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Introduction

Phosphorus is one of the vital components of plant growth 
(Gigolashvili and Kopriva 2014; Rennenberg and Dannen-
mann 2015; Castro-Rodríguez et al. 2017). Compounds 
including adenosine diphosphate, adenosine triphosphate 
(ADP, ATP), and nucleic acids are important phosphorus 
compounds in plants (Tisdale et al. 1985; Scheerer et al. 
2019). Providing sufficient food for the rapidly growing 
world population has created more pressure on agricultural 
lands (Sharpley 2003). Thus, cultivated agricultural soils 
would lose nutrients (particularly phosphorus). To main-
tain soil fertility, manure and fertilizers are added to the 
soil. Phosphorus, as one of the vital components of plants, 
belongs to the type of fertilizer that is added to soil more 
than its needs. Indeed, the input phosphorus is more than the 
discharge phosphorus (absorption by plant) (Sharpley 2003; 
Fan et al. 2018; Ebrahimi et al. 2022). Phosphorus is usually 
released with soil runoffs into two forms particulate phos-
phorus and soluble phosphorus (Shoja et al. 2017; Asadi et 
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Abstract
Phosphorus in surface waters accelerate algal growth and eutrophication, considerably influencing water quality. Spatio-
temporal changes in phosphorus concentration are crucial for environmental issues. We aimed to study the temporal and 
spatial changes in water quality in a river and in a drainage water system considering different land uses. To this aim, 15 
water samples were collected from the origin of the river to the estuary, in the Bostankar River watershed (N-Iran), during 
spring and winter. Further samples were collected from agricultural drainage water in rice fields, tea, flower, orange as 
well as kiwi gardens, and forests during spring and winter. EC, pH, TDS, and three forms of phosphorus (total, particulate, 
and soluble) were measured in the water samples. The results showed that water quality changes in agricultural drainage 
water were time-dependent; the average total phosphorus was 0.4 mg l-1 lower in the spring than in the winter. The highest 
phosphorus concentration (1.29 mg l-1) occurred in the winter in the drainage water of the orange gardens. Temporal and 
spatial changes of the river showed that water quality reduced from the river upstream (jungles and grasslands) towards 
the downstream (different agricultural land uses), and the amount of phosphorus increased from 0.25 to 0.5 mg l− 1. The 
TDS increased from 60 to 220 mg l− 1 in the river in the winter. Finally, the results showed that human activities were the 
main factor in river water quality reduction due to agricultural activities.
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al. 2018; Latifi et al. 2018). 80% of the phosphorus loss in 
the surface runoff from cultivated lands includes particulate 
phosphorus (Sharpley et al. 1992; Ebrahimi et al. 2022b).

Eutrophication is the main factor in surface water quality 
reduction (Environmental Protection Agency, United States 
1996) and is caused by excess phosphorus, nitrogen, and 
carbon in the surface water (Conley et al. 2009; Schindler 
et al. 2016). This results in increased algal growth; algae 
stay on water surfaces as a barrier and decline fishery, enter-
tainment, and industrial activities (Eastman et al. 2010; 
Schindler et al. 2016). Other consequences of eutrophication 
include dissolved oxygen reduction due to the decomposi-
tion of algae, increasing suspended solids, and decreasing 
variety of animal and aquatic plant species (Migliaccio et 
al. 2007). Increased growth of cyanobacteria is another 
consequence in these waters, which would sicken humans 
and livestock if consumed (Sharpley 2003). Algal growth 
releases toxins and volatile organic compounds, resulting 
in nerve damage and causing concerns over eutrophication 
(Burkholder and Glasgow Jr 1997). Nitrogen and carbon are 
vital for aquatic animal growth, but these components are 
difficult to control owing to atmospheric and water cycles, 
and phosphorus has been identified as the most limiting 
component (Sharpley 2003). Many pieces of evidence have 
confirmed that phosphorus is the most limiting component 
of aquatic organisms. Note that when moving from fresh 
waters towards coastal and ocean waters, the limiting com-
ponent changes from phosphorus to nitrogen (Ryther and 
Dunstan 1971; Berthold and Schumann 2020; Diatta et al. 
2020). According to laboratory examinations, the phosphate 
concentration providing moderate algal growth is diverse 
and differs from 0.003 to 0.8 mg l− 1 (Grover 1989). Nev-
ertheless, it was observed that if the phosphate concentra-
tion increased to 15 mg l− 1, the amount of carbon fixation 
and chlorophyll concentration in Lake Michigan increased 
drastically. However, no confirmed phosphorus concentra-
tion was accepted by any of the experts. In accordance with 
these recommendations, to reach a concentration that causes 
eutrophication, water phosphorus can be measured instead 
of soluble phosphorus (Correll 1998). Some researchers 
(Smith et al. 1993; Foy and Withers 1996) believe that 
phosphorus concentration around 0.01 to 0.015 mg l− 1 is a 
concentration responsible for the extreme growth of harm-
ful algae in waters. Based on studies conducted in New Zea-
land, concentrations around 0.015–0.03 mg l− 1 have been 
confirmed (Nguyen and Sukias 2002). Sharpley (2003) sug-
gested that if the phosphorus concentration in lake water is 
more than 0.02 mg l− 1, it accelerates eutrophication. Note 
that the amount of phosphorus concentration in the water 
required to measure the threshold concentration depends on 
the under-studied region.

Considering the importance of phosphorus and nitro-
gen in surface waters and their role in eutrophication, it is 
essential to study the temporal and spatial changes in this 
component as well as its sources. Catchments affected by 
mining, urban development, and agricultural activities and 
high levels of water pollution have been realized because of 
significant nutrient, metalloid, and trace metal contamina-
tion loads (Radeva and Seymenov 2021; Seymenov 2022). 
Nutrient loss due to sediment runoff is a dynamic phenome-
non that depends on the time and location of its sources. The 
largest amounts of nitrogen, phosphorus, and organic mat-
ter were observed in summer and the lowest in the winter 
(Bijayalaxmi Devi and Yadava 2006). Agricultural land use 
and landscape pattern changes affect the infiltration to run-
off ratio, which underlines the need for integrated soil and 
water conservation (Madarász et al. 2011; Nagy et al. 2020); 
70% of phosphorus pollution was found to be the conse-
quence of agricultural activities (Alexander et al. 2008). 
Various studies have been conducted on the temporal and 
spatial changes in land use and landscape patterns (Bui and 
Mucsi 2022), but no comprehensive study has examined the 
concentration of dissolved solids and various forms of phos-
phorus from different land drains (Ebrahimi et al. 2022a).

In the Bostankar river watershed, situated in Mazandaran 
province in the north of Iran, due to the lack of industrial 
factories, food companies, and sand factories of large cities 
that are important causes of increasing phosphorus pollu-
tion, there is a possibility of separation of agricultural units. 
This watershed is a good standard for similar regions at 
the international level, owing to different vegetation types, 
humid climates, and proximity to the sea. Therefore, the 
objectives of this research were: (1) to study concentration 
changes in various forms of phosphorus discharge from dif-
ferent agricultural units and forests in two seasons, spring 
and winter, and (2) to perform temporal and spatial change 
analysis of phosphorus pollution in the Bostankar River in 
two seasons.

Materials and methods

Study area

The Bostankar River watershed, with an area of 4569.5 ha, 
is situated in Shirud, one of the suburbs of Tonekabon city 
in Mazandaran province in the north of Iran. From the west, 
Tonekabon is connected to Ramsar city; from the east to 
Chalus city; from the southern side, it is connected to the 
Alborz Mountains; and from the north, it ends in the Cas-
pian Sea (Fig.  1). This river originates in the Tonekabon 
Mountains, joins the Shirud River, and enters the sea. This 
watershed supplies various land uses including cultivation, 
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forests, kiwi and orange gardens, tea gardens, and flower 
gardens.

Among the available land uses in the region, only those 
with drainage were investigated. In this watershed, farm-
ers apply almost the same management for each land use 
type. This watershed includes 166 ha of forest land, 957 ha 
of garden land, 3405 ha of irrigated gardening, and 42 ha 
of floodplains. The specific sediment and annual sediment 
load of this watershed are 66.4 tons ha year− 1 and 3035.1 
tons year− 1, respectively, which were formed in the Triassic 
(Organization of Cardamom Forest, Pastures, and Water-
shed Management of Iran 2002). The river in this watershed 
is directly connected to the Tiromrood River in the Shirud 
region, and after traversing approximately 2.5 km, it ends in 
the Caspian Sea, which is very prominent.

For a better understanding, the predominant land uses 
within the area have been categorized into three sections: F, 
characterized by a predominance of forested areas; G, char-
acterized by diverse gardens; and R, characterized by the 
prevalent cultivation of rice or paddy lands.

Water sampling and analysis

River water samples were collected at 15 points (Fig. 2a), 
beginning from #1, located upstream of the watershed, and 
continuing to #15 downstream with three repetitions at 
only two flood events in the winter and spring. All points 
were measured using a GNSS device. Water samples (1.5 l) 
were collected from the centerline of the river, at a depth 
of 25 cm. The study area can be delineated into two main 
regions exhibiting different land-use characteristics, as dem-
onstrated by the Sentinel-2 Land Cover map from the time 
of sample collection (Fig. 2a, Karra et al. 2021). Forest and 
garden units were situated in the southern part of the studied 
watershed, whereas the agricultural land use was predomi-
nantly paddy fields in the northern region (Fig. 2a). Three 
water samples were collected from each land-use drainage 
(i.e., from paddy fields, tea, flower, orange, and kiwi gardens 
and forests) during the two flood events in both seasons. All 
samples from the river and drainages were collected on the 
same day in the winter and spring (Fig. 2b).

Fig. 1  Sample area
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Total P

(
mgP

l

)
=

mgPfrom the calibration curve ∗ 1000
mlsample

� (1)

where: Total P = the phosphorus concentration is the sample 
expressed in milligrams per liter.

mgP = the amount of phosphorus determined from the 
calibration curve and.

mlsample = the volume of the sample.
Soluble phosphorus (SP) measurement is almost iden-

tical to total phosphorus, except that samples must be 
screened using Whatman 44 filter paper before digestion. 
Note that the samples were screened through three layers 
of filter paper (Carlson and Simpson 1996). The amount of 
particulate phosphorus (PP) was calculated as the differ-
ence between the total phosphorus and soluble phosphorus 
content.

Statistical analysis

Water chemical variables were analyzed using a robust 
ANOVA (applying trimmed means of 20%). We performed 
a robust ANOVA with trimmed means and Yuen’s test for 

Water samples were transferred to the laboratory and kept 
below 4 °C to prevent changes due to biological and chemi-
cal transformations. They were analyzed for less than 24 h 
after sampling to prevent extensive changes in water phos-
phorus concentration (Kovar and Pierzynski 2009). In the 
laboratory, the pH value of the samples was measured by a 
pH meter (WTW-2010), the electrical conductivity (EC) by 
an EC meter, and the TDS reading (Total Dissolved Solids) 
was accomplished by a TDS meter (HI99300-2005) (1999).

Measuring phosphorus forms

Various forms of phosphorus exist in nature, but the phos-
phate forms, including PO4

3−, orthophosphate H2PO4
−, and 

HPO4
2−, are measurable. Thus, the phosphorus present in 

the samples must be converted to phosphate and orthophos-
phate for measurement. Accordingly, we first digested the 
samples with potassium persulfate. As soon as digestion was 
performed, the amount of phosphorus was gauged using the 
ascorbic acid method (Carlson and Simpson 1996).

The equation used to calculate the total P is the following 
(Bridgewater et al. 2017):

Fig. 2  Sampling points of the Bostankar River (a) and the drainages by land use types (b)
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Results

TDS, EC, and pH in the drainage water by land use 
types and seasons

The EC, TDS, and pH were different and had significant 
differences by land use types, and regarding the effect sizes, 
all three effect sizes (ξ) were > 0.85. Forest had the lowest 
values, and the rice fields were the largest. In the case of 
pH, the lowest value was 6.76, almost in the range of neutral 
range in the forest land use type, and the highest belonged to 
the rice fields, 7.69 indicating slightly alkalic pH, the mean 
values of all land uses were close to the neutral range. EC 
and TDS also indicated low loads in the water (Fig. 3).

TDS, EC, and pH of the drainage samples were not sig-
nificantly higher (i.e., p > 0.05) in the winter than in the 
spring (Fig.  4), but, regarding the TDS, the p = 0.07 was 
close to significant in statistical terms, and the effect size 
justified that seasons had a large effect on the concentrations 
(ξ = 0.71); at sampling point #11, winter EC and TDS values 
were almost twice those of spring. The pH did not change 
much during spring, but in the winter, it increased due to 
water addition having alkaline pH (Fig. 5).

The increase of the EC and TDS had a trend in both sea-
sons from the source to the estuary. In the case of pH, the 
trend was not obvious, as in winter it decreased at #9 and 
right after that, reached its maximum at #12. In the winter, 

pairwise comparisons (H0: there was no difference among 
means of land-use classes or seasons). Common effects of 
land use and seasons were analyzed with a 2-way factorial 
ANOVA involving the interactions.

We performed a Principal Component Analysis (PCA) 
to evaluate the effect of land use in a multivariate method. 
EC, TDS, pH, TP, PP, and SP were involved with the log-
transformed data to improve normality and to ensure the 
same magnitude for all variables. Besides, we used the stan-
dardized PCA using the correlation matrix, and the varimax 
rotation to get uncorrelated principal components. Kaiser-
Meyer-Olkin measure of sampling adequacy (KMO) and 
the root mean square residual (RMSR) were used to evalu-
ate the success of ordination. The number of principal com-
ponents (PCs) was determined based on the Kaiser’s rule. 
The result was visualized in a biplot diagram with the land 
use classes.

We divided the river samples into 4 subsections (Fig. 2a) 
from the highest parts to the coastal region (mouth). Due 
to their high correlations within the PCs, they were used 
as variables in the further analyses, we performed robust 
ANOVA with trimmed means and Yuen’s test for pairwise 
comparisons with PC1 and PC2 (H0: there was no differ-
ence among means of land use classes, and H0: there was no 
differences among river sections).

Statistical analyses were conducted in R 4.3.3 (R Core 
Team, 2024) with the ggstatsplot (Patil 2021) and Fac-
toMineR (Lê et al. 2008) packages.

Fig. 3  Distribution of water chemical parameters by land use types (unit: mg/l; TDS (a), EC (b), and pH (c); land use (LC): F: forest, G: gardens, 
R: rice fields)
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larger (4–7 times higher) loads in the winter (Fig. 7). In the 
winter, the concentrations had wider ranges, pointing to the 
diverse sources of phosphorus in the watershed.

In the spring, changes in TP and PP rates increased in 
the river to sampling point #4; showed no trend up to sam-
pling point #10, and then decreased to the mouth of the river 
(Fig. 8). The SP trend along the river length fluctuated and 
was close to zero at sample points #12–14 (Fig. 8). All forms 
of phosphorous increased from upstream to downstream of 
the river, and the analysis showed significant differences 
with high effect size (even larger than 2 standard deviations) 
in all forms of phosphorus between seasons.

after a slight increase, from #11, pH started to decrease (Fig. 
6).

Phosphorus forms in the drainage water by land use 
types and seasons

Although there were no significant differences among the 
land use types in any case of phosphorus forms (Fig. 6), the 
effect sizes were around 0.3 indicating moderate effects. 
The smallest loads were found in drainages of forests, while 
gardens and rice fields caused 1.5-2 times higher loads in 
some cases, but the differences were still not significant.

Seasons had a relevant effect on the phosphorus concen-
trations, in all phosphorus forms. Drainages had significantly 

Fig. 5  Water chemical parameters along the river section (W: winter, S: spring)

 

Fig. 4  Seasonal differences of EC(µS/cm), TDS (ppm), and pH (W: winter, S: spring)
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and SP accounting for 46% of the variance, while PC2 cor-
related with the EC, TDS, and pH accounting for 43%. 
The biplot diagram (Fig.  9) showed discriminated groups 
of the land use classes the forest formed a completely dif-
ferent group, and the rice and garden classes had a slight 

Common effects of land use and seasons

PCA was successful according to the KMO (0.67, i.e., 
mediocre), and RMSR (0.06, i.e., good). Two PCs explained 
89% of the total variance. PC1 correlated with the TP, PP, 

Fig. 7  Seasonal differences of phosphorus forms (W: winter, S: spring)

 

Fig. 6  Distribution of phosphorus forms by land use types (TS: total phosphorus, SP: soluble phosphorous, PP: particular phosphorus; land use 
(LC): F: forest, G: gardens, R: rice fields)
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Total phosphorus had the highest concentrations in the 
winter and regarding land use, we experienced the largest 
concentrations in rice land drainages. In the spring, gardens 
had larger concentrations of TP than the rice fields and for-
ests, but the magnitudes were relevantly smaller than those 
in the winter (Fig. 11). Based on the adjusted R2, land use 
and seasons explained 96.3% of the variance. Both factors 
were significant and had large effects on the TP concentra-
tions (Table 1), and the interactions.

In the case of EC, ranges were significantly different for 
all land use types in both seasons (Fig. 12). In the winter, 
rice lands had the largest interquartile range, and the forest 
had the smallest. In the spring, ranges were small for all 
land use types. Adjusted R2 was 0.772, indicating a strong 
relationship, and both the land use type and the season as 
independent variables had significant and strong effects 
(Table 2), however, there was no interaction.

Discussion

Surface erosion in the Bostankar watershed area after rain-
fall increased the concentration of runoff and elemental 
minerals. In general, due to the lack of vegetation in the 
winter, the resilience of the soil is small, and raindrops hit 
the soil surface directly and destroy the soil grains, which 
increases surface erosion (Ebrahimi et al. 2022b). Forests 
had more phosphorus released in the winter than in the 
spring consistent with the previous observations (Hubbard 
et al. 2004; Buck et al. 2004). This can be related to the 
splash effect of larger raindrops under taller trees in forests; 
water gathers on leaves, and larger raindrops falling from 
4 to 5  m height have more kinetic energy to destroy soil 
aggregates, and smaller particles can easily cause erosion 
(Park and Cameron 2008). As a result, large aggregates dis-
integrate and turn into particles, which are easily transferred 
by water currents (Ojani et al. 2022). In the spring, unlike 

overlap. ANOVA justified that PC2 has a discriminating 
effect (PC1: F = 1.868, df = 2, p = 0.174; PC2: F = 56.34, 
df = 2, p < 0.001) where all pairwise comparisons showed 
significant differences (p < 0.001); accordingly, TDS, EC, 
and pH had the main effect.

Regarding PC1 (TP, SP, PP), there were no significant 
differences (Fig. 10), all sections had similar values, only 
the ranges differed slightly, which was reflected in the effect 
size (0.41). However, in the case of PC2 (EC, TDS, pH) 
values had an increasing trend from section #1 to #3 with 
significant differences, but sections #3 and #4 did not differ, 
the effect size was 0.86 indicating a large effect.

Fig. 9  Biplot of PCA with the water chemical variables as reflected in 
land use classes (G: garden, F: forest, R: rice field)

 

Fig. 8  Water chemical parameters along the river section
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Table 1  Total phosphorus analysis with two-way factorial ANOVA by 
land use types and seasons (SS: Sum of squares, df: degree of freedom, 
F: F-statistic, p: significance, η²p: effect size)

SS df F p η²p
Model 0.9911 5 154 < 0.001 0.97
Season 0.8021 1 623.3 < 0.001 0.963
LC 0.0692 2 26.9 < 0.001 0.691
Season × LC 0.0895 2 34.8 < 0.001 0.743
Residuals 0.0309 24
Total 1.0219 29

Table 2  Electric conductivity (EC) analysis with two-way factorial 
ANOVA by land use types and seasons (SS: Sum of squares, df: degree 
of freedom, F: F-statistic, p: significance, η²p: effect size)

SS df F p η²p
Model 223,630 5 20.68 < 0.001 0.812
Season 26,263 1 12.14 0.002 0.336
LC 180,065 2 41.63 < 0.001 0.776
Season × LC 12,893 2 2.98 0.07 0.199
Residuals 51,908 24
Total 275,538 29

Fig. 12  Interaction plot of total phosphorus (EC) by land use types and 
seasons (LC: land use, F: Forest, G: Garden, R: Rice field; median, 
lower quartiles, upper quartiles)

 

Fig. 11  Interaction plot of total phosphorus (TP) by land use types and 
seasons (LC: land use, F: forest, G: garden, R: rice field; median, lower 
quartiles, upper quartiles)

 

Fig. 10  The differences of PCs by 
river sections
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TDS rates of various agricultural drainages were higher in 
the winter than in the spring. These drainages join the main 
river and enhance the TDS concentration (Fig. 4). The pH 
in both seasons was around 7, and the river water qualita-
tive standard (Nabizadeh et al. 2013), pH variations, in both 
seasons, remained between 6.5 and 8.5, in the winter these 
rates increased. The primary contributor to the increased 
phosphorus concentration in the river was the addition of 
pollution sources, particularly agricultural plots releas-
ing phosphorus. The results indicate that land uses in the 
downstream region’s area R drainages experienced signifi-
cant changes in the TP parameter, as evidenced by points 
#11 to #15 in the river. In area G, the primary land uses 
are gardens, such as kiwi, orange, and flower, which have 
different management practices compared to rice. The last 
area, F, is predominantly forested, with no visible anthropo-
genic activities. The drainages and river points in these three 
sections, particularly in winter, indicate that the TP load-
ing from drainage, especially in winter, is highest in area R. 
According to Tong and Chen (2002) research, agricultural 
and urban lands produce a much higher level of nitrogen 
and phosphorus than other land surfaces. The concentration 
of PP was higher than that of SP; with SP rarely leaching 
from the soil, and typically originating from soil sediment 
deposits (Asadi et al. 2018). Phosphorus is often transported 
in the form of PP and is gradually separated from the soil 
during the river length, eventually transforming into SP 
(Shoja et al. 2017). Asadi et al. (2018) demonstrated that 
TP, PP, and SP changes in a year in cold seasons and land 
uses without vegetation result in higher phosphorous out-
put, which is consistent with the findings of this research. 
Latifi et al. (2018) showed that phosphorus changes along 
the river length are unstable in the Siahrud River, and phos-
phorus concentration varies based on pollution sources 
bound to the river by minor branches.

Conclusions

We aimed to reveal the role of land use in the spatiotemporal 
distribution of water pollutants in the Bostankar River and 
the drainage along its close vicinity, focusing on phosphorus 
forms. The findings indicated that this was due to the load-
ing of agricultural drainage to the river. The difference in 
EC between the upstream and downstream areas was signif-
icant, increasing in both seasons two times in the spring and 
three times in the winter downstream. Phosphorus changes 
in river water were time-dependent: in the winter the con-
centration was 20–25 times greater than in the spring. In 
drainage water, the largest EC and TDS were experienced 
in the flower gardens, while TP concentration was the high-
est in the winter and kiwi gardens in the spring. The results 

winter, vegetation is suitable and prevents direct raindrops 
strike considerably, hence, the erosion rate decreases. We 
justified this process using values measured in the river and 
drainage systems. In particular, phosphorus bound to soil 
particles is a direct indicator of erosion; a higher concen-
tration indicates suspended particles in water (Alexander et 
al. 2008). Cultivated surfaces in flower gardens are usually 
larger than those in forests, other gardens, and tea gardens; 
thus, soil particle release in these land use types is high. 
Accordingly, the TDS level was the highest (398 mg l− 1) 
in the drainages of this land use type. The minimum TDS 
concentration was associated with forest drainage in the 
spring (59 mg l− 1) where both vegetation density and the 
leaf area index were the highest.  Ebrahimi et al. (2022b) 
found that TDS changes were time-dependent, and their 
quantities were not the same across different seasons, which 
is in line with the result of this research, i.e., concentrations 
are higher in the winter.

Cultivated lands (i.e., human activity), as opposed to 
forests, are more responsible for phosphorus release (Buck 
et al. 2004). Since the organic and synthetic fertilizers that 
have been used for a long time are beyond the plants’ needs, 
this excess phosphorus in the soil is released with runoff, 
which, after some interactions, pollutes the river. Buck et al. 
(2004) identified the impacts of land use changes on water 
quality, explaining that agricultural activities were the main 
sources of deposits and water surface pollution. Our results 
justified those pollutants had higher concentrations in down-
stream areas, where the presence of agricultural land use 
types was more dominant than in upstream areas. In both 
winter and spring, the role of gardens in phosphorus release 
from rice fields, tea gardens, and flower gardens was more 
significant. Assessment of land uses indicates that farmers 
use phosphorous chemical fertilizers and heavy tillage for 
agricultural land uses especially rice cultivation that both 
reasons can contribute to fertility erosion. Supporting this 
observation, a study by Mostaghimi et al. (1992) found the 
worst water quality scenarios occurred when either sludge 
or chemical fertilizer was surface-applied under a conven-
tional tillage system.

The river water quality parameters (pH, EC, TDS, and 
P) increased in both seasons along the river from sampling 
points RP01 to RP15, and the pollution increased from 
the headwaters to the mouth. Runoff from cultivated land 
increased EC and TDS. Alam et al. (2007) showed that the 
concentration of solid particles was reduced longitudinally 
in Surma River, Bangladesh. The TDS rate was higher in 
the winter than in the spring because in the spring, there 
was more vegetation and less surface erosion, in accordance 
with the work of Asadi et al. (2018), that is, EC and pH 
changed in rivers depending on land use, date, and rain-
fall in five watersheds of Guilan province in N-Iran. The 
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revealed that sources of phosphorus loadings of drainages 
were associated with cultivated lands and forests were not 
relevant factors, nor were the quality of drainages or pollut-
ers of rivers. This study can be useful for hydrologists, soil 
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