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Abstract

This study evaluates the controlling factors of carbon-nitrogen-phosphorus
(C-N-P) and nutrient dynamics of a freshwater ecosystem, Bedkot Lake in far-
western Nepal. Lake water samples were collected from eight different loca-
tions during two sampling events (dry summer period and wet monsoon sea-
son) for a total of sixteen samples, characterizing spatiotemporal variation of
major chemical parameters and water quality. Key chemical parameters such
as dissolved organic carbon (DOC), total dissolved nitrogen (TDN), dissolved
inorganic nitrogen (DIN), and phosphorus were measured alongside other hy-
drochemical variables with the application of correlation analysis and advanced
statistical approaches. The nutrient dynamics showed distinct spatial varia-
tions with chemical limitations within the lake. DOC and TDN showed very
stable tight relationship with exceptionally low spatial variability. In contrast,
the DIN concentrations were vastly different, indicating significant change be-
tween inorganic and organic nitrogen control across the lake ecosystem. Im-
portantly, high nutrient ratio showed a high concentration of nitrogen over
dissolved phosphorus. Such significant imbalance between nitrogen and phos-
phorus clearly indicates dissolved phosphorus appears as a limiting nutrient
which controls overall productivity and the chemical equilibrium of the Bedkot
Lake. Biogeochemical dynamics of Bedkot Lake are primarily controlled by
internal nutrient cycling based on our analysis. Three most important envi-
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ronmental gradients, such as reactive nutrient dynamics, hydrochemical/phos-
phorus regulation, and internal organic nutrient coupling, were observed based
on correlation modeling. The highly synchronized relationship between dis-
solved organic carbon and nitrogen reflects the close linkage in organic matter
processing within the lake. Dissolved inorganic nitrogen and ammonium show
strong relationships, indicating internal microbial cycling and reflecting active
internal transformation pathways of nitrogen dynamics. The lake functions as
a stable ecosystem during the summer-monsoon season, although the lake is
exposed to significant evaporation, and nutrient dynamics are controlled by
complex interacting biogeochemical processes based on exploratory regres-
sion. Overall, water is safe for domestic and agricultural use with no clear ev-
idence of widespread trace metal contamination.

Keywords

Bedkot Lake, Chure Region, Nutrient Stoichiometry, Biogeochemical Cycling,
Dissolved Organic Carbon, Principal Component Analysis

1. Introduction

Nepal is a mountainous country situated in the central Himalaya region and the
country is divided into five physiographic zones: Terai, Siwalik (Chure), Middle
Mountain, High Mountain, and High Himalaya [1]-[6]. The Chure range extends
from the Indus River in Pakistan in the west to the Brahmaputra River in India in
the east [7] [8]. The Chure region consists of the youngest hills formed by river
deposition during the formation of the Himalaya around 40 million years ago, and
the region covers about 12.8% of the total land area of Nepal with elevations rang-
ing from 200 m to 2000 m above sea level (asl) [8] [9]. The Chure region contains
about 23.0% of the total forest area of Nepal [9] [10], and it has the most fragile
and vulnerable ecosystem in Nepal due to climate change issues and human ac-
tivities [8] [9]. Recent decades have witnessed increased landslides and soil ero-
sion in the region, largely resulting from human-driven changes such as defor-
estation and the conversion of land for agriculture and human settlement. The
Chure region is ecologically diverse and provides various ecosystem services to
the downstream area, which influences the environmental quality [6].

The ecological functions of the Chure region environments have been altered
due to changing natural biogeochemical cycles by human activities such as defor-
estation, land use change patterns, and construction activities [11] [12]. More se-
vere ecological disruption has been identified particularly in wetland ecosystems.
Wetlands are indispensable ecosystems that regulate Earth’s natural purification
systems, hence often described as the kidneys of the landscape, as they filter pol-
lutants in water, decrease water velocity, absorb excess nutrients like nitrogen and
phosphorus, support aquaculture, trap sediments, support biodiversity (habitat

for numerous species) and maintain regional ecosystem health [11]-[16]. Various
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stressors, including raising global temperatures, are responsible for water scarcity
and accelerating water quality decline within the Himalayan landscape [17] [18].
Earlier, various investigations have evaluated the impacts of climate change and
human activities on regional lake-pond water quality [11] [12] [19]-[21]; the un-
derlying mechanisms driving these shifts in lakes across the Lesser Himalaya and
lowland Terai-Chure regions remain undocumented.

Both natural and human activities interact in complex ways to shape the water
quality of any river catchment [22]-[26]. Effects of anthropogenic activities in any
aquatic ecosystem, including watersheds in the Chure region, affect regional water
security issues, disrupt aquatic biodiversity, cause habitat loss, degrade water
quality, and impact human health, ultimately affecting local economies by dam-
aging sustainable tourism industries in the region. Consequently, this research
focuses on quantifying the compounding impacts of climate change and human
activities on biogeochemical pathways, with an explicit emphasis on carbon se-
questration and nutrient dynamics at the foot of the Himalayas. To address this
critical research gap, this study examines a low-elevation lake within the Chure
landscape of Nepal. Evaluating this distinct, low-elevation stratified lake will pro-
vide a comprehensive understanding of how climate and anthropogenic pressure
modulate lacustrine hydrochemistry, with a specific focus on carbon, major ions,
dissolved organic matter (DOM), nutrient dynamics, trace elements, and water

isotopes.

2. Study Area

Bedkot Lake (29.0238°N; 80.3203°E) is a natural wetland located in the Chure re-
gion of Kanchanpur district in far-western Nepal (Figure 1). Bedkot Lake area is
about 5 hectares with a maximum depth of 11 m [27]. The lake is located at the
foot of Mount Api (7132 m asl), which has natural beauty surrounded by hard-
wood tree species such as Sal (Shorea robusta), Saj (Terminalia tormentosa) and
Rosewood (Dalbergia sissoo), and it is a religious tourist destination from the
nearby towns, Mahendranagar and Dhanghadi.

Bedkot Lake is one of only 47 natural lakes in the Kanchanpur district [28]. The
wetland ecosystem is located at 482 m above sea level (asl) and a habitat for nu-
merous aquatic species, including crocodiles. Surface runoff with rich organic
matter enters the lake from three sites in the east, north and west. The land surface
is composed of soils and unconsolidated loose materials originating from soft
rocks such as sandstone, mudstone, shale and conglomerate [7] [9] [29]. The cli-
mate in the region is subtropical to tropical with a mean annual air temperature
(MAAT) of 30.5°C, with a maximum of 44.5°C during summer and a minimum

of 2.5°C during winter. The mean annual precipitation is about 1700 mm [30].

3. Materials and Methods
3.1. Sample Collection

Bedkot Lake sampling was conducted at eight different locations, with a total of

DOI: 10.4236/jep.2026.178042

825 Journal of Environmental Protection


https://doi.org/10.4236/jep.2026.178042

M. P. Bhatt et al.

sixteen samples across two major seasons on 6 June 2025 and 1 July 2025 (Figure
1) to document spatiotemporal variation trends of chemical species. The two sam-
pling seasons were selected to represent summer—early June (very hot)—and
monsoon—TJuly (very wet)—to investigate the distinct variation pattern in bioge-
ochemical dynamics of the lake. Surface runoff from forested areas enters the lake
through all sites except the small part in southern part. Physical parameters such
as water temperature, pH, EC, and DO were measured from the lake during sam-
pling using a handheld Hannah multimeter. Due to an unexpected field meter
malfunction during the June 2025 sampling event, we were unable to collect EC,
TDS, Salinity, and ORP data. Consequently, n = 8 for these parameters represents
only the July 2025 sampling. For pH, nutrients and other parameters, data are
available for both June and July 2025, yielding n = 16.
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Figure 1. Sampling locations of Bedkot lake within Chure region of Kanchanpur district in far-western Nepal.
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Samples were collected in 125 mL acid-washed polyethylene bottles, refriger-
ated in Nepal, and shipped on ice to the New Hampshire Water Resources Re-
search Center of the University of New Hampshire, Durham, USA for the analysis
of major base cations (Na*, K*, Mg*, Ca?*), ammonium ( NH, ), major anions
(ClI, NOj, SOi, HCO;, POY ), dissolved organic carbon (DOC), total dis-
solved nitrogen (TDN), sodium adsorption ratio (SAR), and boron. Samples for
anions, cations, DOC, dissolved nitrogen, and dissolved phosphorus were filtered
through 0.7 um precombusted (5+ hours at 450°C) glass fiber filters (Whatman
brand glass microfiber filters, Grade: GF/F). Water samples filtered through 0.45
um polycarbonate membrane filter and acidified with nitric acid were sent to Car-
roll College in Helena, Montana, USA for analysis of trace elements (As, Cd, Co,
Cr, Cu, Fe, Ni, Pb, Sb, Se, and Zn) and, unfiltered 20 mL water samples in PE
bottles were sent to the University of Bergen, Norway, for analysis of water iso-
topes (JD and 6'0).

3.2. Analytical Methods

Water samples were analyzed for major cations and anions, nutrients, dissolved
organic carbon (DOC), total dissolved nitrogen (TDN) dissolved silica, and trace
metals. Major cations (Na*, K*, Mg** and Ca?*) were analyzed by ion chromatog-
raphy with suppressed conductivity by Metrohm 940 Professional IC Vario with
suppressed conductivity, with oxalic acid phase [31] and major anions (Cl-, Br~,
NO;, and SO ) were measured on an ion chromatography with suppressed
conductivity by Metrohm 940 Professional IC Vario (US EPA 2007) method no.
300.1 [32]. Ammonium and orthophosphate ( PO?{ ) were analyzed by automated
colorimetry using a SmartChem discrete analyzer using the automated phenate
hypochlorite method with sodium nitroprusside enhancement (US EPA 2005)
method no. 350.1 [33], and the automated ascorbic acid reduction method (US
EPA 2005) method no. 365.1 [34], respectively. The DOC was analyzed as non-
purgeable organic carbon with combustion and analysis of end products using a
Shimadzu TOC-L following protocol of the United States Environmental Protec-
tion Agency (US EPA 2002) method no. 415.1 [35]. All the samples were injected
into a 720°C-furnace containing platinum catalyst (Pt on silica beads) where car-
bon compounds are converted to CO2 and measured with a Non-Dispersive In-
frared Detector (NDIR). Total dissolved nitrogen (TDN) was measured in accord-
ance with the method of Merriam ef al (1996) [36] using a Shimadzu TOCL in
which nitrogen compounds are converted to NO and measured using a chemilumi-
nescent N detector and the technique performs at 680°C. Dissolved organic nitro-
gen (DON) was calculated by subtracting inorganic nitrogen (NO;-N + NHj;-N)
from total dissolved nitrogen.

Water samples were analyzed at the New Hampshire Water Resources Research
Center following strict quality assurance and quality control (QA/QC) protocols for
major ions, nutrients, and dissolved carbon. Calibration models were constructed

by using 4-to-7-point curves for instruments. Method Detection Limits (MDLs)
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were defined at the 99% confidence threshold, yielding target analyte detection lim-
its of 0.08 mg/L for CI", 0.004 mg/L for NOj;, 0.06 mg/L for SO; , 3.4 pg/L for
PO, 5 ug/L for NH;,0.03 mg/L for Na*, 0.003 mg/L for K*, 0.05 mg/L for Mg,
0.16 mg/L for Ca®*, 0.05 mg/L for DOC, and 0.20 mg/L for TDN. Samples were an-
alyzed periodically at an approximate frequency of every 10 to 15 samples within
each analytical batch to monitor analytical accuracy via certified Quality Control
Samples (QCS; Ultra Scientific or SPEX Certiprep). Laboratory executes a uniform
acceptable precision limit of £15% for laboratory duplicates for all measured pa-
rameters and an accuracy recovery limit of +15% for quality control standard.

Samples were acidified with nitric acid after filtration through 0.45 pm polycar-
bonate membrane filter for trace element analysis. Trace elements such as arsenic
(As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), nickel
(Ni), lead (Pb), antimony (Sb), selenium (Se) and zinc (Zn) were analyzed by us-
ing inductively coupled plasma-optical emission spectroscopy (ICP-OES, Perki-
nElmer Avio 200) following the methods for the determination of metals in envi-
ronmental samples [37]. Emission spectra were used to confirm the detection and
elements without a resolved peak at the analyte wavelength were reported as not
detected (ND). The emission wavelengths monitored were As, 193.696 nm; Cd,
228.802 nm; Co, 228.616 nm; Cr, 267.716 nm; Cu, 327.393 nm; Fe, 238.204 nm;
Ni, 231.604 nm; Pb, 220.353 nm; Sb, 206.836 nm; Se, 196.026 nm; and Zn, 206.200
nm. Procedural blanks and calibration verification standards were analyzed peri-
odically to ensure analytical accuracy and instrument stability. The detection lim-
its of trace elements were 0.025 mg/L for As, 0.001 mg/L for Cd, 0.002 mg/L for
Co, 0.001 mg/L for Cr, 0.009 mg/L for Cu, 0.001 mg/L for Fe, 0.002 mg/L for Ni,
0.002 mg/L for Pb, 0.015 mg/L for Sb, 0.030 mg/L for Se, and 0.002 mg/L for Zn.

The water isotope samples were analyzed using a Picarro (L2140-i) cavity-ring-
down spectrometer with an autosampler and high-precision vaporizer and cali-
brated to the VSMOW-SLAP scale using the notation . The instrumental preci-
sion was 0.4%o for 8D and 0.05%o for 8'®O, while the derived precision for the
second-order parameter d-excess (defined as d-excess = dD — 8 x §*0; [38]) was
0.6%o. For assessing the local meteoric water line and comparison with the iso-
topic composition in river water, data were compiled from the IAEA Global Net-
work of Isotopes in Precipitation (GNIP) WISER database. For meteoric water,
we use the available Nepalese station at Ghalegaun (28.2769°N; 84.3098°E) located
¢. 720 km to the north-east of Bedkot Lake at an altitude of 2103 m asl (n = 227;
collected in 2016-2017). For river water, we compare it with data from Narayani
River near the city of Bharatpur (27.7242°N; 84.4289°E), located c. 555 km east of
Bedkot Lake at an altitude of 120 m asl (n = 358; collected in 2015-2017).

4. Results & Discussion

4.1. Summary of Measured Physicochemical Parameters in
Bedkot Lake

The physicochemical properties, nutrient fractions, major ions, sodium adsorp-
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tion ratio (SAR), trace elements, and stable water isotopes measured in Bedkot
Lake are summarized in Table 1. The lake water was slightly alkaline, with pH
ranging from 8.0 to 8.5 (mean = 8.23 * 0.15), indicating a well-buffered freshwater
system. Electrical conductivity (EC) and total dissolved solids (TDS) exhibited
very little spatial variation (CV < 2%), suggesting that dissolved ionic conditions

were relatively uniform across the lake.

Table 1. Descriptive statistics of physicochemical parameters, dissolved organic and inor-
ganic nutrient fractions, major ions, agricultural suitability index (SAR), trace elements,
and water isotopes in Bedkot Lake.

Parameter n Min Max Mean SD Median Skewness CV (%)

pH 16 8.0 8.5 8.2 0.15 8.3 0.210 1.8
EC 8 208 220 2139 4.0 213.5 0.068 1.9
TDS 8 103 110 106.5 2.1 106.0 0.058 2.0
Salinity 8 0.01 0.01 0.01 0.000 0.010 na na
OPR 8 3.04 2870 1239 12.75 3.27 0.654 102.8
DOC 16 1.75 3.18 2.36 0.38 2.35 0.757 16.2
TDN 16 0.35 0.63 0.46 0.09 0.45 0.440 18.5
DIN 16 0.003 0.249 0.11 0.09 0.096 0.171 83.7
DON 16 0.193 0.620 0.360 0.138 0.348 0.477 38.8
Cl 16 1.10 4.79 1.67 0.86 1.50 3.529 51.5
NOs 16 0.000 0.208 0.019 0.052 0.002 3.702 276.0
PO4 16 0.21 0.36 0.24 0.04 0.23 1.635 16.5
SO4 16 0.01 0.04 0.015 0.010 0.014 1.877 66.1
Br 16 0.00 0.05 0.026  0.021 0.040 -0.517 80.6
Na 16 4.01 7.58 5.19 0.81 4.99 1.641 15.7
K 16 0.61 1.91 1.49 0.38 1.63 —1.033 25.1
Mg 16 5.81 9.52 7.53 0.94 7.52 0.203 12.5
Ca 16 4.84 12.55 8.30 1.92 8.01 0.326 23.1
NH, 16 0.002 0.249 0.089 0.091 0.053 0.499 102.7
SAR 16 0.198 0.366 0.249 0.036 0.244 2.296 14.6
As' 0/16 ND ND NC NC NC NC NC
Ccdt 2/16  0.006 0.006 0.006 0.000 0.006 NC 0.3
Cof 3/16  0.003 0.004 0.003 0.000 0.003 -1.182 15.5
Crf 6/16 0.013 0.015 0.014 0.000 0.014 —0.488 2.5
Cuf 13/16 0.001 0.009 0.003 0.002 0.003 2.145 63.6
Fe' 16/16 0.009 0.027 0.019 0.006 0.018 —0.093 29.8
Nif 0/16 ND ND NC NC NC NC NC
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Continued

Pb* 0/16 ND ND NC NC NC NC NC
Sbf 4/16 0.017 0.025 0.020 0.003 0.020 0.212 17.0
Sef 0/16 ND ND NC NC NC NC NC
Znf 16/16 0.007 0.010 0.008 0.001 0.008 0.784 12.1
%0 8 -4.05 -3.79 =396 0.10 -3.98 2.98 -2.53
D 8 -340 -332 -337 0.3 -33.7 3.00 —-0.89

d-excess 8 -2.9 -1.5 -1.8 0.5 -1.9 1.74 -27.78

NB: Units for all elements are reported in mg/L, except EC (uS/cm); pH and SAR are unit-
less; salinity (%), ORP (mv); and 80O, D, and d-excess are dimensionless ratios expressed
in parts per thousand used as per mil (%o). "For ICP-OES analysis of trace elements, n is
the number of samples with confirmed detections out of the 16 samples analyzed, where a
confirmed detection is a resolved emission peak at the analyte wavelength. ND = not de-
tected; NC = not calculated. ND values were not replaced with zero or unresolved numer-
ical instrument outputs. Summary statistics were calculated from confirmed detections
only. Skewness was calculated from detected values only and should be interpreted cau-
tiously for elements detected in few samples; it is shown as NC where it could not be cal-
culated. Due to an unexpected field meter malfunction in the field during the June 2025
sampling event, we were unable to collect EC, TDS, Salinity, and ORP data. Consequently,
n = 8 for these parameters represents only the July 2025 sampling. For pH, nutrients and
other parameters including major ions, data are available for both June and July 2025, yield-
ing n = 16. Isotope samples were collected only during the rainy season (n = 8).

Among the dissolved nutrients, dissolved organic carbon (DOC) and total dis-
solved nitrogen (TDN) averaged 2.36 + 0.38 mg-L™! and 0.46 £+ 0.09 mg-L!, re-
spectively, with moderate spatial variability (CV = 16.2% - 18.5%). In contrast,
dissolved inorganic nitrogen (DIN) and ammonium ( NH} ) varied considerably
among sampling sites (CV > 80%), indicating localized differences in nitrogen
availability and biogeochemical activity. Dissolved organic nitrogen (DON) formed
a relatively stable component of the dissolved nitrogen pool, although moderate
spatial variation was also observed. Major ions occurred at generally low concen-
trations, consistent with the diluted nature of the lake water. Sodium, magnesium,
and calcium showed low to moderate variability (CV = 12% - 23%), whereas chlo-
ride, sulfate, and bromide were more variable (CV > 50%). Nitrate displayed the
greatest spatial heterogeneity (CV = 276%) and a strongly right-skewed distribu-
tion (skewness = 3.702), indicating that elevated concentrations were confined to
only a few sampling locations. In contrast, orthophosphate concentrations re-
mained relatively consistent across the lake (CV = 16.5%).

The mean SAR was low (0.249 + 0.036), indicating excellent irrigation suitabil-
ity with negligible sodicity risk. Oxidation-reduction potential (ORP) showed the
greatest variability among the measured physicochemical variables (CV = 102.8%),
reflecting differences in redox conditions among sampling sites. Trace element con-
centrations were generally low throughout the lake. Arsenic, nickel, lead, and sele-

nium were not detected in any sample, whereas cadmium, cobalt, chromium, and
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antimony were detected only occasionally (2 - 6 of the 16 samples). Iron, zinc, and
copper were detected in most or all samples. Among these consistently detected
elements, copper showed the greatest variability (CV = 63.6%) and a strongly
right-skewed distribution (skewness = 2.145), indicating elevated concentrations
at only a few sites. Iron exhibited moderate variability (CV = 29.8%) with an ap-
proximately symmetric distribution (skewness = —0.093), while zinc showed the
least variation (CV = 12.1%) and only slightly positive skewness (0.784). For the
less frequently detected elements, chromium, cobalt, and antimony displayed rel-
atively low variability where detected (CV = 2.5% - 17.0%), and the two cadmium
measurements were nearly identical (CV = 0.3%).

Trace element concentrations were evaluated against the World Health Organ-
ization (WHO) drinking-water guidelines (2026) [39] and the Food and Agricul-
ture Organization (FAO) recommended limits for irrigation water [40]. Arsenic,
nickel, lead, and selenium were excluded from the comparison because they were
not detected. Iron, zinc, copper, chromium, and cobalt were all well below both
WHO drinking-water guidelines and FAO irrigation limits. Cadmium was de-
tected in two samples at approximately 0.006 mg/L, slightly exceeding the WHO
guideline value of 0.003 mg/L, and antimony exceeded the WHO guideline of
0.020 mg/L in two samples (0.022 and 0.025 mg/L). Both cadmium concentrations
remain below the FAO irrigation guideline of 0.01 mg/L, and no FAO irrigation
guideline is available for antimony. Because the Cd and Sb concentrations were
close to their analytical quantification limits, these results should be interpreted
cautiously. Overall, the trace element data provides little evidence of widespread
metal contamination, though future analyses using lower detection limits would
help confirm the observed cadmium and antimony concentrations.

The composition of water isotopes, dD and ¢'*0, in the surface waters of Bedkot
Lake showed no significant spatial variations at the time of sampling. The mean
values were relatively high (-33.7%o % 0.3%0 for dD and —3.96%o * 0.10%o for
0) compared to available regional meteoric water (-47.6%o + 48.0%o for JD;
—7.13%o0 * 5.75%0 for 0'®*0) and river water (=71.4%o0 * 10.0%o0 for JD and
—-10.60%0 * 1.20%0 for ¢'*0). The d-excess of —2.0%o + 0.5%o was significantly
lower than in local meteoric water (9.4%o + 5.8%0) and river water (13.4%o *
1.3%o). These isotopic features indicate that evaporation is a dominating control
on the water balance of Bedkot, and they confirm observations from other en-
dorheic lakes in Central Asia such as Qinghai Lake [41] and Ebinur Lake [42]. The
Bedkot Lake evaporation line (R* = 0.90) is defined as:

D =2.58 x "0 - 23.45

The Bedkot Lake evaporation line intersects the local meteoric water line at D
= —39.2%o and &'*0 = —6.12%o, which provides a first-order approximation of the
mean meteoric water composition at Bedkot Lake (Figure 2). These values are
slightly higher than the mean meteoric water composition of precipitation at
Ghalegaun and consistent with the altitudinal difference between the sites and any

differences in meteoric water provenance.
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Figure 2. Co-isotope plot (8'®0, éD) showing the Bedkot Lake evaporation line (green)
compared to the local meteoric water line (D = 8.29 x %0 + 11.47) at Ghalegaun (blue),
and the river line (D = 8.27 x 80 + 16.29) of Narayani River (purple). The orange line
marks the range of the samples collected at Bedkot Lake.

Overall, the hydrochemical and isotopic results indicate that Bedkot Lake is a
relatively stable freshwater system with limited spatial variation in most physico-
chemical characteristics. Localized variability in nutrients, selected trace elements,
and redox conditions points to site-specific biogeochemical processes, while the

isotope data identify evaporation as a major control on the lake’s water balance.

4.2. Carbon-Nitrogen-Phosphorus Stoichiometry and Dissolved
Organic-Inorganic Nutrient Dynamics in Bedkot Lake

Table 2 summarizes three stoichiometric indicators, DOC:TDN, DIN:DON, and
TDN:PO, (N:P), that characterize carbon-nitrogen coupling, nitrogen partition-
ing, and nutrient balance in Bedkot Lake. These ratios are widely used to evaluate
nutrient availability, organic matter sources, nutrient limitation, and biogeochem-
ical functioning in freshwater ecosystems. Together, they provide insight into the
relative importance of organic and inorganic nutrient pools and the processes reg-

ulating nutrient cycling within the lake.

Table 2. Descriptive statistics of carbon-nitrogen-phosphorus stoichiometric ratios (DOC:
TDN, DIN: DON, and TDN: PO4) in Bedkot Lake.

Ratio n Min Max  Mean SD Median Skewness CV (%)

DOC:TDN 16 4312 6.069 5146  0.526 5.229 0.171 10.23
DIN:DON 16 0.007 1234 0434 0427 0.330 0.575 98.43
TDN:PO4 16 11986 83.010 39.642 19.417 35.285 0.752  48.982

1) DOC:TDN Ratio: The DOC:TDN ratio ranged from 4.31 to 6.07, with a
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mean of 5.15 + 0.53 and a median of 5.23. Spatial variation was low (CV = 10.23%),
and the distribution was nearly symmetric (skewness = 0.171), indicating that the
relationship between dissolved organic carbon and total dissolved nitrogen re-
mained consistent throughout the lake.

The DOC:TDN ratio is commonly used to assess the composition and origin of
dissolved organic matter. Higher values generally indicate greater inputs of car-
bon-rich terrestrial material, whereas lower values are more typical of organic
matter produced within the lake through algal and microbial activity. The average
ratio of approximately 5 suggests that dissolved organic matter in Bedkot Lake is
derived from both watershed inputs and in-lake biological production. Given the
largely forested and minimally disturbed catchment, terrestrial organic matter
likely contributes substantially to the dissolved organic pool, while biological pro-
cessing within the lake also appears to play an important role. The limited spatial
variation in this ratio indicates relatively stable carbon-nitrogen stoichiometry
across the lake despite localized differences in DOC and nitrogen concentrations.
The stability is consistent with freshwater systems where nutrient recycling and
microbial decomposition maintain a balanced organic nutrient pool.

2) DIN:DON Ratio: The DIN:DON ratio showed much greater spatial varia-
tion than the DOC:TDN ratio, ranging from 0.007 to 1.234 with a mean of 0.434
+ 0.427 (CV = 98.43%). The moderate positive skewness (0.575) indicates that
elevated inorganic nitrogen occurred at only a few sampling locations.

Values below one indicate that dissolved organic nitrogen exceeds dissolved in-
organic nitrogen. The observed mean ratio therefore shows that DON was the dom-
inant dissolved nitrogen form throughout Bedkot Lake. This pattern is consistent
with relatively low external nitrogen loading and suggests that nitrogen cycling is
driven primarily by organic matter decomposition and microbial mineralization
rather than by direct inputs of inorganic nitrogen. The large spatial variability fur-
ther indicates that nitrogen transformation is not uniform across the lake. Areas
with higher DIN:DON ratios may reflect localized mineralization, nitrification, sed-
iment-water exchange, or watershed inputs, whereas lower ratios indicate stronger
dominance of organic nitrogen.

3) TDN:PO; Ratio: The TDN: PO, ratio ranged from 11.99 to 83.01, with a
mean of 39.64 = 19.42 and a median of 35.29. The relatively large coefficient of
variation (48.98%) demonstrates considerable spatial variability in the balance be-
tween dissolved nitrogen and phosphorus.

The TDN: POj ratio is used to assess nutrient limitation in freshwater ecosys-
tems. Although threshold values differ among systems and dissolved nutrient ra-
tios should be interpreted cautiously, higher values generally indicate greater phos-
phorus limitation, whereas lower values suggest relatively greater nitrogen limita-
tion. The mean ratio of approximately 40 therefore indicates that phosphorus was
likely the more limiting nutrient across much of Bedkot Lake.

This interpretation is supported by the relatively low orthophosphate concen-

trations reported in Section 4.1. At the same time, the broad range of observed
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values suggests that nutrient balance varies among sampling sites. Lower TDN:
PO, ratios may reflect localized phosphorus release through sediment interactions,
aquatic vegetation decomposition, or internal nutrient regeneration, whereas higher
ratios indicate reduced phosphorus availability or greater nitrogen retention.
Overall Stoichiometric Interpretation: Taken together, the three stoichiometric
indicators provide a consistent picture of nutrient dynamics in Bedkot Lake. The
stable DOC:TDN ratio indicates strong coupling between dissolved organic car-
bon and nitrogen pools across the lake. The low average DIN:DON ratio shows that
dissolved organic nitrogen is the dominant nitrogen form, highlighting the im-
portance of internal nutrient recycling and organic matter decomposition. In con-
trast, the relatively high and spatially variable TDN: PO, ratio suggests that phos-
phorus availability may impose a stronger constraint on biological productivity
than nitrogen under current conditions. Overall, the stoichiometric evidence in-
dicates that Bedkot Lake remains a relatively stable freshwater ecosystem in which
nutrient cycling is governed primarily by internal biogeochemical processes rather

than by substantial external nutrient enrichment.

4.3. Correlation Matrix among Stoichiometric Ratios and Their
Source Variables

Table 3 presents Pearson correlation coefficients among dissolved nutrient frac-
tions (DOC, TDN, DIN, DON, and PO,) and the derived stoichiometric indica-
tors (DOC:TDN, DIN:DON, and TDN:PO,). These relationships complement the
descriptive results in Section 4.2 by identifying associations among nutrient pools

and the processes regulating nutrient cycling in Bedkot Lake.

Table 3. Pearson correlation matrix of stoichiometric indicators and dissolved nutrient
fractions in Bedkot Lake.

Variable DOC TDN DIN DON PO: DOC:TDN DIN:DON TDN:PO.

DOC 1
TDN 0.840* 1
DIN -0.322 -0.231 1
DON  0.737* 0.776* -0.793* 1
PO4 -0.134 0.084 -0.263 0.221 1

DOC:TDN 0.038 -0.505* —0.112 -0.240 -0.300 1
DIN:DON -0.396 -0.353 0.957* -0.841* -0.239  -0.026 1
TDN:PO: 0.285 0.099 0.043 0.034 -0.523* 0.225 0.075 1

Note: * = Correlation is significant at <0.05 level (2-tailed).

DOC was strongly and positively correlated with both DON (r = 0.737, p =
0.001) and TDN (r = 0.840, p < 0.001), indicating close coupling between dissolved
organic carbon and nitrogen pools (Figure 3 and Figure 4). The positive relation-

ship between DOC and DON suggests that organic carbon production and de-

DOI: 10.4236/jep.2026.178042

834 Journal of Environmental Protection


https://doi.org/10.4236/jep.2026.178042

M. P. Bhatt et al.

DON (mgl/L)

0.70

0.60

0.50

0.40

0.30

0.20

0.10

composition are closely linked to organic nitrogen dynamics, whereas the associ-
ation with TDN reflects the important contribution of dissolved organic matter to
the total nitrogen pool. The regression models further support these relationships,
as DON increased by 0.27 mg/L for every 1 mg/L increase in DOC (R* = 0.543;
Figure 3), while TDN increased by 0.19 mg/L per 1 mg/L increase in DOC (R* =
0.705; Figure 4).

1.50 2.00 2.50 3.00 3.50
DOC (mg/L)

Figure 3. Relationship between DON and DOC in Bedkot Lake.
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Figure 4. Relationship between TDN and DOC in Bedkot Lake.

The nitrogen fractions showed clear evidence of internal transformation. DIN
was strongly and negatively correlated with DON (r = -0.793, p < 0.001), indicat-
ing that sites with higher inorganic nitrogen generally contained lower concentra-
tions of dissolved organic nitrogen. This inverse relationship is consistent with

active nitrogen cycling through mineralization, nitrification, assimilation, and mi-
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DIN: DON Ratio
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crobial recycling.

As expected, the DIN: DON ratio was closely associated with its component
variables. It was strongly and positively correlated with DIN (r = 0.957, p < 0.001)
and negatively correlated with DON (r = —0.841, p < 0.001). Regression analysis
showed that the DIN: DON ratio increased by 4.54 units for every 1 mg/L increase
in DIN (R? = 0.916; Figure 5), whereas it decreased by approximately 2.6 units for
every 1 mg/L increase in DON (R* = 0.706; Figure 6). These findings support the

y=-0.05+4.54"x

R2 Linear= 0.916
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0.10 0.15 0.20 0.25
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Figure 5. Relationship between DIN: DON Ratio and DIN in Bedkot Lake.
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Figure 6. Relationship between DIN: DON Ratio and DON in Bedkot Lake.
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conclusion that spatial variation in the DIN:DON ratio primarily reflects shifts
between inorganic and organic nitrogen pools.

In contrast, the relationship between the DOC: TDN and DIN:DON ratios was
weak and not statistically significant (r = —0.026). This suggests that variations in
dissolved organic carbon relative to total dissolved nitrogen were largely inde-
pendent of localized changes in inorganic nitrogen dominance. Carbon-nitrogen
stoichiometry therefore remained comparatively stable despite spatial heterogeneity
in nitrogen transformation. Phosphorus exhibited a different pattern. The TDN:PO,
ratio was negatively correlated with phosphate concentration (r = —0.523, p =
0.038), indicating that increasing phosphate availability reduced the relative dom-
inance of nitrogen. In contrast, the N:P ratio showed only weak associations with
TDN (r = 0.099), DIN (r = 0.043), and DON (r = 0.034), suggesting that spatial
variability in nutrient balance was influenced more by phosphorus availability
than by changes in dissolved nitrogen.

The DOC:TDN ratio was moderately and negatively correlated with TDN (r =
—0.505, p=0.046) but showed practically no relationship with DOC concentration
(r = 0.038). This indicates that variation in the ratio was driven primarily by dif-
ferences in dissolved nitrogen rather than dissolved organic carbon. Overall, the
correlation analysis supports the stoichiometric interpretation presented in Section
4.2. Dissolved organic carbon and nitrogen were tightly coupled, dissolved organic
nitrogen represented the dominant nitrogen pool, and phosphorus availability ap-
peared to increase influence on nutrient balance than nitrogen enrichment. This
points to internal biogeochemical cycling, rather than external nutrient loading, as

the principal mechanism regulating nutrient dynamics in Bedkot Lake.

4.4. Exploratory Multivariate Assessment of Controls on
Stoichiometric Variability in Bedkot Lake

Because the dataset was limited (n = 16), bootstrap resampling (1000 iterations)
was used to improve the stability of regression estimates and reduce sensitivity to
sampling variability. Final models were developed using backward elimination to
retain only ecologically meaningful predictors while minimizing overfitting. Ow-
ing to missing observations for several variables, SPSS applied listwise deletion,
resulting in an effective sample size of eight complete cases for all regression anal-
yses. The models are intended to identify potential ecological relationships rather
than provide predictive equations, and their results should be interpreted with

appropriate caution.

4.4.1. Regression Analysis of the DIN:DON Ratios

To examine factors associated with inorganic nitrogen dominance, the DIN:DON
ratio was modeled as a function of DOC, TDN, oxidation-reduction potential
(ORP), pH, and phosphate (PO,):

DINRatio = -6.37 — 0.514 (DOC) + 9.21(TDN) — 0.01(OPR) + 0.68 (pH) —
4.396 (PO,)
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Note: Regression analyses were based on eight complete cases after listwise ex-
clusion of observations with missing values (effective n = 8).

The model accounted for 62.5% of the observed variation in the DIN:DON ratio
(R? = 0.625). However, neither the overall regression (p = 0.692) nor any individ-
ual predictor reached statistical significance. Although these results do not sup-
port a reliable predictive model, the coefficient directions provide useful ecologi-
cal context. Positive coefficients for TDN and pH suggest that higher dissolved
nitrogen concentrations and slightly more alkaline conditions may favor greater
inorganic nitrogen dominance. In contrast, negative coefficients for DOC and PO,
indicate that increasing organic carbon or phosphate availability is associated with
lower DIN: DON values and greater relative importance of dissolved organic ni-
trogen. ORP contributed little to the fitted model.

These findings are consistent with the correlation analysis (Section 4.3), indi-
cating that nitrogen partitioning in Bedkot Lake reflects the combined influence
of several interacting biogeochemical processes, including organic matter decom-
position, microbial transformation, and nutrient recycling, rather than a single

controlling factor.

4.4.2. Regression Analysis of the TDN:PO4 (N:P) Ratio
A second regression model was developed to examine factors influencing the
TDN:PO, (N:P) ratio using DOC, DIN, DON, and electrical conductivity (EC) as

explanatory variables:

N:P Ratio =666.06+27.79 (DOC) - 130.28 (DIN) — 321.90 (DON) - 2.73 (EC)

Note: Regression analyses were based on eight complete cases after listwise ex-
clusion of observations with missing values (effective n = 8).

This model explained 52.4% of the spatial variation in the N:P ratio (R* = 0.524),
although the overall regression was not statistically significant (p= 0.586). Despite
the lack of statistical significance, the regression coefficients provide insight into
possible nutrient interactions. The positive DOC coefficient suggests that greater
dissolved organic carbon may be associated with higher N:P values, whereas the
negative coefficients for DIN, DON, and EC indicate an inverse relationship with
the modeled ratio. DON exhibited the largest coefficient, implying that dissolved
organic nitrogen may contribute more strongly to variation in nutrient balance
than inorganic nitrogen within this dataset. Together with the correlation results
presented in Sections 4.2 and 4.3, these findings suggest that nutrient balance in
Bedkot Lake is influenced by interactions among dissolved organic matter, nitro-
gen transformation, and phosphorus availability rather than by a single environ-

mental variable.

4.4.3. Regression Analysis of the DOC:TDN Ratio
The final regression model evaluated whether major ions associated with water-
shed inputs influenced the DOC:TDN ratio. Chloride, sulfate, sodium, magne-

sium, and calcium were included as predictor variables because they may reflect
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weathering processes, hydrological transport, and catchment-derived inputs.

The fitted regression equation was:

DOC Ratio = 6.625 — 0.177 (Cl) - 10.913 (SO.) - 0.036 (Na) — 0.140 (Mg) + 0.026
(Ca)

Note: Regression analyses were based on eight complete cases after listwise ex-
clusion of observations with missing values (effective n = 8).

The model explained 33.2% of the observed variation (R* = 0.332) and was not
statistically significant (p= 0.467). None of the individual predictors achieved sta-
tistical significance. Although exploratory, the coefficient estimates suggest that
increasing concentrations of chloride, sulfate, sodium, and magnesium were as-
sociated with lower DOC: TDN values, whereas calcium showed a weak positive
relationship. Sulfate had the largest negative coefficient, indicating a potentially
stronger association with reduced carbon relative to nitrogen than the other major
ions.

Overall, the results provide little evidence that spatial variation in dissolved or-
ganic matter composition is controlled primarily by watershed-derived ionic
chemistry. Instead, they support the interpretation developed in the preceding
sections that DOC: TDN remains comparatively stable across the lake and is reg-
ulated mainly by internal ecological processes such as organic matter production,

decomposition, nutrient regeneration, and microbial cycling.

4.5. Principal Component Analysis of Nutrient Stoichiometry and
Hydrochemical Controls in Bedkot Lake

Principal Component Analysis (PCA) was performed to identify the major envi-
ronmental gradients underlying nutrient stoichiometry and hydrochemical vari-
ability in Bedkot Lake. The analysis included dissolved nutrient fractions (DOC,
TDN, DIN, DON, PO, and NH,) together with selected major ions (Cl, SOy, Na,
Mg, and Ca).

The suitability of the dataset for PCA was confirmed by a Kaiser-Meyer-Olkin
(KMO) value of 0.529, indicating acceptable sampling adequacy for exploratory
analysis, and a highly significant Bartlett’s Test of Sphericity (y* = 223.033, df =
55, p < 0.001), demonstrating sufficient correlation among variables. Because hy-
drochemical and nutrient processes are expected to be interrelated, an oblique
(Oblimin) rotation with Kaiser normalization was applied. The resulting compo-
nent correlation matrix indicated only weak to moderate relationships among the
extracted components, supporting the interpretation of distinct but related envi-
ronmental gradients.

PC1: Organic Nutrient and Biogeochemical Processing Gradient: The first
principal component was dominated by strong positive loadings for TDN (0.949),
DOC (0.939), DON (0.798), and Mg (0.754), with a moderate contribution from
Na (0.528). This component represents the primary organic nutrient gradient
within the lake and reflects the close coupling between dissolved carbon and ni-

trogen pools.
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The strong loadings of DOC, DON, and TDN are consistent with the correla-
tion and stoichiometric analyses presented in Sections 4.2 and 4.3, indicating that
internal organic matter production, microbial decomposition, and nutrient recy-
cling are the dominant processes regulating nutrient availability. The contribu-
tions of magnesium and sodium suggest that mineral inputs accompany, but do
not control, these biological processes.

PC2: Hydrochemical and Phosphorus Gradient: The second component was
characterized by high positive loadings for chloride (0.955), sulfate (0.887), so-
dium (0.883), and phosphate (0.824), together with smaller contributions from
TDN and DON.

This component reflects a hydrochemical gradient associated with watershed-de-
rived dissolved ions and phosphorus availability. The grouping of phosphate with
the major ions suggests that phosphorus distribution is linked to hydrochemical
conditions rather than behaving independently. This interpretation agrees with ear-
lier analyses showing that variation in the N:P ratio is influenced more strongly by
phosphorus availability than by changes in dissolved nitrogen concentrations.

PC3: Relative Nitrogen Transformation Gradient: The third principal com-
ponent showed strong positive loadings for NH, (0.942) and DIN (0.899), accom-
panied by negative loadings for DON (-0.756), Mg (-0.576), and Ca (-0.585).

This component distinguishes reactive inorganic nitrogen from the dominant
organic nitrogen pool and likely represents localized nitrogen transformation pro-
cesses such as mineralization, ammonification, and nitrification. The opposing
loadings of DIN and DON further support the inverse relationship identified in
the correlation analysis, indicating that inorganic nitrogen enrichment occurred
only at selected locations rather than throughout the lake.

Opverall, the PCA identified three complementary environmental gradients gov-
erning nutrient dynamics in Bedkot Lake: 1) internal organic matter cycling and
carbon-nitrogen coupling (PC1), 2) hydrochemical variability associated with
phosphorus availability (PC2), and 3) localized reactive nitrogen transformation
(PC3). These components reinforce the conclusions drawn from the stoichio-
metric, correlation, and regression analyses, demonstrating that nutrient dynam-
ics are controlled primarily by interacting internal biogeochemical processes to-
gether with secondary watershed influences. Table 4 presents the component cor-

relation matrix obtained from the obliquely rotated PCA.

Table 4. Component correlation matrix from the obliquely rotated principal component

analysis.
Component Correlation Matrix
Component 1 2 3
1 1
2 0.136 1
3 -0.331 —0.248 1.000
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Eigenvalue

The component correlations were generally weak, indicating that each principal
component represents a distinct aspect of ecosystem functioning. PC1 and PC2
showed only a weak positive association (r = 0.136), suggesting limited overlap
between internal nutrient cycling and hydrochemical controls. PC1 was moder-
ately and negatively correlated with PC3 (r = —0.331), indicating that sites char-
acterized by strong organic nutrient coupling tended to exhibit less pronounced
reactive inorganic nitrogen dynamics. Similarly, the weak negative correlation be-
tween PC2 and PC3 (r= —0.248) suggests that hydrochemical variability and lo-
calized nitrogen transformation are only partially connected.

These modest component correlations indicate that the three principal compo-
nents describe complementary, rather than redundant, ecological processes. Or-
ganic matter cycling, hydrochemical conditions, and reactive nitrogen transfor-
mation therefore represent separate but interacting controls on nutrient stoichi-
ometry in Bedkot Lake.

The scree plot (Figure 7) showed a distinct decline in eigenvalues after the
fourth component. According to the Kaiser criterion (eigenvalues > 1), four com-
ponents could be retained because the fourth component had an eigenvalue of
approximately 1.0. However, the first three components explained most of the to-

tal variance and were considered sufficient for ecological interpretation.

1 2 3 4 5 6 7 8 9 10 1

Principal Components

Figure 7. Scree plot of eigenvalues from the principal component analysis.

4.6. Partial Correlation Analysis of Nutrient Stoichiometry and
Nutrient Controls in Bedkot Lake

Partial correlation analysis was conducted to determine whether the relationships
among dissolved nutrient fractions and stoichiometric indicators remained after
accounting for the influence of selected environmental variables (Table 5). Unlike
Pearson correlation, partial correlation evaluates the direct association between
two variables while controlling the effects of a third variable, providing additional

insight into the mechanisms governing nutrient cycling in Bedkot Lake as shown
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in Table 5.

Table 5. Partial correlation coefficients among stoichiometric indicators and dissolved nu-
trient fractions after controlling selected nutrient variables.

Partial correlation (a<»b) Control variable (c) Partial rap.c p-value
DIN: DON «< N:P PO, —0.060 0.831
DOC <+~ DON TDN 0.250 0.368
DOC: TDN « DIN: DON DOC -0.012 0.967
TDN < POy DOC 0.366 0.179
DIN < NH, DON 0.685 0.005
DOC:TDN « DIN:DON PO4 0.083 0.768

After controlling for phosphate concentration, the association between the
DIN:DON ratio and the TDN:PO, (N:P) ratio was weak and not statistically sig-
nificant (partial = —0.060, p = 0.831). This result indicates that inorganic versus
organic nitrogen partitioning contributed little to overall nutrient balance once
the influence of phosphorus was removed, supporting earlier evidence that phos-
phorus availability plays a central role in regulating nutrient stoichiometry within
the lake.

The positive correlation between DOC and DON persisted after controlling for
TDN (partial r= 0.250, p = 0.368), although the relationship was not statistically
significant. This finding suggests that coupling between dissolved organic carbon
and organic nitrogen extends beyond their shared dependence on total dissolved
nitrogen, consistent with the role of organic matter production and decomposi-
tion in sustaining nutrient cycling.

Controlling for DOC produced virtually no relationship between the DOC:
TDN and DIN: DON ratios (partial r = —0.012, p = 0.967). This confirms that
spatial variation in carbon-nitrogen stoichiometry was largely independent of lo-
calized shifts between inorganic and organic nitrogen forms. Similarly, the partial
correlation between TDN and phosphate remained positive but non-significant
after accounting for DOC (partial r= 0.366, p= 0.179), indicating only weak direct
coupling between dissolved nitrogen and phosphorus once variation associated
with organic carbon was removed.

Among all relationships examined, only the association between DIN and NH,
remained statistically significant after controlling for DON (partial r= 0.685, p =
0.005). The persistence of this strong positive relationship indicates that inorganic
nitrogen species are closely linked through internal nitrogen transformation pro-
cesses, including mineralization, ammonification, and nutrient regeneration, ra-
ther than simply reflecting variation in dissolved organic nitrogen.

Likewise, controlling for phosphate produced only a weak and non-significant
relationship between the DOC: TDN and DIN: DON ratios (partial r= 0.083, p =
0.768), indicating that phosphorus availability did not substantially alter the asso-
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ciation between carbon-nitrogen stoichiometry and nitrogen partitioning. Over-
all, the partial correlation analysis showed that most pairwise relationships weak-
ened after shared nutrient effects were removed, suggesting that nutrient dynam-
ics in Bedkot Lake arise from multiple interacting biogeochemical processes ra-
ther than simple linear associations. The only robust independent relationship
was observed between DIN and NH,, emphasizing the importance of internal ni-
trogen transformation. Together with the stoichiometric, correlation, regression,
and PCA results, these findings indicate that internal nutrient cycling and local-
ized biogeochemical processes exert stronger control on ecosystem functioning

than external nutrient enrichment.

4.7. Statistical Procedures and Diagnostic Assessment

All statistical analyses were performed using the latest version of IBM SPSS Sta-
tistics (IBM Corp., Armonk, NY, USA). Statistical significance was evaluated at
the 5% level (p < 0.05). Because several multivariate analyses were based on a lim-
ited number of complete observations (effective n = 8), bootstrap resampling with
1,000 replications and bias-corrected 95% confidence interval was employed to
improve the stability and robustness of parameter estimates.

Pearson correlation, multiple linear regression, principal component analysis
(PCA), and partial correlation analyses were subsequently conducted. Prior to
PCA, all variables were standardized to Z-scores (mean = 0, standard deviation =
1) to remove the influence of differing measurement scales. The suitability of the
dataset for PCA was assessed using the Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy and Bartlett’s test of sphericity. Principal components with
eigenvalues greater than 1.0 were retained and interpreted following Ob/imin ro-
tation with Kaiser normalization, allowing for potential correlations among the
extracted components.

Diagnostic procedures were performed to evaluate the assumptions underlying
the statistical analyses. For Pearson correlation and multiple regression, linearity,
homoscedasticity, independence of observations, and the absence of influential
outliers were assessed using scatterplots and standardized residual diagnostics. Mul-
ticollinearity among predictor variables was evaluated using tolerance values and
variance inflation factors (VIF). For partial correlation analysis, linearity and the
approximate normality of residual relationships were also examined before inter-

preting the results.

5. Conclusions

Biogeochemical controls on carbon-nitrogen-phosphorus (C-N-P) and nutrient
dynamics were evaluated within Bedkot Lake in the Chure region of far-western
Nepal. The observed pattern shows that the nutrient regulation is primarily driven
by internal biogeochemical cycling rather than external watershed loading in a
significantly evaporation-dominated Bedkot Lake during summer-monsoon, sug-

gesting potential phosphorus limitation. The dissolved organic carbon and total
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dissolved nitrogen (DOC:TDN) ratios remain highly consistent across the lake,
indicating stable organic matter production and balance coupling with nitrogen
processing. On the contrary, uneven distribution of dissolved inorganic nitrogen
and dissolved organic nitrogen (DIN:DON) ratios highlights highly localized var-
iations in nitrogen transformation. The dominance of organic pathways over di-
rect inorganic enrichment suggests that dissolved organic nitrogen functions as a
critical reservoir, which is mineralized into bioavailable form through microbial
processes over time. The structural stability of carbon and nitrogen processing is
limited by summer-monsoon conditions where dissolved nitrogen availability con-
sistently overshadows dissolved phosphorus, identifying phosphorus as the pri-
mary limiting element restricting the ecosystem.

Statistical analysis confirmed that biogeochemical dynamics are governed by a
complex network of tightly coupled nutrient cycles and independent environmen-
tal gradients within Bedkot lake.

The principal component and correlation analyses reveal a strong connection
within organic nutrient contrasted by a distinct separation from reactive dissolved
inorganic nitrogen and ammonium. Such separation emphasizes active internal
nutrient transformation and redistribution. Hydrochemical regulations arise from
interacting ecological processes like microbial turnover, decomposition, nutrient
regeneration, and hydrological redistribution. This research confirms that the lake
is freshwater ecosystem sustained by organic matter processing and phosphorus
control based on summer-monsoon data. Environmental assessment confirms wa-
ter quality with safety standards for domestic and agricultural applications, showing

no systematic trace metal contamination.

6. Future Research Recommendations

The present research provides only a summer-monsoon season assessment of C-
N-P control and nutrient dynamics within the Bedkot Lake, but several opportu-
nities remain for advancing detailed understanding of ecosystem functioning. Com-
plete seasonal monitoring representing pre-monsoon, monsoon, post-monsoon
and winter periods is recommended to evaluate temporal variability of nutrient
dynamics throughout the annual hydrological cycle as seasonal observations
would provide clearer insight into nutrient regulation within aquatic ecosystems.

Future research should integrate biological indicators including chlorophyll-a,
phytoplankton composition, dissolved oxygen profile, and microbial activity to
strengthen interpretation of nutrient limitation and ecosystem productivity. Sed-
iment-water interaction studies would also improve our understanding of internal
nutrient loading and phosphorus regeneration. Stable isotope approaches, includ-
ing nitrogen isotope and dissolved organic matter characterization, may further
distinguish between autochthonous and allochthonous nutrient sources.

Finally, long-term integrated monitoring of complete hydrochemistry, includ-
ing nutrients, biological indicators, and watershed processes, is essential for un-

derstanding clear ecological processes and supporting the sustainable manage-
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ment of Bedkot Lake under changing land use and climate conditions. The con-
servation of the Chure region is absolutely necessary for protecting regional water
quality and stabilization of the broader environmental condition stretching into
the lowland Terai area in the region. Implementing these integrated watershed-
level policies is necessary to mitigate the compounding impacts of changing cli-

matic patterns and shifting land-use dynamics.
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