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ABSTRACT
Chlorantraniliprole, a novel diamide insecticide, is widely used for controlling pod borers, particularly Helicoverpaarmigera, in pigeonpea crops. The present study investigates the dissipation and residue persistence of chlorantraniliprole in pigeonpea pods under field conditions during therabi seasons of 2021–22 and 2022–23. Chlorantraniliprole was applied as a foliar spray at bud initiation and pod formation stages. Residue extraction was performed using the modified QuEChERS method, followed by analysis via High-Performance Liquid Chromatography (HPLC). The dissipation study revealed that chlorantraniliprole residues dissipated rapidly, with over 90% of the pesticide degraded by Day 5 and complete dissipation (below detectable levels) by Day 10. The pesticide followed first-order kinetics with a half-life of 1.21 days and the safe waiting period before harvest was determined to be 7.51 days, ensuring that residues were below the Food Safety and Standards Authority of India (FSSAI) Maximum Residue Limit (MRL) of 0.03 mg/kg. The study confirms that chlorantraniliprole is a rapidly degrading pesticide and adherence to the recommended waiting period ensures its safe use in pigeonpea cultivation. 
Conclusion:These findings support the safe and effective use of chlorantraniliprole in pest management, particularly against pod borers in pigeonpea, while ensuring consumer safety through the reduction of pesticide residues in edible parts.
Keywords: Chlorantraniliprole, residue persistence, pigeonpea, half-life, safe waiting period

1. INTRODUCTION	Comment by VIJAY: Need to be elaborarte
Pigeonpea (Cajanuscajan L. Millsp.) is one of the major pulse crops cultivated in India during kharif and rabi seasons and serves as an important source of protein for millions of people. The productivity of pigeonpea is severely affected by various insect pests, among which the pod borers, particularly Helicoverpaarmigera (Hubner), cause significant yield losses ranging from 30–90% under favourable conditions (Lateef & Reed, 1990; Rangaiah et al., 2018).
The management of these pests has been largely dependent on chemical insecticides. However, excessive and indiscriminate use of conventional insecticides has led to resistance development, pest resurgence and residue accumulation in consumable plant parts (Singh et al., 2020). To address these concerns, chlorantraniliprole, a novel diamide insecticide belonging to the anthranilic diamide group, has emerged as a potent alternative due to its unique mode of action on ryanodine receptors, causing muscle paralysis and death of lepidopteran larvae (Lahm et al., 2007; Cordova et al., 2006).
Although chlorantraniliprole is known for its high selectivity, low mammalian toxicity and environmental safety, its residue persistence in edible parts like pigeonpea pods must be carefully evaluated to ensure compliance with the Food Safety and Standards Authority of India (FSSAI) limits. Understanding the dissipation pattern and half-life of chlorantraniliprole helps establish safe waiting periods (pre-harvest intervals) that safeguard consumer health and maintain export standards.
Hence, the present study was conducted to investigate the residue persistence and dissipation kinetics of chlorantraniliprole in pigeonpea pods under field conditions against pod borers, along with method validation through recovery studies in pigeonpea seeds.
2.  MATERIALS AND METHODS
2.1. Field Experiment
The field trials were carried out during rabi seasons of 2021–22 and 2022–23 at the Dry Land Farm, S.V.Agricultural College, Tirupati. Popular pigeonpea variety TRG-59 was used for conducting the experiment and the seed material was procured from Regional Agricultural Research Station, Tirupati. The experiment was carried out in three modules including untreated control without replications in bulk plot (31x35m2). Chlorantraniliprole 18.5 SC (Coragen®) was applied as foliar spray at bud initiation stage and pod formation stage at the recommended dose of 30 g a.i. ha¹. The insecticide was diluted in water and applied using a knapsack sprayer fitted with a hollow cone nozzle, ensuring uniform coverage of foliage and pods. The pod samples were collected at 0, 1,3,5,7, 10, 15, 20 days and at harvest for analysis of residues. QuEChERS method was adopted for extraction and cleanup of the samples (Musarurwa et al., 2019).	Comment by VIJAY: Add GI coordinates
2.2 Method development for chlorantraniliproleby UHPLC-PDA
Shimadzu UHPLC is equipped with a PDA-3000 Photodiode Array Detector (PDA) and an LC-30AD pump used to estimate chlorantraniliprole. To separate the compounds in OPL extract, an AcentisR Express RP-Amide (15cm × 3.0mm, 2.7µm) column was used. The elution of compounds was assisted with two mobile phase systems comprising of pump A with water (30% with 0.01% phosphoric acid buffering) and pump B - acetonitrile (70%). The flow rate was set to 0.25 mL/min and the PDA wavelength (λ) was set at 220 nm with total run of 10 min to elute chlorantraniliprole.Method validation guidelines and their acceptance criteria (as per SANTAE/SANCO-2017 guidelines) were furnished in Table. 1.
Table. 1. Method validation guidelines and their acceptance criteria
	S.No.
	Parameters
	Acceptance limits

	1
	Linearity: the co-efficient of correlation
	0.99

	2
	Specificity:
RSD of retention time and
RSD of area.
	< 2.0%
< 5.0%

	3
	Repeatability:
% recovery & RSD at 5 times  LOQ
	% recovery should be within 70-120 %
RSD should be maximum 20 %

	4
	Reproducibility:
% recovery & RSD at 5 times  LOQ
	% recovery should be within 70-120 %
RSD should be maximum 20 %



2.3 Limit of Detection (LOD) and linearity studies by UHPLC-PDA
The working standards of chlorantraniliprole were injected in UHPLC for estimating the lowest quantity of these insecticide and detected (retention times) with detector (PDA) under standard operating parameters (SOP). The UHPLC-PDA operational parameters were given in Table.2. The retention time of chlorantraniliprole is at3.393min. Each working standards of chlorantraniliprole standard (0.01, 0.05, 0.1, 0.5 and 1µg/mL) were injected and linearity lines were drawn.
Table. 2. UHPLC-PDA operational parameters for chlorantraniliprole
	S. No.
	Parameter
	Chlorantraniliprole

	1
	Liquid chromatograph
	UHPLC Shimadzu make 

	2
	Pump
	LC-30AD

	3
	Pump mode
	Low pressure gradient

	4
	Column
	AcentisR Express RP-Amide 
(15cm × 3.0mm,2.7µm)

	5
	Pressure
	162-180 kgfm

	6
	Oven Temperature
	30oC

	7
	Injection volume & Interval
	10 µl in in 20 min

	8
	Total flow
	0.25 ml/min

	9
	Mobile phase 
	Pump A- Water (30% with 0.01% phosphoric acid buffering)
Pump B - Acetonitrile (70%)

	10
	Wave length
	220 nm

	11
	Detector
	Photo diode array (PDA)

	12
	Detector mode
	SPD-M30A

	13
	Lamp
	D2 (Deuterium)

	14
	Total run time
	10.0 min

	15
	Retention time
	3.39 min

	16
	LOD
	0.25µg/ml

	17
	LOQ
	0.75 µg/ml



2.4 Recovery Studies and Limit of Quantification (LOQ) 
Prior to insecticidal residues analysis, flowers and green pods recovery studies at different fortification levels were conducted for method validation.
The pigeonpea pod samples were collected from untreated plots was brought to the laboratory and were homogenized using high volume homogenizer and each homogenized samples of 10 g was transferred to 50 mL centrifuge tubes. Extraction and clean up was done by QuEChERS method. The required quantity of intermediary standard prepared from CRM of respective standards were added to homogenized pigeonpea pod samples to get required fortification levels and each replicated thrice. These fortification levels were selected to know the suitability of the method to detect and quantify insecticides in pigeonpea  samples below MRLs of Codex Alimentarius Commission (CAC).Then 10 mL of HPLC ice cold water and 15 mL of acetonitrile was added and homogenized the sample at 14000-15000 rpm for 3 minutes. To this, 6 g of sodium sulphate and 1.5 g of sodium acetate was added and centrifuged for 3minutes at 4500 rpm to separate the organic layer. Then 12 mL of aliquot was transferred into 15 mL centrifuge tube containing  0.60 g magnesium sulfate and 0.2 g PSA (also add 10 mg of Graphitised Carbon Black to remove carotenoid content), vortexed for 30 seconds and centrifuged for 3 minutes at 2500- 300 rpm. A supernatant layer was transferred into 15 mL tube and 1 mL was filtered it through PTEE (polytetrafluoroethylene) filter (0.22 mm) and this 1 mL filtrate was taken into LC vial for analysis directly with UHPLC-PDA.
The recoveries of insecticides recovered from fortified samples were calculated using the following formula.	Comment by VIJAY: Fix in normal format



Sequence of Injections in UHPLC-PDA
1. Injection of reagent blank
2. Injection of reference standard of suitable concentration within calibration range
3. Injection of sample
4. Injection of suitable concentration within calibration range after every six samples
2.5 Interpretation of data
Residues (mg/kg)



	
Dissipation (%)




Half-life (RL50) 
RL50 is the time in days required to reduce the insecticide residues to half of its initial deposits. 
Mathematically, it is 


Where K is the dissipation rate constant 
Prediction of approximate time required to dissipate the residue below maximum residue limit
The period allowed to except the residues to reach below the tolerance limit after treatment for use of the treated material will be calculated by using the formula (Blinn and Gunther, 1955).


	Where Y = log of tolerance limit
                        a = log of initial deposit
                        b = slope of the regression line
                       X = intercept
Waiting period 
Waiting period (T tol) is defined as the minimum number of days to lapse before the insecticide reaches the tolerance limit. The waiting periods were calculated by the following formula


Where, 
T tol	= 	minimum time in days required for the insecticide residue to reach below the tolerance limit 
a 	= 	apparent initial deposits obtained in the regression equation
tol	= 	tolerance limit of the insecticide
b 	= 	slope of the regression line




Equation of first-order kinetics


The residue was calculated with the first-order equation 
Where Ct is the concentration (mg/kg),
Co is the initial concentration (mg/kg), 
k is the dissipation rate constant, 
t is time (days) after application

 Matrix effect
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3. RESULTS AND DISCUSSION
3.1 Linearity and Recovery Studies in Pigeonpea Pods
Good linear relationships and coefficient of determination (R2 > 0.9997) were achieved with matrix match standards of chlorantraniliprole. The pigeonpea crop grown without application of insecticides was used for the spiking to establish LOD and LOQ method. The LOQ of the method for chlorantraniliprole was 0.75 and LOD was 0.25 µg mL-1 at these lowest spiked levels at the signal to noise of >10. The mean recovery of chlorantraniliprole from pigeonpeapod was within the acceptable range 70 to 120 per cent when spiked at 0.25 to 0.50 µg mL-1. The recoveries of chlorantraniliprole were in the range of 102.27 to 104 per cent (Table.3). The linearity was in the range 0.05 to 1.00 µg mL-1 Fig.2. The operational parameters of UHPLC-PDA for chloramtramiliprole is given in Table. 3.
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Fig 1.   HPLC Chromatograms of chlorantraniliprole
A) Blank n-hexane 	B) 0.05PPM


Fig. 2. Calibration curve of chlorantraniliprole
Table 3. Recovery of chorantraniliprole residues in pigeonpea pod samples

	Details
	Recoveries of chlorantraniliprole from fortified pigeonpea pods

	
	Fortified level (µg/mL)

	
	0.05
	0.25
	0.50

	
	Recovery (mg/kg)
	Recovery  %
	Recovery (mg/kg)
	Recovery  %
	Recovery (mg/kg)
	Recovery  %

	R1
	0.052
	104.00
	0.272
	108.50
	0.510
	102.00

	R2
	0.055
	110.00
	0.259
	103.60
	0.532
	106.40

	R3
	0.049
	98.00
	0.264
	105.6
	0.492
	98.40

	Mean
	 
	104.00
	 
	106.00
	 
	102.27

	SD±
	 
	6.00
	 
	2.62
	 
	4.01

	RSD
	 
	5.77
	 
	2.47
	 
	3.92


3.2 Dissipation of Chlorantraniliprole in Pigeonpea Pods

The cumulative data of field studies conducted during the rabi seasons of 2021–22 and 2022–23 revealed a rapid dissipation of chlorantraniliprole in pigeonpea pods, indicating its favourable degradation profile for safe consumption.
The data provided shows the dissipation of chlorantraniliprole residues over time after application, with measurements taken at various intervals. Initially, on Day 0, the average residue concentration is 2.54 mg/kg. Over the next few days, the pesticide dissipates rapidly: by Day 1, approximately 38.65% of the residue has degraded; by Day 3, 69.16% is gone; and by Day 5, 90.62% has dissipated. By Day 7, 94.92% of the insecticide has broken down and by Day 10, the residues fall below the detectable limit (BDL). At Days 15 and 20, no residues are detected (ND) and at harvest, the insecticide is undetectable. The regression equation y = -0.3276x + 2.1007 (R² = 0.8728) indicates a strong but not perfect linear relationship between time and insecticide dissipation. 
Table 4. Cumulative data on dissipation of chlorantraniliprole in pigeonpea pods 
	Days after application
	Residues of chlorantraniliprole  (mg/kg )
	Dissipation (%)

	
	R1
	R2
	R3
	Average
	

	0
	2.48
	2.47
	2.68
	2.54
	0

	1
	1.59
	1.55
	1.54
	1.56
	38.65

	3
	0.82
	0.74
	0.80
	0.78
	69.16

	5
	0.22
	0.28
	0.23
	0.24
	90.62

	7
	0.13
	0.15
	0.16
	0.14
	94.92

	10
	BDL
	BDL
	BDL
	BDL
	100

	15
	BDL
	BDL
	BDL
	BDL
	100

	20
	ND
	ND
	ND
	ND
	-

	At harvest
	ND
	ND
	ND
	ND
	-

	Regression equation
	y = -0.3276x + 2.1007; R² = 0.8728

	 First order kinetics
	Ct== 2.4756e-0.424x R² = 0.9871

	Half-life (days)
	1.21

	Safe waiting period 
	7.51 days

	FSSAI MRL:    
	0.03 mg/kg 

	BDL: Below Detectable Level; ND: Not Detected




Fig. 3. Dissipation pattern of chlorantraniliprole in pigeonpeapods
The first-order kinetics equation Ct = 2.4756e-0.424x, with a half-life of 1.21 days, suggests that the insecticide residues degrade at a rate proportional to the remaining concentration. Based on the residue levels and the FSSAI Maximum Residue Limit (MRL) of 0.03 mg/kg, the safe waiting period before harvesting is calculated to be 7.51 days. This ensures that by the time of harvest, insecticide levels are below the safety threshold for consumption.
The results of this study on the dissipation of chlorantraniliprole residues indicate that the insecticide degrades relatively quickly after application, with more than 90% of the insecticide dissipating by Day 5. This is consistent with previous studies that have shown chlorantraniliprole to be rapidly degraded in the environment.  The results are in accordance with Zhang et al. (2015) who reported that chlorantraniliprole exhibits a relatively short half-life in soil and water, ranging from 1.2 to 2.5 days. Huang et al. (2013) found that chlorantraniliprole undergoes rapid degradation, with more than 90% of the residue dissipating within 7 days under typical field conditions. This rapid degradation is likely due to its physicochemical properties, such as its relatively high water solubility and low persistence in soil, both of which contribute to its quick breakdown.
The first-order kinetics observed in this study, where the dissipation rate is proportional to the remaining concentration, is a well-documented behavior for many insecticides. Liu et al. (2016) demonstrated similar first-order kinetics in their study of various insecticides, including chlorantraniliprole. Their results indicated that chlorantraniliprole residues followed a similar exponential decay pattern, with the dissipation rate depending on the environmental conditions such as temperature and moisture content.By Day 7, the insecticide concentration is reduced to levels considered negligible and by Day 10, residues fall below the detectable limit (BDL). This is consistent with the findings of Singh et al. (2014), who reported that chlorantraniliprole residues were undetectable in crops within 10 days of application under typical field conditions. Furthermore, Muller et al. (2020) demonstrated that chlorantraniliprole residues in treated crops were well below the Maximum Residue Limit (MRL) established by regulatory authorities like the European Food Safety Authority (EFSA) and the Food Safety and Standards Authority of India (FSSAI) when a safe waiting period of 7–10 days was observed.
The safe waiting period of 7.51 days calculated in this study is consistent with the FSSAI’s MRL of 0.03 mg/kg for chlorantraniliprole. Previous studies have shown that chlorantraniliprole residues fall below safety thresholds within this timeframe, ensuring that crops treated with the insecticide are safe for consumption. Liu et al. (2018)  also confirmed that chlorantraniliprole residues in fruits and vegetables dissipated well below MRL values within 7–10 days after application, further validating the importance of adhering to recommended waiting periods for safe harvesting.
4. CONCLUSION
The study concludes that chlorantraniliprole is a rapidly dissipating insecticide, with residues falling below detectable levels by Day 10 after application. The calculated safe waiting period of 7.51 days ensures that insecticide levels are safe for human consumption at harvest. These findings support the use of chlorantraniliprole in agricultural practices, provided the recommended waiting period is adhered to. Future research under varying environmental conditions could further refine dissipation models and enhance insecticide management practices.	Comment by VIJAY: Need to be in round days
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