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ABSTRACT 

The productivity of ponds is a crucial aspect of the functioning of aquatic ecosystems and is influenced by various 
factors, including temperature, nutrient availability, and water quality. In this study, we investigated the seasonal 
variation of pond productivity in several ponds located in Haryana, India. All the collected pond water samples were 
analyzed using the light and dark bottle methods to calculate the gross primary productivity (GPP), net primary 
productivity (NPP), and respiration (R). Our results showed significant differences in primary production between the 
different seasons, with the highest levels of productivity observed during the post-monsoon season. Our findings may 
have important implications for the management and conservation of ponds in Haryana and suggest that a multi-
disciplinary approach is necessary to understand and sustain the productivity of these ecosystems. 
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INTRODUCTION 
Pollution is a significant challenge for water quality worldwide and has far-reaching consequences for 
human health, the environment, and the global economy [2, 3]. Chemical pollution [1], nutrient pollution 
[4, 5], pathogenic pollution [6, 7], sediment pollution [27, 47], microplastics [8, 9], etc., caused a 
significant impact on ground and surface water quality. Pollutants such as agricultural runoff [10], 
sewage discharge [50], and industrial waste [1] generally impact surface water. Pollution can have a 
significant negative impact on the productivity of pond water [49]. Contaminants such as chemicals [18], 
heavy metals [43], and pathogenic microorganisms [21] can accumulate in the water and harm aquatic 
life, reduce species diversity, and decrease the overall health of the pond ecosystem. Pollutants can lead 
to elevated nutrient levels, decreased dissolved oxygen levels, and pH imbalances, which can all impact 
aquatic life's health and reduce pond water's productivity [11-4]. 
Net Primary Production (NPP), Gross Primary Production (GPP), and respiration are all essential 
concepts in understanding the functioning of aquatic ecosystems, including pond water productivity [15]. 
Net Primary Production (NPP) refers to the amount of organic matter produced by photosynthetic 
organisms, such as algae and aquatic plants, in a given period. NPP is calculated as the difference between 
Gross Primary Production (GPP) and respiration. Gross Primary Production (GPP) refers to the total 
amount of organic matter produced by photosynthetic organisms through photosynthesis. GPP measures 
the total energy captured and stored by photosynthetic organisms in a given period. Respiration refers to 
the process by which photosynthetic organisms convert stored energy into usable energy, releasing 
carbon dioxide and other waste products. Respiration is an essential component of the overall energy 
balance in the pond ecosystem and can significantly impact NPP and the overall functioning of the pond 
ecosystem [16, 45]. 
Higher GPP caused eutrophication process. Eutrophication is the process by which a body of water 
becomes enriched with nutrients, typically nitrogen and phosphorus, leading to an increase in the growth 
of algae and other aquatic plants [17]. While some level of nutrient enrichment is natural and can support 
a healthy aquatic ecosystem, excessive nutrients can lead to a process called "cultural eutrophication." In 
cultural eutrophication, the excessive growth of algae and other aquatic plants can lead to several 
negative impacts on the pond ecosystem, including decreased water clarity, decreased dissolved oxygen 
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levels, increased frequency of harmful algal blooms, and the death of fish and other aquatic species [18-
20]. Weather and climate can significantly impact the NPP of pond water, affecting the growth and 
productivity of photosynthetic organisms and the overall health and functioning of the pond ecosystem. 
It is essential to monitor and understand the impact of weather and climate on NPP in pond water to 
support sustainable and resilient pond ecosystems [22, 23, 37]. 
Pond water productivity refers to the ability of a pond to support and sustain aquatic life and other 
beneficial uses, such as fishing, recreation, and the cultivation of aquatic plants. Various physical, 
chemical, and biological factors, such as temperature [24], dissolved oxygen levels [25], pH [26], nutrient 
levels [28], and the presence of pollutants [27], can influence the productivity of pond water. Pond water 
pollution can significantly impact human sustainability, and it is essential to take measures to reduce its 
impact and maintain pond water quality. By doing so, the benefits that the pond provides, such as fishing, 
recreation, and the cultivation of aquatic plants, can be sustained, and the health of the local communities 
and the environment can be protected. 
Northern India is experiencing higher levels of heavy metals in soil and higher consequence of heavy 
metals in the food chain [29]. Groundwater [30, 31] and surface water [32] in Haryana has ample heavy 
metals level. Agricultural fields in some pockets of Haryana showed the presence of heavy metals [33-40]. 
This is hard to find reported research on pond water productivity in different seasons in Haryana; a 
semiarid region. However, till now, little work has been done to measure the seasonal variation of pond 
water productivity. Therefore, this study has been designed to know the seasonal variation of pond 
productivity in terms of NPP, GPP, and respiration. This research may provide selective information 
about the pond water quality to assess the pond water ecosystem. 
 
MATERIALS AND METHODS 
Study area: 
This is a semi arid region. Here, summer time maximum daytime temperatures range from 40 to 46 
degrees Celsius. It fluctuates between 1.5 and 4 degrees in the winter. Around 450 mm of rain fall on 
average each year, with 133.4 and 116.2 mm of that falling on average each month in the months of July 
and August. The average monthly rainfall in June is 49.8 mm, and 54.5 mm in September. During the 
monsoon season, there is an average rainfall of 354 mm. 
The Yamuna, Ghaggar, Sarswati, Dohan, Tangri, Krishmawati, Sahibi, and Markanda are the eight 
principal rivers in Haryana. Other sources of water include groundwater, pond, lake, and canal water. 
Ground water in some areas of this region has greater salinity, fluoride, chloride, iron, and nitrate levels 
of contamination. Alluvium soil predominates in the Haryana region. Haryana is situated close to the 
Ganges and Indus river depressions. The wide plain of Haryana has wet land. The majority of the state is 
made up of old-style alluvium, which includes sand, clay, silt, and kantars . 
 

 
 
The study was carried out in four different ponds: Rohat village of Rohtak district, Bhaiyanpur and 
Lehrara village of Sonipat district, and Jatwara village of Jajjhar district, Haryana, India. The details of the 
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sampling location are presented in Table 1. The physical map of the ponds in the respective villages 
showed in Figure 1. 
 

Table 1: The longitude and latitude of different pond water sampling locations 
S. No Village name Site Longitude Latitude 

1. Rohat village Site 1 
Site 2 
Site 3 

76°58'15.90''E 
76°58'11.93''E 
76°58'18.10''E 

28°55'54.32''N 
28°55'55.63''N 
28°55'47.09''N 

2. Baiyanpur village Site 1 
Site 2 
Site 3 

77°0'37.77''E 
77°0'41.32''E 
77°0'38.44''E 

28°57'53.70''N 
28°57'57.01''N 
28°57'58.68''N 

3. Lehrara village Site 1 
Site 2 
Site 3 

77°0'25.44''E 
77°0'23.30''E 
77°0'25.74''E 

28°58'13.12''N 
28°58'12.56''N 
28°58'11.01''N 

4. Jatwara village Site 1 
Site 2 
Site 3 

77°0'43.37''E 
77°0'47.19''E 
77°0'43.78''E 

29°0'24.80''N 
29°0'25.44''N 
29°0'26.62''N 

 
Experimental design and sample collection 
The water samples were collected from the ponds mentioned above in light and dark bottles to preserve 
the photosensitive fauna of the water, essentially following the ‘light and dark bottle method’ [5, 47]. The 
collections were made from March 2021 to April 2022 at different intervals to consider the seasonal 
variations (summer: March to June; rainy: July to October; winter: November to February). 
Pond water samples were collected in the morning hours ranging from 4:00 a.m. to 8:00 a.m. The water 
samples from each pond at each time point were collected in three bottles in three replicates; namely, a 
transparent bottle labeled as ‘Light Bottle’ (LB) to allow the progression of photosynthesis, a dark bottle 
covered with a dark cloth cover labeled as ‘Dark Bottle’ (DB). An ‘Initial Bottle’ (IB) in the transparent 
bottle was used immediately for the analysis. The water samples in the bottles were transported to the 
laboratory and incubated for a certain period until further use. 
Pond water sample analysis for productivity 
The primary production estimation in the collected water samples was carried out essentially following 
the “light and dark bottle method” (Sharma & Giri, 2018). The consumption of oxygen and primary 
production were estimated using Winkler’s titration method (Winkler et al., 1888; Sharma & Giri, 2018). 
The estimated dissolved oxygen level in the different bottles was used to estimate NPP, GPP, and R. The 
Net Primary Productivity (NPP), Gross Primary Productivity (GPP), and Respiration (R) were calculated 
using the following formulae: 
Net Primary Productivity = (LB-IB)/T×0.375/PQ×1000 mgc/m3/hr 
Gross Primary Productivity = (LB-DB)/T×0.375/PQ×1000 mgc/m3/hr 
Respiration = (IB-DB)/T×0.375/PQ×1000 mgc/m3/hr 
Where: IB = Initial bottles; DB = Dark bottle; LB = Light bottles; T = Time of incubation; PQ = 
Photosynthesis Quotient (1.25); RQ = Respiratory Quotient (1), and Value 0.375 represents the 
correction factor [47, 48]. 
STATISTICAL ANALYSIS: 
The statistical Package for Social Science (SPSS), IBM, 23.0 version was used for statistical analysis. One-
way ANOVA test was implicated to find the seasonal variation of productivity in different ponds. The 
significance level was set at p<0.05. 
 
RESULTS 
Variation of GPP, NPP, R pond located in different locations 
The annual productivity of the four ponds was calculated to understand the overall primary productivity 
of each pond and compare the differences. The values of GPP, NPP, and R obtained from the calculations 
for the samples from the four different ponds are shown as Mean±SD (Standard Deviation) in Figures 1 to 
3. The GPP of the Jatwara pond in the study period (March 2021 to February 2022) was maximum with a 
mean annual GPP (327.42±75.70 mgc/m3/hr) followed by Lehrara pond (GPP-268.33±92.92 
mgc/m3/hr), Rohat pond (GPP-220.83±83.49 mgc/m3/hr), and Baiyanpur pond (GPP-189.17±46.21 
mgc/m3/hr) (Figure 1A). The annual net primary productivity of the four ponds followed a similar trend 
with a maximum annual NPP (192.50±68.37 mgc/m3/hr) noticed in the Jatwara pond followed by 
Lehrara pond (139.17±56.48 mgc/m3/hr), Rohat pond (125.00±61.42 mgc/m3/hr), and Baiyanpur pond 
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(93.33±32.57 mgc/m3/hr) (Figure 1B). The respiration of Jatwara pond was maximum (168.65±47.18 
mgc/m3/hr) followed by the respiration rate of the Lehrara pond (161.46±58.98 mgc/m3/hr), Baiyanpur 
pond (141.67±58.98 mgc/m3/hr), and Rohat pond (118.75±37.88 mgc/m3/hr) (Figure 1C). 
Seasonal variations of pond water productivity 
One-way ANOVA revealed significant differences in the annual gross and net primary productivity of the 
four ponds. The Post-hoc HSD Tukey's test revealed significant differences between the annual GPP.  The 
GPP of the Jatwara pond was significantly (p<0.05) higher from the productivity of the Rohat and 
Baiyanpur ponds. However, there was no significant (p>0.05) difference among the pond for respiration 
rate. 
Evaluation of the monthly variations of the gross and net primary productivity and respiration rate 
explains in the seasonal variation data. The GPP of the Rohat pond varied from 100.00±45.82 mgc/m3/hr 
in September to 380.00±17.32 mgc/m3/hr in March. Meanwhile, the mean GPP of the Baiyanpur pond 
ranged from 130.00±17.32 mgc/m3/hr in March to 250.00 ±135.27 mgc/m3/hr in September. In Jatwara 
pond, the mean GPP ranged from 210.00±79.37 mgc/m3/hr in March to 480.00±130.76 mgc/m3/hr in 
November, and in Lehrara pond, the mean GPP ranged from 170.00±45.83 mgc/m3/hr in April to 490.00 
±62.45 mgc/m3/hr in December (Figure 3A). The NPP of the Rohat pond varied from 40.00 ±17.32 
mgc/m3/hr in Sept to 270.00±60.00 mgc/m3/hr in March, while the mean NPP of the Baiyanpur pond 
ranged from 50.00±17.32 mgc/m3/hr in January to 160.00±45.83 mgc/m3/hr in June. In Jatwara pond, 
the mean NPP ranged from 100.00±79.37 mgc/m3/hr in May to 320.00±242.49 mgc/m3/hr in January, 
and in Lehrara pond, the mean NPP ranged from 70.00±34.64 mgc/m3/hr in April to 260.00±96.43 
mgc/m3/hr in December (Figure 3B). The R of the Rohat pond varied from 62.50±21.65 mgc/m3/hr in 
August to 200.00±120.55 mgc/m3/hr in June, while the mean R of the Baiyanpur pond ranged from 
62.50±21.65 mgc/m3/hr in March to 300.00±194.85 mgc/m3/hr in September. In Jatwara pond, the 
mean R ranged from 100.00±43.30 mgc/m3/hr in October to 212.50±78.06 mgc/m3/hr in March, and in 
Lehrara pond, the mean R ranged from 75.00±37.50 mgc/m3/hr in July to 287.50±114.56 mgc/m3/hr in 
December (Figure 3C). 
Based on the season-wise analysis of primary productivity, the Rohat pond showed the highest GPP 
(310.00±73.85 mgc/m3/hr) during the summer season followed by Jatwara pond with a mean GPP of 
265.25±97.97 mgc/m3/hr, Lehrara pond with mean GPP 210.00±58.62 mgc/m3/hr, and Baiyanpur pond 
167.50±65.80 mgc/m3/hr (Figure 2A). Whereas, in the rainy and winter season, the Jatwara pond had the 
highest mean GPP (summer-320±89.85 mgc/m3/hr; winter-395±129.08 mgc/m3/hr), followed by 
Lehrara pond (summer-260.00±53.26 mgc/m3/hr; winter-335.00±142.35 mgc/m3/hr), Baiyanpur pond 
(summer-210.00±90.45 mgc/m3/hr; winter-210.00±90.45 mgc/m3/hr), and Rohat pond (summer-
152.50±88.12 mgc/m3/hr; winter-200.00±52.70 mgc/m3/hr). The NPP of the Rohat pond was maximum 
in the summer season with a mean NPP of 187.5±80.02 mgc/m3/hr, followed by Jatwara pond with a 
mean NPP of 125.00±49.27 mgc/m3/hr (Figure 2B), Lehrara pond with mean NPP 100.00±29.54 
mgc/m3/hr, and Baiyanpur pond with mean NPP of 97.50±61.52 mgc/m3/hr. In the rainy season, the NPP 
of the Jatwara pond was maximum with an NPP of 195.00±118.28 mgc/m3/hr followed by the Lehrara 
pond (135.00±41.45 mgc/m3/hr), Baiyanpur pond (105.00±56.49 mgc/m3/hr) and Rohat pond 
(77.5±48.64 mgc/m3/hr). Whereas, the highest NPP was observed in the Jatwara pond (257.50±134.44 
mgc/m3/hr) in the winter season followed by Lehrara pond (182.50±105.84 mgc/m3/hr), Rohat pond 
(110.00±46.70 mgc/m3/hr) and Baiyanpur pond (77.50±65.79 mgc/m3/hr). The results of the 
respiration (R) of the four ponds revealed that in the summer season, mean R of Jatwara pond was 
177.81 ±98.96 mgc/m3/hr which was the highest GPP followed by Rohat pond with 153.13 ±82.25 
mgc/m3/hr, and Lehrara pond with 137.5 ±43.30 mgc/m3/hr. At the same time, the mean R of the 
Baiyanpur pond was the lowest (87.5 ±56.16 mgc/m3/hr) (Figure 2C). In the rainy season, the R of the 
Baiyanpur pond was maximum (171.88 ±119.08 mgc/m3/hr), followed by Jatwara pond (156.25 ±85.86 
mgc/m3/hr), and Lehrara pond (156.25 ±79.68 mgc/m3/hr). Rohat pond had minimum R values (93.95 
±76.61 mgc/m3/hr). Whereas, in the winter season highest R was observed in the Lehrara pond (190.63 
±107.81 mgc/m3/hr) followed by Jatwara pond (171.88 ±72.33 mgc/m3/hr), Baiyanpur pond (165.63 
±106.62 mgc/m3/hr), and Rohat pond (109.38 ±29.74 mgc/m3/hr). 
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Figure 2 (A-C): Annual (A) Gross primary productivity (GPP), (B) Net Primary Productivity, (C) 

Respiration of the four ponds in Haryana. 
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Figure 3(A-C): Seasonal variations of (A) Gross primary productivity (GPP), (B) Net Primary 

Productivity, and (C) Respiration of the four ponds in Haryana. 
 

 
 

 
Figure 4 (A-C). Monthly variations of (A) Gross primary productivity (GPP), (B) Net Primary 

Productivity, and (C) Respiration of the four ponds in Haryana. 
 

DISCUSSION: 
Pond water productivity is the rate at which primary pond producers (e.g., algae and aquatic plants) 
convert solar energy into organic matter through photosynthesis. There are three main components of 
pond water productivity: GPP, NPP, and R [40]. GPP is the rate at which primary producers convert solar 
energy into organic matter through photosynthesis. It represents the total amount of organic matter 
produced by primary producers in a given period. NPP is the rate at which primary producers store 
organic matter after accounting for the energy they use during cellular respiration. It represents the 
amount of organic matter available to support other trophic levels (e.g., herbivores and carnivores) in the 
ecosystem. Respiration (R) is the rate at which primary producers use stored organic matter to power 
their cellular processes. It represents the energy lost by the ecosystem and is a component of GPP [41, 2]. 
Gross primary productivity equals net primary productivity plus respiration. 
The ratio of NPP to GPP is called photosynthetic efficiency, reflecting primary producers' efficiency in 
converting solar energy into stored organic matter [52, 43]. This study used the initial dissolved oxygen 
(DO) level in the water and the dissolved oxygen level after experimental incubation. DO is an essential 
parameter of water quality [44, 45]. Various factors affecting the dissolved oxygen in a water body 
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include the temperature, salinity, flow, and photosynthetic or respiratory activity in the water body [46-
50]. The relationship between pond productivity and dissolved oxygen can be complex. It can vary 
depending on a range of factors, including the rate of photosynthesis, respiration, nutrient availability, 
temperature, and amount of water [4-6]. During the daytime, photosynthesis by primary producers can 
result in the production of oxygen as a byproduct. This can lead to increased levels of dissolved oxygen in 
the pond water. However, at night, respiration by primary producers and other organisms can consume 
oxygen, leading to a decrease in dissolved oxygen levels. High levels of primary productivity can result in 
excess organic matter in the water, which bacteria can decompose. This decomposition process 
consumes oxygen, leading to a decrease in dissolved oxygen levels. 
Additionally, excessive nutrient inputs into a pond can lead to eutrophication [51, 52], which can 
decrease dissolved oxygen levels due to the growth and respiration of large algal blooms [53]. Therefore, 
high productivity levels in a pond can lead to increases and decreases in dissolved oxygen levels, 
depending on the balance between photosynthesis and respiration, as well as the amount of organic 
matter and nutrients in the pond. Maintaining a balance in the ecosystem is important to ensure a healthy 
level of dissolved oxygen to support the organisms living in the pond. In this study, among all four ponds, 
the Jatwara pond had maximum activity in terms of GPP, NPP, and respiration rate, followed by Lehrara, 
Rohat, and Biyanpur ponds in decreasing order. As the GPP of the Jatwara pond was above 300 
mgc/m3/hr, this pond lies in mesotrophic condition. However, other pond lies in oligotrophic status. 
There could be several reasons behind the higher productivity in Jatwara village pond. Some possible 
reasons could include a high nutrient concentration in the water due to agricultural runoff, a high level of 
sunlight exposure due to lack of shading, and a large population of aquatic plants or algae that 
photosynthesize rapidly (Wyatt et al., 2012). Additionally, the pond may have a diverse ecosystem with a 
high abundance of microorganisms and invertebrates that support the food chain and contribute to high 
GPP (Jeffres et al., 2020). 
 
Seasonal variations of pond water productivity 
The overall primary productivity of Rohat pond was highest in the winter season among the four ponds 
studied. On the other hand, in the winter and rainy seasons, Jatwara pond had the highest productivity, 
and Rohat pond had very low primary productivity. Among all the seasons studied, the maximum 
productivity was noticed during the post-monsoon season. Monsoons bring rain in India, and the advent 
of monsoons is correlated with increased agriculture production. Monsoon season, however, could be 
more productive for ponds. The biotic index decreased during monsoon and increased post-monsoon. 
The post-monsoon period was reported to have the best water quality and zooplankton productivity 
(Reda & Parveen, 2014). Limited monsoon productivity may result from the limited sunlight and silt in 
the catchment areas (Lohani et al., 2020). Other workers have reported the effect of different seasons on 
pond productivity (Rathod et al., 2016; Lohani et al., 2020). Post-monsoon has been reported to be best 
for the productivity of a pond. The increased activity during post-monsoon was attributed to the 
allochthonous nutrient content received from the catchment area during heavy rains during the monsoon 
season (Lohani et al., 2020). The increasing phytoplankton concentration in a pond is directly 
proportional to the productivity in the pond (Patel et al., 2012). 
However, water temperature is a key factor that affects the metabolic rates of aquatic organisms and the 
rate of chemical reactions, and thus can impact the productivity of pond water. Warmer temperatures 
during summer can enhance metabolic processes, leading to higher productivity levels [54]. This region 
experienced high temperatures (40 to 46⁰C) during the peak summer season. At this temperature, most 
of the pond water level decreased. This might be the possible reason for the low productivity level in 
most ponds in the summer season. However, in post-monsoon and winter seasons, the temperature is 
ambient (20-35⁰C) for higher diversity in the pond. Therefore, this might be the most probable reason for 
higher GPP post-monsoon. However, nutrient availability, seasonal cycles of aquatic organisms, and 
water level also affects the variability of pond productivity. 
 
Significance of this study 
This research work on the seasonal variation of pond water productivity in Haryana will be helpful for 
water management, enhance the agricultural practice, increase the yield of fishery industry, and will be 
helpful for a construction of better policy to incur environmental sustainability. Understanding the 
seasonal changes in water productivity in ponds will be helpful for better water management, 
particularly in areas where water is a scarce resource. This information can be used to optimize water 
usage for agriculture, fishing and other activities, leading to a more sustainable use of water resources. 
However, Haryana is an agricultural state and ponds play a crucial role in supporting the agriculture 
sector by providing water for irrigation. Understanding the seasonal variations in pond water 
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productivity can help farmers to plan their crop cycle and make informed decisions about when to plant 
and harvest their crops. Meanwhile, ponds are also an important source of fish in Haryana, and this 
research on seasonal variation in water productivity can help in better management of the fishery 
industry. This information can be used to determine the best times to stock ponds with fish and to 
optimize the conditions for fish growth and survival. However, ponds play a vital role in maintaining the 
ecological balance in the region, and research on the seasonal variation in water productivity can help in 
preserving the biodiversity in and around the ponds. This information can also be used to identify and 
mitigate the impact of any human activities that may be harmful to the environment. Therefore, the 
findings of this research can also include in policy making related to water management and 
conservation in Haryana. This information can be used to develop and implement policies that are aimed 
at improving water management and preserving the environment. Therefore, this research work has a 
great importance for the sustainable use of water resources, the development of agriculture and fisheries, 
environmental conservation, and policy making towards better human sustainability in terms of food, 
health, economy, etc. 
 
Conclusion and futuristic approach: 
This study suggests that the productivity level of ponds varies seasonally and is highest in the post-
monsoon season. The study also recommends that the pond water should be cleaned regularly to 
maintain its productivity and improve its suitability for drinking. This information can be useful for 
managing the ponds in this region and for ensuring that the local communities have access to clean 
water. Additionally, it highlights the importance of monitoring and understanding the seasonal variation 
in pond productivity and taking appropriate measures to improve the water quality in these systems. 
A futuristic approach to the seasonal variation of pond productivity in the semiarid region could involve 
implementing new technologies and techniques to better manage these systems. For example, 
incorporating smart monitoring systems that can track changes in water quality and productivity in real-
time would allow for timely interventions and improvements. Additionally, implementing sustainable 
practices such as rainwater harvesting and incorporating constructed wetlands, can help improve the 
overall health of the ponds and reduce their dependence on external inputs. Another important aspect 
would be to focus on education and awareness among the local communities, encouraging them to adopt 
best practices for pond management and water conservation. This could involve educating them on the 
importance of reducing pollution and preserving the ecosystem around the ponds. In the future, it would 
also be important to carry out more research and studies on pond productivity in the region, in order to 
better understand the underlying factors that contribute to seasonal variations and to develop more 
effective management strategies. By taking a multi-disciplinary and proactive approach, it should be 
possible to ensure that the ponds in the semiarid region of India remain productive and sustainable for 
generations to come. 
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