Impact of Sublethal Chlorpyrifos Concentrations on Growth Performance of the Indian Major Carp: Catla catla


ABSTRACT
The present investigation was conducted during 2024-25 under controlled laboratory conditions at Bilaspur, Chhattisgarh, to evaluate the effects of sublethal exposure to the organophosphate pesticide chlorpyrifos on the growth performance of Catla catla. Healthy juvenile fish of uniform size and weight were acclimatized and exposed to graded sublethal concentrations of chlorpyrifos (4.0, 8.0, 16.0, 32.0 and 64.0 ppb) along with a control for a period of 60 days, following a static-renewal bioassay under a Completely Randomized Design. Growth parameters including initial and final length and weight, length and weight gain, percentage gain and specific growth rate (SGR) on both length and weight basis were recorded and statistically analyzed. Results revealed a clear concentration-dependent suppression of growth in Catla catla. Final length declined from 12.01 ± 0.25 cm in the control to 9.95 ± 0.07 cm at 64.0 ppb, while length gain decreased sharply from 2.12 ± 0.24 cm (17.58 ± 1.66%) in the control to only 0.12 ± 0.07 cm (1.20 ± 0.67%) at the highest concentration. Correspondingly, length-based SGR dropped from 3.53 ± 0.40 % day⁻¹ in the control to 0.20 ± 0.11 % day⁻¹ at 64.0 ppb. A similar trend was observed in weight parameters, with final body weight decreasing from 18.65 ± 0.73 g in the control to 11.98 ± 0.15 g at 64.0 ppb. Weight gain declined from 6.87 ± 0.74 g (36.64 ± 2.52%) in the control to 0.27 ± 0.15 g (2.22 ± 1.25%) at the highest exposure level, while weight-based SGR decreased from 11.45 ± 1.23 to 0.45 ± 0.26 % day⁻¹. The pronounced reduction in growth indices at higher chlorpyrifos concentrations indicates severe impairment of feeding efficiency, nutrient assimilation and metabolic performance, likely due to pesticide-induced physiological stress and energy diversion towards detoxification processes. The study conclusively demonstrates that even sublethal concentrations of chlorpyrifos can significantly inhibit growth performance of Catla catla, highlighting the potential ecological and aquaculture risks associated with chlorpyrifos contamination in freshwater ecosystems.
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1. INTRODUCTION
The rapid intensification of agriculture to meet rising food demands has led to an extensive and sustained use of pesticides, many of which inevitably enter adjacent aquatic ecosystems through surface runoff, leaching, spray drift and irrigation return flows. Among these agrochemicals, organophosphate insecticides continue to be of major environmental concern because of their widespread application, high biological activity and proven toxicity to non-target organisms, particularly freshwater fish. Chlorpyrifos is one of the most commonly used broad-spectrum organophosphate insecticides, valued for its effectiveness against a wide range of agricultural pests but increasingly recognized for its adverse ecological impacts when transported into rivers, reservoirs and ponds (Deb & Das, 2013; Hossain et al., 2022).
Once present in aquatic environments, chlorpyrifos can persist long enough to cause chronic, sublethal exposure in fish populations. Its primary toxic mode of action involves inhibition of acetylcholinesterase, leading to neurotoxicity, behavioral impairment and metabolic disturbances. However, beyond acute toxicity, sublethal concentrations of chlorpyrifos have been shown to interfere with feeding behavior, energy metabolism and nutrient assimilation, ultimately resulting in suppressed growth and poor physiological condition (Majumder & Kaviraj, 2019; Barton, 2002). Growth performance is therefore considered a highly integrative and ecologically relevant endpoint, as it reflects the cumulative effects of stress on feeding efficiency, metabolism, endocrine regulation and energy allocation and directly influences survival, reproduction and population sustainability in fish.
Indian major carps constitute the backbone of inland fisheries and aquaculture in South Asia, contributing significantly to food security and rural livelihoods. Among them, Catla catla is a fast-growing, surface-feeding species widely cultured in reservoirs, ponds and rivers across India. Its ecological importance, economic value and documented sensitivity to chemical pollutants make it a suitable model organism for evaluating pesticide-induced stress under laboratory and semi-natural conditions (Abhijith et al., 2012; Kavitha et al., 2010). Previous studies have reported reduced growth rates, altered feed conversion and metabolic imbalance in carps exposed to organophosphate pesticides, indicating that chronic exposure, even at low concentrations, may have serious implications for fish health and aquaculture productivity (Tripathi et al., 2003; Hossain et al., 2022).
Despite the growing body of toxicological evidence, region-specific data on the long-term effects of sublethal chlorpyrifos exposure on growth performance of Catla catla remain limited, particularly under controlled experimental conditions relevant to reservoir ecosystems. In this context, the present study was undertaken to evaluate the growth performance of Catla catla exposed to graded sublethal concentrations of chlorpyrifos for 60 days. By assessing changes in length, weight, percentage gain and specific growth rate, the study aims to elucidate the concentration-dependent impact of chlorpyrifos on somatic growth and to provide baseline information useful for ecological risk assessment, fisheries management and sustainable pesticide regulation in freshwater environments.
2. METHODOLOGY
The present investigation was carried out during the year 2024-25 in a controlled laboratory facility at Bilaspur, Chhattisgarh, under the supervision of the School of Sciences, MATS University, Raipur, adopting a Completely Randomized Design (CRD). The study was undertaken to evaluate the growth performance of Catla catla following exposure to sublethal concentrations of chlorpyrifos for a period of 60 days. Chlorpyrifos (technical grade, approximately 95% purity) was obtained from a certified supplier and stock solutions were prepared using analytical-grade methanol.
Healthy juvenile Catla catla of uniform size and weight were procured and acclimatized for 15 days under laboratory conditions prior to experimentation. Fish were maintained in fiberglass-reinforced plastic (FRP) tanks containing dechlorinated tap water under controlled environmental conditions, including temperature of 26 ± 2 °C, pH ranging from 7.2 to 7.6, dissolved oxygen above 6 mg L⁻¹ and a photoperiod of 12 h light and 12 h dark. During acclimatization and throughout the experimental period, fish were fed a commercial pelleted diet containing approximately 30% crude protein at a feeding rate of 3% of their body weight per day. Only healthy and actively swimming individuals were selected for the growth performance study to ensure experimental uniformity.
Following acclimatization, fish were randomly distributed into different treatment groups and exposed to sublethal concentrations of chlorpyrifos (4.0, 8.0, 16.0, 32.0 and 64.0 ppb) along with a control for a period of 60 days, following a static-renewal bioassay design. Each treatment was maintained in triplicate and the test solutions were renewed daily to maintain consistent pesticide concentrations and optimal water quality. Physico-chemical parameters such as temperature, pH, dissolved oxygen, free CO₂ and total dissolved solids were monitored regularly throughout the exposure period to avoid additional environmental stress and to ensure that observed effects were attributable solely to chlorpyrifos exposure.
Initial length and body weight of individual fish were recorded at the commencement of the experiment to ensure uniformity among treatment groups. At the end of the 60-day exposure period, final length and weight measurements were taken using standard measuring boards and electronic balances. Growth parameters including length gain, weight gain, percentage increase in length and weight and specific growth rate (SGR) on both length and weight basis were calculated using established formulae. All data were expressed as mean ± SD and subjected to statistical analysis using one-way analysis of variance (ANOVA) under a Completely Randomized Design, followed by standard error at a significance level of p ≤ 0.05 to determine significant differences among treatments.
3. RESULT 
The growth performance of Catla catla exposed to sublethal concentrations of chlorpyrifos (4.0-64.0 ppb) for 60 days is presented in Table 1 and Fig 1-8. A gradual decrease in all growth indices was observed with increasing pesticide concentration, reflecting a clear inhibitory effect on overall growth performance.
3.1 Initial Length (cm)
The initial length of Catla catla ranged narrowly between 9.83 ± 0.01 cm in T6 (64.0 ppb) and 9.90 ± 0.01 cm in T3 (8.0 ppb). The values remained nearly identical across all treatments, confirming that the experimental fish were of similar size and growth stage at the start of the study. This uniformity eliminated bias due to initial size variation and ensured reliable comparison among treatments.

3.2 Final Length (cm)
The final length showed a progressive decline with increasing chlorpyrifos concentration. The maximum final length (12.01 ± 0.25 cm) was recorded in the control (T1), whereas the minimum (9.95 ± 0.07 cm) was observed at 64.0 ppb (T6). Intermediate final lengths were 11.48 ± 0.25 cm, 11.00 ± 0.25 cm, 10.55 ± 0.25 cm and 10.15 ± 0.13 cm for T2, T3, T4 and T5 respectively. The continuous reduction in final length with increasing exposure concentration indicates that chlorpyrifos significantly restricted linear growth, likely by impairing feeding efficiency and tissue development.
3.3 Length Gain (cm)
The length gain ranged from a maximum of 2.12 ± 0.24 cm in control fish to a minimum of 0.12 ± 0.07 cm at 64.0 ppb (T6). The intermediate gains recorded were 1.60 ± 0.23 cm, 1.10 ± 0.25 cm, 0.68 ± 0.25 cm and 0.30 ± 0.14 cm for T2, T3, T4 and T5 respectively. The consistent reduction in length gain with increased chlorpyrifos levels demonstrates the adverse effect of pesticide stress on normal somatic growth and length increment.
3.4 Length Gain Percentage (%)
The highest percentage length gain (17.58 ± 1.66%) was observed in the control group, while the lowest (1.20 ± 0.67%) occurred in the highest concentration (T6). The corresponding intermediate percentages were 13.86 ± 1.71%, 9.91 ± 2.09%, 6.34 ± 2.26% and 2.92 ± 1.33% for T2-T5 respectively. The decline in percentage gain with increasing concentration indicates that chlorpyrifos exposure significantly reduced elongation rate, possibly due to physiological stress and poor feed utilization.
3.5 Specific Growth Rate (Length %/day)
The specific growth rate (SGR) based on length was highest (3.53 ± 0.40 %/day) in the control fish (T1) and lowest (0.20 ± 0.11 %/day) in T6 (64.0 ppb). Intermediate values were 2.67 ± 0.38, 1.83 ± 0.42, 1.13 ± 0.42 and 0.50 ± 0.23 %/day for T2, T3, T4 and T5 respectively. The decline in SGR values indicates that increased pesticide exposure reduced the overall efficiency of growth processes by limiting metabolic and nutrient assimilation rates.

3.6 Initial Weight (g)
The initial weight varied only slightly between 11.71 ± 0.01 g (T6) and 11.79 ± 0.02 g (T3), showing no statistical difference among treatments. This uniformity suggests that all fish were of similar body mass before the start of the exposure experiment, ensuring accuracy in subsequent weight-related observations.
3.7 Final Weight (g)
A progressive reduction in final body weight was observed across treatments. The maximum final weight (18.65 ± 0.73 g) was recorded in control fish (T1), while the minimum (11.98 ± 0.15 g) was recorded at 64.0 ppb (T6). The intermediate mean final weights were 16.12 ± 0.15 g (T2), 14.98 ± 0.15 g (T3), 13.45 ± 0.15 g (T4) and 12.35 ± 0.15 g (T5). This consistent reduction with concentration increase suggests that chlorpyrifos affected weight gain by reducing feeding activity and disturbing metabolic functions.
3.9 Weight Gain (g)
The highest mean weight gain (6.87 ± 0.74 g) was obtained in the control group, while the lowest (0.27 ± 0.15 g) was recorded at the highest exposure level (64.0 ppb). Intermediate weight gains were 4.36 ± 0.16 g, 3.19 ± 0.16 g, 1.70 ± 0.16 g and 0.62 ± 0.15 g for T2-T5 respectively. The steady decline in weight gain with increasing chlorpyrifos concentration reflects its inhibitory impact on nutrient assimilation and growth metabolism.
3.10 Weight Gain Percentage (%)
The percentage weight gain showed a similar declining trend, being highest (36.64 ± 2.52%) in the control and lowest (2.22 ± 1.25%) at 64.0 ppb. The intermediate values were 27.03 ± 0.74%, 21.28 ± 0.85%, 12.62 ± 1.04% and 4.99 ± 1.18% for T2, T3, T4 and T5 respectively. The consistent decline suggests that chlorpyrifos exposure decreased the capacity of the fish to convert ingested food into body mass due to physiological and biochemical stress.
3.11 Specific Growth Rate (Weight %/day)
The specific growth rate (weight basis) was maximum in the control (11.45 ± 1.23 %/day) and minimum in T6 (0.45 ± 0.26 %/day). The intermediate SGRs were 7.27 ± 0.27, 5.32 ± 0.27, 2.83 ± 0.27 and 1.03 ± 0.26 %/day for T2-T5 respectively. The decreasing SGR indicates a concentration-dependent inhibition of biomass accumulation, possibly due to diversion of energy from growth to detoxification processes.
4. DISCUSSION
Growth performance is a sensitive and integrative indicator of the physiological condition of fish and reflects the combined effects of feeding efficiency, metabolism, endocrine regulation and energy allocation. In the present study, Catla catla exposed to sublethal concentrations of chlorpyrifos for 60 days exhibited a clear, concentration-dependent decline in all growth parameters, demonstrating the inhibitory impact of chronic pesticide stress on somatic growth. The uniformity observed in initial length and weight across treatments confirms that all experimental fish were at a comparable growth stage at the start of exposure, thereby eliminating size-related bias and validating that the observed growth reductions were attributable to chlorpyrifos toxicity rather than initial variability.
The progressive reduction in final length, length gain and percentage length gain with increasing chlorpyrifos concentration indicates impaired linear growth under pesticide stress. Similar declines in length increment have been reported in Oreochromis niloticus, Labeo rohita and Catla catla exposed to organophosphate pesticides, including chlorpyrifos and methyl parathion (Abhijith et al., 2012; Hossain et al., 2022). Reduced length growth is often associated with decreased feeding activity, poor feed utilization and disruption of protein synthesis due to toxic interference with metabolic pathways. Tripathi et al. (2003) emphasized that insecticide exposure alters feeding behavior and metabolic processes, resulting in reduced tissue development and stunted growth, which strongly supports the present findings.
The marked decline in weight-related parameters, including final weight, weight gain, percentage weight gain and specific growth rate (SGR), further highlights the adverse effects of chlorpyrifos on biomass accumulation. The highest concentration (64.0 ppb) resulted in a drastic reduction in weight gain and SGR compared to the control, suggesting that energy normally allocated to growth was diverted towards detoxification, stress response and maintenance of homeostasis. Similar concentration-dependent reductions in weight gain and SGR have been documented in Oreochromis niloticus and Pangasianodon spp. following chronic chlorpyrifos exposure (Hossain et al., 2022; Chhaba et al., 2024). These studies attribute growth suppression to increased metabolic cost, reduced appetite and impaired nutrient assimilation.
Physiologically, chlorpyrifos is known to inhibit acetylcholinesterase activity, leading to neurotoxicity that can reduce feeding efficiency and locomotor activity. In addition, chlorpyrifos-induced oxidative stress and biochemical disturbances in liver and muscle tissues can impair carbohydrate, protein and lipid metabolism, further limiting growth potential (Deb & Das, 2013; Samajdar et al., 2023). The decline in both length- and weight-based SGR observed in the present study suggests an overall reduction in growth efficiency and metabolic performance under pesticide stress, consistent with the general stress response model described by Barton et al. (2002), where chronic stress leads to reduced growth and condition.
Overall, the present results clearly demonstrate that chronic exposure to sublethal concentrations of chlorpyrifos significantly suppresses growth performance in Catla catla in a dose-dependent manner. Even at low, environmentally relevant concentrations, chlorpyrifos adversely affected growth indices, indicating potential long-term consequences for fish health, population dynamics and aquaculture productivity in contaminated freshwater systems. These findings reinforce the suitability of growth parameters as reliable biomarkers of pesticide-induced stress and highlight the ecological risk posed by indiscriminate use of chlorpyrifos in agricultural landscapes adjacent to aquatic ecosystems.
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Table 1: Growth Performance of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days (Mean Values Only; n = 30)
	Spp.
	Tr. No.
	Treatment Details
	Initial Length (cm)
	Final Length (cm)
	Length Gain (cm)
	Length Gain (%)
	SGR Length (%/day)
	Initial Weight (g)
	Final Weight (g)
	Weight Gain (g)
	Weight Gain (%)
	SGR Weight (%/day)

	Catla catla
	T1
	Control
	9.89 ± 0.01
	12.01 ± 0.25
	2.12 ± 0.24
	17.58 ± 1.66
	3.53 ± 0.40
	11.78 ± 0.02
	18.65 ± 0.73
	6.87 ± 0.74
	36.64 ± 2.52
	11.45 ± 1.23

	
	T2
	LC50 (4.0 ppb)
	9.88 ± 0.02
	11.48 ± 0.25
	1.60 ± 0.23
	13.86 ± 1.71
	2.67 ± 0.38
	11.76 ± 0.02
	16.12 ± 0.15
	4.36 ± 0.16
	27.03 ± 0.74
	7.27 ± 0.27

	
	T3
	LC50 (8.0 ppb)
	9.90 ± 0.01
	11.00 ± 0.25
	1.10 ± 0.25
	9.91 ± 2.09
	1.83 ± 0.42
	11.79 ± 0.02
	14.98 ± 0.15
	3.19 ± 0.16
	21.28 ± 0.85
	5.32 ± 0.27

	
	T4
	LC50 (16.0 ppb)
	9.87 ± 0.01
	10.55 ± 0.25
	0.68 ± 0.25
	6.34 ± 2.26
	1.13 ± 0.42
	11.75 ± 0.02
	13.45 ± 0.15
	1.70 ± 0.16
	12.62 ± 1.04
	2.83 ± 0.27

	
	T5
	LC50 (32.0 ppb)
	9.85 ± 0.01
	10.15 ± 0.13
	0.30 ± 0.14
	2.92 ± 1.33
	0.50 ± 0.23
	11.73 ± 0.01
	12.35 ± 0.15
	0.62 ± 0.15
	4.99 ± 1.18
	1.03 ± 0.26

	
	T6
	LC50 (64.0 ppb)
	9.83 ± 0.01
	9.95 ± 0.07
	0.12 ± 0.07
	1.20 ± 0.67
	0.20 ± 0.11
	11.71 ± 0.01
	11.98 ± 0.15
	0.27 ± 0.15
	2.22 ± 1.25
	0.45 ± 0.26

	
	
	Sem (±)
	0.012
	0.21
	0.21
	1.70
	0.35
	0.01
	0.33
	0.33
	1.39
	0.55

	
	
	CD (5%) =
	0.037
	0.65
	0.65
	5.24
	1.08
	0.04
	1.01
	1.03
	4.29
	1.71

	
	
	CV(%) =
	0.211
	3.37
	36.92
	34.12
	36.92
	0.21
	3.88
	20.34
	13.82
	20.34

	
	
	SD
	0.020
	0.34
	0.34
	2.81
	0.57
	0.02
	0.43
	0.44
	2.19
	0.73

	
	
	Variance
	0.0004
	0.13
	0.13
	8.68
	0.37
	0.0006
	0.32
	0.33
	5.82
	0.92



	
	

	Fig 1. Initial and Final length (cm) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days
	Fig 2. Length Gain (cm) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days

	
	

	Fig 3. Length Gain (%) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days

	Fig 4. SGR Length (% day) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days

	
	

	Fig 5. Initial and Final Weight (g) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days
	Fig 6. Weight Gain (g) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days

	
	

	Fig 7. Weight Gain (%) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days
	Fig 8. SGR Weight (% day) of Catla catla Exposed to Sublethal Chlorpyrifos for 60 Days



5. Conclusion
 	The present study clearly demonstrates that chronic exposure to sublethal concentrations of chlorpyrifos causes a significant, concentration-dependent suppression of growth performance in Catla catla. Although initial length and weight remained uniform across treatments, prolonged pesticide exposure resulted in marked reductions in final length, final weight, length and weight gain, percentage gain and specific growth rate at higher concentrations. The pronounced decline in growth indices indicates impaired feeding efficiency, reduced nutrient assimilation and diversion of metabolic energy towards stress response and detoxification processes under chlorpyrifos stress. These findings highlight the sensitivity of growth parameters as reliable biomarkers of pesticide-induced toxicity and underscore the potential ecological and aquaculture risks associated with chlorpyrifos contamination in freshwater environments, emphasizing the need for cautious pesticide use and effective regulatory measures to protect fish health and aquatic ecosystem sustainability.
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