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The study was conducted during November, 2023 to March, 2024 in the farmers’ farm ponds at Kalayarkoil and Ilayangudi 
villages in Sivaganga district, Tamil Nadu, India to evaluate the efficacy of grass carp (Ctenopharyngodon idella) in controlling 

aquatic weeds and enhancing pond productivity under rainfed farming conditions. A total of five farm ponds of 0.1ha each were 
selected and uniformly stocked with 500 Grass carp fingerlings without supplemental feeding. Over a 120-day culture period, 
a significant reduction in weed biomass was observed, with a mean decrease of 79.8%, particularly in dominant species such as 
Hydrilla verticillata and Najas minor. Concurrently, grass carp showed robust growth performance with average daily weight 
gains of 2.53–3.07 g day-1 and a mean final weight of 427.6 g, achieving a mean survival rate of 89.8%. Economic analysis 
revealed a benefit-cost ratio (BCR) ranging from 2.9 to 3.5, factoring in both weed control savings and fish harvest revenue. 
Farmer feedback indicated high satisfaction levels (mean rating 4.4 out of 5), with 100% of participants willing to restock in 
the following season. Perceived benefits included reduced labour, improved water quality, and enhanced biodiversity. Minor 
adoption barriers, such as fingerling availability and transport costs, were noted. The study validates grass carp as a sustainable, 
cost-effective, and farmer-friendly solution for managing aquatic weeds in farm ponds, with strong potential for scaling under 
participatory extension programs.

ABSTRACT

Open Access

alagappan24@gmail.comCorresponding 

0009-0008-4304-0690

Grass carp, aquatic weeds, biological control, farm pondsKEY WORDS:

mailto:alagappan24%40gmail.com?subject=Click%20Here
https://orcid.org/0000-0003-0798-0825
https://orcid.org/0009-0008-4304-0690
https://orcid.org/0009-0008-4304-0690
https://orcid.org/signin
http://https://orcid.org0000-0002-4699-8043


© 2024 PP House

1.  INTRODUCT ION

Farm ponds play a pivotal role in augmenting water 
availability for agriculture, livestock, and aquaculture, 

particularly in rainfed regions where water scarcity is a 
recurring challenge (Dudpal et al., 2020). In India, rainfed 
areas constitute over 50% of the net sown area and are 
highly vulnerable to monsoon variability, making farm 
ponds a critical water resource for climate-resilient rural 
livelihoods (Rao et al., 2017). However, Aquatic weeds 
are a persistent constraint in the management of rural 
farm ponds, particularly in developing regions where 
these water bodies serve multiple purposes, including 
irrigation, livestock watering, aquaculture, and domestic use. 
Controlling vegetation in ponds is a critical aspect of good 
pond management. The excessive growth of submerged and 
floating macrophytes such as Hydrilla verticillata, Eichhornia 
crassipes, Najas spp., and Potamogeton spp. impairs water 
quality, reduces dissolved oxygen, hinders fish productivity, 
and disrupts pond management practices (Patnaik and 
Ramaprabhu, 1985; Beem, 2016). Nutrients that could 
stimulate algae growth that are beneficial for supporting 
fish production, are instead consumed by weedy aquatic 
plants, reducing their availability for algae and overall 
pond productivity. Weed management involves several 
techniques. Traditional weed control methods, including 
manual removal (Pompeo, 2008), mechanical harvesting 
(Pompêo, 2008), and herbicide application (Gettys et al., 
2014; Schad and Dick, 2018), are labour-intensive, costly, 
or pose environmental risks in smallholder contexts (Sims 
et al., 2018; Ali and Abdelmagid, 2021; Karouach et al., 
2022). Moreover, the effect of traditional weed control 
methods does not last long. Biological control can be an 
alternative to the traditional methods. Several aquatic 
animal species either consume aquatic vegetation directly or 
induce physical damage that contributes to the reduction or 
elimination of plant biomass in the aquatic body. Biological 
control through the use of herbivorous fish, particularly 
the grass carp (Ctenopharyngodon idella), has emerged 
as an ecologically effective method. In Asian countries, 
this fish is farmed primarily for food, whereas in Europe 
and the United States, it has been introduced mainly for 
the control of aquatic weeds (Ali and El-Samman, 2018; 
Wildhaber, 2023). Numerous studies suggest that these fish 
can significantly influence aquatic plant communities, and 
their impact can be effectively managed through careful 
assessment of vegetation types and responsible stocking 
and management of the grass carp population (Stott and 
Robson, 1970; Shireman and Smith, 1983; Moody, 1992; 
Gupta et al., 1998; Bonar et al., 2002; June-Wells et al., 
2017; Zhao et al., 2020; Anonymous, 2022). Grass carp, 
a fast-growing, herbivorous fish species native to East 
Asia, has been widely introduced across the globe for weed 

control due to its high feeding efficiency and compatibility 
with polyculture systems (Cassani, 1995; Opuszynski and 
Shireman, 1995; Dochink et al., 2020). Various studies have 
demonstrated its preference for submerged macrophytes and 
effectiveness in reducing weed biomass without the adverse 
ecological impacts associated with chemical control methods 
(Pipalova, 2006; Shireman and Smith, 1983; Hossain et al., 
2020; Lin, 2022). They are known to be especially effective 
against soft, palatable species such as Hydrilla and Najas, 
and are widely used in tropical and temperate regions for 
biological weed control (Silva et al., 2014). Despite its 
proven potential, there is limited field-level validation 
of grass carp for aquatic weed control under real-world 
conditions in Indian rainfed regions. This study, therefore 
aimed to demonstrate the efficacy of grass carp in controlling 
aquatic weeds under field conditions in farmer-managed 
rural farm ponds

2.  MATERIALS AND METHODS

2.1.  Study area and site selection

This field demonstration study was conducted from 
November, 2023 to March, 2024 in the Sivaganga district 
of Tamil Nadu, a rainfed agrarian region known for its semi-
arid climate, erratic rainfall, and increasing reliance on farm 
ponds for both supplemental irrigation and aquaculture. The 
study area comprised two villages, viz., Kalaiyarkoil and 
Ilayangudi, where five farmer-managed farm ponds were 
purposively selected with an area of about 0.1ha, visible 
infestation of aquatic weeds (mainly Hydrilla verticillata, 
Najas minor, and Ceratophyllum demersum), the availability 
of a minimum water retention period of four months, and 
the willingness of farmers to participate in the trial. All 
selected ponds were unlined earthen structures situated in 
rainfed catchments.

2.2.  Baseline data collection

Before the introduction of grass carp, a comprehensive 
baseline assessment was undertaken. Aquatic weed biomass 
was estimated using a random quadrat method. In each 
pond, five 1 m² quadrats were randomly placed, and all 
macrophytes within each frame were harvested, weighed 
in the field (wet weight), and averaged to calculate weed 
biomass (kg m-2). Simultaneously, key water quality 
parameters, including temperature (°C), pH, dissolved 
oxygen (mg l-1), turbidity (NTU), and transparency (using 
Secchi depth in cm) were recorded using portable water 
testing kits and standard methods prescribed by Anonymous 
(2017). 

2.3.  Stocking of grass carp

Healthy 500 numbers of grass carp (Ctenopharyngodon 
idella) fingerlings, with an average weight of 80–100 g, 
were acclimatized to pond water for 24 hours before release. 
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Stocking was conducted during early November to coincide 
with the post-monsoon weed bloom and optimal water 
temperatures. In order to maintain their herbivorous feeding 
behaviour, no supplemental feed was provided throughout 
the trial period. The fish were expected to feed exclusively 
on the available aquatic vegetation.

2.4.  Monitoring and data collection

The performance of grass carp in controlling aquatic weeds 
was monitored over four months. Weed biomass was 
reassessed monthly using the same quadrat methodology 
employed during the baseline. Changes in biomass 
were expressed as % reduction relative to initial values. 
Concurrently, water quality was monitored on a fortnightly 
basis to assess ecological changes in the pond environment. 
Fish growth performance was tracked every 30 days by 
randomly sampling 10 to 15 fishes pond-1, recording their 
length and weight. At the end of the trial period, the survival 
rate and total biomass yield of grass carp were recorded.

Farmer perceptions were collected through semi-structured 
interviews conducted during and after the demonstration 
period. The feedback focused on perceived ease of weed 
control, improvements in pond water usability, observations 
on fish activity, and overall satisfaction with the intervention. 
A qualitative scoring system was used to capture farmers’ 
willingness for future adoption of grass carp-based weed 
control.

2.5.  Data analysis

Economic analysis was carried out to assess the cost-
effectiveness of this biological weed control method. Input 
costs included the price of fingerlings and transportation. 
These were compared against estimated cost savings from 
avoided manual or mechanical weed removal and the 
economic returns from harvested fish biomass, based on 
local market prices. A simple benefit-cost ratio (BCR) 
was calculated by dividing total benefits by the total costs 
incurred pond-1.

Statistical analysis of quantitative data was performed 

using one-way analysis of variance (ANOVA) to assess 
differences in weed biomass reduction and fish growth 
across the ponds. Descriptive statistics were used for water 
quality and economic data. Farmer feedback was synthesized 
thematically and visualized where applicable.

3.  RESULTS AND DISCUSSION

3.1.  Reduction in aquatic weed biomass

The demonstration of grass carp in selected farm ponds 
resulted in substantial control of submerged aquatic weeds. 
Across five farm ponds, the initial weed biomass ranged 
between 1.85 and 3.25 kg m-². After 120 days of grass carp 
stocking, the mean weed biomass was reduced significantly, 
from 2.73±0.25 kg m-2 to 0.55±0.09 kg m-2, corresponding 
to an average reduction of 79.8±4.2% (Table 1). The most 
dominant weed species observed were Hydrilla verticillata, 
Najas minor, and Ceratophyllum demersum, all known to be 
preferred forage for grass carp (Silva et al., 2014; Sun et 
al., 2018).

The efficacy of weed reduction ranged from 71.2% to 
91.2% with an overall average of 79.0%. These results 
align with studies that recommend gras carp for effective 
control of submerged weeds without leading to overgrazing 
(Kumar and Pradhan, 2018). Importantly, weed control was 
achieved without the use of chemical herbicides, supporting 
ecologically sustainable pond management strategies.

The pattern of weed suppression followed a near-linear 
trajectory during the first two months, after which the 
rate of decline plateaued, indicating a balance between fish 
consumption rate and regrowth potential of the residual 
vegetation. This finding aligns with previous studies by 
Shireman and Maceina (1981), who reported that grass carp 
exhibit high efficacy in controlling submerged macrophytes, 
particularly under tropical and subtropical climates. The 
observed variability among ponds can also be attributed to 
species composition, as Ceratophyllum demersum was found 
to be less palatable than Hydrilla or Najas, leading to slower 
reduction in those patches.

Table 1: Weed biomass reduction in demonstration ponds

Pond ID Initial weed 
biomass (kg m-2)

Final weed 
biomass (kg m-2)

% Reduction Weed biomass - 
significance (‘t’ value)

Dominant weed species

P1 3.25 0.62 80.9% 7.93* Hydrilla verticillata

P2 2.95 0.85 71.2% Najas minor

P3 1.85 0.61 67.0% Ceratophyllum demersum

P4 3.10 0.27 91.2% Hydrilla verticillata

P5 2.50 0.38 84.8% Mixed (Hydrilla, Najas)

Mean±SD 2.73±0.25 0.55±0.09 79.8±4.2 7.93* -

*: Significant at 5% level (p≤0.05)
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3.2.  Changes in water quality

Water quality parameters remained within optimal ranges 
throughout the study period, with minor fluctuations. The 
average water temperature ranged from 26.8°C to 30.4°C, 
while pH levels remained between 7.0 and 8.1. Dissolved 
oxygen showed a slight increase in ponds with greater weed 
clearance, likely due to improved circulation and reduced 
plant respiration at night. Turbidity decreased slightly in 
most ponds as plant decay settled and fish movement limited 
algal proliferation. The Secchi depth improved by 15–35 
cm in weed-cleared ponds, enhancing light penetration and 
improving the pond’s overall ecological condition.

These observations support the hypothesis that biological 
weed control through grass carp not only reduces excessive 
plant growth but also stabilizes the aquatic environment. 
Similar ecological benefits were reported by Bonar et al. 
(2002), who reported that triploid grass carp led to reduced 
submerged vegetation and increased water transparency in 
lake and reservoir systems, supporting ecosystem restoration 
without requiring herbicides. Additionally, farmers observed 
improved water quality and light penetration, contributing 
to better utilization of pond ecosystems. These ecosystem 
benefits of grass carp integration are increasingly recognized 
in multifunctional water bodies (Pípalova et al., 2009).

3.3.  Growth and survival of grass carp

The grass carp exhibited robust growth performance during 
the study period. The average individual weight increased 
from 90.2 g at stocking to 427.6 g at harvest, with an 
average daily weight gain of 2.87–3.07 g fish-1 day-1 (Table 
2). The analysis of grass carp growth performance revealed 
a statistically significant difference in average body weight 
between the initial and final sampling periods. The final 
biomass yield ha-1 ranged from 120 to 205 kg, depending 
on the stocking density and initial weed availability. Survival 
rates were high, ranging from 86% to 92%, indicating good 
adaptability of grass carp to pond conditions and a weed-
based diet.

Table 2: Growth and survival performance of grass carp

Pond ID Initial average 
weight 

(g)

Final average 
weight 

(g)

Average daily 
weight gain 

(g day-1)

Survival rate 
(%)

Biomass at 
harvest 
(kg ha-1)

Average weight- 
significance 
(‘t’ value)

P1 90.1 434.7 2.87 89.2 193.88 27.21*

P2 88.7 403.5 2.62 91.0 183.59

P3 92.4 395.2 2.53 86.4 170.73

P4 89.6 445.8 2.97 92.0 205.07

P5 90.5 458.9 3.07 90.5 207.65

Mean±SD 90.3±1.4 427.6±26.7 2.81±0.20 89.8±2.0 191.99±14.6 27.21*

* Significant at 5% level (p≤0.05)

These growth metrics are consistent with earlier findings 
by Shireman et al. (1980), who emphasized the fast growth 
potential of grass carp in controlled weed-dominant systems. 
The absence of supplemental feeding did not adversely 
affect growth, validating the suitability of this species for 
low-input aquaculture models with ecological co-benefits.

Also, grass carp exhibited average daily weight gains of 
2.53–3.07 g day-1, reaching mean final weights of 427.6 g 
in 120 days. The mean survival rate was 89.8%, indicating 
good adaptability of grass carp to farm pond conditions 
in the Sivaganga region. These results are consistent with 
performance metrics reported by Kirkagac and Demir 
(2004).

3.4. Economic evaluation

The economic analysis demonstrated that the intervention 
was financially beneficial (Table 3). The total cost of 
fingerlings and transport pond-1 was ̀  3,000, while the value 
of weed removal saved (based on manual labour rates) was 
estimated between ` 4,500 and ` 6,200. Additionally, the 
fish harvest yielded marketable biomass valued between ` 
20,488 and ` 24,918 pond-1. Consequently, the calculated 
Benefit-Cost Ratio (BCR) ranged from 2.9 to 3.5, reflecting 
a highly favourable economic return on investment. These 
outcomes align closely with findings of Dubey et al. (2024) 
from community-based aquaculture systems in Odisha, 
where similar BCR values were observed in polyculture 
schemes that integrated ecological and livelihood benefits.

3.5.  Farmer perception and adoption potential

The demonstration of grass carp in weed-infested farm 
ponds received highly favourable responses from the 
participating farmers (Table 4). Structured feedback 
was collected using a semi-structured questionnaire and 
focus group discussions at the end of the demonstration 
period. The results reveal that all five farmers observed a 
significant reduction in aquatic weeds, with perceived weed 
clearance ranging from 75% to 92%. The average perceived 
reduction was 84.4%, which closely corresponds with the 
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Table 3: Economic evaluation of grass carp demonstration

Pond ID Fingerling cost 
(`)

Weed removal cost saved 
(`)

Fish sales revenue 
(`)

Total benefit 
(`)

BCR

P1 3,000 6,000 23,266 29,266 3.3

P2 3,000 5,500 22,031 27,531 3.1

P3 3,000 4,500 20,488 24,988 2.9

P4 3,000 5,700 24,608 30,308 3.4

P5 3,000 6,200 24,918 31,118 3.5

Mean 3,000 5,580 23,062 28,642 3.0

1US$=INR 83.03 (Average for March, 2024)

Table 4. Farmer perception and adoption potential based on grass carp demonstration

Farmer 
ID

Perceived 
weed 

reduction (%)

Satisfaction 
level (1–5)*

Observed benefits Willingness to 
restock next 
season

Adoption barriers 
noted

F1 90 5 Weed clearance, fewer mosquitoes, fish 
harvest

Yes None

F2 85 4 Improved water access, increased bird 
activity

Yes Initial fingerling cost

F3 75 4 Easier irrigation, less manual cleaning 
required

Yes Availability of quality 
fingerlings

F4 92 5 Clean pond, increased biodiversity Yes None

F5 80 4 Reduced weed growth, cleaner water Yes Transport cost of 
fingerlings

Mean 84.4 4.4 - 100% expressed 
willingness

-

*Satisfaction Level rated on a scale of 1 (very dissatisfied) to 5 (very satisfied)

biophysically measured weed biomass reduction reported 
in earlier sections.

On a satisfaction scale of 1 to 5, where 5 indicates very high 
satisfaction, the average rating was 4.4, reflecting broad 
approval of grass carp as a natural weed control method. 
Farmers particularly appreciated reduced manual labour 
for pond cleaning, improved water access for irrigation, 
and better pond aesthetics. Farmers also reported enhanced 
water quality, improved biodiversity, and overall better 
ecosystem regulation through integrated pond management, 
observations supported by recent studies showing stronger 
ecosystem stability and trophic efficiency in grass carp 
polyculture systems (Xiao et al., 2024) and measurable 
ecosystem service gains in wetland aquaculture with grass 
carp (Karnatak et al., 2022). These findings reinforce the 
value of participatory, nature-based solutions to pond 
management challenges.

Most importantly, 100% of farmers expressed willingness 
to continue or upscale grass carp stocking in subsequent 
seasons, indicating strong adoption potential when 

integrated with other pond-based livelihood activities. 
However, minor concerns reported by farmers were 
primarily the initial cost of fingerlings and the lack of local 
availability. These findings align with Dubey et al. (2024), 
who identified that input access, scarcity, and inconsistent 
quality of fish fingerlings limited the adoption of improved 
pond management practices

Overall, the demonstration reinforced the relevance of 
participatory technology validation, where farmers not 
only witness outcomes but actively engage in assessing 
suitability and benefits. As supported by Chambers et 
al. (1989) and Vidyawati et al. (2025), such farmer-led 
demonstrations enhance trust, adaptation, and long-term 
scaling of sustainable aquaculture practices in rural settings.

4.  CONCLUSION 

The integration of grass carp in farm ponds proved to 
be an effective, eco-friendly strategy for managing 

submerged aquatic weeds while enhancing fish production 
under rainfed conditions. The approach significantly reduced 
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manual weed removal costs and generated substantial 
economic returns with minimal inputs. High survival rates 
and satisfactory growth performance demonstrated the 
biological and financial viability of this intervention. 
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