests, the present study was planned to exploit the 

insecticidal potential of weed plants named Trianthema 

portulacastrum Linn and Chrozophora plicata, for the 

control of T. granarium. 

 

MATERIALS AND METHODS 
 

The bioassay was performed in Entomology Lab, 

Government College University Faisalabad to investigate 

the insecticidal effects of the selected weed plants against 

larvae of Trogoderma granarium E. 

 

Mass rearing of experimental beetles 

The khapra beetles were reared on healthy food 

commodities apparently free from insect infestation, kept 

in the sterilized plastic jars (1.0kg capacity), under 

optimum conditions of temperature and relative humidity 

(30±2ºC and 65±5%, respectively). Common wheat 

(Triticum aestivum, var. Nela), was utilized as culture 

media for Trogoderma granarium. Adults were sieved out 

and hundred beetles were released in properly labeled 

500ml glass jars having 200gm of sterilized food 

commodities with 14% moisture contents and covered 

with muslin cloth to avoid interbreedingof the strains. 

Adults were allowed to mate and lay eggs (kept under the 

uniform experimental conditions inside the incubator). 

After 5 days, adults were sieved out in order to obtain 

homogenous larval population. The 3
rd

 instar larvae of 

T. granarium were used in the experiments (Sultana et 

al., 2016; Sagheer et al., 2013, 2013a; Hasan et al., 

2014; Rafiee-Dastjerdi et al., 2014). 

 

Preparation of plant extracts 
Chrozophora plicata and Trianthema portulacastrum 

Linn were collected from the vicinity of Faisalabad and 

identified by the Department of Botany, Government 

College University Faisalabad. The whole weed plants 

were cleaned by washing in water and dried under the 

shade to get the desired dried form. Grinder was used to 

crush the plant material to fine powder. The extraction 

was made by mixing 100g of ground sieved sample and 

300 ml of petroleum ether (40-60%) in 1:3 ratio (w/v) and 

shaking was ensured for 24hours with the help of Rotary 

Shaker, adjusted at 220 revolutions per minutes (rpm). 

After 24hours, filtration was made with the help of 

Whatman filter paper. After filtration, the obtained 

extracts were put into clean and air tight lid bottles and 

were stored in refrigerator before use. Different 

concentrations viz.10.0%, 20.0% and 30.0% were 

prepared using petroleum ether as solvent from the stock 

solution of each plant (Sultana et al., 2016; Sagheer et al., 

2013, 2013a; Hasan et al., 2014). 

 

Mortality bioassay (Diet incorporation method) 
The bioassay was carried out to observe the toxic effect of 

weed extracts on the larvae of Trogoderma 

granarium. Three different concentrations (10, 20 and 

30%) of botanical extracts in petroleum ether were 

applied on 50gm of wheat. For control group, the food 

commodity was only treated with petroleum ether which 

was then air dried to evaporate the petroleum ether and 

then poured in 250ml sterilized plastic jars. Thirty 

larvae were released in each jar and were covered with 

muslin cloth with the help of rubber band. Then, these 

jars were placed in incubator under optimum conditions 

(30±2ºC and 65±5%, RH). Experiment was replicated 

three times and completely randomized design was 

followed (Sultana et al., 2016; Sagheer et al., 2013, 

2013a; Hasan et al., 2014; Rafiee-Dastjerdi et al., 2014). 

The insects were confirmed dead when there was no 

response to probing with sharp pin at the abdomen. Data 

regarding percentage larval mortality was recorded after 

2, 4 and 6 days of treatment. Mortality in control groups 

was also recorded to correct the mortality according to 

Abbot’s formula (Abbot, 1925). 

 

Repellency bioassay 
The repellent effect of the weed extracts was checked 

against the test beetles by using a modified methodology 

of area preference as described by McDonald et al., 
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(1970). For this purpose, eight centimeter diameter 

Whatman No. 1 filter paper was cut into two equal halves. 

Different dilutions (10%, 20% and 30%) of weed extracts 

were separately applied on one half of the filter paper 

with the help of micropipette; the other half of filter paper 

was treated with solvent alone. After air drying for 10 

minutes, each treated half of the filter paper was attached 

lengthwise to untreated half with the help of adhesive tape 

and was adjusted in the Petri dishes. Twenty larvae of T. 

granarium were released separately at the center of both 

halves in each petri dish. Petri dishes were covered with 

lid to prevent the escape of test insects and kept under 

controlled experimental conditions. Each treatment was 

replicated thrice and the repellency data was taken after a 

period of 24, 48 and 72hours. A little diet was provided 

on both sides to decrease the mortality due to starvation 

(Sultana et al., 2016; Sagheer et al., 2013, 2013a; Hasan 

et al., 2014). 
 

Percent repellency (RP) were calculated by using the 

following formula: 

100 
NT)(NC

NT)-(NC
PR 










  

Where NC= number of beetles present on control half, 

NT= number of beetles present on treated half. 

 

Growth regulatory impact of plant extracts on the 

larvae of Trogoderma granarium 

In order to investigate the growth regulatory impact on F1 

generation, wheat grains were sterilized and various 

concentrations of plant extracts were applied on the wheat 

grains including a control treatment. Solvent was allowed 

to evaporate and 50g wheat grains were put into each 

treatment jar. Thirty larvae of 3
rd

 instars were released 

into each treatment jar. The treatment jars were kept in 

incubator under optimum conditions. Data regarding 

growth regulation was collected after 35 days (Sultana et 

al., 2016; Sagheer et al., 2013). 

 

Enzyme assay 
Preparation of whole body homogenate 

For enzymatic estimation, larvae and adults of T. 

castaneum remained alive in mortality and growth 

regulatory assays were washed thoroughly with distilled 

water and the adhering water was removed by using the 

bloating paper. The insects were separately homogenized 

in eppendrof tubes in 1.5ml ice-cold sodium phosphate 

buffer (20mM. pH7.0) with the help of Teflon hand 

homogenizer. Then, the homogenate was centrifuged at 

8000×g and 4
o
C for 20minutes and supernatant was used 

for the estimation of Esterases or Phosphatases. Solutions 

and glassware used for homogenization were kept at 4ºC 

prior to use, and the homogenates were held on ice until 

used for various assays (Younes et al., 2011). 

 

 

Quantitative determination of esterases and 

phosphatases 
Estimation of Acetylcholinesterase activity 

In the 50µl of enzyme solution, 50µl of acetylcholine 

chloride (2.6mM) as a substrate and 1ml of sodium 

phosphate buffer (20mM, pH7.0) were added. It was 

incubated at 25ºC for 5mins. Then 400µl of 0.3% Fast 

blue B salt was added to stop reaction. Blank and sample 

were run through spectrophotometer. Optical density 

(OD) was recorded at 405nm (Younes et al., 2011) 

 

Estimation of Carboxylesterase activity 
The activity of α-carboxylesterase and β-carboxylesterase 

in the larvae and adult was measured as devised by Van 

Asperen (1962). In 50µl enzyme solution (homogenates), 

1ml of sodium phosphate buffer (20mM, pH7.0) and 50µl 

of each α-naphthyl acetate and β-naphthyl acetate 

(substrate) were added separately to determine the 

activities of α-carboxylesterase and β-carboxylesterase 

respectively. The solutions were incubated at 30ºC for 

20mins. After incubation 400µl of freshly prepared 0.3% 

Fast blue B in 3.3% SDS was added in each reaction 

mixture to stop the enzymatic reaction and the color was 

allowed to develop for 15min at 20◦C. Blank and sample 

were run on spectrophotometer. Optical density (OD) was 

recorded at 430 and 590nm for α-carboxylesterase and β- 

carboxylesterase, respectively. 

 

Estimation of acid and alkaline phosphatase activity 
The levels of these two phosphatases in the beetle 

homogenates was measured following the procedure of 

Asakura (1978). The acid phosphatase activity was 

estimated by mixing 50µl larval or adult homogenate with 

50µl sodium phosphate buffer (50mM, pH7.0) and 100µl 

of 20mM p-nitrophenyl phosphate (substrate). For the 

estimation of alkaline phosphatase activity, 50µl larval or 

adult homogenate were mixed with 50µl Tris HCl buffer 

(50mM, pH9.0) and 100µl of 20mM p-nitrophenyl 

phosphate (substrate). After that both solution of acid 

phosphatase and alkaline phosphatase were incubated at 

37ºC for 15mins in water bath, the enzymatic reaction 

was stop by adding 0.5N NaOH solution. The absorbance 

(OD) of the resulting clear supernatants of sample and 

blank was recorded at 440nm. 

 

The percentage inhibition of the enzyme activity by the 

test extracts was calculated as follows: 

% Enzyme 

inhibition = 

OD of Control- OD of treated 
x 100 

OD of Control 

Where, OD of Control is the absorbance of untreated 

beetles; OD of Sample is the absorbance of treated 

Trogoderma beetle. 

 

Fourier transform infrared spectroscopy (FTIR) 

analysis 
The T. portuclacastrum extracts was examined by FTIR 

spectroscopy for the detection of the characteristic 
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functional groups. The extracts prepared in n-Hexane 

were frozen at -80⁰C followed by lyophilization. Infrared 

absorption spectrum of the lyophilized extract was 

recorded on a FTIR spectrophotometer (Alpha, Bruker,  

California, USA) in the region 4000 to 500 cm
-1

 (Bina et 

al., 2003; Kassim et al., 2011) 

 

STATISTICAL ANALYSIS 
 

Mortality data obtained at various time intervals was 

corrected by using Abbot’s formulae. The data of 

corrected mortality and repellency was subjected to 

ANOVA using Statistics 13.0 for Windows. The means 

were separated using Tuckey’s HSD test with P< 0.05 

considered statistically significant (Pandir & Bas, 2016; 

Sultana et al., 2016; Sagheer et al., 2013). 

 

RESULTS 
 

Mortality of Trogoderma granarium larvae 
The mortality data for the insecticidal activity of C. 

plicata and T. portuclacastrum against T. granarium 

larvae was observed at different concentrations and 

exposure period. The comparison of mean mortality data 

in T. granarium larvae induced by various concentrations 

and duration of exposure of C. plicata and T. 

portuclacastrum extracts is shown in table 1. It is shown 

that C. plicata induced maximum mean mortality 

(27.03%) in T. granarium larvae at 30% concentration 

which significantly differed from the minimum mortality 

found at 10% concentration (16.67%). In case of T. 

portuclacastrum, maximum mortality (37.47%) was 

found at 30% extract concentration while 10% 

concentration resulted in minimum mortality (15.12%). 

 

The mortality at 20% concentration, intermediate values 

were obtained (19.37 & 23.54%). The results indicated 

that the larval mortality increased with the increase in 

extract concentration. 

 
Fig. 3: Comparison of percent progeny reduction in 

F1generation of T. granarium exposed to different 

concentrations of Chrozophora plicata and Trianthema 

portuclacastrum. 

 
Fig. 1: Comparison of percent larval mortality in T. granarium exposed to different concentrations and exposure 

time of Chrozophora plicata and Trianthema portuclacastrum 

 
Fig. 2: Comparison of percent larval repellency in T. granarium exposed to different concentrations and 

exposure time of Chrozophora plicata and Trianthema portuclacastrum 
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Table 2 shows that exposure time had a significant effect 

on the mortality of T. granarium larvae exposed to 30% 

concentration of C. plicata and T. portuclacastrum 

extracts. The highest mortality (41.57%) was found after 

6 days while the lowest mortality (3.33%) was recorded 

after 2 days with C. plicata. Similarly, highest mortality 

was observed with T. portuclacastrum extract after 6 days 

(49.80%), whereas lowest mortality was found after 2 

days (8.15%). The results indicated that the larval 

mortality increased with increasing exposure time (table 

2). The overall mortality effect of both tested weed plants 

indicated that T. portuclacastrum performed better than 

C. plicata due to high mortality in T. granarium (fig. 1). 

 
Fig. 4: FTIR spectrum of Trianthema portulacastrum The 

spectrum shows a range of 4000 to 400 cm
-1

wave number 

(along X-axis) the function of % transmittance (along Y 

axis). Following peaks can be observed: 1622.32 cm
-1-

C=O (carbonyl) group, 1092.61 cm
-1

-C-O linkage in -C- 

OH, 2848.81 cm
-1 and 3009.17 cm

-1 C-H stretching. 

 

Repellency in Trogoderma granarium 
The repellency of C. plicata and T. portuclacastrum in T. 

granarium larvae at various concentrations and exposure 

period is shown in table 3. Chrozophora plicata showed 

higher repellency (82.22%) at 30% than 20% and 10% 

concentrations (60.00% and 34.44%, respectively). In 

case of T. portuclacastrum extract, maximum repellency 

was observed (91.11%) at 30% concentration whereas 

20% and 10% concentrations gave 72.22% and 45.56% 

repellency, respectively. The statistical analysis showed 

that 30% extract resulted in higher percentage of larval 

repellency and the results also indicated that percent 

larval repellency increased with the increase in 

concentration (table 3) 

 

The repellency effect of C. plicata and T. portuclacastrum 

in T. granarium larvae at various intervals at 30% 

concentration is shown in table 4. The higher repellency 

was observed with C. plicata after 24h exposure (74.44%) 

followed by 62.22% and 40.00% after 48 and 72h, 

respectively. T. portuclacastrum caused highest larval 

repellency (85.56%) after 24h followed by 70.00% and 

53.33% after  48  and  72h,  respectively.  The  results 

indicated that the repellent activity of C.plicata and T. 

portuclacastrum extracts decreased with the increasing 

exposure period (table 4). The overall comparison of 

repellent effect of C. plicata and T. portuclacastrum is 

shown in fig. 2 which indicates that T. portuclacastrum 

had more repellent effect than C. plicata. 

 

Effect of extracts of Chrozophora plicata and 

Trianthema portuclacastrum on progeny of Trogoderma 

granarium  

The   mean   larval   emergence   and   inhibition   of   T. 

granarium at various concentrations of C. plicata and T. 

portuclacastrum   were   observed   after   35   days of 

infestation period  (table  5).  It  was  found  that  lower 

number of larvae emerged in F1 generation compared to 

the  control  group.  The  lowest  mean  number  of larvae 

(43.67)  and  highest  larval  inhibition  (70.63%)  in  F1 

generation  was  observed  at  30%  concentration  of  T. 

portuclacastrum followed by C. plicata (61.67) inhibiting 

the F1 progeny by 58.52%. Moreover, 77.33 and 109.67 

larvae with 10% C. plicata and T. portuclacastrum were 

emerged   and   induced   47.98%   and   26.24%   larval 

inhibition,  respectively.  The  highest  number  of  larvae 

(148.67) in F1 generation was obtained when the grains 

were left untreated for 35 days of experimental period. 

Thus, it is clear that the progeny inhibition effect of C. 

plicata   and   T.   portuclacastrum   decreased   with   the 

increase in applied concentration. 

 

Effect of extracts of Chrozophora plicata and 

Trianthema portuclacastrum on the enzymatic activity in 

Trogoderma granarium 
The effect of C. plicata and T. portuclacastrum extracts 

on the enzymatic activity in T. granarium was observed at 

various concentrations and exposure period (Table 6). The 

maximum decrease was observed at 30% concentration of 

both extracts. C. plicata induced a decrease in 

acetylcholine esterase, ACP, α-Carboxyl and β-Carboxy 

enzymes by 27.72%, 55.02%, 44.70% and 52.35, 

respectively with 30% concentration. In addition, a 

decrease in the activity of acetylcholine esterase 

(29.01%), ACP (59.88%), α-Carboxyl (53.13%) and β-

Carboxyl (56.28%) was found with 30% concentration of 

T. portuclacastrum extract. A maximum decrease in the 

activity of AkP (51.01%) was recorded at 30% 

concentration of C. plicata as shown in table 6. 

 

The effect of T. portuclacastrum and C. plicata extracts 

on the enzymatic activity in T. granarium larvae with 

respect to time duration is shown in table 7. It was found 

that T. portuclacastrum induced maximum reduction in 

the activity of AChE (20.62%, 25.48%), ACP (43.76%, 

2.02%), α-Carboxyl (40.86%, 50.35%) and β-Carboxyl 

(42.35%, 44.31%) except AkP (36.93%, 39.84%) which 

was highly affected by C. plicata at both recorded 

exposed durations (table 7). It is clear from the data that 
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the enzyme inhibitory activity of T. portuclacastrum and 

plicataplant  extracts  increased  with  the  increase  in 

applied concentrations. Moreover, T. portuclacastrum and 

C. plicata plant extracts effectively decreased the enzyme 

contents in test grubs as well as in newly emerged larvae. 

This inhibition in the enzymatic activity could possibly 

cause an obstruction in their chemical pathways which 

lead to the formation of abnormal state in T. granarium 

larvae making them unable to survive. 

 

Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy (FTIR) is a 

powerful molecular spectroscopic tool which helps in and 

chemical analysis. It is frequently used for pharmaceutical 

analysis, which provides both quantitative and qualitative 

analysis of diverse inorganic and organic compounds. It 

provides result in the form of absorption spectrum. 

Generally, the FTIR analysis looks at the vibration of 

functional groups present in organic molecules and 

explores the structural alterations as the function of shifts 

in wave number (Bina et al., 2003). 

 

FTIR spectroscopic analysis of T. portulacastrum extract 

revealed  the  presence  of  various  chemical  

constituents  (fig. 4). The intense absorption bands at 

2848.81 cm
-1 and 3009.17 cm

-1 represents C-H stretching 

Table 1: Mean percent larval mortality in T. granarium exposed to different concentrations of C. plicata and 

T. portuclacastrum extracts 
 

 

No. 
 

Plant name 
Concentrations (%) 

10% 20% 30% 

1 Chrozophora plicata (F=4.33; d.f =2; P<0.05) 16.67 ± 5.22 a 19.37 ± 6.05 ab 27.03 ± 6.73 b 

2 Trianthema portuclacastrum (F=31.58; d.f =2; P<0.05) 15.12 ± 4.76 a 23.54 ± 5.76 b 37.47 ± 9.12 c 
 

Table  2:  Mean  percent  larval  mortality  in  T.  granarium  exposed  to  30%  concentration  of  C.  plicata  and  

T. portuclacastrum for different exposure intervals 
 

 

No. 
 

Plant name 
Exposure intervals (Days) 

2 days 4 days 6 days 

1 Chrozophora plicata (F=55.77; d.f =2; P<0.05) 3.33 ± 1.47 a 18.18 ± 1.80 b 41.57 ± 4.25 

c 2 Trianthema portuclacastrum (F=117.09; d.f =2; P<0.05) 8.15 ± 1.85 a 18.18 ± 3.55 b 49.80 ± 6.05 

c  

Table 3: Mean percent larval repellency in T. granarium exposed to different concentrations of C. plicata and 

T. portuclacastrum extracts 
 

 

No. 
 

Plant name 
Concentrations (%) 

10% 20% 30% 

1 Chrozophora plicata (F=18.09; d.f =2; P<0.05) 34.44 ± 7.29 a 60.00 ± 8.98 b 82.22 ± 4.34 c 

2 Trianthema portuclacastrum (F=23.57; d.f =2; P<0.05) 45.56 ± 8.84 a 72.22 ± 5.72 b 91.11 ± 3.89 c 
 

Table  4:  Mean  percent  larval  repellency in  T.  granarium  exposed  to  30%  concentration  of  C.  plicata  and  

T. portuclacastrum extracts for different exposure intervals 
 

 

No. 
 

Plant name 
Exposure intervals (Days) 

2 days 4 days 6 days 

1 Chrozophora plicata (F=9.62; d.f =2; P<0.05) 74.44 ± 7.84 b 62.22 ± 8.30 b 40.00 ± 9.43 a 

2 Trianthema portuclacastrum (F=11.69; d.f =2; P<0.05) 85.56 ± 6.26 b 70.00 ± 7.64 ab 53.33 ± 9.72 a 
 

Table 5: Mean number of emerged larvae and their percent inhibition in F1 progeny of T. granarium exposed 

to different concentrations of C. plicata and T. portuclacastrum extracts 
 

S. 

No. 

Conc. 

(%) 

F1 progeny ± S.E. 

C. plicata T. portuclacastrum 

Mean No. of Larvae 

(F=38.68; d.f =3; 

P<0.05) 

Percent larval inhibition 

(F=20.28; d.f =2; 

P<0.05) 

Mean No. of Larvae 

(F=52.72; d.f =3; 

P<0.05) 

Percent larval inhibition 

(F=8.92; d.f=2; 

P<0.05) 1 10% 109.67 ± 7.84 b 26.24 ± 5.27 a 77.33 ± 6.94 b 47.98 ± 4.67 a 

2 20% 82.00 ± 3.46 a 44.84 ± 2.33 b 64.33 ± 5.24 ab 56.73 ± 3.52 ab 

3 30% 61.67 ± 3.53 a 58.52 ± 2.37 b 43.67 ± 4.63 a 70.63 ± 3.12 b 

4 Control 148.67 ± 7.80 c 

According to Tukey’s HSD test, means sharing the identical letter(s) in a column are not different significantly from each other 

when P=0.05 
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and the absorption band at 1092.61 cm
-1 denotes the 

presence of -C-O linkage in -C-OH. Moreover, the band 

around 1622.32 cm
-1 show - C=O (carbonyl) group. The 

presence of these functional groups indicated the 

presence of polyphenolics (-OH) in T. portuclacastrum 

extract (Kavitha et al., 2014). 

 

DISCUSSION 
 

The extracts of T. portuclacastrum and C. plicata weed 

plants were used in order to evaluate the efficacy of these 

plants against T. granarium. Although, no work has been 

yet performed on these weed plants for their 

insecticidal activity against stored grain insect pests. 

However, the toxic potential of T. portuclacastrum has 

been reported in mosquitoes (Sing et al., 2011). The 

current results regarding high mortality in T. granarium 

due to T. portuclacastrum is in accordance with Sing et 

al. (2011) who suggested that crude aqueous and acetone 

extract of T. portuclacastrum leaves had excellent 

larvicidal activity against mosquitoes; causing 100% 

mortality in third instar larvae of Anopheles culicifacies, 

Anopheles stephensi, Culex quinquefasciatus and Aedes 

aegypti at 1.0, 0.75, 0.75 and 1.0% concentrations, 

respectively. Asma et al., (2015)   tested   different   

concentrations   (2.5,   5.0   and 10.0%) of Azadrichta 

indica, Calotropis procera, Soleno stemma argel and 

Aristolochia bracteolata against T. granarium and found 

that each plant extract showed increased mortality with 

increasing the concentration. Similar trend was also 

illustrated by Dwivedi and Sharma (2002) who 

described repellency of five  plant extracts against T. 

granarium and showed that the repellency increased 

with the increase in extract concentration which tends to 

decrease with the passage of exposure time. In 

addition, the present results are in agreement to Dwivedi 

and Nidhi (2004) who reported the repellent activity of 

six aboriginal plant species using olfactroometer. 

 

Shanker and Uthamasamy (2010) studied the bio-efficacy 

of some medicinal plants; Cassia tora, Clerodendron 

Inermi, Calotropis gigantea, Aloe vera, Vitex negundo 

and Andrographis paniculata against stored product pests, 

Callosobruchus chinensis. Sagheer et al., (2013) invest 

Table 6: Effect of different concentrations of T. portuclacastrum and C. plicata extracts on the enzymatic activity of 

T. granarium 

 
S. 

No. 

 

Enzymes 
C. plicata T. portuclacastrum 

10% 20% 30% 10% 20% 30% 
 

1 
 

A Ch E 
12.66±1.40a 19.63 ± 1.69 b 27.72±0.80 c 17.31 ± 2.08 a 22.84 ± 2.40 b 29.01 ± 0.52 

c (F=12.61;d.f =2; P<0.05) (F=20.05; d.f =2; P<0.05) 
 

2 
 

ACP 
28.32 ± 2.83 a 42.33 ± 1.86 b 55.02±1.44 c 35.10 ± 3.23 a 48.67 ± 2.64 b 59.88 ± 1.78 

c (F=23.73; d.f =2; P<0.05) (F=45.56; d.f =2; P<0.05) 
 

3 
 

AKP 
27.44 ± 2.72 a 34.68 ± 0.81 b 51.01 ± 1.78 c 27.27 ± 2.65 a 37.21 ± 1.57 b 50.67 ± 2.01 

c (F=8.84; d.f =2; P<0.05) (F=29.86; d.f =2; P<0.05) 
 

4 
 

α-Carboxyl 
16.84 ± 1.89 a 32.47 ± 2.54 b 44.79 ± 2.07 c 37.33 ± 2.21 a 46.35 ± 3.00 b 53.13 ± 2.64 

c (F=19.64; d.f =2; P<0.05) (F=21.13; d.f =2; P<0.05) 
 

5 
 

β-Carboxyl 
27.45 ± 2.31 a 38.24 ± 1.00 b 52.35 ± 1.48 c 32.16 ± 1.76 a 41.57 ± 1.12 b 56.28 ± 2.26 

c (F=17.71; d.f =2; P<0.05) (F=45.57; d.f =2; P<0.05) 

A   Ch   E=   acetylcholine   esterase,   ACP=   Acid   phosphatase,   AKP=   alkaline   phosphatase,   α-Carboxy=   α- 

Carboxylesterase and β-Carboxyl = β-Carboxylesterase 

 

Table 7: Effect of T. portuclacastrum and C. plicata extracts on the enzymatic activity of T. granarium in the 

parental and F1 generations 
 

 

Sr. No. 
 

Enzymes 
C. plicata T. portuclacastrum 

6 days 35 days 6 days 35 days 
 

1 
 

A Ch E 
18.54 ± 2.84 a 21.47 ± 1.76 b 20.62 ± 2.73 a 25.48 ± 1.05 b 

(F=6.01; d.f =1; P<0.05) (F=10.38; d.f =1; P<0.05) 
 

2 
 

ACP 
39.43 ± 4.98 a 44.35 ± 3.00 b 43.76 ± 4.40 a 52.02 ± 3.26 b 

(F=1.79; d.f =1; P<0.05) (F=15.14; d.f =1; P<0.05) 
 

3 
 

AKP 
38.83 ± 4.39 a 36.59 ± 3.07 a 36.93 ± 3.70 a 39.84 ± 3.80 a 

(F=0.93;d.f =1; P<0.05) (F=1.38; d.f =1; P>0.05) 
 

4 
 

α-Carboxyl 
29.51 ± 4.50 a 33.22 ± 4.19 a 40.86 ± 2.30 a 50.35 ± 2.87 b 

(F=14.59; d.f =1; P<0.05) (F=22.72; d.f =1; P<0.05) 
 

5 
 

β-Carboxyl 
38.56 ± 3.50 a 40.13 ± 4.14 a 42.35 ± 3.47 a 44.31 ± 4.04 a 

(F=0.72; d.f =1; P<0.05) (F=0.89; d.f =1; P>0.05) 
 

A Ch E= acetylcholine esterase, ACP= Acid phosphatase, AKP= alkaline phosphatase, α-Carboxy = α-Carboxylesterase and β- 

Carboxyl = β-Carboxylesterase 
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tigated the repellent potential of acetone extracts of 

Nicotiana tobaccum, Peganum harmala, Saussurea costus 

and Salsola barysoma using different concentrations 

against T. granarium and found that the  repellent 

behavior of the tested plants increased by increasing the 

extract concentrations. 

 

Boeke et al. (2004) used traditional african plant powders 

and found 13volatile and 2non-volatile oils and 8 slurries 

against Callosobruchus maculatesin stored cowpea. The 

volatile oils caused a reduced number of eggs on treated 

beans whereas non-volatile oils had no repellent effect. 

The current results of progeny reduction are consistent 

with the findings of Talukder (1995). They reported 43 

plant species which caused progeny inhibition in stored 

product insects. Ahmed (2011) also reported the progeny 

reduction effect of seed powders of four plants (hamal, 

black pepper, radish and celery). In accordance to the 

present results, the number of F1 progeny was found 

significantly decreased with the increase in concentration. 

 

The petroleum ether extract of C. plicata and T. 

portuclacastrum plants also induced enzyme inhibitory 

activity against T. granarium. These findings are in 

agreement with Falak et al. (2004) who reported a 

significant reduction in the activity of acetylcho 

linesterase, total esterase (TE) and arylesterase (AE) in 4
th

 

instar larvae of T. granarium treated for 80h exposed 

period with Phosphine. Nathan et al. (2008) and Caballero 

et al. (2008) also reported the inhibition of esterase 

activity in insects by plant products. Our results are also 

in accordance with Zibaee and Bandani (2010) who 

reported that Artemisia annua extract inhibited the AChE 

activity in higher doses in treated Sunn pest. Similalry, 

Younes et al. (2011) reported the biochemical effects of 

seven culinary and medicinal plant oils; garlic (Allium 

sativum L.), onion (Allium cepa L.), olive (Olea europaea 

L.), rosemary (Rosmarinus officinalis L.), sunflower 

(Helianthus annuusL.), peppermint (Mentha piperita L.) 

and camphor (Eucalyptus globulus) against Trogoderma. 

Granarium 4
t h

 instar larvae. They found less glucose 

and lipid contents in treated larvae while observed higher 

protein contents. They also found that these plant oils 

caused less alkaline phosphatase (AKP) activity and low 

Acid phosphatase (ACP) content. Cholinesterase was 

found to be increased whereas Alanine aminotransferase 

(ALT) and Aspartate aminotransferase (AST) activity in 

4
t h

  instar larvae were found to be decreased 

Geethalakshmi et al., (2010) reported that the leaves of T. 

portulacastrum contain many active compounds including 

trianthenol, C-methylflavone, leptorumol, trianthemine 

etc. Subsequently, Kassim et al. (2011) used FT-IR to 

analyze the various components from different medicinal 

plants. IR spectra showed the presence of phenolic 

compounds which were further evaluated for their 

antioxidant activity. The peak values through FTIR 

analysis of T. portuclacastrum indicated the presence of 

phenolic compounds which are consistent to the findings 

of Kavitha et al., (2014). They obtained similar IR spectra 

corresponding to different functional groups with similar 

band stretching. Thus, on the basis of the absorption 

values the presence of polyphenolics (-OH) and flavonoid 

type compounds were confirmed in the methanolic 

extract. 

 

Although, the efficacy of phytochemicals from various 

plants to evaluate the toxicity, repellency, progeny 

inhibition have been reported in T. granarium. However, 

efficacy of C. plicata and T. portuclacastrum and their 

effect on enzymatic activity in stored grain insects has not 

been reported yet. Thus, the present study is the first 

report to describe these parameters. 

 

CONCLUSION 
 

The present results indicate that C. plicata and T. 

portuclacastrum extracts have insecticidal, repellent and 

progeny reduction potential against T. granarium. In 

addition, the extracts also induced enzyme inhibitory 

activity against T. granarium at all tested concentrations. 

Furthermore, petroleum ether extract of T. 

portuclacastrum had higher insecticidal activity than C. 

plicata. FTIR analysis of T. portuclacastrum showed the 

presence of polyphenolic compounds. More research 

work is needed so that a weed plant-extract based 

biopesticides can be produced for their use in stored grain 

insect pest management programs. 
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