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Abstract 
Potato is important for food security in developing countries such as 

Ethiopia. The purpose of this study is to evaluate the contribution of 

varied fertilizers to potato yields at Basketo Special Woreda, 

Gamogofa Zone, Ethiopia. To attain this objective, a generalized 

linear mixed model was used to differentiate the factors that affect 

the marketable yield of potatoes by considering variability within 

three replications. In addition, this study used the Kolmogorov-

Smirnov test to check the goodness of fit tests of normal distribution. 

The collected data were analyzed using statistical software, SAS 

version 9.4. The mean of plant tallness, number of plants per plot, 

number of plants per slope, and number of tubers per slope were 

73.65 (SD = 12.2), 155.2 (SD = 112.2), 3.23 (SD = 1.31), and 10.91 

(SD = 3.15.2), respectively. The result reveals that 6% of variation 

existed in potato yield between plots, and the remaining 94% existed 

within plots. Apart from a linear mixed model, a random intercept 

model was applied to this data. The findings reveal that fertilizer 

types, number of plants per plot, and numbers of tubers per hill were 

significant at 5% level of significant. Thus, the expected marketable 

yield of potatoes decreased by 0.7819 tons/hectare when the number 

of tubers per hill increased by 1 unit. On the other hand, the expected 

marketable yield of potatoes has increased by 0.0175 tons/hectare 

when the number of plants per plot increased by 1 unit. 

Keywords 
Marketable yield; Potato; Fertilizer types; Random Intercept Model; 

Ethiopia 
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Introduction 
 

The potato (Solanum tuberosum) is an Andean staple meal crop (Rodríguez et al., 2010). Potato is basically 

produced in Europe and North America. It is the most important meal crop and is used for food intake 

(Sonnewald et al., 2015). It has significant value in terms of food security in developing countries like 

Ethiopia (Girma et al., 2020). For instance, farmers in Ethiopia produced potatoes from 0.5 million tons in 

2006 to 3.6 million tons in 2016 (Voora, Larrea and Bermudez, 2020). It has widely been grown in the 

highlands of Ethiopia. However, the yield of potatoes is low due to improperly used fertilizers (Alemayehu 

and Jemberie, 2018).  

 

Potato production requires fertilizers like phosphorus (P). Though phosphorus (P), an important nutrient for 

potato production, is required in excess quantities, potatoes make inefficient use of soil phosphorus (Rosen 

et al., 2014). In addition, farmers used nitrogen fertilizer to maximize tuber size (Rens et al., 2018). Sulphur 

fertilizer is also important for increasing shoot and root interiors (Hawkesford and De Kok, 2006). 

Additionally, sulphur absorption is used for coordination with carbon and nitrogen pathways (Hawkesford 

and De Kok, 2006).  

 

Many research findings on potato production in Ethiopia have focused on the impact of integrated 

application of organic and blended mineral fertilizers on potato productivity. For example, a study revealed 

the impact of natural and inorganic fertilizer application at the potato surrender (Girma et al., 2020). 

Similarly, an investigation by Girma, Beyene and Biazin (2017, pp.1 & 6) confirmed the influence of 

phosphorus and potassium fertilizers on potato growth and yield. Another study claimed the reaction of 

potato to nitrogen and phosphorus (Setu, Dechassa and Alemayehu, 2018). Moreover, another study 

disclosed the impact of fertilization administration at the trim execution and chemical composition of potato 

cultivated in Greece (Sebnie, Esubalew and Mengesha, 2021). Most studies have been done on to improve 

potato production. However, none of them show the effect of fertilizer types within and between plots. 

Therefore, this study is conducted in assessing the contribution of different blended fertilizers to potato 

production as fertilizers can have an impact on the environment and production (Briefs, 2019). In doing so, 

the study used conditional residual plots and Kolmogorov–Smirnov test to check the normality of the error 

term and goodness of fit, respectively (Massey Jr, 1951; Wang et al., 2018). In addition, in this study, 

generalized linear mixed models were used to assess the contribution of different blended fertilizer types to 

potato production and estimate the variation of potato yield within and between plots in the Basketo Special 

Woreda, Gamogofa Zone, Ethiopia. 

 

Study Design and Methods  
 

Study Area 

The field experiment was carried out at Arba Minch Agricultural Research Center, in the Southern Regional 

State of Ethiopia, during the 2018 and 2019 cropping seasons. Basketo Special Woreda is located in the 

Gamo-gofa Zone, Ethiopia. It lies at the latitude of 6.25° and a longitude of 36.58333°, with GPS coordinates 

of 6° 15′ North and 36° 35′ East.           

 

Experiment Instruments  

The potato variety named as "Belete" was planted and harvested by Holeta Rural Investigators and was 

utilized for the experiment (Tessema, Mohammed and Abebe, 2020). Fertilizers were applied on the sides 

of potato tubers on the edges. Phosphorus, sulphur, potassium, and boron nutrients were applied at the 

planting time; nitrogen was applied in split halves during planting and after planting. Potassium chloride 

(KCl), triple super phosphate (TSP), nitrogen, phosphorus, sulphur and boron (NPSB), and nitrogen, 

phosphorus, and sulphur (NPS) fertilizers were the nutrient sources. 
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The field test was laid out at random and consisted of five chemicals with three replicates each. The trial was 

conducted during the autumn season in 2018 and 2019. Potato tubers were planted in a 30 cm gap with 75 

cm row spacing. This study used 15 total plots with a 3.9 m by 3.75 m unit size of the plot area, and each 

accommodated 5 rows and 13 columns. The distance between and inside a plot was 1 m and 1.5 m, 

respectively. 

 

The experimental crop variety was an improved variety (Belete). Soil samples (0–20 cm depth) before and 

after sowing were taken randomly in a zig zag pattern from 10 soil cores at the same depth of 0–20 cm. The 

soil samples were combined to form a composite 1 kg soil sample in a sterilized soil bag. Soil drying was 

accomplished by spreading each sample on neat paper to air dry at room temperature, then bagging and 

freezing for shipping. Analyses of pH, OC TN, P, K, S, and texture parameters of soil samples were analyzed 

within two weeks. The sample field was laid out in a randomized complete block design having five 

treatments: NP (165:195), NPS (120:92:17), NPSZnB (120:92:20.06:5.89:0.66), NPKSZnB (120:92:52.17: 

19.74:6.06:0.88), and control (no fertilizer used) based on agricultural transformation agency’s 

recommendation (Bellete, 2015). The agricultural transformation agency recommends that farmers apply a 

high amount of NP as compared to other treatments in Baskato Woreda. The first and second-year 

experiments were undertaken in the main rainy season (Belg from March to May) in 2018 and 2019.  

 

Experiment Procedures and Data Collection 

This study is based on an imminent cohort study design using field tests. It is important to connect the sides 

of potato tubers and secure them with soil to maintain a strategic distance. The suggested rates of P, S, K, 

Zn and B supplements are used as the chemicals to connect planting, while N is connected in part at half 

planting and the remaining half after planting was used for almost 21 days. Moreover, in the area, NPSB, 

NPS, and KCl fertilizers were utilized as supplements (Bellete, 2015).  

 

Surface soil test samples (8 cores at 0–20 cm depth) were taken arbitrarily from the field before the start of 

the field experiment. The soil tests were composited and arranged for examinations of the soil's physical-

chemical properties. Ph (6.08), OC (2.6%), OM (4.6%), TN (0.23%), available P (6.5 mg/l), and soil textural 

classes were clay loam for the selected farm fields at the soil laboratory of Arba Minch Agricultural 

Research Center, and Southern Agricultural Institute. A simple random sampling technique was used for 

plant selection having five plants. The authors counted the whole number of plants per plot, plants per hill, 

and tubers per hill, and measured the plant height of selected plants. Besides, this study estimated the 

marketable yield per plot and recorded it by excluding the border row.  

 

Quality of Data Collection  

The quality of the data was approved by information controllers who were assigned from the Arba Minch 

Agricultural Research Center. The information extraction apparatuses and the completeness of the 

information were controlled by the Arba Minch Agricultural Research Centre. All necessary amendments 

were made to the ultimate information collection sheet. 

 

Study Variables  

The indicator factors were fertilizer sort, number of plants per plot, number of tubers per slope, and plant 

stature. In addition, the marketable yield of potatoes was the outcome variable of the study. 

 

Statistical Methods of Analysis for Repeated Data  

This study used generalized linear mixed models, which are a natural outgrowth of both linear mixed models 

and generalized linear models. The generalized linear mixed model can be measured repeatedly over time 

and observed within a hierarchical trend. The generalized direct blend trend can be effectively adjusted to 

circumstances where different results are observed. The generalized straight-blend show expects that each 

result and the univariate models are combined through the detail of dispersion for all arbitrary impacts. 
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Besides, the blended show can be connected with the detail of negligible dispersion, which is conditional 

on connected arbitrary impact. Most extreme probabilities and variations are standard for both straight 

blended models and generalized direct models. This study summarized the effect of fertilizers by utilizing 

graphic insights such as cruel and standard deviation for ceaseless factors. The generalized straight blend 

models and model selection criteria were utilized to choose the best-fit models. Akaki Information Criteria 

(AIC) and Bayesian Information Criteria (BIC) were used for model comparison at a 5% level of 

significance (Hox, Moerbeek and Van de Schoot, 2017; Pongsapukdee and Sukgumphaphan, 2007). Finally, 

the indicator and reaction factors were imperative for checking the fittingness of the interface (Hosmer Jr., 

Lemeshow and Sturdivant, 2013).  

 

Model Diagnosis Checking   

Residual plots and the Kolmogorov-Simonov test were used for model diagnosis. The residual plots are the 

best tool for examining whether the selected model meets the normality assumption of the error term or not. 

A conditional residual plot is important to know the difference between the conditional fits and the observed 

values in the sample data. Additionally, Kolmogorov–Smirnov test was used to check goodness of fit 

(Massey Jr, 1951; Wang et al., 2018). 

 

Results  
 

As illustrated in table 1, the mean and standard deviation of the marketable yield of potatoes at the first, 

second, and third replications of no fertilizer used are (11, SD = 6), (17, SD = 9), and (9, SD = 3) tons per 

hectare, respectively. In addition, the mean and standard deviation of the marketable yield of potatoes at the 

first, second, and third replications of NP fertilizer used are (25, SD = 10), (19, SD = 4), and (16, SD = 11) 

tons per hectare, respectively. Furthermore, the mean and standard deviation of the marketable yield of 

potatoes at the first, second, and third replications of the NP, S, Zn and B fertilizer used were (25, SD = 6), 

(23, SD = 7), and (21, SD = 3) tons per hectare, respectively. Therefore, it is possible to conclude that the 

most important fertilizers obtaining a higher yield of potatoes were N, P, S, Zn, B and NP.  

 

Table 1: Summary Statistics for Marketable Yield within Replication  

Independent Variables Marketable yields (ton/ha) 

Replication of the experiments 

First  Second Third  

Mean SD Mean SD Mean SD 

Treatments 

No Fertilizer 11 6 17 9 9 3 

NP  165, 195 25 10 19 4 16 11 

NPS 120, 92, 17 19 3 19 9 23 3 

NPSZnB 120, 92, 20.06, 5.89, 0.66 25 6 23 7 21 3 

NPKSZnB 120, 92, 52.17, 19.74, 6.06, 

0.88 
24 7 20 0 21 4 

 

Table 2 indicates the mean for plant stature, plants per plot, plants per slope, tubers per hill, and marketable 

yields, which are 73.65 (SD = 12.2), 155.2 (SD = 112.2), 3.23 (SD = 1.31), and 10.91 (SD = 3.15.2), 

respectively. However, the overall mean of the marketable yield of potatoes is 19.47 (SD = 7.18) tons per 

hectare. A line graph visualized the relationship between the marketable yield of potatoes and fertilizer types 

within each replication. It shows the pattern of potato yield measurements over time and the overall 

individual plots. It is evident from Figure 1 that the variation within and between plots increased slightly 

with each replication across the plots. The yield of potatoes is slightly turned down when the farmers use 

NP, NPS, and NPSZnB throughout the first, second, and third replications, respectively. 
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Table 2: Summary statistics for covariates included in this Study 

Covariates N Minimum Maximum Mean Std. Deviation 

Plant height (cm) 43 51 99 73.65 12.200 

Number of plants per plot (count) 43 12 383 155.23 112.227 

Number of plants per hill (count) 43 1 6 3.23 1.306 

Number of tubers per hill (count) 43 4 17 10.91 3.146 

Marketable yields (ton/ha) 43 6 36 19.47 7.182 

Valid N (list wise) 43     

 

 
Figure 1: Line graph of marketable yield of potato for each fertilizer 

 

The residual diagnostics of the fitted model for the distinction between standardization and scaling of 

residuals is shown in figure 2. The conditional residual plots require iterative influence analysis or a profiled 

residual variance and the residuals and the fitted values confirm linearity without distinct patterns (see 

Figure 2a, and 2d), i.e., constant variance. The quantile-normal plot approves the normality of errors; 

residual points follow the straight dashed line (Figure 2b and 2c). On the other hand, since the study used 

the Kolmogorov-Smirnov test for goodness of fit tests, it shows normality with a p-value equal to 0.150. 

 

Table 3 indicates that the random intercept model is well fitted to the data, which has a small AIC, BIC and 

generalized Chi-square/df values. Hence, this study used a random intercept model to estimate parameters 

of the associated factors towards potato yields in Basketo Special Woreda, Gamogofa Zone, Ethiopia. The 

table 4 portrays the intra-class relationship, and it was found to be (1.4792/1.4792+23.3129) = 0.05992. 6% 

of the variation in the marketable yield of potatoes existed between plots, and the remaining 94% inside 

plots. 

 

In this manner, it appears that the attractive abdicate of potato generation is decided by fertilizer combination 

or types, the number of plants per plot, and the number of tubers per slope covariates. From table 5, 

considering fertilizer types as a predictor variable, compared to no fertilizer used for the production of 

potatoes, the expected marketable yield of potatoes has a difference between NP fertilizer used and no 

fertilizer used, as it was about 10.3470 tons per hectare; the difference between NPS fertilizer used and not 

used was 10.9949 tons per hectare. In addition, the difference between NPSZnB fertilizer used and not used 
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was 13.5530 tons per hectare. Moreover, the variance between NPKSZnB fertilizer used and not used was 

13.0592 tons per hectare per replication, as the result indicates. 

 

 

 
a)                                                                              b) 

 

 

 
c)                                                                                         d) 

Figure 2: Conditional Residual Plots for Model Diagnosis Checking 

 

Table 3: Model Selection  

Random effects AIC BIC Generalized Chi-Square / df 

Intercept only model 296.5 293.7 50.2 

Random intercept model 281.4 271.5 23.31 

Random coefficients model 291.5 286.1 38.9 

 

Table 4: Estimation of Covariance Parameter for the Marketable Yield of Potato  

Covariance Parameters Subject Estimate Standard Error 

Variance  Replication  1.4792 2.7055 

AR (1) Replication 0  

Residual  23.3129 5.2341 
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In other words, the marketable yield of potato changes for each NP fertilizer used was 10.347 times that of 

the non-fertilizer used in each replication. When NPS fertilizer was used in each replication, the marketable 

yield of potatoes was 10.9949 times greater than when no fertilizer was used. Additionally, the marketable 

yield of potatoes for NPSZnB in each replication was 13.55 times that of the amount of fertilizer not used. 

In expansion, the rate of change of the marketable yield of potatoes for NPKSZnB in each replication was 

13.0592 times higher than without including fertilizer used to keep the other factors consistent. This clearly 

shows that the expected marketable yield of potatoes is increased by 0.0175 tons per hectare when the 

number of plants per plot is increased by 1 unit. However, the potato yields are decreased by 0.7819 

tons/hectare when the number of tubers per slope was increased by 1 unit. 

 

Table 5: Parameter Estimation of Random Intercept Model 

Variables levels Estimate SE P-value 95% CI 

Intercept  Constant 19.1100 5.7302 0.0794 -5.5449 43.7649 

Treatments  NPKSZnB 13.0592 2.9009 <.0001 7.1572 18.9612 

NP 10.3470 2.6864 0.0005 4.8814 15.8126 

NPS 10.9949 2.7339 0.0003 5.4328 16.5570 

NPSZnB 13.5530 2.7840 <.0001 7.8890 19.2170 

Not used 0 . . . . 

Plant height (cm) Continues -0.04529 0.09712 0.6440 -0.2429 0.1523 

Number of plants 

per plot 

Count 0.01750 0.007500 0.0259 0.002242 0.03276 

Number of tubers 

per hill 

Count -0.7819 0.3664 0.0404 -1.5274 -0.03646 

 

Discussion  
 

The random intercepts model shows that the attractive abdicate of potato generation is decided by fertilizer 

sorts, the number of plants per plot, and the number of tubers per slope covariates. Additionally, 6% of the 

variation in the marketable yield of potatoes existed between plots, and the remaining 94% of the variety 

existed inside plots. This finding shows that the fertilizer type and rate were significantly associated with 

the marketable yield of potatoes. The productivity of potatoes in Ethiopia is very low due to improper use 

of fertilizer. Potatoes are the most important crops for both cash and food security in developing countries 

like Ethiopia. This result was confirmed by a study done in Ethiopia (Chindi et al., 2017; Oumer, Hjortsø 

and de Neergaard, 2013).  

 

This study shows the effect of proper use of fertilizer types on reducing the unmarketable yield of potatoes 

by increasing the marketable yield of potatoes. The marketable yields of potatoes are increased by 10.3470, 

10.9949, 13.5530, and 13.0592 tons per hectare when the farmer used NP, NPS, NPSZnB, and NPKSZnB 

fertilizer types, respectively. These results are in agreement with the study carried out by various researchers 

(Al-Taey, Al-Naely and Kshash, 2019). Based on the study done in Russia, Zewide, Singh and Kassa (2021) 

stated that the application of a combination of 75% of mineral NP can significantly increase the tuber yield. 

The finding that was reported in Egypt showed significant increases in the total and marketable yield of 

potato crops from plots treated with 50% of the recommended mineral fertilizers (El-Sayed, Hassan and El-

Mogy, 2015). These results also coincide with the study done in Egypt by Ali et al. (2022) showing that the 

increase in the total yield of tubers may be due to the increase in the number of tubers, promoting nutrient 

uptake and enhancing plant growth through its ability to produce plant hormones as a result of blended or 

combined fertilizers. Generally, the overall finding indicates that the marketable yield of potatoes increased 

by 0.0175 tons per hectare when the number of plants per plot increases by 1 unit. Similar findings are 

conveyed by other researchers (Manea, Al-Bayati and Al-Taey, 2019; Shahnazari et al., 2007). In addition, 
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the marketable yield of potatoes increased by 0.7819 tons/hectare when the number of tubers per hill 

decreases by 1 unit. Similar results are reported by other scholars (Al-Taey, Al-Naely and Kshash, 2019). 

The study was done on the relationship between total yield, and the number of tubers in potato crops, and 

shows the yield of large tubers is linearly related to total yield and the number of tubers; but where tubers 

are graded by size, the relationship varies with tuber shape. The main mechanisms available to growers for 

altering the number of tubers is varietal choice and seed rate but these are also likely to alter total yield with 

an unpredictable net effect (Burstall, Thomas and Allen, 1987). 

 

Conclusion  
 

Enhanced farm productivity is basic to food security and reducing poverty in developing countries, 

including Ethiopia. The purpose of this study is to evaluate the contribution of varied fertilizers to potato 

yields at Basketo Special Woreda, Gamogofa Zone, Ethiopia. To address this objective, a generalized linear 

mixed model was used to differentiate the factors that affect the marketable yield of potatoes by considering 

variability within, and between plots. The random intercept model is well fitted to this data, and it shows 

fertilizer types, number of plants per plot, and number of tubers per hill was significant at 5% level of 

significance. The expected marketable yield of potatoes increased by 0.7819 when the number of tubers per 

hill increased by 1 unit. Additionally, the expected marketable yield of potatoes increased by 0.0175 tons 

per hectare when the number of plants per plot increased by 1 unit. The result of this study suggests that the 

Ethiopian agriculture authorities should encourage farmers to use NP, NPS, NPSZnB, and NPKSZnB 

fertilizer types. The total yield of tubers increased may be due to the increase in the number of tubers, 

promoting nutrient uptake and enhancing plant growth through its ability to produce plant hormones or soil 

quality. Therefore, the variation of the marketable yield of potatoes within plots was higher than between 

plots due to the quality of the soil and quantity of fertilizers.  

 

Hence, potato productivity of farmers is basic in food security and reduces poverty. Therefore, government 

and non-governmental organizations as well as other stakeholders should provide awareness to the farmers 

for fertilizers rate and potato production. The researchers should also give attention to compare NP, NPS, 

NPSZnB, and NPKSZnB fertilizers with natural fertilizers, seasonal variation and potato varieties.   
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Abstract 
Ethiopia is the only country that produces teff (Eragrostis tef) in the 

world, but the production of teff is still low compared to other cereal 

crops. The main purpose of this study was to evaluate the impacts of 

organic and inorganic fertilizers on teff yield between 1995 and 2017 

using an autoregressive distributed lag with co-integration approach. 

The Phillips Peron test and the Augmented Dickey-Fuller test for time 

series stationary checking and capturing serial correlation were used, 

whereas the Breusch Godfrey Lagrange multiplier and the cumulative 

sum test were used for determining the autocorrelation of residuals and 

the stability of coefficients. The result showed that the average yield 

of teff was 11.25 quintals per hectare, and the bounded F-test for co-

integration among the variables does not show evidence of a long-run 

relationship between fertilizers applied and teff yield per hectare. The 

quantity of urea applied had a positive and significant impact on the 

yield of teff, and the quantity of di-ammonium phosphate (DAP) 

application had a negative impact in the short run. In conclusion, there 

was no co-integration between the yield of teff crops and fertilizer 

types such as urea and di-ammonium phosphate, which indicates that 

the quantity of urea fertilizer used for the production of teff has a 

positive relationship while the quantity of DAP fertilizer had an 

indirect relationship. Hence inorganic fertilizer like DAP is 

negatively correlated with the production of teff while 

organic fertilizer (urea) is positively correlated.  

Keywords 
Autoregressive Distributed Lag; Co-integration; Teff; Organic and 

Inorganic Fertilizer 
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Introduction 
 

Cereals are the most important agricultural commodities for meeting the food requirements of the world’s 

population (Asgari et al., 2017; Slama et al., 2005). It provides a privileged source for animal feed and 

multiple industrial applications (Belaid, 2000; Zargar et al., 2017). Cereal crops like teff (Eragrostis tef) 

have the potential to gain the interest of the western world due to the health benefits (Roussis et al., 2019). 

 

Cereals are the principal class of crops in Ethiopia, with 10.22 million hectares area covered, a volume of 

25.38 million metric tons of grain production, and 16.24 million smallholders are engaged in it. However, 

the production of teff in Ethiopia has been low as compared to other cereal crops (Evangelista, Young and 

Burnett, 2013). Teff productivity is being affected by low soil fertility as well as organic matter depletion. 

Regardless of its wider adaptation, the productivity of teff is low in Ethiopia, with the national average grain 

yield of 1.379 tons per hectare (Zhao et al., 2016). 

 

Soil fertility depletion in small farms is the basic biophysical root that is a cause of declining per capita food 

production (Quansah, 2010). Farmers are using high levels of inorganic fertilizer, which is causing declining 

soil organic matter levels in Ethiopia (Werede, Smith and Boke, 2018). In addition, organic fertilizer is also 

important as an alternative to chemical fertilizers for teff production (Roussis et al., 2019). Therefore, 

fertilizers are important for enhancing soil nutrient availability, microbial biomass, enzymatic activity, and 

crop yields (Zhao et al., 2016). Teff is a small-grained cereal crop grown as a food crop in Ethiopia. Most 

teff grains are used to make injera, the most popular food in the national diet (Haileselassie, Stomph and 

Hoffland, 2011). The main reasons for the decline in teff production in Ethiopia are poor soil fertility and 

irregular fertilizer rate (Bezabeh, 2016). 

 

Several studies on teff production have focused on the effects of organic and inorganic fertilizers on the 

production of cereal crops. For instance, a study was conducted by Weldegebriel (2015, pp.1 & 36) revealed 

the determinants of the technical efficiency of farmers in the production of teff. Similarly, another 

investigation confirmed the determinants of market participation and the intensity of the market surplus of 

teff production (Tura et al., 2016). Moreover, yet another study claimed the determinants of smallholder 

farmers in teff market supply (Habtewold, Challa and Latha, 2017). 

 

As one can observe, most studies have been done on the ways of improving teff production. However, none 

of them considered the constancy of means and variances in analyzing time series variables. Moreover, 

those studies did not identify the multiple co-integrating vectors. Similarly, the previous studies did not 

throw light on the long-run relationship between series with different orders of integration. In light of that, 

this study was carried out to test the presence of a long-run relationship between the variables. Therefore, 

to fill the gap, this study uses time series analysis with the autoregressive distributed lag co-integration 

technique. The autoregressive distributed lag co-integration technique helps avoid the pretesting problems 

associated with standard co-integration analysis, which requires the classification of the variables into I(0) 

and I(1). In addition, this study inquires whether a long-run equilibrium relationship exists between the 

production of teff and the associated determinants of teff production. The bound co-integration testing 

procedure does not require the pre-testing of the variables included in the model for unit roots, and it is 

robust when there is a single long-run relationship between the underlying variables. A dynamic error 

correction model (ECM)1 is normally used for I(0) variables, which could also be the first differences of 

I(1) or co-integrating combinations of I(1). However, autoregressive distributed lag (ARDL)2 can handle 

both I (non-integrated) and I (integrated) variables at the same time. It is used to assess the effect of organic 

 
1 http://repository.lppm.unila.ac.id/17675/1/Dynamic%20Modeling%20Using%20Vector%20Error-

correction%20Model%20Studying.pdf  
2 https://new.bhu.ac.in/Content/Syllabus/Syllabus_300620200412025009.pdf  

http://repository.lppm.unila.ac.id/17675/1/Dynamic%20Modeling%20Using%20Vector%20Error-correction%20Model%20Studying.pdf
http://repository.lppm.unila.ac.id/17675/1/Dynamic%20Modeling%20Using%20Vector%20Error-correction%20Model%20Studying.pdf
https://new.bhu.ac.in/Content/Syllabus/Syllabus_300620200412025009.pdf
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and inorganic fertilizers on the production of teff in Ethiopia. Further, ARDL is used to test the presence of 

the long-run relationship between the variables. 

 

Methods and Materials 
 

The Source of Data  

 

The data was obtained from the Ethiopian National Bank and compiled by the Central Statistical Agency 

between 1995 and 2017. In this study, secondary sources of data were used. The data is a time-series data set. 

 

Study Variables  

 

The production of teff was considered a dependent variable. On the other hand, the independent variables 

were the quantity of urea fertilizer, the quantity of DAP fertilizer, time, and the lagged value of the 

production of teff. 

 

The Method of Data Analysis 

 

This data was analyzed by Eviews (6.4) statistical software. Descriptive statistics such as mean, standard 

deviation, minimum, maximum, etc. were used. In order to determine whether the series was stationary or 

not, a non-parametric test like Phillips-Peron3 (PP) tests and Augmented Dickey-Fuller (ADF)4 tests were 

used. The Phillips-Peron (PP) tests were used to estimate the long-run variance of the differences, while the 

Augmented Dickey-Fuller (ADF) tests were used for the parametric autoregressive structure to capture 

serial correlation. Thus, the study used the ADF and PP tests, including trend and intercepts, to check the 

stationary of each variable at a 5% level of significance. A time plot was used to check stationary before 

one could attempt to fit a suitable model. This study also uses a unit root test as a starting point of analysis 

for the time series variables. The study used a method of transformation from non-stationary to stationary 

by subtracting each time-series data point from its proceeds or it’s lagging values.  

 

The autoregressive distributed lag (ARDL) bound test was used based on the assumption that the variables 

are I(0), I(1), or mixed order, but not I(2). Therefore, before applying the ARDL bound test, the orders of 

integration of all variables using the unit root tests were determined. The unit root tests used to ensure the 

variables are either (1) true or (2) spurious (Pesaran, Shin and Smith, 2001). 

 

The Akaike Information Criterion (AIC)5, Schwarz Information Criterion (SC)6, Bayesian Information 

Criteria (BIC)7 and Hannan-Quin (HQ) Information Criteria8 were used to determine the appropriate lag 

length for the vector autoregressive (VAR) model9 and model selection. A model that has a minimum AIC 

and a minimum BIC was selected as appropriate to describe the data well. The lag length for the VAR model 

was determined using model selection criteria. The Wald lag exclusion test10 was used to check whether the 

chosen lag is optimal or not (Box, Jenkins and Reinsel, 2008). 

 

 
3 https://en.wikipedia.org/wiki/Phillips%E2%80%93Perron_test  
4 https://www.machinelearningplus.com/time-series/augmented-dickey-fuller-test/  
5 https://www.scribbr.com/statistics/akaike-information-

criterion/#:~:text=The%20Akaike%20information%20criterion%20(AIC,best%20fit%20for%20the%20data.  
6 https://en.wikipedia.org/wiki/Bayesian_information_criterion  
7 https://www.sciencedirect.com/topics/social-sciences/bayesian-information-criterion  
8 https://dbpedia.org/page/Hannan%E2%80%93Quinn_information_criterion 
9 https://www.machinelearningplus.com/time-series/vector-autoregression-examples-python/  
10 https://forums.eviews.com/viewtopic.php?t=5459 

https://en.wikipedia.org/wiki/Phillips%E2%80%93Perron_test
https://www.machinelearningplus.com/time-series/augmented-dickey-fuller-test/
https://www.scribbr.com/statistics/akaike-information-criterion/#:~:text=The%20Akaike%20information%20criterion%20(AIC,best%20fit%20for%20the%20data
https://www.scribbr.com/statistics/akaike-information-criterion/#:~:text=The%20Akaike%20information%20criterion%20(AIC,best%20fit%20for%20the%20data
https://en.wikipedia.org/wiki/Bayesian_information_criterion
https://www.sciencedirect.com/topics/social-sciences/bayesian-information-criterion
https://www.machinelearningplus.com/time-series/vector-autoregression-examples-python/
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Maximum likelihood estimation is employed to estimate the parameters of the VAR model in this study. 

Breusch-Godfrey Lagrange Multiplier (LM) test11 and Portmanteau test12 were also used to test the 

autocorrelation of residuals in the VAR (p) process. The study used the CUSUM13 and CUSUMSQ14 tests 

to check the stability of the coefficients in the model based on the recursive regression residuals as suggested 

by Brown, Durbin and Evans (1975). In addition to the graphical technique, the model fitness was checked 

by the coefficient of determination. Time series analysis depends on the lag order selected critically.  

 

Results 
 

Table 1 below shows that the average yield of teff production was 11.25 quintals per hectare in Ethiopia 

from 1995 to 2017. In addition, the average use of urea and DAP fertilizers for the production of teff was 

0.56 quintals per hectare and 0.64 quintals per hectare, respectively, over the specified period of time. In 

Ethiopia, farmers used more di-ammonium phosphate (DAP) fertilizer than urea during the reference period. 

Additionally, table 1 shows the p-value of the teff production, the quantity of urea, and the quantity of DAP 

fertilizer used for production. But the p-value for the quantity of urea fertilizer used for the production of 

teff is greater than the significance level of 0.05. It implies that the quantity of urea fertilizer used for 

production does not satisfy the normality assumption. However, the quantity of DAP fertilizer used for 

production satisfied the normality assumption. 

 

Figure 1 indicates that the parameters are stable, and the estimated residuals lie inside the 95% confidence 

region. In addition, the figure 2 shows the estimated residuals satisfied the normality assumption.  

 

Table1: Summary Statistics for Teff Production and Fertilizer Used for Production in Ethiopia from 1995 

to 2017 

Variables Statistic values 

Mean SD Minimum Maximum P value 

Teff production  11.25000 3.499144  17.92000 17.92000 0.424566 

Quantity of Urea fertilizer 0.560870 0.146440 0.850000 0.850000 0.070222 

 Quantity of DAP fertilizer  0.644783 0.187007 0.910000  0.910000 0.0013*** 
***denotes the level of significance of normality for each variable at 5% 

 

The standard deviation of teff production, the quantity of urea, and the quantity of DAP, respectively, was 

3.50 quintals per hectare, 0.15 quintals per hectare, and 0.19 quintals per hectare. The minimum yield of 

teff production, the quantity of urea, and the DAP fertilizer used for production were 17.9, 0.9, and 0.9 

quintals per hectare, respectively. 

 

Unit Root Test 

 

Table 2 indicates that the production of teff and the quantity of DAP fertilizer used for the production of 

teff are not stationary at the original data level. But the production of teff and the quantity of DAP fertilizer 

used for the production of teff became stationary after the first difference. So this study used integrated 

order one, I(1), but the quantity of urea fertilizer used for teff production is stationary at the original data 

level, so it has integrated order zero, I(0). Therefore, the study variables were mixed orders of integration, 

i.e., I(0) and I(1). Since no variables were integrated into orders of two in this study, it used the ARDL 

 
11 https://www.jstor.org/stable/pdf/2297111.pdf 
12 https://en.wikipedia.org/wiki/Portmanteau_test  
13 https://blogs.sas.com/content/iml/2019/04/24/cusum-test-autregressive-models.html  
14 https://www.sciencedirect.com/science/article/abs/pii/S016771521500019X  

https://en.wikipedia.org/wiki/Portmanteau_test
https://blogs.sas.com/content/iml/2019/04/24/cusum-test-autregressive-models.html
https://www.sciencedirect.com/science/article/abs/pii/S016771521500019X
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bound test co-integration technique for both long-run and short-run relationships, which is more appropriate 

than other co-integration techniques. 

 

Table 2: Unit Root Test for Study Variables 
Variables Augmented Dickey-Fuller Test statistic (P-value at 5%)      Phillips-Peron Test (statistic (P-value at 5%))                         

  at Level                       at 1st difference              at Level                           at 1st difference 

 intercept Int&trend intercept Int&trend intercept Int&trend intercept Int&trend order 

Teff 0.9831 0.3798 0.0002*** 0.0003*** 0.9990 0.4659 0.0002*** 0.0001*** I(1) 

Urea 0.0267* 0.0467*   0.0064*** 0.0181*   I(0) 

DAP 0.0717 0.9998 0.0004*** 0.0028*** 0.0751 0.1669 0.0001*** 0.0001*** I(1) 
*, *** denotes the level of significance of trend and intercepts of stationary for each variable at 5% 

 

Lag Order Selection 

 

Table 3 shows that the appropriate lag order is 2, and it is selected by the entire criterion.  

   

Table 3: Select Appropriate Lag Order based on Production of Teff  

         Lag AIC SC  HQ 

0  3.184952  3.334169  3.217336 

1  1.162468  2.206990  1.389156 

2   0.825985*   1.422855*   0.955521* 
*denotes the level of significance of lag order at 5% 

 

Table 4: Selection appropriate Lag Order based on production of Teff (Eragrostis tef) 

 Production of Teff Sig. I(0) I(1) 

F-statistics 0.6369 10% 3.436 4.47 

k=2  5% 4.267   5.473 

  1% 6.183 7.873 

 

ARDL bound test for co-integration 

 

Table 4 shows that the F-statistic value is equal to 0.6369, which is lower than the critical values of I(0) and 

I(1) at 10%, 5%, and 1% levels. It indicates that there is no co-integration among those associated variables. 

The result implies that there is no long-run relationship between variables. 

 

Model Selection  

 

As a result of there being no long-run relationship between the production of teff and the quantity of urea 

and DAP fertilizer, the study used a short-run dynamic regression model, or ARDL (refer to Table 4). The 

ARDL model was an appropriate model to determine the impact of the quantity of urea and the quantity of 

DAP fertilizer on the production of teff. Therefore, this study evaluated 20 models. Among these, the 

selected model was ARDL (2, 0, 2,) due to its minimum AIC and BIC. It implies the production of teff is 

lag two, the quantity of urea fertilizer used for the production of teff is lag zero, and the quantity of DAP 

fertilizer used for the production of teff is lag two. 

 

Parameter Estimation and Interpretation 

 

Table 6 shows that the quantity of urea and the quantity of DAP used for the production of teff have a 

significant impact on the yield of production of teff at a level of significance equal to 0.05. The yield of teff 

increased by 5.14 quintals per hectare when the quantity of urea fertilizer changed by one quintal per hectare. 
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But when the quantity of DAP was increased by 1 quintal per hectare, the yield of teff decreased by 2.86 

quintals per hectare. 

 

Table 5: Model Selections 

Dependent Variable: D (production of teff)  Date: 08/30/20   Time: 01:54 

Sample: 1995 – 2017     Included observations: 20 

Model LogL AIC* BIC HQ Adj. R-sq Specification 

7 -17.908440  2.490844  2.839350  2.558876  0.355754 ARDL (2, 0, 2) 

4 -17.815279  2.581528  2.979821  2.659279  0.308539 ARDL (2, 1, 2) 

1 -17.058550  2.605855  3.053934  2.693325  0.300654 ARDL (2, 2, 2) 

16 -20.128933  2.612893  2.911613  2.671206  0.253032 ARDL (1, 0, 2) 

6 -20.395640  2.639564  2.938284  2.697877  0.232842 ARDL (2, 1, 0) 

17 -21.417460  2.641746  2.890679  2.690340  0.206954 ARDL (1, 0, 1) 

18 -22.438562  2.643856  2.843003  2.682732  0.176591 ARDL (1, 0, 0) 

9 -21.441441  2.644144  2.893077  2.692738  0.205049 ARDL (2, 0, 0) 

8 -20.469470  2.646947  2.945667  2.705260  0.227157 ARDL (2, 0, 1) 

15 -21.562479  2.656248  2.905181  2.704842  0.195369 ARDL (1, 1, 0) 

13 -20.061144  2.706114  3.054621  2.774146  0.201008 ARDL (1, 1, 2) 

5 -20.077017  2.707702  3.056208  2.775734  0.199739 ARDL (2, 1, 1) 

3 -20.144458  2.714446  3.062952  2.782478  0.194323 ARDL (2, 2, 0) 

14 -21.150831  2.715083  3.013803  2.773396  0.172663 ARDL (1, 1, 1) 

12 -21.486804  2.748680  3.047400  2.806994  0.144395 ARDL (1, 2, 0) 

11 -20.979530  2.797953  3.146459  2.865985  0.124155 ARDL (1, 2, 1) 

10 -20.034485  2.803449  3.201741  2.881200  0.136730 ARDL (1, 2, 2) 

2 -20.074724  2.807472  3.205765  2.885223  0.133249 ARDL (2, 2, 1) 

 

Table 6: Parameter Estimation 

Dependent Variable: D (production of teff)  Method: ARDL 

Sample (adjusted): 1998 – 2017    Included observations: 20 after adjustments 

Maximum dependent lags: 2 (Automatic selection) Selected Model: ARDL (2, 0, 2) 

Model selection method: Akaike information criterion (AIC) 

Variables Coefficient Std. Error t-Statistic Prob.*   

D(production of Teff (-1)) -0.245492 0.187182 -1.311518 0.2124 

D(production of Teff ( -2) -0.356598 0.198348 -1.797840 0.0955 

Urea 5.143038 1.527475 3.367018 0.0051 

D(DAP) -2.861212 1.027218 -2.785398 0.0155 

D(DAP (-1)) -1.684459 0.961929 -1.751127 0.1035 

D(DAP(-2)) -1.788412 0.918099 -1.947952 0.0733 

Constant  -2.068089 0.840055 -2.461849 0.0286 

R-squared 0.559200     Mean dependent variable 0.547500 

Adjusted R-squared 0.355754     S.D. dependent variable 0.915497 

S.E. of regression 0.734823    Akaike information criterion 2.490844 

Sum squared residual 7.019550     Schwarz criterion 2.839350 

Log likelihood -17.90844     Hannan-Quinn criterion 2.558876 

F-statistic 2.748640     Durbin-Watson stat 1.676801 

Prob(F-statistic) 0.059697    

Production of teff = - 2.068 + 5.143(urea) - 2.86(DAP) 
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Model Evaluation and Stability Test 

 

This study evaluated the estimated residual properties to be performed. The study checked the stability of 

the coefficients in the model. The parameters are stable because the estimated residuals lie inside the 95% 

confidence region. 

 

-12

-8

-4

0

4

8

12

05 06 07 08 09 10 11 12 13 14 15 16 17

CUSUM 5% Significance  
Figure 1: Cumulative Sum plot for coefficients 

 

 

Table 7: Ramsey RESET test for model specify 

 Value df P value 

t-statistic  0.217288  12  0.8316 

F-statistic  0.047214 (1, 12)  0.8316 

 

A Specification Error Test 

 

This study considered another potential problem that may have omitted variables due to bias, like fertilizer-

related variables (NPK, NPS, natural fertilizers, etc.). It affects the cereal yield that has been left out of the 

ARDL model. Additionally, this study used the Ramsey Regression Specification Error Test (RESET)15 for 

omitted variables. The Ramsey regression specification error test checks the existence or non-existence of 

structural breaks. H0: the model is specified correctly vs. H1: the model is not correctly specified. Table 7 

shows that the model is specified correctly with a p-value equal to 0.8316. 

 

Table 8: Breusch-Godfrey Serial Correlation, LM Test16, and Heteroskedasticity Test17 

Serial Correlation LM Test 

                Breusch-Godfrey 

F-statistic     P value    Obs* R-squared       P-value 

Heteroskedasticity Test 

          Breusch-Pagan-Godfrey 

F-statistic     P value    Obs* R-squared       P-value 

0.282350      0.7593       0.976593                 0.6137 0.809425     0.5807        5.439518                0.4888 

 
15 https://www.oxfordreference.com/view/10.1093/oi/authority.20110803100403454  
16 https://www.mathworks.com/help/econ/lmtest.html  
17 https://magoosh.com/statistics/how-to-perform-a-heteroskedasticity-test/  

https://www.oxfordreference.com/view/10.1093/oi/authority.20110803100403454
https://www.mathworks.com/help/econ/lmtest.html
https://magoosh.com/statistics/how-to-perform-a-heteroskedasticity-test/
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Table 8 indicates that there is no serial correlation in the residual (P-value equal to 0.6137). Additionally, 

the variance of the error term is constant (p-value equal to 0.4888). The p-value equal to 0.9252 is greater 

than the alpha equal to 0.05. It shows that the residual satisfied the normality assumption. 
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Figure 2: Normality of the residual 

 

Discussion 
 

Cereals like teff are sources of dietary protein and energy throughout the world. But teff is the major cereal 

crop that is produced only in Ethiopia. Teff's productivity is being affected by low soil fertility and organic 

matter depletion. This paper has attempted to determine the effect of organic and inorganic fertilizers on the 

production of teff in Ethiopia. ARDL models were used to assess the effects of organic and inorganic 

fertilizers. ARDL was also used to test the long-run relationship between the associated variables.  

 

From 1995 to 2017, the average yield of teff production was 11.25 quintals per hectare in Ethiopia. In 

addition, the average use of urea and DAP fertilizers for the production of teff was 0.56 quintals per hectare 

and 0.64 quintals per hectare, respectively, in the specified period of time. In Ethiopia, farmers used more 

DAP fertilizer than urea for the production of teff during the specified years. The standard deviation, or the 

variation of teff production, the quantity of urea, and DAP were 3.50 quintals per hectare, 0.15 quintals per 

hectare, and 0.19 quintals per hectare, respectively. Similarly, the standard deviation indicates that the 

variation of production between consecutive years was high when farmers used DAP fertilizers. This finding 

is confirmed by another study by Habtewold, Challa and Latha (2017, pp.133 & 140). 

 

The production of teff and the quantity of DAP fertilizer used for the production of teff are not stationary at 

the original data level. But the production of teff and the quantity of DAP fertilizer used for the production 

of teff became stationary after the first difference. The bound test of co-integration was implemented for 

analyzing the long-run relationship between variables. It indicates that there is no co-integration among 

variables. Therefore, the study variables were mixed orders of integration, i.e., I(0) and I(1). It used the 

ARDL bound test co-integration technique for both long-run and short-run relationships, which is more 

appropriate than other co-integration techniques. This study evaluated 20 models. Among these, the selected 

model was ARDL (2, 0, 2). Figure 1 shows parameters are stable, and the estimated residuals lie inside the 

95% confidence region. Further, the figure 2 shows the estimated residuals satisfied the normality 

assumption.  

 

According to the findings of this study, the quantity of urea fertilizer was an important predictor of the 

production of teff. This implies that if the quantity of urea fertilizer increases by 1 quintal per hectare, then 

the mean production of teff will increase by 5.14 quintals per hectare. This result was confirmed by a few 

studies done in Ethiopia (Ayalew, Kena and Dejene., 2011; Mesfin and Ledin, 2004; Werede et al., 2018). 
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In addition, the study done in Ethiopia by Chala and Gurmu (2016) showed the application of different 

organic fertilizers like urea to improve the organic matter, total N, available P, and pH of the soil in the 

study area. It implies that inorganic fertilizer (urea) is positively correlated. The study done in Pakistan by 

Muhammad et al. (2020) reported that inorganic fertilizers like urea can improve the fertility of soil and 

crop yield. So, the grain yield of teff is high when the quantity of inorganic fertilizer is high. The yield of 

teff decreased by 2.86 quintals per hectare when the quantity of inorganic fertilizer like DAP increased by 

1 quintal per hectare. This result was confirmed by several studies done in Ethiopia (Ayalew, Kena and 

Dejene., 2011; Aragow, 2017; Abera, 2019; Abewa et al., 2019; Werede et al., 2018). Other study in 

Ethiopia (Habte, Smith and Boke., 2018) confirmed that the lowest yield of teff was recorded from 50% 

recommended inorganic fertilizer plus 50% recommended organic fertilizer. Therefore, the number of 

inorganic fertilizers like DAP had negative effects on the yield of Teff. 

 

Conclusion  

 

Cereal crops like teff have the potential to offer health benefits. Ethiopia is the only country that produces 

teff in the world. The main purpose of this study was to evaluate the impacts of organic and inorganic 

fertilizers on teff production from 1995 to 2017 using an autoregressive distributed lag with co-integration 

approach. Moreover, the study employed the bound test co-integration technique. From this study, fertilizers 

such as urea and di-ammonium phosphate (DAP) were found statistically significant at a 5% level of 

significance for the production of teff in Ethiopia. In this study, relationships between the production of teff 

and the associated variables such as the quantity of urea and DAP were examined in Ethiopia from 1995 to 

2017. Its result indicates that there is no co-integration between the yield of teff, the quantity of urea, and 

the quantity of DAP. Therefore, this study focused in the short run due to no co-integration between the 

yield of teff, quantity of urea, and quantity of DAP. It shows that urea and DAP have positive and negative 

significant impacts on the yield of teff, respectively. The yield of teff increased by 5.14 quintals per hectare 

when the quantity of urea fertilizer increased by 1 quintal per hectare. But when the quantity of DAP 

fertilizer used was increased by 1 quintal per hectare, the yield of teff decreased by 2.86 quintals per hectare. 

Hence, the concerned government agencies should focus on creating awareness about the DAP fertilizer’s 

appropriate rate of usage. Furthermore, researchers should also give attention to investigate the effect of 

fertilizer rate being applied. A farmer also needs to be aware about the precise quantity of a fertilizer for 

production of teff.  
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Abstract 
This article presents the results of a theoretical analysis of the 

concept of collective ecological consciousness from the standpoint 

of its characteristics. It also displays fundamental differences 

between ecological and individual consciousness. Furthermore, the 

paper depicts the correlation between environmental culture, which 

arises in the process of socialization, and the power of environmental 

intents aimed at protecting the environment. During the integration 

into society, an individual learns a universal system of beliefs, 

values, customs, traditions, norms, and rules that are followed by 

dominant public. They also evolve relationships with the world and 

nature surrounding them. In particular, in a society with a high level 

of development of collective ecological consciousness, young people 

from an early age employ effective strategies for the conservation 

and restoration of natural resources. Thus, the authors draw attention 

to the crisis of morality and spirituality, which is the main reason for 

developing a selfish type of collective ecological consciousness. The 

authors give examples of environmental education concepts and 

training to lay the theoretical foundation for developing effective 

programs to improve environmental culture in the younger 

generation.  
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Introduction 
 

The relationship between humans and nature has always attracted the attention of researchers in various 

fields of science. However, recently, the relationship between humans and nature also affects human 

economic activity, and the environmental problem is becoming more acute and threatening as it spreads 

from local-regional-national –global scales (Miroshkin et al., 2019). The individuals, who carry out actions 

based on a deeper understanding of the laws of nature, taking into account the many areas of interaction in 

natural ecosystems and awareness of our belonging to the environment, have stake in the process of the 

salvation of the planet (Andy, 2009; Mueller, 2009). Thus, we can conclude that the ecological and moral 

tenets of human interaction with nature have moved from many environmental issues. One such issues is a 

shift from demand and other negative impacts of human activities on wildlife to find ways to prevent 

negative consequences of the anthropogenic impacts on building conscious and purposeful relationships 

with it (Ingalsbee, 2016; Kronlid and Öhman, 2012).  

 

The integration of the said strategy of relations with nature into everyday life is an example of development 

of ecological culture and moral and ecological consciousness at individual and collective levels, which 

depends on a person’s beliefs, worldviews, and values. Thus, environmental education and increased level 

of collective ecological consciousness and culture are becoming increasingly important, as we approach 

large-scale environmental problems. However, unfortunately, the transition to a market economy, which is 

closely interrelated with the forced course of capitalization processes, increases the wealth, while rejecting 

fundamental moral principles and norms. At the same time, they often develop behaviors aimed at 

transformation, activity, and extermination, which prevail over the ability to enjoy natural beauty. Therefore, 

we can conclude that the crisis of morality deepens the current environmental crisis. The type of the 

relationship with nature is closely interrelated with the learned moral principles and the level of development 

of the moral consciousness of each individual and society. That is why the question of ecology is the need 

for this research connecting to moral education and socialization processes, taking into account all the 

psychological aspects of these intricate processes. 

 

Humanity cannot survive without an ecological consciousness, that is, from its essence. Therefore, we must 

permeate this consciousness in all directions including the industry, technology, production. The science 

should have its transformation for catering the life of present and future generations. Ecological 

consciousness is the basis for understanding the need for environmental protection and awareness about the 

lack of a holistic position in interacting the environment. At the same time, ecological consciousness 

provides an understanding and awareness about personal responsibility of a particular person to preserve 

certain species of animals and plants and all life on Earth. Given that it is formed based on collective 

ecological consciousness, it is crucial to understand the principles and ways of greening the societies 

worldview. 

 

Methodology 
 

This article presents a theoretical analysis of scientific papers and publications that highlight current issues 

of environmental psychology. In particular, the authors explored the essence of collective ecological 

consciousness, which is considered common to a particular social structure of views on environmental 

issues, strategies for building relationships with nature, and its conservation. The latter relies on knowledge 

of natural ecosystems and unique ideas about unity, the population of the planet, and the environment as a 

whole. The authors first explored the relationships between collective ecological consciousness, 

environmental culture, environmental intentions, and individual behavior. Therefore, the predominance of 

a pragmatic approach and its effects on the use of natural resources are described. 
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Additionally, spiritual and moral aspects of the formation of the behavior are represented. Finally, identified 

are the key ways to raise ecological consciousness and culture through systematic environmental education 

and training among young people's using socialization process as a tool. In conducting this study, the focus 

was on the principle of systematicity in describing the psychological phenomenon studied along with the 

factors of its formation. The scientific paradigm of the doctrine of the noosphere and accumulated 

psychological knowledge of consciousness were also taken into account while analysing the contexts. 

 

Results and Discussion 
 

The concept of ecological consciousness 

 

Before understanding the essence of the concept of collective ecological consciousness and the methods of 

its formation, it is pertinent to reveal the meaning of the concept of consciousness as a category of 

psychological science. Thus, consciousness is the unity of all mental processes, states, and properties of 

human as a person. It is one of the most challenging ways to reflect objective reality spiritually. 

Consciousness is an integrative formation that combines all the forms of knowledge and human experience 

known to science and the attitude to what it reflects. It follows that consciousness is a specific form of 

human life and the product of its interaction with objective reality. 

 

It is worth noting that philosophers, psychologists, and sociologists have studied the phenomenon of 

consciousness for many centuries. In particular, Descart (1984) defined consciousness as a completely 

independent entity, in other words, a mental substance, the nature of which finds its expression in the process 

of thinking. On the other hand, Leibniz (1989) argued that human consciousness is a holistic system, the 

elements of which are constantly interacting with each other and closely interconnected. In this case, 

apperception (the process of perception) is its core. 

 

Wundt (1927) defines consciousness as “inner experience”. It is only the “immediately real” phenomena 

constituting this experience, and nothing behind or beyond it. That is the object of psychology, as opposed 

to the physiological or psychophysical investigation (Kim, 2016). 

 

Analyzing the meaning of the concept of consciousness, Taylor (1982) noted, “we know from our own 

experience what consciousness is: it is the understanding of ourselves and the world around us that is the 

basis of our existence. Beyond this, however, we know almost nothing about the nature of consciousness, 

and there is a reason for this: consciousness cannot be seen, felt, touched” (Taylor, 1982, p. 167). 

 

At the same time, in modern psychology, we can distinguish three main approaches to study the 

phenomenon of consciousness. Primarily, these approaches include the ‘biological naturalism approach’ 

(Revonsuo, 2001), the ‘global workspace theory’ (Baars, 1988), and the ‘introspective physicalism 

approach’ (Jack and Shallice, 2001). Moreover, recent theoretical models, for example, introspective 

physicalism, proposed by Jack and Shallice (2001), have stressed the strong relationship between executive 

function and conscious awareness. In other words, it is aware of its representation and performs intentional 

self-monitoring and evaluation, otherwise known as introspection. Conscious contents provide the nervous 

system with coherent global information (Baars, 1983). 

 

Abstract concepts as consciousness, including our currently expressible beliefs, intentions, meanings, 

knowledge, and expectations, need attention (Baars, 1988). In reality, every task people engage in involves 

all three elements: conscious experience, access, and control. Ultimately, the role of consciousness cannot 

be understood if we do not explore all three. However, one can make the case that conscious qualitative 

experience is fundamental to understanding other aspects and uses of consciousness (Baars, 1988). 
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Consciousness enables comprehension of novel information, and conscious information enables many types 

of learning using various brain mechanisms (Baars, 2002). Within a single cognitive cycle, consciousness 

functions to filter the attention paid to the agent's internal model of its world and to select contents to be 

learned (Baars and Franklin, 2007). In addition, conscious goals and perception of results enable voluntary 

control (Baars, 2002). 

 

The psychological dictionary interprets consciousness as a high level of mental reflection, which is unique 

to human and is empirically manifested in a set of sensory and mental images. As ‘attitude to the world with 

knowledge’, consciousness is defined in other psychological dictionaries. According to Skripnik 

(2012), ’consciousness’ is the highest form of the most general property of matter - reflection. This concept 

consists of generalized, evaluative, and purposeful reflection of reality in its constructive and creative 

transformation, advanced numerical modeling of actions, the anticipation of their consequences, and rational 

regulation and self-control of human activity (Skripnik, 2012). 

 

One of the modern scientists, Furman (2017), emphasizes that adequate methodological tools and 

instruments for comprehensive knowledge of such an incredibly complex phenomenon as consciousness 

have not yet been created. The researcher insists that consciousness is a multifunctional being that generates 

meanings and values. According to the scientist, consciousness is the actualization of cognitive, sensory, 

intentional, intuitive, and other psycho forms (personal experiences, thoughts, knowledge). Therefore, they 

all enable reflection in acts of self-awareness and self-conceptualization (Furman, 2017). The latter is a 

practical approach forming ecological consciousness in future generations. Thus, two main aspects of 

consciousness can be identified. In particular, they include the processes that take place in consciousness. 

These include attention, memory, emotions, and more. At the same time, the other side of consciousness is 

represented by its content. The latter is the basis for ‘conscious life’ and the formation of attitudes toward 

the world. Universality and objectivity are the main properties of consciousness (Plyaskovskiy, 1991). 

Suppose the universality of consciousness is the awareness of the reflected and the detection of personal 

activity. In that case, the objectivity of consciousness reflects only particular objects, aspects, and properties 

used in practical human activities (Plyaskovskiy, 1991). 

 

Accordingly, analysis of approaches interpreting the concept of consciousness showed that most authors 

note four main psychological components in its structure. These elements include knowledge, differences 

between subject and object, goal setting as a component of activity, and attitude to self, world, and other 

people. Based on the above definitions of consciousness, in modern scientific and methodological space, 

many psychologists, philosophers and sociologists consider this phenomenon a higher form of reflection of 

reality, which is inherent in society and is associated with worldview and human thinking, self-control and 

anticipation of the results of their behavior and activities. 

 

At the same time, various forms of consciousness have been formed in the scientific space, such as scientific, 

ecological, professional, philosophical, religious, pedagogical, moral, aesthetic, legal, political, etc. There 

is also a modern form of ecological consciousness (Plyaskovskiy, 1991; Skripnik, 2012). Each form of 

social consciousness has its specific ways and objects of reflection and a special kind of knowledge. 

 

In particular, ecological consciousness is a form of social consciousness at the formation stage. Ecological 

consciousness covers the whole set of ideas, theories, views, and motivations that reflect the ecological side 

of social life. It also includes the actual practice of relations between man and his environment, society, and 

nature, including a set of regulatory principles and norms of behavior aimed at achieving the optimal state 

of the system ‘society-nature’ (Skripnik, 2012). 

 

Ecological consciousness is understood as a higher level of mental reflection of the natural and artificial 

environment, one’s inner world, reflection on the place and role of human in the biological world, and the 
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regulation of this reflection (Skrebets, 1998). Skrebets (1998) states: “Consciousness, like thinking, can be 

determined by the content and direction of the dominant attitude of human (or people) to reality. In this 

understanding of the essence of ecological orientation concerning the ecological content of the mental 

reflection of reality, we can talk about ecological consciousness”. Dobryden (2004) proposes the following 

definition of ecological consciousness: “Ecological consciousness is a type of social consciousness, which 

is a worldview system of views, ideas, theories and emotions that determine the practical and creative 

activities of human in the formation of socio-ecological relations, and vice versa”. Levochkina (2003) 

emphasizes that ecological consciousness is a higher level of mental reflection of different types of the 

surrounding world, especially the natural, artificial, and social environment and one's inner world. The 

researcher also attaches great importance to reflection, through which awareness of the place and role of 

human in the ecological world. Skladanovska (2006) emphasizes: “The term ecological consciousness 

should mean not just the attitude to nature and a set of ideas about the relationships within the system ‘man-

nature’, but the higher level of development of human consciousness and self-consciousness, its worldview 

aspect largely corresponds to the concept of ‘environmental’ and is characterized by awareness of life as an 

excellent value for any creature, a willingness to grind before life piously. According to the scientist, such 

a worldview fills the deep essence of every human action and reveals its moral aspect, which is familiar 

with the vector of evolution. She notes that the focus of eco-consciousness is the creative power of human 

thought. 

 

Fenchak's (2005) works present an integrative approach to the definition of ecological consciousness. The 

scientist sees the notion as a manifestation of the highest form of reflection of the actual ecological situation, 

responsible for a holistic view of environmental problems, awareness of human unity and environment, a 

sense of responsibility, a healthy lifestyle, and active environmental activities. Mainly, a person's attitude 

to the world around him determines the aspects mentioned above (Fenchak, 2005). 

 

Based on the analysis of scientific works by Nabochuk (2013), we can conclude that the ecological 

consciousness of the individual means a high level of individual reflection of the surrounding reality. This 

environment ensures harmonious coexistence and interaction of man and nature. 

 

Shedlovska (2013) understands ecological consciousness as a complex of specific knowledge (particularly 

the one which lies within the plane of human ↔ society ↔ nature), emotions, and evaluations. All of these 

reflect the specific way of treating the nature, creating the appropriate emotional background, testifying a 

certain level of environmental concern and instructions on the actions taking place in a particular field of 

values determining each of the components above and manifests itself in these components. The essential 

cognitive component is knowledge because it includes the totality of ideas and concepts of individuals about 

the environment, the interrelation of humans and nature, and the results of these relations. The effective 

component is formed by personal subjective evaluation of the individual and by emotion that arises as a 

result of the system of relations ‘'human – environment’. Active component shows readiness for action, 

which has a tremendous significance for society. Strictly ecological behaviour is that index, the most 

noticeable results, carrying the benefit or harm, especially when there is an interaction between human and 

surroundings. Therefore, ecological sets produce this component as the readiness for a particular behaviour, 

readiness to support or not specific actions in a ‘human-environment’ system. Besides, those sets can reflect 

the support or lack of social-ecological offers. Thus, we may consider cognitive, affective, and active 

components the structural elements of ecological consciousness, each highly influenced by the values field 

within which an individual exists. It means that ecological consciousness contains specific knowledge 

relevant to the correlation in the system ‘human – environment’, the assessment of its values, and specific 

settings to actions within this system (Shedlovska, 2013). According to the researcher, the proposed 

definition does not go beyond the classical triad in the interpretation of consciousness through the cognitive 

component (mental reflection of the natural, social, artificial, and internal environment), emotional (attitude 
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to the environment), and connotative components (behavioral – self-reflection and self-regulation of the 

environment, strategies, and technologies of interaction with it). 

 

Puk (2018) defines ecological consciousness as “an empathic and abiding, connecting-presence with natural 

processes. Ecological consciousness aims to find a sustainable niche for human beings in the Earth's natural 

order and preserve ecological integrity” (Puk, 2018, p. 118). Ecological consciousness fills our whole being 

and guides us in our daily decision-making (Puk, 2018). Morris (2002) says that an ecological consciousness 

thrusts humankind back into the world and down into the earth, and the focus shifts from human-centered 

to earth-centered (Morris, 2002, p. 580). According to Thomashow (1996), its is a high level of ecological 

understanding and awareness, and the sense of self as part of a larger system (Thomashow, 1996, p.19). 

 

In general, Lysianska and Bielousova (2020) distinguish between regulatory, cognitive, structural, and 

integrative approaches to define the essence and content of the concept of ‘ecological consciousness’. Thus, 

ecological consciousness is the same consciousness, one of its forms. However, a particular specificity and 

direction characterize it. The differences are due to the uniqueness of the natural world and the constructive, 

creative components involved in its transformation. 

 

Ecological consciousness is an integrative construct encompassing knowledge, values and behavior patterns 

manifesting in environmental stewardship and consumption. An individual’s higher-order ecological 

consciousness is consistent with ecological wisdom; they guide an individual in their ways of living and 

domestic activities. Adequate ecological consciousness underlies pro-environmental behavior (Khrushch 

and Karpiuk, 2021). Considering the theories of consciousness described above, we conclude that increasing 

the level of environmental education leads to an automatic transition to a new model of environmentally 

sound behavior through changes in the type and forms of attitudes toward the environment. 

 

The concept of collective ecological consciousness 

 

Skrebets (1998) believes that grouping ecological consciousness is an integral part of the dialectical sum of 

individual perceptions of the environmental characteristic of a particular social group. At the same time, 

group ecological consciousness can act as a carrier of mass phenomena about the environment. In particular, 

the scientist explains the meaning of the concept of ‘mass phenomena’ of ecological consciousness. Thus, 

he interprets them as “homogeneous assessments, overlapping guidelines, accepted stereotypes, and 

internally inspired images of environmental disasters associated with people's mental experiences at the 

same time” (Skrebets, 1998, p. 44). 

 

According to Skrebets (1998), public ecological consciousness is a set of priority feelings and opinions of 

various social groups on current and possible future environmental problems. In particular, the structure of 

public ecological consciousness includes generalized judgments, ideas, and stereotypes that reflect the 

attitude of large social groups or society as a whole to the phenomena and problems of ecology. Skrebets 

(1998) emphasizes the essential fact that “ecological mood in ecological, social consciousness is not only 

the most massive socio-psychological phenomenon but also one of the most influential forces that unite and 

motivates people to certain activities: production, domestic, cultural, educational, creative or destructive” 

(Skrebets, 1998, p. 44). 

 

De Chardin (1965) stated: “We cannot wait passively upon the statistical play of events to decide which 

road the world will take tomorrow. We must positively and ardently take a hand in the game. If it is true, as 

I suggest, that salvation lies in the direction of an Earth organically in-folded upon itself, it is then surely 

evident that through a reciprocal mechanism of action and reaction, the vision and provision of this ultimate 

end, this outcome of History and Life, may be made to play an essential part in the building of the future, if 

only by creating the atmosphere, the psychic field of attraction, without which it will be impossible for 
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humanity to continue to converge upon itself” (de Chardin, 1965, p. 256). The scientist pointed out that 

humanity must be considered a collective subject and a holistic organism endowed with a single mind. He 

interpreted history as the self-development of a single spiritual source. He further described this process as 

an evolution caused by the inner spiritual energy that gives rise to matter and its various forms and involves 

certain stages: survival, life, thought, and survival. The researcher calls the organized community of animate 

and inanimate biosphere. The origin of thought within the biosphere consolidates all forms of being in the 

noosphere. Then, the noosphere develops to perfect unity (integrity). The transition to it (perfection) is the 

‘point of Omega’. After that, the tendencies to isolation and disintegration will be overcome, and humanity 

will become the only intelligent organism in absolute harmony with the world (de Chardin, 1959: 407–417). 

In his analysis of the evolution of human and society, Krutov (2014) sees the bright future of humankind in 

the pursuit of just and peaceful coexistence on our long-suffering Earth and the boundless energy of love, 

goodness, joy, and happiness. 

 

Moreover, a remarkable influence on the state of reality has a collective (not individual) consciousness. The 

strength and effectiveness depend on the critical number of participants who interact with each other. These 

participants are not only people but also other living beings (plants and animals), united in a community 

that creates a single information and energy field - the consciousness of the living, able to connect with the 

consciousness of the planet - the Earth’s noosphere (Krutov, 2014, pp. 367 - 368). 

 

Therefore, based on the analysis of approaches to collective ecological consciousness, we conclude that it 

is considered an integrative entity. The mentioned entity includes a set of views on building relationships 

with nature due to its level of knowledge, patterns, and ideas about the unity of the individual, humanity, 

and the environment. At the same time, the collective ecological consciousness determines the general 

interpretation of the forms and content of different types of interaction between human and nature, which is 

inherent in a particular social structure. Consequently, this type of ecological consciousness is characterized 

by the system of effective human activity for the environment. Furthermore, it analyzes the goals of 

interaction with the environment, strategies for organizing and implementing the impact on individual 

objects of nature, and ecosystem goals. Also, the collective ecological consciousness is the basis for the 

general acceptance and observance of all norms and rules governing the relationship between human and 

nature. 

 

The structure of collective ecological consciousness 

 

Levochkina (2004) identifies cognitive, emotional, and cognitive components in the structure of ecological 

consciousness. In particular, the cognitive component covers all ideas and beliefs about the natural, social, 

artificial, and internal environment. He is also responsible for the mental reflection of the surrounding 

reality. In this case, the emotional component forms a confident attitude to this environment through 

emotions and feelings that arise from contact with him. Finally, the cognitive component is responsible for 

self-reflection and self-regulation in the environment. Therefore, we can conclude that the behavioral 

component is responsible for the specific features of interaction with nature. 

 

Dobryden (2004) refers to the structure of ecological consciousness of various types of environmental 

activities in each sphere of human existence. Skladanovska (2006) believes that ecological consciousness 

integrates seven components. In particular, it identifies the cognitive component, which covers the entire 

system of knowledge and ideas about the environment, evolution, development, role, and place of human 

in the universe, and its relationship with the ecosystem and the universe as a whole. The forecasting 

component provides the ability to predict the possible consequences of applying a strategy of environmental 

behavior in the long run. The creative component performs the function of imaginary and figurative 

modeling of probable developments in the ecological system and on Earth. In particular, it provides an 

opportunity to create a shared vision of the results and consequences of purposeful actions of each individual 
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and human society. The integrative component is the foundation for understanding the need for the 

harmonious coexistence of human with nature. Therefore, it is due to this structural component of the 

collective ecological consciousness, a system of norms, principles, and rules of interaction with the world, 

economic activity, and use of natural resources based on knowledge of the laws of the biosphere and 

noosphere. The reflective component contributes to the ability to form assessments of individual and 

collective actions and the commonality of thoughts and feelings about the results of human activity in natural 

ecosystems. The moral component is the basis for forming collective and individual responsibility for 

everything that happens on Earth with human’s participation, with his tacit consent, support, or lack of 

opposition (Skladanovska, 2006). The communicative component provides the ability to transfer 

accumulated human knowledge about nature in the process of interpersonal communication, learning, and 

education. The problem of self-education and upbringing in the youth is at the intersection of the reflective 

ability of ecological consciousness. Additionally, the presence of corresponding character traits and 

personality traits would catalyze the development of ecological consciousness and its formation at the 

collective level (Skladanovska, 2006). 

 

Types of collective ecological consciousness 

 

Shedlovska (2011) identifies five types of ecological consciousness: conscious-activity, conscious-selfish, 

conscious-detached, limited-activity and limited-selfish. In particular, individuals and social structures with 

deep environmental knowledge and well-developed skills and abilities used in everyday life and 

professional activities have a conscious-activity type of ecological consciousness. In this case, the 

relationship between human and nature is subject-subject. Thus, this type of ecological consciousness can 

be found in the teams of scientific and educational institutions and environmental organizations. At the same 

time, Shedlovska (2011) notes that this type of consciousness includes two subtypes: active (activity 

becomes the meaning of professional and daily life) and passive (activity not as a life credo, but depending 

on circumstances, specific events, such as the storms or floods, etc.). 

 

Individuals and social structures with a piece of sufficient environmental knowledge, skills, and abilities but 

who do not use them in real life or professional activities are characterized by a consciously selfish 

ecological consciousness. In this case, the relationship with nature is subject-object. There are individuals 

and commercial entities that have a sufficient level of ecological awareness, yet they do not implement their 

knowledge in their real life or professional activities. This type of environmental consciousness is called 

consciously egoistical; consequently, such relations with the environment are subject-objective by nature. 

That is, the environment is treated solely as an object of consumer activities of an individual. At the same 

time, individuals with such a type of environmental consciousness clearly understand the consequences of 

their actions. They adhere to the behavioral strategy of an active consumer and use the natural resources 

solely for their own benefit. Nevertheless, the bearers of this type of ecological consciousness are aware of 

the consequences of their actions. However, they continue to follow a behavioral strategy of active 

consumption and use of natural objects only in cases of self-interest. 

 

Among the representatives of the consciously detached type, a passive position on environmental issues is 

widespread. At the same time, they have a good set of environmental skills and knowledge. However, 

individuals and social structures with a consciously detached ecological consciousness consciously avoid 

active actions aimed at protecting the environment due to a lack of desire or motivation, despite the available 

opportunities. Therefore, the relationship with nature is object-object. 

 

Limited activity type of ecological consciousness is characteristic of residents and social groups in rural 

areas. It is characterized by the lack of a sufficient level of environmental knowledge. At the same time, 

rural residents, based on their own experience and intuitive approach, tend to conduct their activities taking 
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into account the interests of nature. However, this ecological consciousness can be divided into active and 

passive representatives. At the same time, the relationship with nature is subject-subject. 

 

The bright example of a limited-selfish type of ecological consciousness is when the interests of its bearers 

dictate their actions. However, unfortunately, the bearers do not know the harmfulness of their actions and 

skills that would help them not to do so. Relationships with nature have a typical subject-object nature, 

where nature is the object of achieving human goals and meeting the needs of society, i.e., the natural 

environment is exclusively the object of activity of each individual and society as a whole. 

 

Summarizing the above, given the realities of modern Ukrainian society, we can identify three main types 

of collective ecological consciousness: altruistic or conscious-activity and limited-activity types of 

ecological consciousness (nature of the subject-subject relationship), neutral or consciously detached type 

object-object relations) and pragmatic or consciously selfish ecological consciousness (the nature of subject-

object relations). Thus, we have tried to describe the main types of collective ecological consciousness 

ordinarily existing in Ukrainian society. At the same time, the key criterion in determining them was the 

presence of a set of knowledge, skills, and abilities that, in one way or another, relate to human interaction 

with nature. 

 

Thus, a society with a high level of development of collective ecological consciousness evaluates 

information coming from the outside and inside world, considering the available knowledge and awareness 

of itself among all the diversity of environmental objects. Moreover, the society mentioned above preserves 

the existing system of attitudes towards other people and the environment. Such action serves as a basis for 

managing the behavior of each of its members. The development of the individual ecological consciousness 

of each person occurs amid the process of socialization, i.e., the entry of the individual into society and 

building a relationship with other people and their environment, which ensure the formation of this type of 

consciousness. The described process requires compliance with social norms and rules, meeting the needs 

in acceptable and legal ways, fulfilling commitments, and discipline, which should be manifested in 

behavior, expressions, and following traditions and customs dictated by collective ecological consciousness. 

 

Palamarchuk (2003) notes that a system of ideas about the world (according to which the highest value is 

the harmonious development of human and nature) aims to interact with nature to meet the needs of human 

and nature. Consequently, the ecological imperative should determine the nature of the interaction: it is 

correct and permissible that it does not destroy the ecological balance; ethical norms and rules should apply 

equally to the interaction between people and the natural world. Thus, it characterizes the high level of 

development of collective ecological consciousness, which ensures the harmonious interaction of society 

with nature aimed at preserving and restoring its wealth. 

 

Psychological features of the formation of collective ecological consciousness 

 

The formation of collective ecological consciousness is influenced by the level of ecological culture, which 

is characteristic of a specific society. Simultaneously, ecological culture should be considered a systemic 

concept, the most critical and integral component of universal culture, reflecting the development level of 

individual and collective ecological consciousness. In particular, it covers the system of intellectual, moral, 

ethical, patriotic, legal, and aesthetic values of human and society as a whole, which contribute to the 

conservation of natural resources, environmental security, and sustainable social, economic, and cultural 

development of all humanity and each individual. 

 

In ‘Environmental Values in American Culture’, three sets of values that influence the rise of 

environmentalism in American society are identified. They include: 

1. religious and spiritual values based on religious teaching and spiritual beliefs; 
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2. anthropocentric values or human-centered views focused on human benefits (aestheticism, 

included) and goals;  

3. bio-centric values emphasizing rights and ethics of nature (Kempton, Boster and Hartley, 1996) 

 

Benton and Benton (2004) argue that forming a system of environmental values is closely linked to 

mastering human activity's socio-cultural and economic context. Thus, the problems of ethics of relations 

with nature reveal their content not in special thematic sections or subjects but in discussing the moral 

aspects of various types of human life. At the same time, the critical role belongs to the ability to reflexively 

perceive the consequences of their behavior and any interaction with nature. 

 

It should also be noted that a society with a high level of development of ecological culture subordinates all 

types of its activities to the requirements of rational use of natural resources, cares about improving the 

environment, and takes measures to prevent its destruction and pollution. At the same time, the 

dissemination of actual scientific facts, the formation of appropriate value orientations, and mastering 

practical skills and abilities to apply constructive strategies of interaction with the environment is a solid 

basis for the formation of a model of caring for nature. 

 

Another critical factor in developing ecological consciousness and forming environmental culture is 

environmental responsibility. The psychological nature of environmental views and beliefs that influence 

the formation of personal and collective responsibility includes three main components. The intellectual 

aspect encompasses a set of environmental knowledge and intellectual skills that are associated with the 

process of forming a worldview. Also, this component includes methods of finding causal relationships 

between certain phenomena and processes. The personal aspect includes motivation, a system of attitudes 

and assessments, confidence in their ability to make a significant contribution to implementing a system of 

measures to prevent environmental catastrophe, and internal needs that necessitate environmental 

protection. Thus, the inner readiness to protect nature is determined by the individual's desires, intentions, 

and needs in implementing its position through actions and activities to protect the environment. In 

particular, the worldview, beliefs, ideals, and public interests, which simultaneously act as motives for 

activity in learning, education, and socialization, are filled with environmental content. 

 

Thus, the level of development of collective ecological consciousness is closely interrelated with the level 

of development of the spiritual sphere of each individual and the system of concepts, ‘values - attitudes – 

activities’, which are realized in the process of education. Additionally, during the environmental training, 

the emphasis is on intelligence and operation of the system of concepts ‘consciousness - thinking - 

knowledge – activity’. 

 

In particular, ecological consciousness is a set of theoretical knowledge about environmental problems and 

ways to solve them combined with some experience of changing the adverse effects of human activities on 

nature. The ecology of the world begins with the ecology of the soul. External events and human’s inner 

world are closely intertwined and follow each other. In the conditions of increasing the intensity of 

production, accelerating the processes of movement, and increasing the anthropogenic impact on the 

environment, it is vital to launch global processes that will affect the ecology of the human soul. 

 

Sand (2009) wrote that nature is beautiful; every time it breathes feelings, love, youth, and beauty live in its 

imperishability. However, today, the state of nature raises the question: “How to change people's minds and 

direct their activities in a constructive direction to solve the global environmental problem?” It is necessary 

to form a new worldview, a new system of values and philosophy, a new way of life, and a program of 

concrete actions to prevent a new environmental crisis. The philosophical basis, in this case, may be 

ecological philosophy, i.e., the philosophy of the harmonious relationship of human with ecological systems. 

Therefore, in the system ‘society - man - technology - natural environment’, it is necessary to find a way to 
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harmonize the relationship between nature and human. The ecological approach must penetrate science in 

order for science's ecological and humanistic orientation to resolve the traditional contradiction between 

‘anthropocentrism’ and ‘cosmo-naturalism’. Moreover, the critical role here can be played by social 

ecology, which contributes to forming a new type of environmental thinking. 

 

Vernadsky (2001) emphasized that in the gradual destruction of the Earth's biosphere, it is necessary to 

change human activities to resolve the contradictions between society and nature. The latter should be based 

on new principles because they provide for reaching a reasonable compromise between society's social and 

economic needs and the ability of the biosphere to meet them without compromising its normal functioning. 

Thus, environmental success and modern human’s social and economic efficiency depend on a critical 

review of all areas of human activity and areas of knowledge and spiritual culture that shape the individual’s 

worldview. 

 

Wicks (2011) pointed out that most people pursuing pragmatic goals treat the world as an object of 

consumption from the subject’s position, i.e., the leading actor in communication between human and the 

world. Nevertheless, in moments of admiration for the beauty of nature and enjoying the sight of waterfalls, 

rainbows, or delicate flowers, a person can forget and enter into a new type of relationship with the world, 

namely the object-object relationship. Further, a person seems to dissolve in the object he/she is 

contemplating. Any object of nature can use it. Such ‘dissolution’ is a beautiful moment of awakening the 

state of genius within the individual, characterized by loss of connection with time and space, merging with 

the environment, and correlation with particular fragments of life. 

 

It is worth noting that thinkers have pointed to the close relationship between the spiritual and natural 

spheres of human existence. According to philosophers, from antiquity to the postmodern period, the 

universe is harmonious and strives for balance in everything. Therefore, it is essential to define the priority 

boundaries for human activity in which society will unite spiritual values and worldviews. In particular, one 

such idea may be the concept of the noosphere, described by Vernadsky (2001). The scientist considers 

ecology as a global problem of the present and describes the forecasted ways of its decision. According to 

him, the noosphere is the geographical envelope of the globe. The leading role is played by the 

transformation processes of matter, energy, and information associated with the activities of ‘Homo 

sapiens’. Throughout the history of humankind, lots of opportunities have arisen for using the natural 

environment and its resources to meet the needs of society. However, the current environmental situation 

indicates the need to change the nature of the relationship with nature. 

 

Specifically, Marcuse (1991) emphasizes the need to give up everything superfluous to preserve ecological 

balance. The author argues a repressive attitude toward the individual in a large society because the 

‘consumer society’ forms a unique culture and a particular opinion. On the one hand, an individual has rich 

creative potential. On the other hand, society seeks to put the ‘soul’ in the framework of empty ‘forms’. 

According to the scientist, the latter is a conflict between the individual’s energy and the pressure of social 

conventions and institutions, growing every day. Marcuse (1991) proposed a way to overcome or mitigate 

this conflict, which, on the one hand, is to develop creative imagination as a way to improve society, and, 

on the other, to form a global worldview that will reduce consumption to maintain ecological balance. The 

scientist notes that mass production, consumption, and mass culture have prevailed over traditional forms 

of consciousness, which form a conscious attitude of human to nature. Marcuse (1979) considers this topic 

in his essay and writes that nature is becoming a lever of control over human in the modern world. 

Commercialized, polluted, and militarized nature is an extension of the hand of society, as well as its power. 

In particular, in the ecological and existential sense. Hence, the essay's author emphasizes the need for the 

liberation of nature, i.e., the revival of the vital forces of nature and sensual aesthetic qualities that are far 

from a life lost in endless competition. Instead, it is used for domination and becomes a matter devoid of 

value (Marcuse, 1979, p. 109). Marcuse (1979) also wrote that air and water pollution, noise, and industrial 
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and commercial attacks on the open space meant the physical enslavement of Homo sapiens, and the 

connection between human liberation and the liberation of nature is becoming apparent today (Marcuse, 

1979, p. 110). 

 

Global, regional, and local environmental problems are one of the main threats to civilization and the causes 

of social turbulence in modern society. In particular, due to scientific and technological progress, people are 

increasingly interfering in natural processes. As a result, we are witnessing new cases of disruption of the 

dynamic balance and systemic nature of the organization of ecosystems. Environmental changes are almost 

close to the thermonuclear threat, which may soon lead to the extinction of Homo sapiens from our planet. 

Therefore, considering the circumstances described above, special ecological knowledge and competencies, 

the level of development of ecological culture not only of each individual but also of the society as a whole 

begins to play an increasing role. In our opinion, teachers and educators can significantly influence the 

environmental situation and eradicate the need for young people to benefit immediately. The environmental 

situation should alter at the cost of unwise and barbaric exploitation of natural resources and form 

knowledge, competencies, and unconscious beliefs. All necessary efforts can serve as a solid basis for 

choosing a caring attitude towards nature, understanding their role in the ecosystem, and responsibility for 

saving life on the planet. 

 

Thus, there is an urgent need to identify a component of ecological consciousness that will provide the most 

effective transition from learning environmental knowledge to the practical use of environmentally sound 

behavioral strategies in everyday life. In particular, it is worth mentioning that such components of 

ecological consciousness as ecological knowledge, attitude to the world of nature (ecological attitude), 

ecological beliefs, and ecological intention play a unique role in forming ecological behavior. Likewise, the 

value of environmental education and upbringing in the context of solving the problem of environmental 

protection is that they have a direct and indirect impact on the formation of ecological consciousness, as 

well as its structural components: environmental knowledge, environmental beliefs, and environmental 

attitudes. Moreover, sometimes they develop into behavioral habits that are closely interrelated with 

environmental protection issues, species diversity, and ensuring the sustainable development of natural 

ecosystems. 

 

Environmental intent is critical in forming collective and individual environmental behavior. In addition, it 

is a conscious desire to complete the environmental action by the selected program of interaction with the 

environment, which aims to achieve the projected result. Thus, ecological intention is an integrated personal 

formation, the structure of which is the unity of four components: cognitive, affective-evaluative, value and 

target, and behavioral. Precisely, the cognitive component is represented by environmental knowledge. It is 

the result of the process of cognition by the individual of the expected environmental activities through the 

acquisition of social experience while learning in the family and educational space. At the same time, it 

ensures their reflection in the ecological consciousness of human through ideas, concepts, judgments, 

hypotheses, theories, principles, laws, and patterns passed down from generation to generation. The 

affective-assessment component includes ecological self-assessment, a positive attitude to natural subjects, 

and a system of reflective connections with everyday ecological activity based on the ability to imaginatively 

reflect their feelings about natural objects and actions in the natural environment. Finally, the value and 

target components provide an opportunity to determine the priority of environmental intentions of the 

individual and their nature and are closely related to personal readiness and propensity for future activities 

in the area of residence or activity. Noticeably, it directs the activities of the individual in a particular 

direction. The latter contributes to achieving goals in interaction with nature and is the basis of the particular 

activity within ecosystems. 
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The behavioral component is responsible for the processes of actualization of environmental goals and self-

regulation of environmental activities. It supports the conscious desire to complete the environmental action 

following the developed program to achieve the expected environmental result. 

 

During the formation of ecological intention in the structure of ecological consciousness of the individual, 

in psychological and pedagogical practices, it is necessary to consider the internal determinants of the 

development of ecological consciousness. The cognitive function is the primary motive for studying the 

environment, as well as environmental knowledge, values, and attitudes to the environment. The cognitive 

function is likewise vital for competence, communicative function, rehabilitation, evaluation, self-

awareness, psychophysiological and psychotherapeutic, environmental self-control, self-realization, 

environmental planning, programming, forecasting, and implementation of environmental intent. Also, it 

should be noted that the formation and development of ecological intentions of the individual in the current 

environmental situation have not yet become the subject of a sufficiently complete study in psychological 

science. Therefore, the introduction of psychological and pedagogical support in educational practice, which 

contributes to environmental intentions, will help individuals develop the most flexible and adaptive 

strategies for environmental activities, considering current environmental conditions and life. 

 

In considering psychological features of the formation of collective ecological consciousness, it is expedient 

to mention the mechanisms that regulate the behavior of representatives of a specific social group. 

Subsequently, they are described in the Theory of Planned Behavior and the Theory of Value-Belief Norm. 

  

Theory of Planned Behavior (TPB) 

 

“The theory of reasoned action (TRA) along with its subsequent developed version of the theory of planned 

behavior (TPB), as articulated by Ajzen (1991), is based on the perceived behavioral control component to 

account for behavior without a person's volitional control and norms” (Ajzen and Fishbein, 1980; Ajzen and 

Madden, 1986). “The proponents of this theory argued that subjective norms refer to the strength of 

normative beliefs and the motivation to comply with these beliefs and social and moral values. As observed 

earlier, the theory of planned behavior extends the theory of reasoned action (TRA) by its addition of 

influences on behavior beyond people's control. TPB theorists believe that two assumptions have to be made 

to assess these influences by employing the perception of one's control:  

1) the predicted behavior must be at least partially beyond volitional control; 

2) the perception of control must reflect actual control upon behavior with some accuracy (Kalafatis, 

Pollard and Tsogas, 1999). 

 

Theory of Value-Belief Norm (VBN): The premise of value-belief-norm theory (VBN) is that pro-social 

attitudes and personal moral norms are significant predictors of pro-environmental behavior (Stern et al., 

1999). The theory above suggests that people who undertake environmental action have at least some 

altruistic or moral reason for doing so or have been affected by self-serving interests (Aliagha et al., 2013). 

 

Vargo (2006) argues that at the present stage of the formation of Ukrainian statehood, it is advisable to use 

a kind of Ukrainian mentality to form an ecological society, as it focuses on connection with nature. 

Similarly, the ecological society remains the future society, which may be the result of the merger of 

Western European science and rationalism and the inherent traditional worldview of an attentive attitude to 

nature (Vargo, 2006). He also considers increasing the level of development of ecological consciousness as 

a critical condition for transforming Ukrainian society into an environmental one. Thus, Vargo (2006) 

emphasizes that one of the directions of development of society should be the formation of worldviews and 

social relations designed to overcome the modern alienation between human and nature. Besides, the author 

points to the need for changes in society's political, economic, and social life to its greening. Changing 

worldview plays a vital role in this process. Finally, this scientist characterizes the new imperative of 
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collective ecological consciousness: to take care of the search for ecological balance and its preservation. 

Thus, the collective ecological consciousness can be considered an indicator of a high level of society's 

development, which considers the interests of nature at the level of their own. According to Vargo (2006), 

the ecological society, which has the highest level of development of ecological consciousness, considers 

human and nature in the light of new values, namely the equal development of humanity and nature. 

 

Thus, the leading role in forming individual and collective ecological consciousness and public 

environmental culture belongs to education and upbringing. After all, the individual manages the 

multinational corporation and produces harmful products to nature and human, antibiotics, growth 

promoters, takes measures to cover up the oil spill in the sea bays, and damages the landscape by dumping 

a used ticket. Therefore, with significant theoretical and practical potential, training and education can 

significantly impact human's inner world and personal characteristics and prevent even the slightest harm 

to the environment. 

 

Methods of formation of collective ecological consciousness 

 

It should be borne in mind that the collective ecological consciousness is characterized by the gradual 

formation and the phasing of this process. The most crucial conceptual idea on which the environmental 

education program should be based is the principle of integrity as a characteristic of the individual, which 

is achieved through personal development and socialization. Therefore, the individual is an active, active 

subject who can transform the world and himself and take personal responsibility for the results of their 

actions. The factor of recognizing the value of ecological orientation in the system ‘human – nature’ is 

decisive in the process of self-determination and self-development of the individual and identification of 

oneself as a citizen of the state. Among the main concepts that should be used in the preparation of the 

program to increase the level of ecological consciousness and culture, we can highlight the system-activity 

approach to the organization of the educational process, the strategic approach to personality formation, and 

the personality-oriented approach. Sukhomlinsky (2004) also said that education should be subordinated to 

the main thing: “… education of humanity, i.e., humane attitude to nature, society, other people and 

yourself”. 

 

In addition to environmental laws and a social tool that maintains a sufficient level of environmental culture 

and fosters environmental values, citizens' assemblies, foundations, and committees on ecology and 

environmental protection play an important role. Thus, environmental unions and organizations should 

become a leading force in environmental education for the population, especially the younger generation. 

Of course, all citizens must abide by the provisions of the Constitution and laws and take care of the 

environment. However, one study of the relevant laws is not enough to form ecological consciousness and 

ecological culture in young people. It is necessary to hold events dedicated to ecological culture in 

educational institutions to intensify propaganda and agitation to raise its level. At the same time, it should 

be borne in mind that the formation of ecological culture in school and university students is influenced by 

family, educational institutions, society, and the environment. To the previous list, we can also add a variety 

of life situations and other factors that directly or indirectly affect the development and formation of young 

people. Nevertheless, environmental education is considered an essential component of public education 

and the process of socialization in general. 

 

Tolstoukhov (2007) writes in his environmental encyclopedia that ‘environmental education is a process of 

forming a humane, responsible, caring attitude of human to nature as a unique value, affirmation in the 

views, beliefs, moral attitudes of the principles of rational nature management, readiness for the 

environmental activities’. 
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It is important to note that the environment, work, and human relations have always been considered a 

means of environmental education. Travel, excursions, walks, a study of works of art dedicated to nature, 

and work on research sites are traditional activities in this direction. During excursions, hikes, and work on 

the research site, teachers draw young people's attention to the richness of nature and various environmental 

problems and explain the need for care for the environment. 

 

Studying educational subjects such as science, botany, biology, geography, and the basics of ecology is an 

effective means of environmental education in the learning process. In addition, the young generation 

develops knowledge about the unity of the individual, society, and nature, the place and essence of the 

ecosystem in human life and society, a sense of responsibility for the planet's future, and awareness of the 

need to care for the environment and nature. 

 

Toegtherwith, the formation of ecological culture of students of higher education is carried out by studying 

the humanities and natural sciences. The contribution of the first disciplines is closely interrelated with the 

assimilation of the ideas of the unity of humanity and the biosphere, the relationship between the historical 

development of human civilization and changes in the natural environment, and moral and aesthetic attitudes 

to nature. It is expedient to generalize students' ideas about today's global problems around the idea of 

optimizing the interaction between nature and society. A unique integration role belongs to environmental 

courses, which form a holistic view of environmental issues based on the content of other disciplines. The 

priority of environmental education is the organization of interdisciplinary seminars, discussions, and 

business games that will help students systematize their knowledge and integrate it into their lives. Kemp 

(2015), Oakeshott (1972), and Walker (2017) argue that the following methods need to be used: 1) non-

simulation (problem lectures and seminars, thematic discussions and round tables, brainstorming, etc.), and 

2) simulation (analysis specific situations or case studies, role-playing, business games, etc.). 

 

Caravan (2013) singles out conversation and preparation of abstracts and reports as the most common 

environmental education methods. That is right, and the scientist notes the essential role of environmental 

education methods in developing skills to search and organize information. However, according to the 

researcher, to increase ecological consciousness in students, it is more appropriate to use forms and methods 

of work to develop motivational-value and behavioral components of ecological consciousness and 

behavior, including research and problem-solving. Equally, students must find answers to them during the 

lesson, analyzing and summarizing the information obtained. Also, Caravan (2013) talks about such 

interactive methods as brainstorming, case studies, critical discussion, group discussion, role-play, 

simulations, seminars, and group projects as a source of information. With the latter carriers of 

environmental norms and requirements, the students themselves act, and environmental norms and 

requirements are perceived as their own choices and decisions, which is a much stronger incentive to comply 

than external coercion. Among the methods of extracurricular activities are conferences, seminars, quizzes, 

group work, and elective classes. The reason is that such forms of work provide an opportunity to go beyond 

the curriculum, supplement the knowledge, skills, and experience of students and provide choice and 

decision making, analysis, and assessment, contributing to the formation of environmentally sound behavior 

(Caravan, 2013). 

 

Thus, the acquisition of environmental knowledge, raising the level of environmental culture, compliance 

with laws and regulations on environmental protection and nature management, and instilling a love of 

nature must move from environmental education and socialization of the individual to the needs and 

qualities of each individual. Simultaneously, educational institutions play an essential role in forming the 

described qualities, knowledge, and skills in young people. This fact must be considered in forming an 

ecological society because the younger generation and future professionals will serve Motherland's 

prosperity, fight for cleanliness, and organize cities and villages, improving the people's economic and 

cultural life. The young generation may soon become the nucleus of a new collective economical 
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consciousness that promotes environmental protection and the wise use of natural resources. Therefore, it 

is appropriate to emphasize the importance of environmental education, training, and preparation of future 

thought leaders and lay the groundwork for adopting new innovative views on ways and means to eliminate 

the adverse effects of human activities from the authorities of modern environmental thought. 

 

Conclusions 
 

Thus, environmental competence becomes one of the essential characteristics of the society of the future, as 

damage to nature is caused not only intentionally but also due to ignorance. According to the Ecological 

Encyclopedic Dictionary, ecological consciousness provides a deep understanding of the inseparable 

connection of each person with nature, the dependence on the welfare of society, and the integrity of the 

natural environment from anthropogenic changes beyond the use of adaptive abilities as a species. 

 

It should be noted that solving the problem of greening consciousness and forming ecological culture is one 

of the critical psychological and pedagogical tasks: developing ecological thinking, shaping an ecological 

worldview, and creating a sense of ecological responsibility for each individual in socialization. 

 

Therefore, we consider ecological education and raising the level of development of ecological culture as a 

constant process of deepening knowledge about the environment, forming an attitude to nature as a value, 

and the ability to work to protect the environment actively. In particular, environmental education covers 

the training and development of personality, which are aimed at forming a holistic worldview, values, 

responsible attitude to nature, and strong beliefs in the need to protect it. 
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Abstract 
The Amu River Basin, located in northeast Afghanistan, is the 

second largest basin.  Therefore, a general concept of the 

importance and value of watershed management has been 

reviewed. Too little water at a given time can be a disaster 

(e.g., draughts), and too much water available at the same time 

is also a tragedy (e.g., in the form of floods). Sustainable water 

management needs to have a moderate water flow, 

maintenance of the water quality, mitigation of water flows to 

minimize soil erosion, recharging of groundwater, and 

conservation and recycling. This paper will help understand 

the different elements and aspects of watershed management 

in Afghanistan and its interactions with technology, 

economics, institute, and natural resources. The importance of 

contributing to water and land management is linked with the 

people's livelihood.  
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Introduction 
 

Afghanistan is a country whose water depends on snow and permanent glaciers in the highlands. These 

glaciers form rivers as a result of melting of the ice.  Global warming, climate change, and other 

environmental issues have become more serious for nations and governments.  Afghanistan, too, has not 

been an exception and has become more vulnerable, because of a lack of awareness and expertise, and a 

fragile economy that have led to less attention being paid to water. Therefore, in the current situation, the 

seasonal rains must be managed to the extent possible. However, the present Afghanistan government has 

weaknesses politically, and economically. Therefore, to assess the current challenges of watershed 

management is necessary. 

 

In the 21st century, the world environment is facing severe challenges, such as (i) competing water demand 

for  basic necessities such as food, (ii) the convergence of urban population and increasing water demands, 

(iii) dependence of energy sector on urban water infrastructure, (iv) water infrastructure development, 

particularly in the developing countries, and (v) essential threats posed by climate change (Feilberg and 

Mark, 2016). Therefore, effective and sustainable watershed management needs emphasis in order to 

achieve holistic development. A set of technologies can provide exciting opportunities and solutions. 

Afghanistan is a country that has plenty of natural waters, especially in the Amu Darya watershed. Per capita 

water availability is 4,250 cubic meters per year in Amu River basin. The country's internal freshwater 

resources per capita show that Afghanistan has sufficient water availability. However, Afghanistan is a 

country that has experienced many years of war, and the wars imposed by foreign countries have prevented 

Afghanistan from achieving its development plans. After 1970, Afghanistan decided to manage its water. 

At that time, it needed to manage water on a larger scale in order to strengthen agriculture and the energy 

sector; but, due to the constant wars, it did not happen. Today, after 50 years, Afghanistan has lost almost 

entire infrastructure like irrigations canals, Kariz and semi-elapsed dams and canals preventing it from 

achieving its plans. Moreover, given the current climate change, economic downturn, and political turmoil 

in Afghanistan, the country cannot implement its large-scale projects. Therefore, sustainable resource 

management, especially water, soil and energy, is essential, and a comprehensive solution is needed. This 

article discusses how to use and manage water effectively for sustainable production and conservation. 

 

Study Area  
 

The Amu basin is one of the five river basins in Afghanistan. It is part of the Amu Darya basin, a share of 

the larger Aral Sea basin that covers Kazakhstan, Uzbekistan and Tajikistan. Most of the rivers in 

Afghanistan have shared water with their neighboring countries, except for the Kunar River basin. All the 

big rivers in Afghanistan originate from the highland region of central mountains (Hindokush) and 

northeastern mountains (Pamir). Amu River basin in Afghanistan is located in the northeast of the country, 

which covers four provinces (Badakhshan, Baghlan, Kunduz and Takhar) shown in figure 1. 

 

The classical name of the Amu Darya is "Oxus River," which has a large number of tributaries with a 2,400 

km length in central Asia. It dries up into the Turan lowland in Turkmenistan and Uzbekistan. The main 

course irrigates cotton fields; but 20 years back, the river water ran to as far as the Aral Sea. Today, lack of 

water or inflow has been one of the significant problems reducing surface area and capacity of water in the 

Aral Sea. The headwater of the Amu River basin started from the High Pamir Mountains of Afghanistan 

and Tajikistan. Zor Kul lake is the northern branch of the Amu Darya, called the Ab-i- Pamir River, and the 

outflow of Chakmatin lake is the southern branch of the Amu River.  The Amu River basin covers 57% of 

the total water flow and covers only 14% of Afghanistan with all its drains. Therefore, the Amu river basin 

has a significant potential for water development and management that has been unused till now (Sergei and 

Langford, 2002). 

. 
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Figure 1: Area of the Amu River Basin in Afghanistan 

 

 

Sustainable Management 
 

The sustainable development has different definitions. Yet, the common purpose of sustainable development 

is to meet the need of the present generation in such a way that it does not forego the resources needed for 

future generations. Thus, sustainable management promotes the minimization of the environmental impact 

and optimal use of the resources (Farooq et al., 2005). Watershed management in Afghanistan is an 

important solution to address sustainability issues. The watershed management will also be helpful in 

addressing the global warming, poverty, and political deprivation of local people. 

 

A general concept of sustainable watershed management is described with river basin's sustainability and 

the dimensions of technology, institutions, economics of natural resources in figure 2.   

 

 

 

 

 

 

 

 

Figure 2: Sustainability of watershed management and its elements 
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Four main elements shown in figure 1 need to be considered for sustainable watershed management. The 

four elements are natural resources, technology, institutions, and economics. Each element has different 

components to analyze its functions and contributions toward sustainability (Vishnudas, Fletcher and 

Ladson, 2005).   

 

Natural Resources 
 

Natural resources in each country vary according to its geographical location. Afghanistan has an average 

altitude of 2,000 meters above sea level. The country's water comes from seasonal snow and rain, which is 

rich and fresh. Afghanistan has five maritime basins, the Kabul River, the Helmand River, the Harirod 

Murghab River, the Northern River, and the Amu River Basin. The Amu River basin also has a common 

border between Tajikistan, Uzbekistan, and Turkmenistan, and Afghanistan has the second-largest share of 

the river after Tajikistan, at about 27 billion cubic meters. According to the of Afghanistan’s Ministry of 

Energy and Water, Afghanistan's surface and groundwater resources are 80 billion cubic meters per annum. 

Unfortunately, due to a lack of proper management, this water resource is minimally used for improving the 

production processes. The Ministry of Energy and Water explained that surface water has reduced from 57 

billion cubic meters in 2003 to 49 billion cubic meters in 2018 (Aini, 2007). The reasons for such a reduction 

of water are: (i) Climate change; (ii) Population increase; (iii) Increase of hot days and decrease of cold days 

during a season. 

 

Afghanistan is currently experiencing a series of droughts,  with the lowest snowfall compared to previous 

years. Seasonal rains do not occur at the right time, and damaging floods often accompany the rains (Aini, 

2007). This causes financial and human life losses; floods have also created soil erosion, which is a problem 

in itself.  

 

Land Use and Watershed Management 
 

The Amu River in the North of the country has formed about 1,200 kilometers of shared border between 

Afghanistan and the three countries - Tajikistan, Uzbekistan, and Turkmenistan. Therefore, the first goal of 

integrated watershed management is to provide services and goods maintaining the long-term production 

capacity of natural resources. People want to have numerous goods and services from the watershed, 

including water for irrigation, hydropower, drinking water, crops, dairy products, meat, wood products, raw 

materials, biodiversity, tourism, and recreation. Based on the localized topographic regime and the ecology, 

the objectives of integrated watershed management should include:  

• increasing water and improving the quality of water in lakes, streams, and other water bodies;  

• sustaining the existing environment and resources for managing, developing, and sustaining 

production systems;  

• enhancing the potential of land and reducing downstream sedimentation, and preventing excessive 

soil erosion; 

• rehabilitating the degraded wetlands, stream channels, watershed lands, and riparian systems. 

 

Water and soil conservation represents the core element of watershed management; therefore, many 

objectives are related to the water and soil conservation practices. However, the integrated watershed 

management approach distinguishes from other land management practices as the watershed management 

have holistic linkages. How these linkages affect the sustainability of the natural resource depends on what 

demand people  raise (Bochet, Rubio and Poesen, 1998). Therefore, planning for the efficient and 

effective/sustainable use of water, land, and other resources is needed to achieve integrated watershed 

management goals.  
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Interactions of Land Use 
 

The Amu River Basin originates from the four provinces of Badakhshan, Baghlan, Kunduz, and Takhar in 

Afghanistan, usually the Great Pamir Mountains of Badakhshan Province and the Hindu Kush Mountains 

of Baghlan Province. In terms of the geological structure, Badakhshan has altitudes higher than 7,000 meters 

above sea level, which usually has less agricultural land. However, the same geological structure is available 

in other districts of Takhar and Baghlan.  The interconnections of land use with water and other natural 

resources in the watershed's boundaries can be in many different ways. The watershed can be thought of as 

a collection of land use units of changing physical size. Relations between the rest of the watershed and a 

land-use unit are conceptual. Note that any activities in the upstream land-use units influence the land-use 

unit's downstream productivity (Blanco-Canqui and Lal, 2010). These influences may affect the soil 

loss/erosion rate; sediments downstream may consequently change the water flow patterns, soil quality, and 

water availability in the downstream watershed. Such phenomenon can impact human health, family 

incomes, and food availability (Dovers, 2001). Various management practices related to water, land, and 

other resources should be implemented in the downstream land-use unit (figure 3). They may be impacting 

the sustainability and productivity of the natural resources on site, and may be associated with livestock 

grazing, agriculture, or forestry, or allied activities.  

 

 

 

                 

 

 

 

 

 

                                                    
Downstream (off-site) impacts 

 

 

 

 
 

 

 

 

Figure 3: Interactions of land-use in a watershed [Source: Gergersen, Ffolliott and Brooks (2007)] 

 

Finally, the watershed management practices on the land-use unit can affect water quality, soil erosion, 

sediment movements, and water flows.  

 

Availability of High-Quality Water 
 

The water demands depend on what people want to do. Therefore,  it is difficult to provide high quality water 

with constant supply for the welfare and survival of people. Too little water at a given time can be a disaster 

(e.g., draughts), and too much water available at the same time is also a disaster (e.g., floods). Hence, 

sustainable water management demands a moderate water flow, maintaining the water quality, mitigating 

water flows to minimize soil erosion, recharging groundwater, and preventing the water pollution (Dewald 
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et al., 1996). Managing and developing watershed management plays a critical role in increasing high-

quality water supply to improve food security or other welfare for downstream watershed areas particularly. 

In developing countries, the watershed/water management with other associated resources development also 

links with poverty alleviation. There are often two primary responses when the water demand increases, as 

illustrated in figure 4. Unfortunately, in many parts of the world, reducing per capita consumption to 

conserve water resources has had limited utility in meeting people's demands. However, several methods 

have been used to develop water supplies without a locally dependable perennial stream or abundant 

groundwater resources – the other primary response. 

 

The structural and non-structural measures should be an array in high flows, and the extreme flooding area for 

its coping and control are shown in figure 4. However, the issues associated with the patterns of water flow in 

terms of both low and high elevation, the stated purpose of structures such as reservoirs and dams are to control 

the floods and store the floodwater. Therefore, the non-structural approach to control the impacts of flooding 

through effective flood management is where the focus was placed on minimizing flood hazards.  

 

Amu River Basin in Afghanistan   

 

The Amu River basin has a population of approximately 4.2 million and per-capita water availability of 

4,250 m3/year, well above the water stress threshold. Therefore, agriculture is by far the largest water user 

in the basin. As a result of mild climate combined with relatively high precipitation, most parts of 

Afghanistan would be classified as having a dry climate with cold winters. Abundant river flows and fertile 

soils, in the lower part of the basin, especially in the lower Kunduz, Taloqan, and Panj Amu basin, have 

been one of the breadbaskets of Afghanistan since 1930 the area was developed. The basin has been the 

largest wheat producer, with over 1.28 million tons (of which 1.0 million tons are from irrigated areas) 

produced in 2015, and the largest rice producer, with 263,000 tons produced in 20151. The total irrigated 

land in the basin is 450,000 ha2, representing approximately 4.7% of the total surface area of the basin. 

However, more than 40 years of war and social conflict have resulted in poor management of both watershed 

areas and irrigation systems, causing serious problems of water management, especially irrigated 

agriculture, and a very significant drop in productivity. While, despite being a large food producer, the basin 

has some of the highest incidences of food insecurity (the food insecurity index is as high as 73% in the 

provinces of Badakhshan and Baghlan3.  

 

Table 1: Internal freshwater resources per capita (cubic meter) in Afghanistan 

Year 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017 

Water per 

capita  

5042 4533 3998 3579 3659 4063 3252 2435 2086 1739 1513 1299 

Source: World Bank - Renewable internal freshwater resources per capita (cubic meters)4 

 

The estimated the freshwater resources per capita every five years is shown in table 1. In1960 Afghanistan 

had 8,996,967 population, and the water per capita was 5,042 cubic meters per year, whereas in 2017, the 

country's population increased to 36,296,111 where the water per capita decreased by 1,299 cubic meters 

per year. According to Daniel (2018), Afghanistan population in 2050 will be about 64,682,974. In 2050, 

per capita water availability will decrease to 450-500 cubic meters only. Consequently, demands, 

challenges, and conflicts, especially in the urban area, will increase. Therefore, watershed management 

becomes essential from the perspective of rejuvenating of the resources.  

 
1 Government of Afghanistan, Ministry of Agriculture, Irrigation and Livestock, Agricultural YearBook 2015.  
2 World Bank, 2014, Afghanistan Agricultural Sector Review.  
3 Central Intelligence Agency, 2014. World Factbook, 2014-2015 (52nd Edition), Washington. 
4 https://data.worldbank.org/indicator/ER.H2O.INTR.PC  

https://data.worldbank.org/indicator/ER.H2O.INTR.PC
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Figure 4: Responses to the increased demands for water [Adapted from Gergersen, Ffolliott and Brooks 

(2007)] 
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Figure 5: Freshwater per capita during the years 1962-2017 [Source: World Bank - Renewable internal 

freshwater resources per capita (cubic meters)5] 

 

Afghanistan has five river basins: the Amu River basin, Kabul River basin, Helmand River basin, Northern 

River basin, and Harirod-Murghab river basin. The total number of existing dams on these five river basin 

is 21, which currently generate 310 MW of electricity. These dams irrigate around 5,82,000 hectares of land. 

Harirod-Murghab river basin is the largest in terms of irrigated area of 3,04,000 ha, and the Kabul River 

basin is the most significant in term of electricity generation of 2,06,000 MW (Qureshi, 2002). Afghanistan 

government has 133 ongoing and 89 proposed dam projects in the Amu River basin executed by Ministry 

of Rehabilitation and Development. Additional 2 ongoing and 12 planned projects belong to the Ministry 

of Energy and Water, along with 11 ongoing and 9 planned projects from the Ministry of Agriculture, 

Irrigation and Livestock. In the Amu River basin, 12 electricity-generating dams costing $ 1,075 million are 

designed to produce 115 MW electricity and irrigation of 1,32,848 ha of land. The dam's names and 

locations are shown in table 2. 

 

Technology  
 

The sustainable technologies need to be transferred, adopted, and developed (Guerin, 2001). The main 

challenge for sustainable development is land degradation. On a global scale, the key threats to the 

sustainability of life support systems are the availability of water, soil degradation, and loss of biodiversity 

(Hurni, 2000). Through using appropriate technology, natural resources can potentially be used sustainably. 

In addition, sustainable technology requires that a technology should be economically productive, ecologically 

conducive, financially viable, socially acceptable, and risk- reducing (Hurnai, 1998). Some innovative 

measures in watershed management can be taken through using appropriate technologies, such as tillage 

techniques e.g., stone bunds, terracing, grass contours, etc. Thus, successful adaptation of such a technology 

by the farmers is necessary before choosing technologies compatible to environments and land uses. 

 

Watershed management covers water, forestry, soil, and agriculture management, so technology remedies 

for managing these resources may succeed only when they address local socio-economic needs (Azab et al., 

2021). However, rarely do farmers adopt the technologies recommended by experts. Technologies intended 

to develop the sustainability and productivity of medium/small farming systems should ideally be low cost, 

simple, maintainable, productive, flexible, low-risky, and runoff-reducing (Lambin and Megfroidt, 2010). 

 
5 https://data.worldbank.org/indicator/ER.H2O.INTR.PC  
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Moreover, technologies must be accessible, relatively more labor-intensive than capital intensive, triggering 

more intense local involvement, and generating more employment (Shah, 2002). 

 

Table 2: 12 electricity and irrigation dams in the Amu River basin 

No. Project Name Province Years Cost in 

Million $ 

Power 

Generation 

Capcity (MW) 

Irrigabl

e Area 

(Ha) 

Net Present 

Value6 

(NPV) 

1. Warsaj 

Irrigation & 

Hydropower 

Takhar  1983 300 45 40,000 46,299,751 

2. Kelagai 

Irrigation & 

Hydropower 

Baghlan  1981 444 54 54,187 15,085,804 

3. Zardalo 

Storage Dam 

Irrigation  

Takhar  1984 7 0 5,000 14,731,289 

4 Aish Aab 

Storage Dam 

Badakhshan 2015 16 0 4,000 3,294,547 

5 Tangi Nahrin 

Storage Dam 

Baghlan  2015 11 0 2,000 -1,011,451 

6 Anjoran 

Irrigation & 

Hydropower  

Badakhshan  1984 80 15 5,281 -3,651,511 

7 Korsom 

Storage Dam 

Bamyan  2016 11 0 1,500 -3,635,241 

8 Hasantal 

Irrigation  

Baghlan  1984 78 0 15,000 -4,534,888 

9 Tagab Ghar 

Storage Dam  

Bamyan  2016 11 0.5 500 -5,232,956 

10 Chal Storage 

Dam Irrigation  

Takhar  2015 10 0 120 -8,212,947 

11 Char Dara 

Irrigation  

Kunduz  1981 57 0 5,000 -28,592,847 

12 Gazak Storage 

Dam Irrigation  

Bamyan  2015 51 0.7 260 -37,868,168 

Total    1,075 115 132,848  

Source: Ministry of Rural Rehabilitation and Development (MRRD) and Ministry of Agriculture, Irrigation, 

and Livestock (MAIL) 

 

Institutions  
 

In context of an operation, the integration means inter-sectoral interaction of different departments through 

using an interdisciplinary approach while addressing the use and management of resources, and poverty 

reduction (Mollinga, 2000). All the shared efforts are mediated through institutions, and, without 

institutional change, it is challenging to move purposefully towards sustainability (Dovers, 2001). 

 
6 Net present value (NPV) is the difference between the present value of cash inflows and the present value of cash outflows 

over a period of time. NPV is used in capital budgeting and investment planning to analyze the profitability of a projected 

investment or project. NPV is the result of calculations used to find today’s value of a future stream of payments. Read more  at: 

https://www.investopedia.com/terms/n/npv.asp  

https://www.investopedia.com/terms/n/npv.asp
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Institutions act as game changer in society, and organizations may be thought of as the groups of individuals 

bound together by some common purpose to achieve defined objectives (North, 1990).  

 

For successful watershed management, the roles of strong institutions at the grassroots level are crucial. 

Two kinds of institutions are needed in watershed management to link or frequently interact with each other: 

(i) those involving internal stakeholders, and (ii) those involving external stakeholders (Longanandhan et 

al., 2020). The first one is the community level self-help group, watershed committee, or user group. These 

community level institutions need to be federated to empower primary stakeholders at the watershed level 

to access an opportunity for collective action (Brose, Williams and Martinez, 2006). The second group of 

institutions involves external agencies such as non-government organization (NGO), government 

departments, researchers, and local administration. Example can be WDT (watershed development team) 

functioning at macro- or micro-watershed level. 

 

Table 3: Water Sector Institutional Arrangement (various lines of Ministries directly involved in water 

sector projects)  

 

In 2005, the First Vice President of the Islamic Republic of Afghanistan created the Supreme Council for 

Water Affairs and Management (SCWAM), which was composed of the following government of 

Afghanistan (GoA) officials: 1) Ministry of Energy and Water, 2) Ministry of Agriculture, Irrigation and 

Livestock, 3) Ministry of Urban Development, 4)Ministry of Rural Rehabilitation and Development, 5) 

Ministry of Mines, 6) Ministry of Public Health, 7) Ministry of Economy, and 8) Mayor of Kabul. The 

No. Official Agency Responsibility as Part of SCWAM Institution 

1. Ministry of Energy and Water  In charge of developing and managing water resources and 

water resources infrastructures (diversion and conveyance 

of water) and hydropower. 

2. Ministry of Agriculture, Irrigation, 

and Livestock 

In charge of developing and managing irrigation 

agriculture and livestock, on-farm water management, 

water application to crops. 

3. Ministry of Urban Development In charge of policy making and legislation of urban water 

supply and sanitation. 

Afghanistan Urban Water Supply 

and Sewerage 

In charge of management and operation of urban water 

supplies in cities.  

4. Ministry of Mines In charge of underground water resources management, 

survey, investigation, discovery and development, and 

control.  

5. Ministry of Rural Rehabilitation 

and Development 

In charge of rural water supplies and sanitation and small-

scale irrigation (village level) and rural micro hydropower 

projects. 

6. Ministry of Public Health  In charge of regulating and monitoring the quality of 

(drinking) water.   

7. National Environment Protection 

Agency 

In charge of regulating and monitoring any activity related 

to the environment, including water. 

8. Kabul Municipality  As a representative of the capital city, it is a member of the 

SCWAM. 

9. National Hydrology Committee for 

Afghanistan (NHCA) 

Advisory, research activities, and capacity building 

support to the water sector.  

10. Dehsabz City Development 

Authority (DCDA) 

In charge of feasibility study and design of water supply 

and discharge systems for the New City at Dehsabz.  
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creation of SCWAM clearly recognized the significance of water and the development of the national 

economy. 

 

In addition, there are numerous lines of ministries that are directly not involved in the water/watershed 

management projects, but, through their assigned responsibilities, facilitate the standard functionality of the 

water sector. 

 

Table 4: Government institutions indirectly involved in the water sector 

No. Official Agency Responsibility as Part of  SCWAM Institution 

1. Ministry of Interior  Any dispute on water-related conflicts referred to this 

ministry and security measures.  

2. Ministry of Justice  Clarification and elaboration of water law and regulations. 

3. Ministry of Finance  Proper funding of water sector activities will be of essential 

importance.  

4. Ministry of Economics  Evaluation of the impact of WRD on the national economy 

and prioritization of projects.  

5. Ministry of Women's Affairs  Necessary inputs and technical guidance as to addressing 

women's issues and gender agenda within the water sector. 

6. Ministry of Counter Narcotics  Funding of projects in the water sector, advisory support 

and capacity on CN issues, and providing input to the 

National Water Resources Development Plan.  

7. Provincial Governments and 

Development Committees 

Help and support for establishing river basin councils 

according to water law and its regulations and help in their 

function and activities.  

8. Ministry of Higher Education  Developing curriculum for WRM, support human resources 

development in the water sector.  

 

Economics  
 

A new technology or a measure for water and soil conservation must be economically viable; otherwise, it 

will be hard for society to accept it. Even if that technology or measure fulfilled the needs of all other facets 

of sustainability, if economically not viable, it will fail (Prinz and Singh, 2000). Therefore, investment in 

new technologies benefits people only if adoption rate is high (McCulloch, Meinzen-Dick and Hazell, 

1998). Though, traditional conservation practices have higher rate of adoption, better production needs 

innovative conservation measures (Thapa and Paudel, 2004). Further, if the adopted technology is 

economically viable, the economic return covers all the farmer's input. Therefore, while designing the 

numerous structure of water and soil conservation, it is essential to know the income of the households that 

will choose to invest in maintaining water and soil conservation practices (Walsh,  Fletcher and Ladson, 

2009). The decision of families to intensify their crop production and the adoption of water and soil 

conservation has to improve output per unit area through an increased labor or capital investment. Water 

and soil conservation measures must inflict chance of costs through their demands in labor (Vishnudas, 

Fletcher and Ladson, 2005). Investment in water and soil conservation does not result in higher income in 

the short time, but it generates returns in the long term; therefore, investing in water conservation is 

automatically beneficial without looking in detail at the costs and benefits. Therefore, related to economic 

sustainability, there is affordability and cost-effectiveness with the various activities in the watershed 

projects.  

 

The construction material and labour costs should be conducive for adopting innovative technology because 

farmers cannot adopt the soil conservation techniques that require high investments. Farmers would adopt 
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conservation measures only if economic revenues are attractive apart from low construction costs or labour 

costs (Thapa and Paudel, 2004). Moreover, using local materials and local labour can increase the output of 

fodder and crops for their livelihood. Since the Amu River Basin shares water with the northern border 

countries of Tajikistan, Turkmenistan and Uzbekistan, water management often involves conflict (Omerkhil 

et al., 2020). Hence, global geopolitics has defined water conflicts, negotiations, management, cooperation, 

and resource development. The negotiations resolving water conflicts can be helpful in evolving a 

mechanism sustainable water management (Atef et al., 2018). Thus, watershed management technology has 

a suitability to be effective in transboundary water management, soil fertility development, soil protection 

and poverty reduction (Groninger, Ruffner and Walters, 2013). In situ moisture conservation (trenching, 

bund cum trench and water absorption), rainwater collection (farm pond, percolation tank and check dam), 

and soil conservation (continuous contour trench, earthen bund and pebble Bunding) are useful techniques 

to conserve water (Reddy, Shaharawat and George, 2017). 

 

Conclusion  
 

The Amu River Basin has a good water capacity and is also very instrumental in developing agriculture and 

energy production.  However, the available capacity of the Amu River area has not been used because of 

economic and political problems, and the lack of a clear and comprehensive agreement between the 

neighboring countries involved in the water has caused the plans not to be implemented at an appropriate 

time. Therefore, the current needs for watershed management are to manage snow, rain, and flood water 

differently, which means managing a relatively small amount of rainwater that the downstream area is not 

to be affected. Therefore, the sustainability of watershed management and integrated watershed 

management needs to be introduced in the region so that people can be involved in water management 

projects. The four elements considered for the integration of watershed management in this article should 

first be introduced to local people to be aware of the importance of water and the impact of water 

management on their daily lives and the local economy. 

 

This article focuses on water availability and sustainability in context of maintaining environmental assets. 

To manage the natural resources, policymakers and water managers must clearly understand the natural 

environment and the water system's interactions. The elements discussed for better watershed management 

in this article indicate that we can do inordinate work for small watershed management purposes. The 

technology or technique used to manage the watershed should be discussed with the local people first in 

order to satisfy them.  Farmers and local people should be more interested in encouraging or introducing this 

technology/technique. The technology to be implemented must be economical, and the local people can do 

it easily and without the need for more skills. All these factors together can save and manage natural 

resources such as valuable water. 

 

Economically, new technologies should be cost-effective and affordable; labor and costs must be conducive 

to embracing innovative technology because farmers cannot adopt soil conservation techniques that require 

high investment. Farmers use conservation measures only if their economic returns are attractive apart from 

low labour costs. The government departments, including the Ministry of Agriculture, Irrigation and 

Livestock, and National Environment Protection Agency, should use agricultural extension staff to raise 

awareness about the importance and protection of soil, water, and natural resources. In addition, the 

extension of agriculture and the environment can help local people to adopt new technology. 
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Abstract 
This study was conducted to investigate the seasonal variation of 

water qualities for drinking and conservation of aquatic organisms 

from river, lake and waterfalls in Chattogram Hill Tracts of 

Bangladesh during pre-monsoon, monsoon and post-monsoon 

seasons from the period of March 2021 to February 2022. Water 

samples were collected from four sampling locations and analysed 

in the research laboratory of the Department of Environmental 

Science and Resource Management, Mawlana Bhashani Science 

and Technology University. Results were recorded on the 

parameters like temperature, EC, TDS, DO, BOD, pH, total 

alkalinity and total hardness in Kaptai Lake, Chengi River, and 

Shuvolong and Risang Waterfalls. The study revealed that the 

temperature, EC, TDS, BOD and pH were higher in pre-monsoon 

than monsoon followed by post-monsoon seasons. On the other 

hand, total alkalinity and total hardness were higher in post-

monsoon than monsoon followed by pre-monsoon seasons. In the 

waterfalls, DO was higher in monsoon season when compared to 

pre-monsoon and post-monsoon seasons. The study provides 

baseline data on physiochemical water qualities in lake, river and 

waterfalls at the Chattogram Hill Tracts, which contributes to the 

long-term conservation of those aquatic ecosystems for human 

consumption and fisheries management.  

Keywords  
Seasonal variation; Water quality; Kaptai Lake; Chengi River; 

Shuvolong and Risang Waterfall; Chittagong Hill Tracts 
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Introduction 
 

The Chattogram Hill Tracts (CHT), comprising three slope regions of Rangamati, Bandarban and 

Khagrachhari, is located in the southeast part (21
0
25'N to 23

0
45'N latitude and 91

0
54'E to 92

0
50'E 

longitude) of Bangladesh, with an area of 13,294 km
2
, bordering with India and Myanmar. The estimated 

population of CHT is 1.6 million, approximately a quarter of the population is made up of 11 ethnic 

groups such as Bawm, Chak, Chakma, Khumi, Khyang, Lushei, Marma, Mro, Pangkhua, Tanchangya and 

Tripura, with distinct languages, cultures, social frameworks, and rituals (Chowdhury et al., 2019). The 

CHT is geologically distinct from most of the plain land of Bangladesh that is characterized by extremely 

steep, rocky and sloping terrain parts. It is a low-thickness region with a population density of only 

136/km
2
, in stark contrast to the rest of the country (968/km

2
). Because of the uneven and occasionally 

distant topography, the vast majority of the people lives in small dispersed habitats known as paras, which 

are difficult to reach (Karmakar et al., 2012; UNICEF, 2019).  

 

The majority of surface water is found in streams, rivers, springs, ponds, lakes, and reservoirs. Surface 

water is collected from rain in watershed areas, runs through streams and rivers, and settles in ponds and 

lakes (Manahan, 2010; Shil, Singh and Mehta, 2019). Apart from drinking water, this is the world's 

principal source of water for agriculture, animal husbandry, ranger service, current consumption, 

hydroelectric projects, fisheries, and other new purposes (Khan et al, 2016; Tyagi et al., 2020).  The 

residents of the CHT rely on a variety of surface water sources for their housing and drinking needs. 

Several lakes, waterfalls, and rivers are the main sources of water for the people of CHT. The Kaptai 

Lake, one of Southeast Asia's largest man-made freshwater lakes, is Rangamati's principal supply of water 

(Fernando, 1980; Rahman et al., 2014). The main rivers of CHT are the Chengi, Kassalong, Maini, 

Matamuhuri, Rankhyong and Sangu. The Chengi River is the main source of water for the residents of 

Khagrachhari district (Karim and Rafi, 2010; Latifa et al., 2019). Waterfalls are common on surrounding 

hills in CHT, which serve as the only and primary supply of water for hilly people in Bangladesh, where 

over 12.6% of the land is slopy land (Ahmed, Rahman and Mandal, 2013). Waterfalls can be found in 

both hills and lowlands, where permeable soils or fractured rock formations allow water to flow onto the 

ground surface. Another type of water source that largely meets the requirement for drinking water during 

the extended rainy season is the storage of water in geological compartments (Palmer, 1991). 

 

Nowadays, surface water that was exposed to anthropogenic impacts and pollutant deposition in the 

atmosphere become a very sensitive and critical issue (Kumar and Singh, 2018). Anthropogenic impacts, 

geochemical causes, river basin chemical composition and natural processes such as water interaction with 

lithogenic structure through which the river runs decrease surface water quality, rendering it unfit for 

drinking, industry, agriculture, and other uses (Kazi et al., 2009; Şener, Şener and Davraz, 2017). Natural 

processes and anthropogenic activities, such as industrial sewage discharge, household wastewater, and 

agricultural drainage degrade the region's surface water quality. On the other hand, the main causes of 

water contamination include industrial sewages, household wastewater, and agricultural drainage water 

(Barakat et al., 2016; Kumar, Singh and Ojha, 2019). During the dry months, the waterfalls provide 

drinking water to the hillside communities for a very short period of time (Ahmed, 2016), which is highly 

troubling because the water from the waterfalls is extremely valuable to the hilly people (Hanif, Siddik 

and Ali, 2020; Nongmaithem and Basudha, 2017). Over 90% of people in the CHT live in rural regions 

and rely on surface water, particularly waterfalls, lakes and rivers (Karmakar et al., 2011).  

 

There are few critical investigations conducted chiefly about water quality and its fish biodiversity in 

various wellsprings in the CHT; however, the pollution of the water is slowly increasing day by day. As a 

result, comprehensive water quality monitoring is a useful instrument not only for determining the long-

term sustainability of surface water for household and agricultural purposes, but also for ensuring efficient 

water resource management and aquatic life protection in the hilly region (Etteieb, Cherif and Tarhouni, 
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2017). Several researchers have already completed investigations on the water quality of Kaptai Lake 

(Ahmed, Haque and Haque, 2001; Islam et al., 2021; Islam, Hossain and Majed, 2021), but no analysis 

has yet been conducted on the Chengi River, Shuvolong, or Risang waterfalls. As a result, the 

conservation and management of these water bodies are not properly addressed due to a lack of 

information regarding their water characteristics. A large number of people rely on numerous wellsprings 

of water, the assurance of a variable range of water quality in various sources in CHT is critical for the 

sustainable uses. The study was carried out in the Kaptai Lake, Chengi River, and Shuvolong and Risang 

waterfalls that encompass a large magnitude of CHT's hilly terrain and supply the main source of water in 

the region. Information about water quality indicators is extremely beneficial for water quality monitoring 

and long-term management of those resources in the CHTs. Thus, the current research was carried out i) to 

assess the seasonal and spatial variations of physicochemical properties of the hilly river, lake and 

waterfalls, and ii) to evaluate the suitability for drinking and fisheries purposes as well as the aquatic 

ecosystem management. 

 

Materials and Methods 
 

Study area  

 

The study was conducted in the Rangamati and Khagrachhari district at the Chattogram Hill Tracts of 

Bangladesh (Figure 1), where Rangamati hill district lies at 22°27' to 23°44'N latitudes and 91°56' to 

92°33'E longitudes and Khagrachhari hill district lies at 22°38' to 23°44'N latitudes and 91°44' to 92°11'E 

longitudes (Banglapedia, 2015). The study area was divided into two regions as Rangamati and 

Khagrachhari, and four sampling locations were selected, each with three stations mentioned as Kaptai 

Lake, Chengi River, Shuvolong Waterfall and Risang Waterfall. 

 

Sample collection 

 

Water samples were collected from Kaptai Lake (3 stations), Chengi River (3 stations), and Shuvolong 

and Risang Waterfalls during pre-monsoon (March to June), monsoon (July to October) and post-

monsoon (November to February) seasons from the period of March 2021 to February 2022. Samples 

were collected in 1,000 ml plastic bottles that were cleaned with de-ionized distilled water where the 

sampling bottles were rinsed at least three times with sample water at each sampling station. Following the 

sampling, the bottles were carefully screwed shut and labeled with the appropriate identification number 

of sampling station. To avoid photosynthesis while collecting the samples, the bottles were covered with 

dark plastic wrap. The bottles were kept under the water and allow overflowing for 2 to 3 minutes to 

ensure that no air bubbles were trapped and carefully screwed with respective identification number. The 

samples were stored in an incubator to keep it oxygenated and O2 stress free. The sample bottles were 

transported to the laboratory and carefully preserved until analysis. 

 

Sample analysis 

 

The physicochemical qualities of water samples like pH, biological oxygen demand (BOD), electrical 

conductivity (EC), total dissolved solids (TDS), total alkalinity (TA), and total hardness (TH) were 

examined in the research laboratory of the Department of Environmental Science and Resource 

Management, Mawlana Bhashani Science and Technology University. Temperature and dissolved oxygen 

(DO) were estimated promptly in the spot with a thermometer and dissolved oxygen meter, respectively. 

The transparency of the lake and river water was also measured in the spot with a Secchi disc. The water 

samples were analyzed using standard water quality measurement procedures (Table 1). 
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Figure 1: Map showing the study area at Khagrachhari and Rangamati hill tracts in Bangladesh 

(Banglapedia, 2016). 

 

Table 1: Water quality parameters, methods and instruments used for analysis 

Water qualities Units Methods and instruments used 

Temperature 
0
C Digital Thermometer (Model: SH-113V1) 

Transparency cm Secchi disc method 

Electrical conductivity (EC) µS/cm Digital EC meter (Model: HI98304, HANNA) 

Total dissolved solids (TDS) mg/L Digital TDS meter (Model: HI98301, HANNA) 

Dissolved oxygen (DO) mg/L Digital DO meter (Model: DO-5509) 

Biological oxygen demand (BOD) mg/L Incubation method (BOD=BOD1-DO5) 

pH - Digital pH meter (Model: HI98107, HANNA) 

Total alkalinity (TA) mg/L Titrimetric method 

Total hardness (TH) mg/L EDTA titrimetric method 

 

Statistical analysis 

 

The collected data were compiled and tabulated in proper form and were subjected to statistical analysis. 

The Microsoft Excel 2016 and IBM SPSS 22 software was used to present and interpret the collected data. 

 

Results and Discussion 
 

Temperature 

 

The highest temperature (32.5
0
C) was recorded during the pre-monsoon season, while the lowest was 

found during the post-monsoon season in the Kaptai Lake (Table 2, Figure 2). In the Kaptai Lake, Ahmed, 
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Haque and Haque (2001) showed the highest temperature 33.8
0
C in May and the lowest (25

0
C) in 

February, which was similar to the findings of Rahman et al. (2014) and Chowdhury et al. (2019), while 

Islam et al. (2021) and Islam, Hossain and Majed (2021) found mean water temperature 25.37
0
C. The 

temperature of the present study was nearly similar to the Bogakain, Foy’s and Joydia Lake (Khondker et 

al., 2010) and higher than the Dhanmondi Lake (Sarker et al., 2019). Water temperature was nearly same 

to that of Victoria, Tanganyika, and Tana Lakes, but higher than that of Lysimachia Lake (Table 5).  

 

The highest water temperature (29.7
0
C) was recorded during the pre-monsoon season, while the lowest 

(15
0
C) was found in post-monsoon season in the Chengi River (Table 3, Figure 3). In the Chengi River, 

Latifa et al. (2019) found a significant positive association between air and water temperature. The present 

study's water temperature was approximately identical to that of the Karnaphuli, Korotoa, Padma, Halda, 

Shitalakhya, and Rupsa Rivers, and was higher than the Meghna and Turag Rivers, but lower than the 

Jamuna and Buriganga Rivers. Moreover, temperature of the Chengi River was similar to that of the 

Mkomon and Soan Rivers, but greater than that of the Maron, Nile, and Yellow Rivers (Table 6).  

 

The highest water temperature (21.1
0
C) was found at Shuvolong in pre-monsoon, whereas the lowest 

(12
0
C) was found at both studied waterfalls during post-monsoon season (Table 4, Figure 4). Hussen et al. 

(2018) also found same relationship in terms of temperature and season among the investigated waterfalls. 

This might be due to the effect of water turbulence and a shabby environment in the vicinity of waterfalls 

(Oyekanmi, Bello-Olusoji and Akin-Obasola, 2017). The temperatures of the present study were 

compared to other country’s waterfalls and found similar to the Coban Rondo Waterfall and lower than 

the Olumirin Waterfall (Table 7). 

 

Transparency 

 

The depth to which light will enter the water is determined by its transparency. The transmission of light 

into a waterway is critical since the sun is the essential wellspring of energy for every single organic 

peculiarity (Oyekanmi, Bello-Olusoji and Akin-Obasola, 2017). Photosynthesis, an interaction that 

produces oxygen and sustenance for organisms, requires light (Ahmed, Rahman and Mandal, 2013; Offem 

and Ikpi, 2011). The highest transparency was recorded 230 cm during the pre-monsoon, while the lowest 

was 87 cm during the monsoon season in Kaptai Lake (Table 2, Figure 2). Similar result was also found 

by Bashar et al. (2015). The range of transparency was in between 97 and 243 cm  found by Rahman et al. 

(2014). The transparency of the present study was higher than the Joydia Lake, and more or less similar to 

the Victoria, Tanganyika and Tana Lake (Table 5).  

 

The highest transparency was recorded 230 cm during the pre-monsoon season, while the lowest was 31 

cm in monsoon season in Chengi River (Table 3, Figure 3). Transparency of the present study was higher 

than the Jamuna, Meghna and Halda River and nearly similar to the Nile River (Table 6). In waterfalls, the 

highest transparency was 90 cm during the post-monsoon season, while the lowest was 29 cm during the 

monsoon season (Table 4, Figure 4), similar to the Agbokum Waterfall but lower than the Olumirin 

Waterfall (Table 7). 

 

Electrical Conductivity (EC) 

 

The highest EC (180 µS/cm) was recorded during the post-monsoon season, while the lowest (90 µS/cm) 

was recorded during the monsoon season in the Kaptai Lake (Table 2, Figure 2). Rahman and Huda (2018) 

found the EC value of Kaptai Lake water ranged from 170 to 200 µS/cm. The current study's EC was 

compared to those of other Bangladeshi studies, and it was revealed that EC was higher than Bogakain and 

Foy's Lake and lower than Joydia and Ramna Lake (Table 5). The EC of the present study was extremely 

close to that of Victoria Lake and was lower than that of Tanganyika, Chandlodia, and Tana Lakes (Table 5).  
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Table 2: Water quality parameters (mean ± SD) in the Kaptai Lake (ranges are in parentheses) 
Parameters Pre-monsoon Monsoon Post-monsoon 

Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 

Temp. (0C) 29.55±0.42 

(29-30) 

31.17±1.24 

(29.5-32.5) 

30.75±1.34 

(29.7-30.7) 

26.17±0.80 

(25.1-27) 

28.40±0.52 

(27.9-120) 

26.97±1.19 

(25.8-28.5) 

18.43±1.09 

(17-20) 

16.7±1.26 

(15-18) 

18.41±2.10 

(16-21) 

Trans. (cm) 194±24.5 

(156.8-217) 

181.2±43.3 

(123-225) 

231.4±42 

(170-230) 

97.8±10.1 

(87-110) 

102.2±12.4 

(90-120) 

111.2±13.9 

(97-130) 

111.4±7.4 

(100-120) 

133.4±15.3 

(112-150) 

152.2±22.8 

(118-180) 

EC (µS/cm) 112±9  

(100-120) 

113±4 

(110-120) 

115±12 

(100-130) 

97±9 

(90-110) 

107±9 

(100-120) 

112±17 

(90-130) 

174±5 

(170-180) 

164±5 

(160-170) 

176±5 

(170-180) 

TDS (mg/L) 69.25±4.34 

(65-75) 

67.50±1.91 

(66-70) 

69.5±2.08 

(67-72) 

58.25±3.30 

(55-62) 

58.75±0.95 

(58-60) 

59.75±2.75 

(57-63) 

59.58±1.15 

(58-61) 

58.56±1.17 

(57-60) 

59.94±0.75 

(59-61) 

DO (mg/L) 6.06±0.62 

(5.4-6.9) 

6.14±0.70 

(5.5-7.0) 

6.56±0.18 

(6.4-6.8) 

6.96±0.42 

(6.5-7.5) 

6.62±0.50 

(5.8-7.1) 

6.6±0.40 

(6.2-7.2) 

6.66±0.37 

(6.1-7.4) 

6.32±0.21 

(6.0-6.5) 

6.38±0.5 

(5.6-7.0) 

BOD (mg/L) 1.61±0.98 

(1.5-1.73) 

1.67±0.05 

(1.6-1.72) 

1.30±0.87 

(1.67-1.8) 

1.08±0.12 

(1.07-1.10) 

1.06±0.40 

(1.0-1.09) 

0.98±0.12 

(0.97-1.0) 

1.0±0.1 

(0.98-1.02) 

1.05±0.23 

(1.02-1.08) 

1.05±0.06 

(0.95-1.10) 

pH 7.55±0.28 

(7.2-7.9) 

7.22±0.27 

(6.9-7.5) 

7.35±0.20 

(7.1-7.6) 

6.6±0.42 

(6.2-7.2) 

6.9±0.66 

(6.0-7.5) 

6.62±0.35 

(6.1-6.9) 

6.84±0.11 

(6.8-7.0) 

7.1±0.15 

(6.9-7.3) 

6.9±0.16 

(6.7-7.7) 

TA (mg/L) 86.0±2.94 

(83-90) 

87.5±2.88 

(84-91) 

95.5±4.12 

(90-100) 

108±2.16 

(105-110) 

127.5±6.45 

(120-135) 

136.0±4.54 

(130-140) 

119.96±3.02 

(117-125) 

128.34±4.71 

(122-133) 

130.48±5.93 

(121-135) 

TH (mg/L) 47.25±3.09 

(45-52) 

48.75±0.95 

(48-50) 

50.75±1.70 

(49-53) 

106.75±4.57 

(100-110) 

109.25±3.09 

(105-112) 

105.75±2.21 

(104-109) 

128.34±4.28 

(121-132) 

129.10±4.95 

(123-135) 

120.56±5.13 

(112-125) 

Note: AT = Air Temperature, WT = Water Temperature. 

 

Table 3: Water quality parameters (mean ± SD) in the Chengi River (range are in parentheses)  
Parameters Pre-monsoon Monsoon Post-monsoon 

Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 

Temp. (0C) 25.82±1.23 

(24.3-27.1) 

25.92±0.60 

(25-26.5) 

26.07±0.30 

(25.8-26.5) 

24.27±1.55 

(23-26.5) 

26.27±2.23 

(24.5-29.5) 

26.87±2 

(25.1-29.7) 

16.4±1.21 

(15-18) 

17.81±1.07 

(16-19) 

18.05±0.79 

(17-19) 

Trans. (cm) 158.7± 39 

114.6-200) 

185.8±28.1 

(154-215) 

183.6±12.3 

(167-198) 

72±16.7 

(50-92) 

53.4±18.3 

(31-81) 

53±19.4 

(31-79) 

106.6±8.47 

(90-110) 

120.4±7.3 

(112-130) 

151.8±19.52 

(120-170) 

EC (µS/cm) 132± 15 

(120-150) 

130±8 

(120-140) 

117±9 

(110-130) 

95±5 

(90-100) 

105±12 

(90-120) 

100±8 

(90-110) 

154±5 

(150-160) 

164±5 

(160-170) 

156±5 

(150-160) 

TDS (mg/L) 80.75±7.18 

(72-88) 

84.25±2.21 

(82-87) 

81.75±2.50 

(79-85) 

42.5±2.08 

(40-45) 

47.25±2.21 

(45-50) 

46.0±3.16 

(42-49) 

72.2±0.9 

(71-73) 

73±1.0 

(72-74) 

70.7±1.2 

(69-72) 

DO (mg/L) 5.3±0.88 

(4.4-6.5) 

5.96±0.48 

(5.4-6.6) 

5.72±0.52 

(4.9-6.3) 

6.1±0.45 

(5.4-6.7) 

5.94±0.40 

(5.5-6.5) 

6.0±0.75 

(5-6.8) 

6.56±0.31 

(6.2-7.0) 

6.18±0.55 

(5.5-6.8) 

6.08±0.08 

(7.0-7.2) 

BOD (mg/L) 1.74±0.02 

(1.71-1.76) 

1.68±0.01 

(1.67-1.7) 

1.71±0.04 

(1.71-1.72) 

1.05±0.02 

(1.02-1.09) 

1.01±0.05 

(0.98-1.1) 

1.03±0.02 

(1.03-1.05) 

1.06±0.04 

(0.99-1.10) 

1.1±0.3 

(1.05-1.13) 

1.15±0.05 

(1.06-1.20) 

pH 7.82±0.17 

(7.6-8.01) 

7.52±0.25 

(7.2-7.8) 

7.52±0.26 

(7.3-7.9) 

6.27±0.26 

(5.9-6.5) 

6.20±0.18 

(6-6.4) 

6.57±0.35 

(6.1-6.9) 

7.02±1.3 

(6.9-7.2) 

7.16±0.18 

(7.0-7.4) 

6.7±0.15 

(6.5-6.9) 

TA (mg/L) 90.25±3.59 

(85-93) 

92±3.38 

(90-100) 

92.5±4.79 

(88-98) 

165±12.9 

(150-180) 

173.75±11 

(160-185) 

178.75±8.53 

(170-190) 

106.96±3.99 

(100-110) 

114.98±4.55 

(109-120) 

112.22±5.04 

(105-118) 

TH (mg/L) 49.5± 3.69 

(45-53) 

52.25±4.42 

(48-57) 

53.0±2.58 

(50-56) 

112.75±2.21 

(110-115) 

115.25±2.5 

(112-118) 

118.75±2.62 

(115-121) 

121.76±6.02 

(115-130) 

129.28±5.34 

(120-133) 

125.3±12.47 

(110-139) 

 

 

The highest EC (170 µS/cm) was recorded during the post-monsoon season, while the lowest (90 µS/cm) 

was recorded during the monsoon season in Chengi River (Table 3, Figure 3). The EC of the present study 

was lower than the Shitalakhya, Buriganga, Turag and Rupsa, Karnaphuli, Dhaleshwari, Padma, Meghna 

and Halda River. On the other hand, the EC of the present study was lower than the Mkomon, Maron, Nile 

and Doyang River (Table 6). The highest EC (210 µS/cm) was recorded during the post-monsoon season, 

while the lowest (150 µS/cm) was recorded during the monsoon season in Shuvolong and Risang 

waterfalls (Table 4, Figure 4). 

 

 

Table 4: Water quality parameters (mean ± SD) in the Shuvolong and Risang Waterfalls (ranges are in 
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parentheses)  
Parameters Pre-monsoon Monsoon Post-monsoon 

Shuvolong Risang Shuvolong Risang Shuvolong Risang 

Temp. (
0
C) 21±0.31 

(20.8-21.1) 

21.56±0.51 

(21.5-22.01) 

19.64±1.02 

(18.3-20.8) 

20.62±1.05 

(19.2-21.8) 

13.06±1.20 

(12-15) 

13.11±0.77 

(12-14) 

Trans. (cm) Nd Nd 46±14 

(30-69) 

49±13.7 

(29-50) 

80±4.52 

(75-85) 

80±7.9 

(70-90) 

EC (µS/cm) 185±12 

(170-200) 

182±15 

(170-200) 

162±12 

(150-180) 

175±12 

(160-190) 

204±5 

(200-210) 

194±5 

(190-200) 

TDS (mg/L) 108.25±5.56 

(100-112) 

109.5±6.40 

(100-114) 

92.5±2.38 

(90-95) 

96.25±1.12 

(95-98) 

76.7±1.2 

(75-78) 

75±0.79 

(74-76) 

DO (mg/L) 6.64±0.25 

(6.5-7.0) 

5.9±0.44 

(5.4-6.5) 

8.72±0.54 

(8-9.5) 

8.48±0.46 

(7.8-9.2) 

8.16±0.52 

(7.5-8.8) 

8.04±0.79 

(6.9-8.7) 

BOD (mg/L) 0.97±0.21 

(0.95-1.0) 

0.98±0.21 

(0.97-1.0) 

0.81±0.07 

(0.75-0.86) 

0.69±0.06 

(0.63-0.76) 

0.61±0.07 

(0.5-0.7) 

0.67±0.11 

(0.5-0.8) 

pH 7.87±0.25 

(7.6-8.2) 

7.58±0.41 

(7.05-8.06) 

7.12±0.33 

(6.8-7.5) 

6.87±0.33 

(6.5-7.3) 

8.08±0.13 

(7.9-8.2) 

7.52±0.23 

(7.2-7.8) 

TA (mg/L) 125.75±4.34 

(120-130) 

129.5±4.20 

(125-135) 

201±10.03 

(190-210) 

186.5±5.06 

(180-191) 

153.9±4.99 

(180-200) 

214.98±9.81 

(200-223) 

TH (mg/L) 80.75±3.09 

(78-85) 

79.75±3.40 

(75-83) 

147.75±4.85 

(145-155) 

139.75±4.11 

(135-145) 

175.42±11.26 

(160-190) 

190.1±7.98 

(180-200) 

Note: Nd = Not detected. 

 

 

 
Figure 2: Water quality parameters in the Kaptai Lake during pre-monsoon, monsoon and post-monsoon 

season. 
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Total Dissolved Solid (TDS)* 

 

The highest TDS (75 mg/L) was recorded during the pre-monsoon season, while the lowest (53 mg/L) was 

recorded during the monsoon season in Kaptai Lake (Table 2, Figure 2). TDS levels in Kaptai Lake were 

determined in between 47.8 to 57.6 mg/L by Chowdhury et al. (2019), which is comparable to the current 

study. The TDS of the present study was higher than the Bogakain and Foy’s Lake and lower than the 

Ramna Lake (Table 5). On the other hand, the EC of the present study was lower than the Tanganyika, 

Chandlodia and Tana Lake (Table 5).  

 

The highest TDS (88 mg/L) was recorded during the pre-monsoon season, while the lowest (40 mg/L) was 

recorded during the monsoon season in the Chengi River (Table 3, Figure 3). Latifa et al. (2019) found the 

Chengi river water TDS was in between 51 and 53 mg/L. The TDS of the present study was just about 

similar to the Halda River, and lower than the Karnaphuli, Padma, Shitalakhya, Dhaleshwari, Meghna, 

Buriganga, Turag and Rupsa River. On the other hand, the TDS of the present study was nearly similar to 

the Doyang River, and lower than Nile River, and higher than the Mkomon and Soan River (Table 6). The 

highest TDS (114 mg/L) was recorded during the pre-monsoon season, while the lowest (74 mg/L) was 

recorded during the post-monsoon season in Shuvolong and Risang waterfalls (Table 4, Figure 4). Offem 

and Ikpi (2011) found the TDS values 88.4 mg/L in the waterfalls. The TDS of the present study were 

compared to other country’s waterfalls and found that the TDS in present study was lower than the 

Olumirin and Agbokum Waterfall (Table 7). 

 

Dissolved Oxygen (DO) 

 

The highest DO (7.5 mg/L) was recorded at the monsoon season, on the other hand, the lowest (5.4 mg/L) 

was recorded during the pre-monsoon season in Kaptai Lake (Table 2, Figure 2). Rahman and Huda 

(2018) found the DO in Kaptai Lake varied from 8.28 to 9.59 mg/L which was much higher than present 

study. Bashar et al. (2015) found the mean DO content 6.4 and 5.74 mg/L during 2012-13 and 2013-14, 

respectively, which was comparable to the present study. Barua et al. (2016) found the DO level of Kaptai 

Lake in between 4.1 and 4.8 mg/L which was below the recommended guideline values as well as lower 

than present study. The DO of the present study was found analogous to the Joydia and Dhanmondi Lake, 

and higher than the Bogakain and Ramna Lake, and lower than Foy’s Lake (Table 5). On the other hand, 

the DO of the present study was found similar to the Victoria Lake and Tanganyika Lake and lower than 

the Lysimachia Lake, and higher than Chandlodia and Tana Lake (Table 5). 

 

The highest DO (7.2 mg/L) was recorded during the post-monsoon season, while the lowest (4.4 mg/L) 

was recorded during the pre-monsoon season in Chengi River (Table 3, Figure 3). The DO of Chengi 

River was 5.3 to 5.8 mg/L reported by Latifa et al. (2019), which is similar to the present study. The DO 

of the present study was similar to the Halda River, and lower than the Padma and Meghna River, and 

higher than the Karnaphuli, Shitalakhya, Dhaleshwari, Buriganga, Turag and Korotoa River. On the other 

hand, the DO of the present study was compared to other country’s river and found that the DO in present 

study is similar to the Soan River and lower than the Doyang, Nile and Yellow River, and higher than the 

Mkomon River (Table 6).  

 

The highest DO (9.5 mg/L) was recorded during the monsoon season, while the lowest (5.4 mg/L) was 

recorded during the pre-monsoon season in waterfalls of Shuvolong and Risang (Table 4, Figure 4). The 

DO of the present study was compared to other country’s waterfalls and found that the DO in present 

study was similar to the Coban Rondo and Agbokum Waterfall (Table 7). 
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Figure 3: Water quality parameters in Chengi River during pre-monsoon, monsoon and post-monsoon 

season. 

 

Biological Oxygen Demand (BOD) 

 

The highest BOD (1.8 mg/L) was recorded during the pre-monsoon season, while the lowest (0.95 mg/L) 

was recorded during the post-monsoon season in Kaptai Lake (Table 2, Figure 2). Rahman and Huda 

(2018) found similar result to the present study. Chowdhury et al. (2019) found that the BOD of Kaptai 

Lake was in between 0.2 and 0.5 mg/L, which was lower than the current study. The BOD of the present 

study was lower than the Dhanmondi and Ramna Lake, and similar to the Foy’s Lake (Table 5). On the 

other hand, the BOD of the present study was lower than the Tanganyika and Chandlodia Lake (Table 5).  

 

The highest BOD (1.76 mg/L) was recorded during the pre-monsoon season, while the lowest (0.95 mg/L) 

was recorded during the monsoon season in Chengi River (Table 3, Figure 3). The BOD of the present 

study was similar to the Surma and Shitalakhya River, and lower than the Karnaphuli, Dhaleshwari, 

Korotoa, Padma and Meghna River. On the other hand, the BOD of the present study was similar to the 

Yellow River and lower than the Doyang, Nile and Mkomon River (Table 6). The highest BOD (1.7 

mg/L) was recorded during the post-monsoon season, while the lowest (0.63 mg/L) was recorded during 

the monsoon season in Shuvolong and Risang waterfalls (Table 4, Figure 4). The BOD of the present 

study was compared to other country’s waterfalls and found that the BOD in present study is lower than 

Coban Rondo Waterfall and Agbokum Waterfall (Table 7). 

 
pH 

 

The highest pH (7.9) was recorded during the pre-monsoon season, while the lowest (6.0) was recorded 

during the monsoon season in Kaptai Lake (Table 2, Figure 2). Rahman and Huda (2018) were found 

similar result to the present study. The pH was 6.9 to 8.2 as observed by Bashar et al. (2015) that was 

alkaline to nature. The pH of the present study was similar to the Dhanmondi and Ramna Lake and lower 

than the Bogakain, Joydia and Foy’s Lake and lower than the Joydia and Ramna Lake (Table 5). On the 

0

20

40

60

80

100

120

140

160

180

200

Temp. (°C) Trans. (cm) EC(µS/cm) TDS

(mg/L)

DO (mg/L) BOD

(mg/L)

pH TA (mg/L) TH (mg/L)

M
er

it
 

Parameters 

Pre-monsoon Monsoon Post-monsoon



Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.59-79        |         ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050205    

 

 

 

 

68 M. Sirajul Islam, Natun B. Chakma, Prayasi Chakma, M. Humayun Kabir, Rifat S. Shammi, Mir M. M. Hoque, Kazi F. Iqubal 

other hand, the pH of the present study was lower than the Victoria, Lysimachia, Tanganyika, Chandlodia 

and Tana Lake (Table 5). Kaptai Lake's water pH ranges between 7.46 to 7.75, which was within 

acceptable limits (Barua et al., 2016).  

 

 
Figure 4: Water quality parameters in Shuvolong and Risang waterfalls during pre-monsoon, monsoon, 

and post-monsoon season. 

 

The highest pH (8.01) was recorded during the pre-monsoon season, while the lowest (5.9) was recorded 

during the monsoon season in Chengi River (Table 3, Figure 3). Hoque et al. (2013) demonstrated that the 

lower pH levels during the monsoon season were due to the diluting of river water by rain and runoff. The 

pH of the present study was similar to the Jamuna, Dhaleshwari, Surma, Padma, Meghna, Halda, 

Buriganga, Turag and Shitalakhya River, and lower than the Rupsa River, and higher than the Karnaphuli 

River. On the other hand, the pH of the present study was similar to the Maron and Doyang River and 

lower than the Nile, Yellow, and Soan River, and higher than the Mkomon River (Table 6).  

 

The highest pH (8.2) was recorded during the post-monsoon season, while the lowest (6.5) was recorded 

during the monsoon season in Shuvolong and Risang waterfalls (Table 4, Figure 4). Olumirin Waterfalls 

have a pH of 7.25 was found by Oyekanmi, Bello-Olusoji and Akin-Obasola (2017). The pH of the 

present study was compared to other country’s waterfalls and found that the pH in present study is similar 

to Coban Rondo Waterfall and Olumirin Waterfall (Table 7). 

 

Total Alkalinity (TA) 

 

The highest TA (140 mg/L) was recorded during the monsoon season, while the lowest (83 mg/L) was 

recorded during the pre-monsoon season in Kaptai Lake (Table 2, Figure 2).  Ahmed, Haque and Haque 

(2001) stated that the total alkalinity level in the lake water was varied somewhat from month to month 

(47.6 to 60.1 mg/L).  Islam et al. (2021) found the total alkalinity of Kaptai Lake range from 35 to 190 

mg/L. Bashar et al. (2015) revealed that TA values that were similar to those observed in the current 

investigation. The total alkalinity of the present study was similar to the Dhanmondi and Ramna Lake, and 

higher than the Foy’s Lake, and lower than the Bogakain Lake (Table 5). On the other hand, the total 
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alkalinity of the present study was similar to the Victoria Lake and lower than the Tanganyika, Chandlodia 

and Tana Lake (Table 5).  

 

The highest TA (140 mg/L) was recorded during the monsoon season, while the lowest (83 mg/L) was 

recorded during the pre-monsoon season in the Chengi River (Table 3, Figure 3). In the Bansi River, Hoque 

et al. (2013) discovered that total alkalinity ranging from 46 to 155 mg/L across various seasons. The total 

alkalinity of the present study was similar to the Korotoa, Padma, Meghna, and Rupsa River, and lower than 

the Shitalakhya and Turag River, and higher than the Karnaphuli and Surma River. On the other hand, the 

total alkalinity of the present study was similar to the Doyang River and higher than the Soan River (Table 

6).  

 

The highest total alkalinity (223 mg/L) was recorded during the post-monsoon season, while the lowest 

(120 mg/L) was recorded during the pre-monsoon season in Shuvolong and Risang waterfalls (Table 4, 

Fig. 4). The total alkalinity of the present study was compared to other country’s waterfalls and found that 

the total alkalinity in present study is similar to Olumirin Waterfall (Table 7).  

 

Table 5: Comparison of water qualities among Kaptai Lake and those of previous studied other lakes 
Lakes Temp. 

(
0
C) 

Trans. 

(cm) 

EC 

(µS/cm) 

TDS 

(mg/L) 

DO 

(mg/L) 

BOD 

(mg/L) 

pH 

 

TA 

(mg/L) 

TH 

(mg/L) 

Reference 

National           

Kaptai 16.0- 

32.5 

87- 

230 

90- 

180 

53- 

75 

5.4- 

7.5 

0.95- 

1.8 

6.0- 

7.9 

83- 

140 

45- 

135 

Present study 

Bogakain 22.3- 

27.0 

Nf  74- 

80 

39- 

42 

0.61- 

11.9 

Nf  7.8- 

9.1 

880- 

1240 

Nf  Khondker et al. 

(2010) 

Foy’s  29.0- 

30.3 

Nf  66.0- 

72.8 

33.0- 

36.4 

7.7- 

8.8 

0.2- 

1.7 

7.5- 

8.0 

20.8- 

25.19 

30.0- 

32.3 

Chowdhury et al. 

(2019) 

Joydia 28.83 17.93 377.35 Nf  7.07 Nf  8.57 Nf  Nf  Chowdhury, Bulbul 

and Bisshash 

(2016) 

Dhanmondi 24.0 Nf  283.67 Nf  5.55 21.33 7.63 117.33 Nf  Sarker et al. (2019) 

Ramna Nf  Nf  179.7 85.6 4.64- 

4.84 

1.47- 

2.23 

6.71- 

6.72 

95.32- 

96.45 

60.40- 

60.76 

Sarker et al. (2019) 

International           

Victoria, 

Kenya 

25.11- 

25.57 

145 105.92- 

107.25 

Nf  6.17- 

6.51 

Nf  7.92- 

8.03 

47 24 Mwamburi et al. 

(2020) 

Lysimachia, 

Greece 

10- 

31 

Nf  348- 

2197 

Nf  6.3-10.6 Nf  8.19- 

8.77 

Nf  Nf  Avramidis et al. 

(2013) 

Tanganyika, 

Africa 

27.1- 

29.4 

110-210 Nf  440.8- 

453.5 

7.16- 

7.71 

5.0- 

10.6 

8.5- 

8.8 

Nf  Nf  Niyoyitungiye, Giri 

and Mishra  (2020) 

Chandlodia, 

India 

Nf  Nf  2150-

3470 

1008-

1224 

3.13- 

5.89 

1.78- 

3.22 

8.2-8.9 204-224 310- 

340 

Maurya (2015) 

Tana, 

Ethiopia 

17.5- 

30.3 

28-163 37- 

373 

28- 

211 

3.83-

8.86 

Nf  6.5- 

9.2 

Nf  Nf  Tibebe et al. (2019) 

Note: Nf= Not found, Temp. = Temperature, Trans. = Transparency, EC = Electrical Conductivity, TDS = 

Total Dissolved Solid, DO = Dissolved Oxygen, BOD = Biological Oxygen Demand, TA = Total 

Alkalinity, TH = Total Hardness. 

 

Total Hardness (TH) 

 

The highest total hardness (135 mg/L) was recorded during the post-monsoon season, while the lowest (45 
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mg/L) was recorded during the pre-monsoon season in Kaptai Lake (Table 2, Figure 2). The current 

study's findings are comparable to those of a prior study by Bashar et al. (2015). The total hardness of the 

present study was higher than the Ramna and Foy’s Lake (Table 5). On the other hand, the total hardness 

of the present study was higher than the Victoria Lake and lower than Chandlodia Lake (Table 5).  

 

Table 6: Comparison of water qualities among Chengi River and those of previous studies 
Rivers Temp. 

(
0
C) 

Trans. 

(cm) 

EC 

(µS/cm) 

TDS 

(mg/L) 

DO 

(mg/L) 

BOD 

(mg/L) 

pH 

 

TA 

(mg/L) 

TH 

(mg/L) 

References 

National           

Chengi 15- 

29.7 

31.0- 

200.0 

90- 

170 

40- 

88 

4.4- 

7.2 

0.98- 

1.76 

5.9- 

8.01 

85- 

190 

45- 

139 

Present study 

Karnaphuli 27.88- 

28.3 

Nf 213- 

9140 

143.6- 

6292.6 

2.98- 

3.96 

2.4- 

12.9 

6.52- 

7.22 

39.88- 

60.92 

37.5- 

467.4 

Hossen et al. 

(2019) 

Jamuna 32.7- 

35.9 

12.3- 

15.7 

Nf Nf 2.4- 

2.76 

Nf 7.27-

7.60 

Nf Nf Anwar et al. 

(2017) 

Korotoa 19.36- 

32.36 

Nf Nf Nf 1.2- 

3.5 

1.73- 

3.70 

Nf 50.66- 

207.30 

46.66- 

112.00 

Ahatun et al. 

(2020) 

Dhaleshwari  Nf Nf 1709.34 1364.6 2.05 26.44 8.04 Nf Nf Islam et al. 

(2021) 

Surma Nf Nf Nf 100- 

200 

Nf 1-1.6 7.5- 

7.72 

45- 

56 

20- 

35 

Uddin et al. 

(2020) 

Padma 20.17- 

33.84 

Nf 130.45- 

161.81 

117.78- 

220.55 

4.93- 

8.70 

1.07- 

4.86 

6.86- 

7.94 

93.32- 

130.89 

106.53- 

152.76 

Haque,  Jewel 

and Sultana 

(2019) 

Meghna 25.1- 

26.6 

44.3- 

49 

284.5- 

466 

153.6- 

229.9 

7.3- 

7.5 

5.4- 

6.1 

7.8- 

8.4 

110.7- 

119.6 

107.2- 

143.7 

Alam et al. 

(2016) 

Halda 28.9- 

29.3 

24.2- 

27.9 

127.3- 

175.3 

63.2- 

87.3 

4.5- 

5.8 

Nf 7.0- 

7.2 

Nf Nf Parvez et al. 

(2019) 

Shitalakhya 29.9- 

32.5 

Nf 443- 

1175 

269- 

573 

1.3- 

1.7 

0.55- 

1.3 

7.4- 

7.7 

204- 

350 

65.9- 

86 

Irin et al. (2017) 

Buriganga 28.00- 

38.0 

Nf 312- 

1208 

402- 

1719 

0.14- 

2.13 

21.36- 

27.5 

6.48- 

8.02 

Nf Nf Ahammed et al. 

(2016) 

Turag 24.0- 

26.1 

Nf 1323- 

1710 

1181- 

1567 

1.3- 

3.5 

Nf 7.48- 

7.9 

525.25- 

864.0 

659.0- 

827.32 

Tahmina et al. 

(2018) 

Rupsa 29.7 Nf 16705 8638 Nf Nf 8.5 90.45 2063 Islam et al. 

(2018) 

International           

Maron, Iran 19.6- 

23.3 

Nf 2037- 

3435 

Nf Nf Nf 7.94 Nf 2.78- 

5.01 

Tabari, Marofi 

and Ahmadi 

(2011) 

Nile, Egypt 18.0- 

26.31 

118.6- 

160.9 

269.0- 

298.18 

154.9- 

324.64 

7.2- 

9.5 

2.8- 

3.4 

7.5- 

8.6 

Nf Nf Abdel-Satar 

(2005) 

Yellow, China 13.6- 

17.3 

Nf Nf Nf 8.9- 

10.3 

1.1- 

2.3 

8.2- 

8.4 

Nf Nf Hou et al. 

(2016) 

Mkomon, 

Nigeria 

28.3- 

28.8 

Nf 3490- 

5620 

17.5- 

47.5 

2.9- 

4.0 

2.6- 

3.3 

5.7- 

6.5 

Nf 75.5- 

83.2 

Augustine 

(2018) 

Soan, Pakistan 9.0- 

31.0 

Nf Nf 0.53- 

4.83 

4.6- 

9.3 

Nf 8.0- 

9.0 

19.0- 

36.0 

Nf Iqbal et al. 

(2004) 

Doyang, India Nf Nf 139.42- 

271.49 

64.0- 

134.42 

7.75- 

11.38 

0.88- 

3.34 

6.75- 

8.29 

77.50- 

141.2 

63.5- 

111.3 

Lkr, Singh and 

Puro (2020) 

Note: Nf= Not found, Temp. = Temperature, Trans. = Transparency, EC = Electrical Conductivity, TDS = 

Total Dissolved Solid, DO = Dissolved Oxygen, BOD = Biological Oxygen Demand, TA = Total 

Alkalinity, TH = Total Hardness. 
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Table 7: Comparison of water qualities among Shuvolong and Risang waterfall and those of previous 

studies 
Waterfall Temp. 

(
0
C) 

Trans. 

(cm) 

EC 

(µS/cm) 

TDS 

(mg/L) 

DO 

(mg/L) 

BOD 

(mg/L) 

pH TA 

(mg/L) 

TH 

(mg/L) 

Reference 

National            

Shuvolong, 

Bangladesh 

12.0-

21.1 

30-85 150-210 75-112 6.5-9.5 0.5-1.0 6.8-8.2 120-

210 

78-190 Present 

study 

Risang, 

Bangladesh 

12.0-

22.1 

29-90 160-200 74-114 5.4-9.2 0.5-1.0 6.5-

8.06 

125-

223 

75-200 Present 

study 

International           

Coban 

Rondo, 

Indonesia 

20.5 Nf  111 Nf  8-11 13.8-

15.6 

6.9-7.4 Nf  Nf  Hussen et 

al. (2018) 

Agbokum, 

Nigeria 

Nf  28.8 69 178.6 9.6 4.8 Nf  Nf  74.5 Offem and 

Ikpi 

(2011) 

Olumirin, 

Nigeria 

22.0-

31.5 

70-

120 

800-868 131-

882 

Nf  Nf  6.08-

8.50 

94.0-

278.0 

Nf  Oyekanmi, 

Bello-

Olusoji 

and Akin-

Obasola 

(2017) 

Note: Nf= Not found, Temp. = Temperature, Trans. = Transparency, EC = Electrical Conductivity, TDS = 

Total Dissolved Solid, DO = Dissolved Oxygen, BOD = Biological Oxygen Demand, TA = Total 

Alkalinity, TH = Total Hardness. 

 

The highest total hardness (139 mg/L) was recorded during the post-monsoon season, while the lowest (45 

mg/L) was recorded during the pre-monsoon season in the Chengi River (Table 3, Figure 3). The total 

hardness of the present study was similar to the Korotoa River and lower than the Karnaphuli, Padma, 

Meghna, Turag and Rupsa River, and higher than the Surma and Shitalakhya River. On the other hand, the 

total hardness of the present study was similar to the Mkomon and Doyang River and higher than the 

Maron River (Table 6).  

 

The highest total hardness (200 mg/L) was recorded during the post-monsoon season, while the lowest (75 

mg/L) was recorded during the pre-monsoon season in Shuvolong and Risang waterfalls (Table 4, Figure 

4).  The total hardness of the present study was compared to other country’s waterfalls and found that the 

total hardness in present study is similar to Agbokum Waterfall (Table 7).  

 

A correlation matrix is useful for displaying relationships between variables by expressing the data set’s 

overall contribution (Li et al., 2011). Pearson’s correlation analysis is a useful statistical method for 

demonstrating the degree to which one variable is dependent on the others (Belkhiri, Boudoukha and 

Mouni, 2011). It specifies the relationship between various variables and parameters, indicating strong 

(>0.7) and moderate (0.5 to 0.7) relationships (Mudgal, Kumari and Sharma, 2009; Shil, Singh and Mehta, 

2019). For statistical analysis, the real values of the variables (temperature, transparency, EC, TDS, DO, 

BOD, TA and TH) were used (Table 8). The correlation matrix (Table 8) showed the actual Pearson’s 

correlation coefficient values. Strong positive correlations exist between temperature-transparency, EC-

TDS, EC-TA, EC-TH, TDS-TA, TDS-TH, TA-TH, etc., during the pre-monsoon season. The analysis 

showed a strong positive association between temperature-BOD, EC-TDS, EC-DO, EC-TH, TDS-DO, 

TDS-TH, TDS-pH, DO-pH, DO-TH and TA-TH during the monsoon season (Table 8). Analysis showed 

strong positive correlations between temperature-transparency, temperature-BOD, transparency-BOD, 
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EC-DO, EC-pH, EC-TA, EC-TH, DO-pH, DO-TA, DO-TH, pH-TH and TA-TH in the post-monsoon 

season (Table 8). This indicates that the variables are changing in a direct proportional relationship. A 

reasonable and considerable negative correlation was also identified for some parameters, showing that 

they change in an inverse proportionate manner.  

 

Table 8: Correlations of water qualities in different seasons among lake, river and waterfall 
Quality Temp. Trans. EC TDS DO BOD pH TA TH 

Pre-monsoon 

Temp. 1         

Trans. 0.883
**

 1        

EC -0.913
**

 -0.974
**

 1       

TDS -0.972
**

 -0.943
**

 0.971
**

 1      

DO 0.069 -0.158 0.203 0.091 1     

BOD 0.612 0.799
*
 -0.839

**
 -0.757

*
 -0.593 1    

pH -0.762
*
 -0.578 0.621 0.636 -0.210 -0.298 1   

TA -0.834
*
 -0.940

**
 0.962

**
 0.934

**
 0.335 -0.932

**
 0.454 1  

TH -0.865
**

 -0.964
**

 0.973
**

 0.952
**

 0.330 -0.901
**

 0.493 0.991
**

 1 

Monsoon 

Temp. 1         

Trans. 0.660 1        

EC -0.857
**

 -0.512 1       

TDS -0.802
*
 -0.334 0.965

**
 1      

DO -0.845
**

 -0.331 0.927
**

 0.982
**

 1     

BOD 0.857
**

 0.556 -0.979
**

 -0.918
**

 -0.870
**

 1    

pH -0.465 -0.044 0.702 0.811
*
 0.814

*
 -0.576 1   

TA -0.707
*
 -0.918

**
 0.608 0.411 0.389 -0.634 0.157 1  

TH -0.915
**

 -0.776
*
 0.900

**
 0.825

*
 0.831

*
 -0.870

**
 0.607 0.821

*
 1 

Post-monsoon 

Temp. 1         

Trans. 0.830
*
 1        

EC -0.749
*
 -0.637 1       

TDS -0.651 -0.612 0.316 1      

DO -0.859
**

 -0.678 0.788
*
 0.635 1     

BOD 0.918
**

 0.821
*
 -0.915

**
 -0.488 -0.881

**
 1    

pH -0.896
**

 -0.778
*
 0.830

*
 0.598 0.738

*
 -0.847

**
 1   

TA -0.785
*
 -0.597 0.770

*
 0.359 0.753

*
 -0.894

**
 0.609 1  

TH -0.925
**

 -0.780
*
 0.856

**
 0.596 0.906

**
 -0.969

**
 0.830

*
 0.913

**
 1 

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-

tailed). 

 

Conclusion 
 

The present study is a preliminary assessment of the seasonal fluctuations of physicochemical water 

properties in the Kaptai Lake, Chengi River, and Shuvolong and Risang Waterfalls, which provides 

significant information for the protection and conservation of these hilly aquatic ecosystems. During the 

pre-monsoon and monsoon seasons, the temperature, transparency, EC, TDS, DO, BOD, and pH were all 

within Bangladesh requirements, which is a good sign of a healthy aquatic ecosystem. Furthermore, total 

alkalinity in these water bodies remained constant during the pre-monsoon season but increased somewhat 

during the monsoon and post-monsoon seasons. In the pre-monsoon, the TH of water in both Kaptai Lake 

and the Chengi River was soft, though moderate in waterfalls. The study thereby concluded that 

appropriate surface water management initiative in the CHT need to be taken by concern authorities to 
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safeguard these water bodies, which may include regular monitoring, proper management and promote 

consciousness through awareness and research. 
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Abstract 
This study was conducted to investigate the status of water quality 

for fisheries and aquatic environment in Chalan Beel, the largest 

wetland ecosystem in Bangladesh. Water samples were collected 

from five sampling stations over the period from February 2020 to 

January 2021 during the pre-monsoon, monsoon, and post-monsoon 

seasons, respectively. Surface water controlling parameters such as 

temperature, transparency, pH, DO, TDS, EC, total hardness, total 

alkalinity, Chlorophyll a, and TSI of Chalan Beel were monitored 

seasonally. The study revealed that temperature, transparency, pH, 

DO, TDS, EC, total alkalinity, total hardness, PO4, and NO3 

exceeded the recommended level for fish culture. On the other 

hand, NH3, SO4, NO2, Chlorophyll a, and trophic state index (TSI) 

were within the standard limits for aquaculture. Concentrations of 

Chlorophyll a and TSI (CHL) indicated no definite trend with 

seasons. In conclusion, the wetland is in mesotrophic condition as 

the TSI (CHL) was within 40, and apparently, there was a positive 

relationship between Chlorophyll a and TSI. To conserve a healthy 

environment of the beel ecosystem, it is necessary to promote 

knowledge about water quality issues and beel management 

through monitoring and research. 

 

Keywords  
Temporal variation; Water quality; Trophic state index; Chlorophyll 

a; Chalan Beel  
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Introduction 
 

Inland water bodies have been supporting rich and diversified fisheries and, thus, are critically important 

to the people of Bangladesh for their food security and livelihood (Hasan, 2004). However, due to sharp 

decline of natural fish production and consumption over the last years and created protein deficiency. The 

beel is a Bengali term used for relatively large surface, static water body that accumulates surface run-off 

water through an internal drainage channel (Banglapedia, 2004). This type of shallow and seasonal water 

body is common in low-lying floodplain areas throughout Bangladesh. The Chalan Beel is a large 

depression wetland in the northwest region of Bangladesh, which has a huge ecological and social 

importance. Chalan Beel is consisted of a series of depressions interconnected by many channels to form 

one continuous area of water bodies during rainy season (July to November), and it shields an area of 

about 375 km
2
 (Hossain et al., 2009). During the dry winter and summer, the water area decreases to 52 to 

78 km
2
 and looks like a cluster of Beels of different sizes (Shahnaz, 2005; Hossain et al., 2009), providing 

excellent alluvial cropland in the post-monsoon season. This beel is one of the most important sites for 

fishing, agriculture, aquaculture, livestock farming, integrated farming, and a site of recreation for the 

tourist. Nationally, this beel plays an important role in producing a huge number of different fish species 

and it supplies fish to local and national markets and provides a livelihood to around 0.1 million fishermen 

(Hossain et al., 2009; Karim et al., 2020). 

 

Water is the natural habitat of fishes and other aquatic animals, therefore, of great importance to study 

water quality while studying fish production (Kabir et al., 2020). Water provides the physical support in 

which aquatic organisms carry out their life functions such as breeding, nursing, feeding, swimming, 

digestion and excretion (Islam et al., 2021). Physicochemical water quality is pointed as an important 

factor to the success or failure of a fish culture operation. By assessing the physical, chemical and 

biological characteristics of water, one can conclude about its quality. Physicochemical water quality 

focuses on the various aspects of physicochemical parameters that detect the status of pollution and the 

suitability of a particular water body for various aquatic organisms (Islam et al., 2015). Nutrients in water 

play an important role in the lives of aquatic organisms including fish. Water nitrogen is found both as 

inorganic and organic species and in dissolved and particulate forms. Inorganic nitrogen exists both as 

oxidized species such as nitrate (NO3
-
) and nitrite (NO2

-
) and reduced species like ammonia (NH4

+
+NH3) 

and nitrogen gas (N2). Dissolved phosphorus is readily available for plants and consists of inorganic 

orthophosphate such as H2PO4
-
, HPO4

2-
, PO4

3-
 and organic phosphorus containing compounds (Rahaman 

et al., 2013a). All aquatic organisms including fish depend directly on nutrients for their survival, growth 

and reproduction. Some nutrient levels are related to the chlorophyll availability of the water body, which 

means the availability of phytoplankton in the water. Thus, nutrient availability is directly related to the 

productivity of the water body (Rahaman et al., 2013b). A shortage of nutrients causes the water body to 

be unproductive. An excess of nutrients causes eutrophication by algal blooms and makes the water toxic. 

So, nutrient concentration must be within an acceptable limit for a good aquatic environment and for 

better production of aquatic organisms including fish (Senthilkumar, Purvaja and Ramesh, 2008). Hence, 

the assessment of trophic status index (TSI) of water body and determining its limiting factors are key 

steps in pollution control and eutrophication management. Since algal flora play very important role in 

ecological context; the study of chlorophyll a concentration is of utmost importance (Nion et al., 2020). 

Chlorophyll a concentration may change the surrounding environment - physically, chemically, and 

biologically - in ways that favor or disfavor their continued persistence (Islam et al., 2021). The study of 

chlorophyll a concentration is considered useful for interpreting hydro-chemical variations in freshwater 

reservoir. So the temporal and spatial chlorophyll a concentration may act as an indicator of the water 

quality fluctuation in response to changing environment (Senthilkumar, Purvaja and Ramesh, 2008).  

 

Presently, the Chalan Beel, like many other beels, is at the risk of partial or total degradation due to 

manifold reasons like agricultural encroachment including pesticide usage, siltation along with other 
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anthropogenic activities. Though a few works on physicochemical limnology of Chalan Beel are available 

(Rahman, 2012; Nahian et al., 2018), however, a detailed study on seasonal variation of the water quality 

(physical, chemical, biological and anionic) parameters and trophic state index (TSI) in Chalan Beel is 

evidently lacking. Therefore, the present study aimed to provide data on variations of water quality 

parameters and TSI of Chalan Beel over a period of one year to provide baseline information for assisting 

management decisions of the Beel ecosystem.  

 

Materials and Methods 
 

Study area 

 

The Chalan Beel is situated between 24°31′12″ to 24°38′42″N latitude and 89°00′36″ to 89°35′36″E 

longitudes (Sayeed et al., 2014). At present, the beel was compressed in the districts of Pabna, Sirajganj 

and Natore due to crisscross roads, embankments and expansion of other infrastructure (Sultana and 

Islam, 2016). The major parts of Chalan Beel cover an extensive area of Raiganj upazila of Sirajganj 

district and Chatmohar upazila of Pabna district and Singra upazila of Natore district with the north bank 

of the river Gumani. Therefore, the study was conducted in three representative cluster sites under Natore 

and Pabna districts. The study was conducted from February 2020 to January 2021, where February to 

May, June to September and October to January are considered as pre-monsoon, monsoon and post-

monsoon seasons, respectively. The samples were collected from five sampling stations of three adjacent 

rivers (Atrai, Baral and Gumani) of Chalan Beel. The five sampling stations as St-1 (Atrai River, Natore), 

St-2 (Baral river, Pabna), St-3 (Gumani River, Pabna), St-4 (Baral River, Pabna) and St-5 (Baral river, 

Pabna) were selected according to the following aspects into consideration: i) the streams and drainage 

arms, ii) catchment area, and iii) water level of the river. 

 

Table1: Location of sampling stations in Chalan Beel 

Sampling stations Location Latitude Longitude 

Upazila District 

St-1 (Kachikata) Gurudashpur Natore 24°21'6.14" 89°18'33.12" 

St-2 (Haripur) Chatmohor Pabna 24°15'4.43" 89°16'5.70" 

St-3 (Austamanisha) Bhangura Pabna 24°15'37.50" 89°20'38.21" 

St-4 (Baral bridge) Bhangura Pabna 24°13'0.51" 89°22'46.40" 

St-5 (Thana para) Faridpur Pabna 24°9' 48.23" 89°26'38.20" 

 

Sample collection  

 

Surface water samples were collected from 5 fixed sampling stations of the Chalan Beel for seasonal 

monitoring of water quality control parameters such as transparency, temperature, pH, dissolved oxygen 

(DO), total dissolved solids (TDS), electrical conductivity (EC), total alkalinity (TA), total hardness (TH), 

ammonia (NH3), phosphate (PO4), sulphate (SO4), nitrate (NO3), nitrite (NO2), and chlorophyll a. To 

analyze the physicochemical quality, major nutrients and chlorophyll a concentration, 1,000 ml of water 

was collected in plastic bottles with double stoppers from each sampling point. Before sampling, the bottle 

was cleaned and washed with a detergent solution and treated with 5% nitric acid (HNO3) over night. The 

bottles were finally rinsed with deionized water and dried. At each sampling station, the sampling bottles 

were rinsed at least three times before sampling was done. Pre-prepared sampling bottles were immersed 

about 10 cm below the surface water. After sampling, the bottles were screwed carefully and marked with 

the respective identification number. The samples were filtered with pre-combusted (4h, 450°C) Whatman 

GF/C filters. After filtration, the samples were kept frozen (-20°C) until analysis (within 48 hrs) to avoid 

further contamination until analysis (Islam et al., 2021).  
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Figure 1: Map showing the study area of Chalan Beel (Source: Modified from Sayeed et al., 2014). 

 

Sample analysis 

 

The physicochemical parameters of water were analyzed in the laboratory of the Department of 

Environmental Science and Resource Management of the Mawlana Bhashani Science and Technology 

University. Temperature and pH were determined by the thermometer and digital pH meter, respectively. 

Buffer solution containing pH 7.0 was used to calibrate the digital pH meter. The DO was determined by 

digital DO meter where sodium thiosulphate (0.025N) was used as a reagent. The EC and TDS were 

determined by EC and TDS meter, respectively. Total alkalinity (TA) and total hardness (TH) were 

determined by using titration technique. For the determination of dissolved nutrient concentrations, the 

water samples were prepared for ionic test followed by APHA (2005) using spectrophotometer (HACH 

DR 2800 Spectrophotometer) analysis in the Laboratory of the Bangladesh Fisheries Research Institute 

(BFRI), Mymensingh. After instrumental measurements, the values of ions including ammonia (NH3), 

nitrate (NO3), nitrite (NO2), phosphate (PO4) and sulphate (SO4) were calculated using computer-aided 

tools. The Chlorophyll a of water samples were analyzed by 90% acetone method in the Biochemistry and 

Molecular Biology Laboratory of the Mawlana Bhashani Science and Technology University. 

 

Statistical analysis 

 

The data was prepared and tabulated properly, and statistical analysis was performed on it. The data was 

presented and interpreted using Microsoft Office Excel and SPSS version 20.0 program. Pearson’s 

correlation analysis was completed to illustrate the interrelationships between the water physicochemical 

parameters. The study's findings were presented in the form of graphs and tables. 
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Results and Discussion 
 

Physiochemical Parameters 

 

Temperature 

 

The highest temperature 32.5°C was found at St-2 during monsoon and the lowest temperature 20.9°C 

was found at St-1 during post-monsoon (Figure 2). Typically, the highest mean temperature of 31.70°C 

was found in monsoon and the lowest temperature 21.34°C was found in post-monsoon (Table 2). The 

standard value for water temperature is 20 to 30ºC (EQS, 1997), hence the water temperature of the 

Chalan Beel was optimum for aquatic life. A mean water temperature of 27.68°C was recorded by Sayeed 

et al. (2015) in Chalan Beel, which is almost similar to the present study. The water temperature was 

found 28.7 to 3l.7°C during the wet season and 22.4 to 25.6°C during the dry season, respectively, in the 

Ashulia beel (Islam, Suravi and Meghla, 2010). The water temperature ranged from 25.6 to 28.7 ºC, 22.3 

to 24.3 ºC and 24.1 to 25ºC during high tide, and 25.4 to 28.2 ºC, 23.8 to 24.3 ºC and 24 to 24.9ºC during 

low tide over pre-monsoon, monsoon and post-monsoon seasons, respectively, in the Sundarbans 

mangrove of Bangladesh (Nion et al., 2020). The highest mean temperature 31.1°C was found in monsoon 

and the lowest 21.12°C was found in post-monsoon in the Kaptai Lake water (Islam et al., 2021). This 

could be due to varied collection times and seasonal factors (Kabir et al., 2020). 

 

 
Figure 2: The temperature at various sampling stations during different seasons. 

 

Transparency 

 

The highest transparency level of 153.10 cm was found at St-2 during post-monsoon and the lowest 

transparency of 8.19 cm was found at St-5 during monsoon (Figure 3). On the other hand, the mean 

highest transparency of 54.30 cm was found in post-monsoon and the lowest transparency of 22.12 cm 

was found in monsoon season (Table 2). The transparency of productive water bodies should be no more 

than 40 cm (Rahman, 1992). It was indicated that the water of the studied beel was suitable for the aquatic 

organisms including fishes all through the three seasons, because of transparency within the desirable 

range. According to Sayeed et al. (2015), the highest Secchi depth was (278 cm) measured at the Baral 

site in October followed by the Gumani and the Katagang in October and August, respectively. The 

minimum transparency was 45 cm exhibited by the Baral site during March, which was closely followed 
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by the Katagang and the Gumani site, respectively, in February (Sayeed et al., 2015). The transparency 

was found at 6.85 to 21.50 cm during wet and 5.25 to 13.75 cm during dry season in the Ashulia beel 

(Islam, Suravi and Meghla, 2010). The highest transparency of 303 cm was found in post-monsoon and 

the lowest transparency of 17 cm was found in monsoon season in the Kaptai Lake water (Islam et al., 

2021).  

 

 
Figure 3: Transparency in different season at different sampling station 

 

 

 
Figure 4: The pH in different season at different sampling station 
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to 8.5 (EQS, 1997) and the study revealed that the pH values of all sampling stations were within the 

standard limit. Nahian et al. (2018) found that pH value was 8.14, 7.76 and 7.44 for pre-monsoon, 

monsoon and post-monsoon, respectively, in Gowain River. The average pH in wet and dry seasons was 

found 7.73 and 8.03, respectively, in the Tista River (Islam et al., 2014), which is more or less parallel to 

the present study. The pH levels in Ashulia Beel were 7.1 to 7.8 in the wet season and 7.1 to 8.4 in the dry 

season, confirming the slightly alkaline quality of the beel water (Islam, Suravi and Meghla, 2010).  

 

Total dissolved solid (TDS) 

 

A constant level of minerals in the water is necessary for aquatic life; changes in the amounts of dissolved 

solids can be harmful because the density of total dissolved solids determines the flow of water in and out 

of an organism’s cells. Concentrations that are too high or too low may limit the growth and may lead to 

the death of many fish or reefs (Weber-Scannell and Duffy, 2007). The highest and lowest TDS was found 

at St-2 (248 mg/L) and St-4 (56 mg/L) in pre-monsoon and post-monsoon season, respectively (Figure 5). 

Mean TDS contents were found 128.40, 103 and 85.39 mg/L in pre-monsoon, monsoon and post-monsoon 

season, respectively (Table 2). The standard level of TDS for aquatic environment or fisheries is 500 mg/L 

(EQS, 1997) and the results depict that river water had low TDS level. The mean values of total dissolved 

solids (TDS) at the different sites in the Chalan Beel were 158.64, 217.56 and 176.62 mg/L in the Gumani, 

Katagang and the Baral River, respectively (Sayeed et al. 2015). In the dry season, the TDS value ranged 

from 207 to 276 mg/L in the studied area which was higher than wet season and exceeded the standard 

limit in the Ashulia Beel (Islam, Suravi and Meghla, 2010). The mean highest TDS 80.5 mg/L was found 

in post-monsoon and the lowest TDS 44.5 mg/L was observed in monsoon season in the Kaptai Lake 

water (Islam et al., 2021).  

 

Table 2: Water quality parameters along with Trophic State Index (TSI) in Chalan Beel 

Parameters Seasons (mean ± SD) 

Pre-monsoon Monsoon Post-monsoon 

Temperature (ºC) 23.54±1.07 31.70±0.74 21.34±0.44 

Transparency (cm) 41.50±35.72 22.15±24.04 54.30±55.64 

TDS (mg/L) 128.40±67.43 103.00±7.81 85.39±21.84 

pH 8.06±0.27 7.76±0.49 6.79±0.16 

DO (mg/L) 6.04±1.18 7.06±0.24 6.34±0.49 

EC (µS/cm) 173.40±21.51 187.40±11.61 134.80±14.49 

Alkalinity (mg/L) 105.20±45.41 100.00±28.48 122.01±22.93 

Hardness (mg/L) 66.60±15.01 73.20±5.59 76.00±12.81 

NH3 (mg/L) 0.02±0.01 0.02±0.01 0.02±0.01 

NO3 (mg/L) 21.40±5.25 13.98±5.25 18.08±11.15 

NO2 (mg/L) 0.12±0.05 0.15±0.07 21.34±0.44 

PO4 (mg/L) 2.62±1.46 3.58±2.19 54.30±55.64 

SO4 (mg/L) 24.00±12.02 28.40±8.02 85.39±21.84 

Chlorophyll a (µg/L) 1.36±0.34 1.31±0.49 0.99±0.17 

TSI (SD) 75.91±10.01 86.60±11.98 73.09±11.21 

TSI (CHL) 33.40±2.35 32.81±3.30 30.35±1.84 
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Figure 5: The TDS concentrations at various sampling stations during different seasons 

 

Dissolved oxygen (DO) 

 

The lowest DO (4.0 mg/L) was found at St-1 during pre-monsoon and the highest DO (7.40 mg/L) was 

found at St-1 during monsoon season (Figure 6). Usually, the highest DO (7.06 mg/L) was found in 

monsoon and the lowest DO (6.04 mg/L) was observed in pre-monsoon season (Table 2). When dissolved 

oxygen becomes too low, fish and other aquatic organisms cannot survive (Islam et al., 2017). Nahian et 

al. (2018) found their study in Gowain River the mean concentration of DO was 4.86, 5.18 and 4.42 mg/L 

in pre-monsoon, monsoon and post-monsoon season, respectively. Adequate DO is needed to maintain 

good water quality, aquatic organism endurance, and microorganism putrefaction of waste (Islam, Suravi 

and Meghla, 2010; Rahman et al., 2012). For fisheries, the optimal DO concentrations ranged from 4 to 6 

mg/L (Boyd, 1998), below which most aquatic species will perish. In Dhaleswari River, the lowest value 

of DO was observed 4.9 mg/L in monsoon and 4.1 mg/L in post-monsoon season, suggesting that the 

concentration of DO was higher in monsoon than in post-monsoon and pre-monsoon seasons (Islam et al., 

2012). However, the present investigation disclosed that the obtained results of DO were within the 

permissible limit (5 mg/L) for aquatic environment established by ECR (1997). The range of investigated 

DO was 1.1 to 2.1 mg/1 during the wet and 0.5 to 2.0 mg/1 during the dry season indicated that observed 

DO content was much lower than the desired limit and the Ashulia Beel water quality was not suitable for 

fisheries and aquatic organisms (Islam, Suravi and Meghla, 2010). During the study period, the averages 

DO of the different stations all through the seasons ranged from 6.35 to 7.21 mg/L in the Kaptai Lake 

water (Islam et al., 2021).  

 

Electrical conductivity (EC) 

 

The lowest EC value 109 µS/cm was found at St-3 during post-monsoon and the highest EC 199.0 µS/cm 

was found at St-4 during pre-monsoon (Figure 7). On an average, the mean highest EC 187.40 µS/cm was 

found in monsoon and the lowest EC 134.80 µS/cm was observed in post-monsoon (Table 2). For inland 

surface water EC contents 800 to 1000 μS/cm is suitable for aquatic environment (ECR, 1997) and the EC 

contents of Chalan Beel was very lower than the standard. The EC contents of Turag River water ranged 

from 691 to 822 μS/cm, 618 to 1334 μS/cm and 155 to 276 μS/cm in post monsoon, pre-monsoon and 

monsoon season, respectively, and in the monsoon season, the flow of the river increases that may cause 
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the dilution of the salinity of the water, while in dry season, the flow of the river decreases resulting into 

an increase of EC (Meghla et al., 2013). The higher values of conductivity were obtained during low 

rainfall months and low conductivity values were obtained during the high rainfall months (Kabir et al., 

2020). In wet season the range of EC was 130 to 310 μS/cm, and in dry season the range of EC was 341 to 

442 μS/cm in the Ashulia Beel water (Islam, Suravi and Meghla, 2010). Usually, the highest EC of 141.24 

μS/cm was found in post-monsoon and the lowest of EC 82.50 μS/cm was observed in monsoon season in 

the Kaptai Lake water (Islam et al., 2021).   

 

 
Figure 6: The DO contents in different season at different sampling station 

 

 

 
Figure 7: The EC contents in different season at different sampling station 
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Total alkalinity 

 

The lowest alkalinity 55 mg/L was found at St-1 during post-monsoon and highest alkalinity 156 mg/L 

was found at St-3 during pre-monsoon season (Figure 8). On an average, the highest alkalinity of 122.01 

mg/L was found in post-monsoon and the lowest alkalinity of 100.0 mg/L was observed in monsoon 

season (Table 2). According to Nahian et al. (2018), the mean alkalinity was 279.30, 163.95 and 188.16 

mg/L in pre-monsoon, monsoon and post-monsoon season, respectively. According to Rahman (1992), 

standard value of alkalinity is >100 mg/L for fresh water and most of the water samples. Mobin et al. 

(2014) determined the minimum alkalinity 109.98 mg/L at Ashulia Beel in monsoon season and maximum 

411.10 mg/L at Abdullapur in pre-monsoon season of the Turag River. In monsoon, post-monsoon, and 

pre-monsoon seasons, the concentration of alkalinity in Dhaleshwari River was found to vary from 126 to 

200, 150 to 595 and 450 to 640 mg/L, respectively (Islam et al., 2012). The highest alkalinity 137.5 mg/L 

was found in post-monsoon and the lowest alkalinity 62.5 mg/L was observed in monsoon season in the 

Kaptai Lake water (Islam et al., 2021). The concentration of alkalinity was found 30 to 63 mg/L in wet 

and from 90 to 115 mg/L in dry season in the Ashulia Beel water (Islam, Suravi and Meghla, 2010).  

 

 
Figure 8: The total alkalinity contents in different season at different station 

 

Total hardness 

 

The most important impact of hardness on fish and other aquatic life seems to be the effect the presence of 

these ions has on the other more toxic metals such as lead, cadmium, chromium and zinc. Generally, 

harder the water, lower the toxicity of other metals to aquatic life (Islam et al., 2015). The lowest hardness 

43 mg/L was found at St-1 during pre-monsoon and highest hardness 95 mg/L was found at St-1 during 

post-monsoon (Figure 9). The average highest hardness 76.01 mg/L was found in post-monsoon and the 

lowest hardness 66.60 mg/L was found in monsoon season (Table 2). Hardness of water is due to the 

presence of chloride, sulfate, carbonate and bicarbonate (Rahman et al., 2012). Accordingly, the water of 

the Chalan Beel may be regarded as slightly hard (Rahman, Rahman and Asaduzzaman, 2010). The 

optimum hardness for aquatic organism is 123 mg/L (Huq and Alam, 2008), and this study revealed that 
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hardness contents were more or less suitable for fisheries. The average hardness in Tista river water of wet 

and dry seasons was found 98.48 and 102.46 mg/L, respectively (Islam et al., 2015), which is closely 

analogous to the present investigation. The value of hardness was found to vary from 30.0 to 91.3 mg/L in 

wet and from 115 to 127 mg/L in dry season in the Ashulia Beel water (Islam, Suravi and Meghla, 2010). 

The average highest hardness 71.25 mg/L was found in pre-monsoon and the lowest hardness 43 mg/L 

was found in monsoon season in the Kaptai Lake water (Islam et al., 2021).  

 

 
Figure 9: The total hardness contents in different season at different station 
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Ammonia (NH3) 
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respectively (Nion et al., 2020). 
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highest concentration of NO3 (1.625 mg/L) was recorded during post-monsoon while the lowest 

concentration (1.25 mg/L) was found during pre-monsoon season in Kaptai Lake water. According to 

Kamal et al. (2007) in Mouri River showed the maximum NO3 concentration as 1.85 mg/L in St-2, and 

varied from 0.57 to 1.85 mg/L.  

 

Table 3: Dissolved nutrient concentrations in water of Chalan Beel 
DN 

(mg/L) 

Pre-monsoon Monsoon Post-monsoon 

St-1 St-2 St-3 St-4 St-5 St-1 St-2 St-3 St-4 St-5 St-1 St-2 St-3 St-4 St-5 

NH3 0.01 0.02 0.01 0.03 0.01 0.01 0.01 0.03 0.02 0.01 0.02 0.01 0.02 0.03 0.04 

NO3 20.40 15.20 18.10 25.10 28.20 10.3 8.20 18.10 5.10 28.20 17.80 15.20 18.10 4.10 35.20 

NO2 0.07 0.15 0.09 0.10 0.18 0.11 0.20 0.11 0.08 0.25 0.10 0.09 0.21 0.20 0.28 

PO4 5.20 1.80 2.10 2.30 1.70 7.20 4.10 2.50 2.20 1.90 4.20 1.50 2.15 2.20 1.80 

SO4 12 40 15 20 33 25 40 24 20 33 22 10 13 25 40 

Note: DN = Dissolve Nutrients. 

 
Figure 10: Concentration of NH3 in different season at different station 
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Figure 11: Concentration of NO3 in different season at different station. 

Nitrite (NO2) 

 

The concentrations of NO2 at four stations were within the range of 0.07 (at St-1 along the study period 

during pre-monsoon) to 0.28 mg/L (at St-5 during monsoon) (Figure 12). However, the mean highest 

concentration of NO2 (0.18 mg/L) was recorded during post-monsoon while the lowest concentration of 

NO2 (0.12 mg/L) was found during pre-monsoon (Table 3). Islam et al. (2021) found that the mean 

highest concentration of NO2 (0.025 mg/L) was recorded during monsoon while the lowest concentration 

of NO2 (0.02 mg/L) was found during pre-monsoon and post-monsoon season in Kaptai Lake. The mean 

highest concentration of NO2 (0.025 mg/L) was recorded during monsoon while the lowest concentration 

of NO2 (0.02 mg/L) was found during pre-monsoon and post-monsoon season in Sundarbans mangrove 

water (Nion et al., 2020).  

 

 
Figure 12: Concentration of NO2 in different season at different station 
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Phosphate (PO4) 

 

The lowest concentration 1.50 mg/L was found at St-2 during post-monsoon and highest concentration 

5.20 mg/L was found at St-1 during pre-monsoon (Figure 13). On average the highest concentration of 

PO4 (3.58 mg/L) was recorded during monsoon while the lowest concentration of PO4 (2.37 mg/L) was 

found during post-monsoon (Table 3). Phosphate is one of the limiting nutrients for floral growth in 

freshwater bodies that regulate phytoplankton production (Pal and Chakraborty, 2014). In a study the 

phosphate level was recorded in the winter season 0.225 mg/L and 0.825 mg/L in the summer season 

(Sarwade and Kamble, 2014). Manohar (2018) found the mean monthly lowest and highest amount of 

total phosphorus 329.21 and 1246.38 mg/L, respectively, at two different sampling stations, whereas the 

average value of phosphorus was 796.66 mg/L. The highest concentration of PO4 (1.81 mg/L) was 

recorded during monsoon, while the lowest concentration (1.13 mg/L) was found during post-monsoon 

season in the Kaptai Lake water (Islam et al., 2021). 

 
Figure 13: Concentration of PO4 in different season at different station 

 

Sulphate (SO4) 

 

The lowest concentration 10 mg/L was found at St-2 during post-monsoon and highest concentration 40 

mg/L was found at St-2 during pre-monsoon and monsoon and at St-5 during post-monsoon, respectively 

(Figure 14). On average the highest concentration of SO4 was 28.40 mg/L recorded during monsoon while 

the lowest concentration of SO4 was found 22 mg/L during post-monsoon (Table 3). Concentration of SO4 

at Rangamati points varied from 0.76 to 1.64 mg/L in rainy season and 2.91 to 3.50 mg/L in dry season. 

The safe limits for SO4 concentration for aquaculture ranged from 5 to 100 mg/L (Boyd, 1998) and values 

in both the seasons were much below this range, except at Subolong in dry season (Karmakar et al., 2011). 

The highest concentration of SO4 (69.75 mg/L) was recorded during post-monsoon while the lowest 

concentration of SO4 (57 mg/L) was found during monsoon season in the Kaptai Lake water (Islam et al., 

2021).   
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The highest Chlorophyll a was found 2.12 µg/L at St-4 during monsoon and the lowest 0.70 µg/L was 

found at St-1 during post-monsoon season (Figure 15). The mean highest Chlorophyll a of 1.63 µg/L was 

found in monsoon and the lowest 0.99 µg/L was in post-monsoon season. The mean highest Chlorophyll a 

(1.60 μg/L) was found in monsoon and the lowest (0.98 μg/L) was found in post-monsoon season in the 

Kaptai Lake water (Islam et al., 2021). The concentrations of chlorophyll a ranged from 0.611 to 0.840, 

0.217 to 1.168 and 0.180 to 1.75 mg/L during high tide, and 0.638 to 0.883, 0.218 to 1.189 and 0.69 to 

1.88 mg/L during low tide over pre-monsoon, monsoon and post-monsoon season, respectively in the 

Sundarbans mangrove water (Nion et al., 2020). 

 

 
Figure 14: Concentration of SO4 in different season at different station 

 

 

 
Figure 15: The context of Chlorophyll a in different season at different station 
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Estimation of Trophic State Index (TSI) 

 

Chlorophyll a TSI 

 

The highest Chlorophyll a TSI 37.97 was found at St-4 during monsoon and the lowest Chlorophyll a TSI 

27.14 was found at St-1 during post-monsoon season (Figure 16). However, on average the highest 

Chlorophyll a TSI 33.40 was found in pre-monsoon and the lowest Chlorophyll a TSI 30.35 was found in 

post-monsoon season. Khondker et al. (2010) recorded Chlorophyll a TSI 41.24 in Bogakain Lake of 

Bandarban, Bangladesh. According to Yang et al. (2012), on the basis of Chlorophyll a TSI, the Beel is 

oligo-mesotrophic (30<TSI≤40). The highest Chlorophyll a TSI (34.56) was found in pre-monsoon and the 

lowest Chlorophyll a TSI (29.71) was found in post-monsoon season in the Kaptai Lake water (Islam et al., 

2021).   

 

 
Figure 16: The status of Chlorophyll a TSI in different season at different sampling station 
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according to Yang et al. (2012) on basis of Secchi disc TSI the Beel has middle eutrophic (60<TSI≤70) 

condition. 
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indicates a perfect relationship between the variables, and −1 indicates perfect relationship, but the 

variables vary inversely, and a zero value means no relationship between the variables (Shil, Singh and 

Mehta, 2019). For statistical analysis, the real values of the variables (temperature, transparency, pH, EC, 

TDS, DO, alkalinity, hardness, ammonia, nitrate, nitrite, phosphate, sulphate and chlorophyll a) were used 

(Table 4). The correlation matrix (Table 4) showed the actual Pearson’s correlation coefficient values. 

Significant positive correlations exist between Trans.-TDS, Trans.-pH, TDS-pH, pH-SO4 and NO2-SO4 

during the pre-monsoon season. The analysis showed a significant positive association between EC-TDS 

and Temp.-NO2 during the monsoon season (Table 4). This indicates that the variables are changing in a 

direct proportional relationship. However, strong positive correlation between PO4-Hardness, SO4-NH3 

and pH-Chlorophyll a were also observed throughout the post-monsoon seasons (Table 4). A reasonable 

and considerable negative correlation was also identified for pH-DO, showing that they change in an 

inverse proportionate manner. 

 
Figure 17: The status of Secchi disc TSI in different season at different sampling station 

 

Table 4. Pearson correlation coefficients (r) among physicochemical parameters, dissolved nutrients and 

Chlorophyll a in Chalan Beel water 
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**

 1            
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*
 .909

*
 1           
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EC  .045 -.506 -.533 -.237 .731 1         

Alkal.  -.239 .484 .582 .658 .423 -.128 1        

Hard. -.543 .550 .528 .684 .863 .426 .484 1       

NH3   -.760 .401 .310 .270 .467 .348 -.096 .749 1      

NO3  .555 -.529 -.595 -.323 .302 .664 -.640 -.041 .064 1     
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Para-

meter 

Temp. Trans. TDS pH DO EC Alkal. Hard. NH3 NO3 NO2 PO4 SO4 Chlor. a 

NO2   .427 .467 .467 .738 .484 .016 .245 .390 -.025 .311 1    

PO4  .030 -.401 -.428 -.742 -.920
*
 -.434 -.636 -.828 -.279 -.105 -.702 1   

SO4  .056 .805 .799 .929
*
 .395 -.240 .387 .528 .186 -.044 .901

*
 -.660 1  

Chlor. a  -.024 -.276 -.379 -.202 .473 .760 -.588 .352 .614 .817 .117 -.176 -.048 1 

Monsoon 

Temp. 1              

Trans.  .363 1             

TDS   -.197 -.810 1            

pH -.288 .117 -.550 1           

DO   -.097 -.100 .532 -.909* 1          

EC  -.333 -.948* .951* -.321 .320 1         

Alkal.  -.247 -.538 .255 -.280 .288 .382 1        

Hard -.003 -.440 .877 -.823 .807 .688 .074 1       

NH3   -.806 -.321 .036 .719 -.441 .236 -.128 -.280 1      

NO3  .437 -.446 .124 .295 -.614 .278 .100 -.200 -.019 1     

NO2   .879* .296 -.428 .088 -.463 -.420 -.065 -.405 -.584 .652 1    

PO4  .257 .100 .502 -.768 .736 .213 -.364 .837 -.451 -.398 -.233 1   

SO4  .863 .734 -.643 .067 -.339 -.746 -.456 -.404 -.600 .226 .843 .033 1  

Chlor. a -.443 .165 -.388 .024 .196 -.301 .634 -.357 .034 -.492 -.239 -.448 -.239 1 

Post monsoon 

Temp. 1              

Trans.  .016 1             

TDS   -.109 .570 1            

pH .409 .649 -.007 1           

DO   .379 -.289 -.327 -.413 1          

EC  .465 .232 .343 -.198 .748 1         

Alkal.  -.697 .632 .639 .135 -.667 -.264 1        

Hard. -.787 -.543 .006 -.852 -.049 -.273 .241 1       

NH3   .759 -.633 -.449 -.151 .554 .278 -.962** -.240 1      

NO3  .475 -.197 .426 -.010 -.250 .060 -.196 -.131 .455 1     

NO2   .694 -.573 -.562 .175 .136 -.169 -.827 -.346 .870 .480 1    

PO4  -.589 -.489 .117 -.970** .302 .154 .093 .907* -.091 -.114 -.397 1   

SO4  .766 -.521 -.165 -.258 .608 .508 -.859 -.208 .947* .571 .705 .033 1  

Chlor. a .561 .521 -.174 .972** -.227 -.118 -.095 -.915* .057 -.018 .342 -.990** -.077 1 

 

Conclusions 
 

The study concluded that physiochemical parameters of Chalan Beel such as transparency, pH, EC, total 

hardness, total alkalinity, NH3, SO4 and NO2 concentrations were in favor of fisheries. The mean 

concentration of PO4, NO3, DO, TDS and temperature exceeded the recommended value for fisheries 

throughout the study period. Presence of excessive amount of TDS in the reservoir is at most alarming 

condition. Results of the study revealed that wetland was in mesotrophic condition and positive 

relationships exist between Chlorophyll a and trophic state index (TSI). Despite receiving trash from 

various anthropogenic sources, the water quality of Chalan Beel is still good. The current study is a 

baseline investigation of the Chalan Beel's seasonal variation of physicochemical characteristics, which 

will provide useful information for wetland ecosystem management and conservation.  
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Abstract 
The strategic vision of sustainable development for Ukraine is based 

on ensuring national interests and accomplishing international 

commitments proceeding to sustainable development. Sustainable 

development involves decentralization and implementation of regional 

policy, which is based on a harmonious combination of national and 

regional interests regarding ecology. This article aims to identify and 

analyze environmental and legal components of the decentralization of 

power in Ukraine as a means to sustainable development provisions. 

The main focus of ecological decentralization is placed on land 

resources. This is due to the peculiarities of the national system of 

environmental law (natural resource and environmental regulations) of 

Ukraine. The article highlights the main and additional areas of 

environmental decentralization. It analyzes the legislation and the 

practice of its implementation in the sphere of natural resources 

reallocation, territorial communities’ demarcation, and their planning 

process. The roles of cadasters, registers, and electronic databases in 

maintaining natural resources for the successful decentralization of 

power are analyzed. The legal perspectives for the decentralization of 

environmental control are also outlined. The status of financial and 

ecological resources redistribution in the process of decentralization is 

highlighted along with the ways of its subsequent improvement. The 

conclusion suggests the ways for the improvement of legislation and 

the practice of its implementation to accomplish successful 

decentralization reform.  

Keywords  
Environmental decentralization; Sustainable development; Land reform; 

Territorial community  
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Introduction 
 

The strategic vision of sustainable development for Ukraine is based on ensuring national interests and 

accomplishing international commitments proceeding to sustainable development. Such development 

involves overcoming imbalances in economic, social, and environmental areas culminating transformation 

of economic activity through adopting the principles of a "green economy", embracing the principle of 

intersectoral partnership and involving adequately the concerned parties. Maintaining the environment in a 

proper state will ensure good living and welfare of current and future generations. Sustainable development 

also involves decentralization and implementation of regional policy, which is based on a harmonious 

combination of national and regional interests in the sphere of ecology. Decentralization of public power is 

the mechanism that ensures sustainable development of the State's regions based on legislatively regulated 

processes of transferring specific functions, powers, and budgets of central executive bodies to the local 

self-government bodies (Hordiyenko, Onishchenko and Malionkina, 2019). With this backdrop, purpose of 

this article is to identify and analyze the environmental and legal components of the decentralization of 

power in Ukraine as one of the means for sustainable development.  

 

Policy of Sustainable Development and the Decentralization of Power 
 

By Part 1 of Art. 3 of the European Charter of Local Self-Government1 (Strasbourg, October 10, 1985), 

local self-governance is specified as a legal capacity of local self-governments to exercise regulation and 

administration of a considerable share of public affairs within their responsibility and for the benefit of local 

communities. The decentralization of power is the component of the reform of local self-governance, the 

task of which has been a redistribution of authority, ownership, and service powers with the transfer of their 

indispensable part from the governmental authorities to the local self-government bodies. It is necessary to 

implement more effective administration and the use of available resources, including natural resources, for 

the benefit of the members of territorial communities. A new stage of this reform of power in Ukraine started 

from the concept of the Local Self-Government Reform, and Territorial Organization of Power in Ukraine 

adopted in April 2014 (Resolution of the Cabinet of Ministers of Ukraine, 20142) and is implemented while 

considering the principles and provisions of the European Charter of Local Self-Government.  

 

The above-mentioned concept should be implemented in compliance with the following principles: 1) the 

availability of the resources for exercising the statutory powers of local self-governments; 2) specifying 

taxes and dues related to the territory of a relevant administrative-territorial unit as a financial basis for 

exercising powers by local self-governments; 3) delegation of the right to regulate local taxes and dues rates; 

4) specifying them as a substantial basis of property, in particular, the land in communal ownership of 

territorial communities, objects of communal property linked to appropriate tax basis; 5) delegation of the 

right to dispose of land resources within their territory, integrate their property and resources while ensuring 

territorial communities cooperation, etc. 

 

Along with the positive trends in the process of decentralization of public power in Ukraine, which has been 

in progress for several decades, the following problems can be identified: 1) inconsistency of local policy 

on socio-economic development with the fundamental interests of territorial communities; 2) lack of joint 

responsibility for the development of the territory; and 3) inconsistency of sectoral decentralization with the 

fundamental interests of territorial communities, etc. (Hordiyenko, Onishchenko and Malionkina, 2019). 

 

One of the ways to solve the problems related to reforming the process of decentralization of public power 

is a systematic study of foreign experiences that can be adapted to the Ukrainian realities. The Polish 

 
1 https://rm.coe.int/168007a088  
2 https://zakon.rada.gov.ua/laws/show/333-2014-%D1%80#Text 

https://rm.coe.int/168007a088
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experience has been exemplary for Ukraine, proving that the important conditions for the implementation 

of the reform of decentralization are as follows: a) consolidation of political forces in the process of reform 

implementation; b) drafting the programs of socio-economic development to be executed by administrative-

territorial units; and c) public support to the reform and control over its implementation (Faizul and Ntim, 

2017; Hordiyenko, Onishchenko and Malionkina, 2019; Kaiser and Vogel, 2019; Dacko et al., 2021). 

 

Achieving integrity in setting the goals, tasks, and priorities for the development at the local, regional, and 

national levels requires alignment with the "Sustainable Development Goals (SDGs)" promulgated by the 

UN Summit "Transforming Our World: the 2030 Agenda for Sustainable Development" (Sustainable 

Development Goals, 2016). The world's countries respect it as a fundamental document while shaping their 

domestic policies. In particular, 169 tasks under 17 SDGs aimed at preserving the resources of the planet 

and ensuring the welfare of nations along with creating a favorable and safe environment for a human 

existence. An inclusive administration has been earmarked in numerous strategic and program development 

documents of various countries, territorial communities, and businesses (Sakalasooriya, 2021).  

 

The global sustainable development goals (SDGs) specify the conceptual framework for territorial 

development by identifying the quality approaches to ecosystem protection, territorial integration, urban 

and community development, and their role in community unifying. The participants in the large-scale 

consultation organized by the UN on the Agenda Drafting concluded that achieving the said SDGs requires 

actions at the local level (Shevchenko, Romanova and Zhalilo, 2020). Based on the results of these 

consultations3 and proposals, the decision was made to add a separate Goal 11, “Make cities and residential 

areas inclusive, safe, resilient and sustainable”, to the list of SDGs. However, the role of local authorities in 

the implementation of the 2030 Agenda goes beyond the limits of Goal 11. They are empowered to develop 

the policy, and they have been the catalyst for changes, as far as they represent the level of power with the 

best opportunities to integrate global goals into local communities (Sustainable Development Goals, 2021).  

 

The formation of the legal framework for SDG achievement in Ukraine was initiated by the Decree of the 

President of Ukraine on January 12, 2015, which approved the Strategy of Sustainable Development of 

Ukraine 2020 (Decree of the President of Ukraine, 20154). It provides for 62 sectoral reforms, including 

decentralization, public administration reform, agricultural reform, and land reform. The tasks of SDGs as 

well as the indicators of its achievement by 2030 are set out in the country’s National Report "Sustainable 

Development Goals: Ukraine" (Sustainable Development Goals Ukraine, 2017). However, this document 

has no statutory or regulatory status. Moreover, currently, there is no system for the realization of 

commitments on SDG achievements at regional and community levels in Ukraine. The delay in adopting an 

official document that would specify the place and the role of SDG in the national policy, as well as specific 

means and mechanisms providing wide-scale implementation of SDG at all levels, has led to the loss of 

opportunities for rationalization of budget expenses, facilitating the investments, and receiving official 

assistance from developed countries for the purpose of SDG realization (Shevchenko, Romanova and 

Zhalilo, 2020). Currently, the Decree of the President of Ukraine of September 30, 2019 "On Sustainable 

Development Goals of Ukraine for the Period till 2030” (Decree of the President of Ukraine, 2019) includes 

the mandatory SDG compliance, but, unfortunately, the said Decree, in its implementation context, provides 

for only the involvement of State authorities and scientific societies, and does not include regional 

authorities, communities, and enterprises in the process. Therefore, effective implementation of SDG 

realization requires devolution of State level mechanisms of sustainable development goals to enhance the 

abilities of territorial communities implementing the SDG.  

 

 
3 The Proposals were made by the Coordinator of Global Work Group of Local and Regional Authorities – “United Cities and 

Local governments (UCLG). 
4 https://zakon.rada.gov.ua/laws/show/5/2015#Text 



Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.104-126      |       ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050207    

 

 

 

 

107 Olena Zaiets, Tetiana Kovalenko, Tetiana Shokha, Yulyia Vlasenko, Elina Pozniak 

 

The Government of Ukraine is currently working on provisioning in the Constitution of Ukraine a new 

model of territorial governance, built on the principles of decentralization and subsidiarity. Due attention is 

also paid to their strategic planning process (Shmyhal, 2021). However, today the situation of public 

governance of sustainable development in Ukraine is characterized by the lack of coordination of public 

policy to implement sustainable development at all levels, coupled with an inconsistency of regional and 

local development strategies in line with national SDGs. It is hard to evaluate the current situation, to assess 

the problems hindering strategic planning for sustainable development of regions and communities, and to 

monitor progress in achieving SDG at regional and local levels. 

 

Environmental and Legal Aspects of the Decentralization of Power  
 

As noted above, Ukraine's reform of decentralization of power is aimed at redistribution of the powers and 

the resources to the local self-governments and is heavily focused on the environmental and legal aspects 

of such redistribution. In other words, it concentrates on the environmental sector (Malysheva, Kulynych 

and Oleshchenko, 2019). Natural resources and financial resources derived from their use constitute a 

significant material basis for territorial communities. From the ecological point of view, the residents of 

each territorial community are primarily interested in sustainable use and conservation of natural resources. 

Scientific literature specifies such a reform as "environmental decentralization" (Krasnova, 2017).  

 

The main focus of the reform of the decentralization of power is placed on land resources. This is due to the 

peculiarities of the national system of environmental law (natural resource and environmental regulations) 

of Ukraine. Land and other natural resources are relatively independent objects of statutory regulation and 

have separate legislation, ownership regime, and other peculiarities of the legal regime. At the same time, 

the legislature knows natural resources, although they are independent objects of statutory regulation, have 

been interconnected in their natural state. On the one hand, the owners of the land plots are entitled to use 

the available minerals, peat, forest, water bodies as well as other useful properties existing within the plots 

as per the principles of right to use (i.e., without any prior permission and a charge), although they do not 

have the ownership right on other natural resources outside the plots owned by them. On the other hand, the 

environmental legislation of Ukraine comprehensively (as a single natural object) regulates the objects lying 

in the boundaries of a natural reserve fund, exclusive maritime economic zone, continental shelf, etc., which 

are viewed as integral objects under the collective ownership principles. The same thing applies to forests 

and waters being predominantly the objects of State and communal ownership. Hence, even though the 

legislature has considered it appropriate to involve mainly land in the decentralization reform process, the 

reform measures directly or indirectly affect other natural resources too. 

 

Land resources have recently come under the scrutiny of the public and political circles of Ukrainian’s society 

and the legislature. Land reform in Ukraine is now gaining momentum. The Decree of the President of Ukraine 

of December 12, 2015 approved the Strategy of Sustainable Development Ukraine 2020". It is one of the four 

factors ensuring sustainable economic growth in an environmentally friendly manner (sustainable use) and it 

provides for the agricultural and land reforms. To date, a new Decree of the President of Ukraine of September 

30, 2019 "On Sustainable Development Goals of Ukraine for the Period till 2030" was adopted, which supports 

the idea of ensuring the achievement of global sustainable development goals (SDGs) and the results of their 

adaptation to the specifics of the development of Ukraine outlined in the country’s National Report (Zaiets et 

al., 2021). Hence, land reform in Ukraine is carried out within the framework of sustainable development 

goals, and, after the accomplishment of its purpose, that is, the restoration of sustainable use of land resources, 

the reform will help realize those global development guidelines.  

 

The reform is a category of the social development (Zaiets, 2006), which entails obligatory participation of 

the State. Therefore, the reform in land relations is carried out on an initiative and comprehensive support 

of the State apparatus. Moreover, with regard to land reform as a component of the decentralization process, 
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the State apparatus is both a subject and an object of the reform. The current stage of Ukrainian land reform 

concerns all major areas such as economic, environmental, institutional, functional, and law-making. With 

this approach, environmental and land measures of decentralization reform should be attributed to the 

institutional and functional direction of land reform in Ukraine, along with deregulation measures and other 

areas of governance improvement regarding use and conservation of land and other natural resources. The 

given part of land reform closely intersects with the reform of the environmental management system 

(Malysheva, Kulynych and Oleshchenko, 2019).  

 

Thus, the main measures of decentralization reform that have environmental and legal nature (environmental 

decentralization) and are regulated by the current legislation of Ukraine are as follows (set out in 

chronological order of their implementation): 

 

1) provision of administrative services in the sphere of ecology and nature management through 

administrative service centers established under the executive bodies of local councils (which issue 

numerous permits of natural resources use, and licenses of certain environmentally significant 

activities)5 (The Law of Ukraine "On Local Self-Government"6; The Law of Ukraine of September 6, 

2012 "On Administrative Services"7; Resolution No. 523 of the Cabinet of Ministers of Ukraine of 

May 16, 2014 "Some Issues of Providing Administrative Services through Administrative Centers"8); 

 

2) attribution of land fees to local taxes and dues, in particular, property tax (Law of Ukraine of 

December 28, 2014 "On Amendments to Tax Code of Ukraine and Certain Legislative Acts of 

Ukraine on Tax Reform"9);  

 

3) introduction of the process of voluntary association among territorial communities and formation 

of local communities’ territories (Law of Ukraine of February 5, 2015 "On Voluntary Association of 

Territorial Communities"10);  

 

4) transferring to local self-governments of a significant array of powers addressing the sectors like 

drinking water supply, water discharge, and water use and protection based on the principle of 

subsidiarity (Malysheva, Kulynych and Oleshchenko, 2019) (Law of Ukraine of January 10, 2002 

"On Drinking Water, Drinking Water Supply and Water Discharge"11 with amendments of May 18, 

2017);  

 

5) approval to the new administrative-territorial structure at local level (Law of Ukraine of April 16, 

2020 "On Amendments to Certain Laws of Ukraine on Defining Territories and Administrative 

Centers of Territorial Communities"12; Law of Ukraine of November 17, 2020 "On Amendments to 

Certain Laws of Ukraine on Harmonization of Certain Issues of Organization and Activity of Local 

Self-Government Bodies and District State Administrations"13; Resolution of the Verkhovna Rada of 

Ukraine of July 17, 2020 "On the   Formation and Liquidation of Districts"14; Resolution No.707-r-

709-r of the Cabinet of Ministers of Ukraine of June 12, 2020 "On Determination of Administrative 

 
5 For example, services related to environment and nature resources use are provided by Administrative Service Center of Kyiv. 

Available online at: https://kyivcnap.gov.ua/AdminServices/List?categoryId=ff61eb98-201b-43bf-a27e-5494753c378e 
6 https://zakon.rada.gov.ua/laws/show/280/97-%D0%B2%D1%80#Text 
7 https://zakon.rada.gov.ua/laws/show/5203-17#Text 
8 https://zakon.rada.gov.ua/laws/show/523-2014-%D1%80#Text 
9 https://zakon.rada.gov.ua/laws/show/71-19#Text 
10 https://zakon.rada.gov.ua/laws/show/157-19#Text 
11 https://zakon.rada.gov.ua/laws/show/2918-14#Text 
12 https://zakon.rada.gov.ua/laws/show/562-20 
13 https://zakon.rada.gov.ua/laws/show/1009-20#Text 
14 https://zakon.rada.gov.ua/laws/show/807-20#Text 
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Centers and Approval of Territories of Local Communities"15), and a plan to introduce a new 

administrative-territorial structure for the above levels of administration (Draft Law of Ukraine "On 

the Procedure for Resolving the Issues of Administrative-Territorial Structure of Ukraine"16); 

 

6) transfer of ownership of State-owned land outside the territory of communities (except for land 

which is required for performing the functions by the State) to the territorial communities (Law of 

Ukraine of April 28, 2021 "On Amendments to Certain Legislative Acts of Ukraine to Improve the 

Management and Deregulation in the Sphere of Land Relations"17, hereinafter knows as the ‘Law of 

Ukraine on Deregulation’);  

 

7) earmarking of the boundaries of community territories through bilateral agreement of neighboring 

communities or through court decisions (Law of Ukraine on Deregulation); 

 

8) approval of new urban planning documentation at the local level, including the complex plans of 

the spatial development of territorial communities, general layouts of settlements, and detailed plans 

of territories that represent land management documentation (Law of Ukraine of June 17, 2020 "On 

Amendments to Certain Legislative Acts of Ukraine on Land Use Planning"18); 

 

9) ensuring the ability of local self-governments to use information from the State Land Cadaster 

(SLC) and provide information contained in it for the purpose of making managerial decisions on 

land management, in particular, facilitating the use of information from the State Land Cadaster by 

local self-governments; involvement of local self-governments in maintaining and obtaining 

information from other cadasters, registers and electronic databases related to natural resources (Law 

of Ukraine of December 10, 2015 "On Amendments to Certain Legislative Acts of Ukraine on 

Expending the Powers of Local Self-Governments and Optimization of Administrative Services 

Provision"19; Law of Ukraine of April 13, 2020 "On National Structure of Geospatial Data"20; and the 

Law of Ukraine On Deregulation); 

 

10) increasing the role of territorial communities in exercising the State control over land use (Law 

of Ukraine on Deregulation); and 

 

11) resolving land disputes within territorial communities by local self-governments (Law of Ukraine 

on Deregulation).  

 

An additional role is played by those measures of the land reform of Ukraine that are indirectly related to 

the redistribution of functions of State power and local self-government but contribute to the goal of 

decentralization reform. They include: 1) reforming the procedure for establishing and changing the purpose 

of land; 2) establishing the farmland market; 3) introducing electronic land auctions; 4) introducing the lease 

of water fund and water reservoirs; 5) providing the documentation on land management with the status of 

public, open and publicly available data; 6) establishing independent control of land management 

documentation through public expertise or reviewing; 7) introducing professional liability insurance for 

contractors of land management as an alternative to State control; 8) canceling State expertise of land 

management documentation; 9) simplifying the procedure for allotment (including privatization) of land 

plots from State and communal land; 10) fixing the boundaries of land plots with the consent of its owners. 

 
15 https://zakon.rada.gov.ua/laws/show/707-2020-%D1%80#Text 
16 //http://w1.c1.rada.gov.ua/pls/zweb2/webproc4_1?pf3511=70936 
17 https://zakon.rada.gov.ua/laws/show/1423-20#Text 
18 https://zakon.rada.gov.ua/laws/show/711-20#Text 
19 https://zakon.rada.gov.ua/laws/show/888-19#Text 
20 https://zakon.rada.gov.ua/laws/show/554-20#Text 
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Most of these measures are aimed at deregulation of land relations i.e., a significant reduction of State power 

gripping the land relations, at abolition of excessive control, or at simplification of existing bureaucratic 

procedures. Deregulation affected both public authorities and local self-governments in context of ecology. 

Other measures, in particular environmental management reforms, are currently being planned: reforming 

of State environmental control and monitoring; creating nationwide automated system "Open 

Environment"; and introducing an ecosystem planning (Malysheva, Kulynych and Oleshchenko, 2019). 

 

The practical implementation of the planned measures has been urgent depending on many factors, 

including proper legal awareness of State authorities, local self-governments, and residents of the respective 

territorial communities. 

 

Development of Environmental and Legal Functions of Local Self-Governments 
 

 1. Redistribution of natural resources, demarcation, and planning  

 

During decentralization reform, it is envisaged to unite the territorial communities of different settlements 

into a functional territorial community becoming the basic level of the territorial administrative structure of 

the State. For this purpose, the Law "On Local Self-Government" guides the procedures. To implement the 

local self-governance with devolved State power in Ukraine in the context of land relations, it was necessary 

to introduce amendments in the current legislation aiming at expanding the powers of local self-governments 

in urban and rural areas. It pertains to four avenues: 1) inclusion of land within and outside the territory into 

territorial jurisdiction; 2) transferring a significant part of State-owned land into the ownership of territorial 

communities (known as united territorial communities - UTCs); 3) integration of UTC with UTC council; 

4) transferring a significant part of the powers of public authorities concerning land management to UTC 

local self-government (Kulynych, 2019). The said amendments to the legislation were introduced and are 

currently implemented.  

 

One of the key functions of local self-government is the effective redistribution of natural resources. 

However, in practice, the local self-governments in majority of cases provide certain natural resources 

together with land plots because such resources (e.g., water, forest, vegetation) exist within the land plot. 

As a consequence, amid the course of decentralization, land redistribution is exercised. According to 

Miroshnychenko (2013), the land redistribution includes the provision of State owned and community-

owned land plots to the local territorial governments. As it is pointed out by Kulynych (2017), 

decentralization of power concerning land relations in Ukraine should be considered in two streams: 

decentralization of powers exercised on the right of public ownership on land; and decentralization of State 

powers exercised on public management of the use and protection of land plots (Kulynych, 2017). Local 

self-governments exercise the right of communal ownership on land and other natural resources. However, 

in order to implement the principle of universality of local self-government concerning land redistribution, 

territorial communities should receive the maximum share of land, including the State-owned land, 

especially outside the residential area. Local self-government requires resources, and the most important of 

them is land.  

 

With land on their disposal, local communities will be able to mobilize additional funds to local budgets, 

and those additional funds will help to do a lot of good for the members of those communities 

(Miroshnychenko, 2021). The means of transferring land to communal ownership are legal succession from 

ordinary territorial communities (OTGs) to united territorial communities (UTCs) (Part 3, Art. 8 of the Law 

of Ukraine "On Voluntary Association of Territorial Communities” of November 17, 2020). The traditional 

ways of land ownership acquisition are specified in Para 5, Art. 83 of the Land Code of Ukraine 200121 

 
21 http://www.unece.org/fileadmin/DAM/hlm/prgm/cph/experts/ukraine/laws/land.code.pdf 
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(hereinafter – LCU). The transition of collectively owned land (formerly Collective Farms) to communal 

ownership is realized according to the Law of Ukraine22 of July 10, 2018. Currently, the land audit differs 

significantly from the land inventory and is carried out by non-governmental organizations (NGOs) on a 

commercial or grant basis (UKAID and UCAB Project, 2020). At the same time, the main reason for the 

transfer of land ownership to the territorial communities is a large-scale one-time demarcation of State-

owned land to be converted into communal property (Kulynych, 2019).  

 

While the legislature is considering how to implement the land demarcation process, the executive branch 

has been trying to speed up the process for several years. In particular, the Resolution No. 60-r of the Cabinet 

of Ministers of Ukraine23 dated January 31, 2018 instructed the State Service for Geodesy, Cartography and 

Cadaster of Ukraine (hereinafter - the Sate Geocadaster) to create maps and demarcate State-owned 

agricultural lands so as to transfer it to communal ownership of UTCs under Article 117 of the Land Code 

of Ukraine 2001. At the same time, Kulynych (2019) raises objections that the Resolution No. 60-r 

contradicts the current Land Code of Ukraine 2001 in terms of the obligation to transfer the land by the Sate 

Geocadaster to private ownership or use. However, that obligation was received by the State Geocadaster 

much earlier as per the instructions given by the Deputy Prime Minister of Regional Development, 

Construction and Housing and Communal Services of Ukraine on October 8, 2014 vide No. 37732/0/1-14. 

The decision of the Board of the State Agency of Land Resources of Ukraine (hereinafter – the State Land 

Agency), No. 2/1 of October 14, 2014 "On Mandatory Referral to Local Councils of Issues Related to the 

Disposal of State-Owned Agricultural Land" was enacted by the Resolution No.328 of the State Land 

Agency on October 15, 201424. The conscientious execution of these instructions and Resolutions by the 

State Geocadastre (formerly the State Land Agency) created an opportunity for relevant judicial practice. 

Notably, courts appropriately evaluated the above-mentioned instruction as well as the decisions of the panel 

as contradicting the current Land Code of Ukraine (see Resolutions of KAC/SC of July 3, 2019, referring 

case 823/1103/1625; Resolution of Supreme Court of Ukraine No. 823/1103/16, 2019 of December 24, 2019, 

referring case 823/59/1726; Resolution of Supreme Court of Ukraine No. 823/59/17, 2019 of June 25, 2020, 

referring case 815/6057/1627). 

. 

 

Thus, the adoption of the stated laws and the State Geocadaster was progressive initiative. An attempt was 

made to take into account the interests of territorial communities in the process of redistribution of State-

owned agricultural land before introducing amendments to the land legislation. Because some of the 

government’s decisions were to cause burden of appeals on the judiciary, the Law of Ukraine on 

Deregulation has resolved the issue of transferring a significant part of State-owned land to community 

ownership.  

 

According to Paragraph 24 of the Transitional Provisions of the LCU (as amended by the Law of Ukraine 

on Deregulation), from the date of entry into force of the given Paragraph, land of communal ownership of 

territorial communities is considered to be State-owned land located outside residential areas within such 

territorial communities, except the following: a) land used by public authorities, State enterprises, 

institutions, organizations; b) land of defense agencies; c) land under nature reserve areas and areas of other 

nature protection purposes; d) land in exclusion zones and zones of unconditional (compulsory) resettlement 

that has suffered radioactive contamination as a result of the Chornobyl catastrophe; e) land under buildings, 

structures, other State-owned real estates. 

 
22 https://zakon.rada.gov.ua/laws/show/2498-19#Text 
23 https://zakon.rada.gov.ua/laws/show/60-2018-%D1%80#Text 
24 https://zakon.rada.gov.ua/rada/show/vr2-1821-14#Text 
25 https://opendatabot.ua/court/82819906-ace1decc9f9412125d357054693c0636  
26 https://opendatabot.ua/court/86635618-4d6469786a6a4c77689faeecd63a9400 
27 https://opendatabot.ua/court/90029841-18c8d2582a6d0ced9c46cf41ad1c3e08 

https://opendatabot.ua/court/82819906-ace1decc9f9412125d357054693c0636
https://opendatabot.ua/court/86635618-4d6469786a6a4c77689faeecd63a9400
https://opendatabot.ua/court/90029841-18c8d2582a6d0ced9c46cf41ad1c3e08
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The rule of demarcation and transition suggests two reformative ways: (1) when State-owned land is 

transformed into land plots with the registered State ownership, and (2) when such registration has not taken 

place. In the first case, land plots become communal property from the moment of State registration of 

communal ownership. In the second case, land plots and the land that has not been transformed into land 

plots shall become communal property from the date of entry into force of the given law. From the date of 

coming into force of the mentioned rules, public authorities have no right to dispose of such lands. The law 

ensures a number of guarantees to private entities based on the consequences of such a demarcation. Hence, 

a clear mechanism is elaborated for demarcation and transition of State-owned land to communal ownership.  

 

But then, the next task that logically follows such a devolution is to determine the boundaries of the area of 

territorial communities outside residential areas. According to the Law of Ukraine "On Local Self-

Government"28, the territory of a territorial community is an inseparable area within which the territorial 

community exercises its powers related to the issues of local importance within the ambit of Constitution 

and the laws of Ukraine. According to the Paragraph 7-1 of the Transitional Provisions of the Law of 

Ukraine of April 16, 2020, the determination of administrative centers of territorial communities and 

approval of the territory of territorial communities are carried out based on long-term plans previously 

approved by the Cabinet of Ministers of Ukraine. Under the Resolutions No. 707-r – 709-r of the Cabinet 

of Ministers of Ukraine dated June 12, 2020 "On Determination of Administrative Centers and Approval 

the Territory of Territorial Communities"29, given prescriptions are complied with. Although they contain a 

graphic part establishing the approximate boundaries of each territorial community, the legislation foresees 

the need for land survey of territorial communities followed by approval and authorization of land survey 

projects.  

 

According to Art. 1 of the Law of Ukraine "On Land Management"30, the boundary of the territory of the 

territorial community is a conditional line on the surface of the land (including water space), which separates 

one territorial community from another. Information about the boundaries of the territorial community is 

entered into the State Land Cadaster. According to Art. 46-1 of the Law of Ukraine "On Land Management", 

land survey projects to establish the boundaries of territorial communities are developed to: a) specify the 

actual boundaries of the territorial community; b) resolve the disputes among several local self-governments 

concerning the boundaries of the territorial communities; c) introduce the information about the boundaries 

of the territorial community into the State Land Cadaster. The land survey project for establishing the 

boundaries of the territorial community includes a description of the boundaries of the territorial community, 

a drawing of the boundaries of the territorial community in an appropriate scale, a catalog of the coordinates 

of the turning points withing the territory of the territorial community. Land survey projects of establishing 

the boundaries of territorial communities are developed based on the decision of the corresponding village, 

town, city council (and is completed from the local budget, although other sources are not prohibited by the 

law). According to Art. 186 of the Land Code of Ukraine 2001, land survey projects for establishing the 

boundaries of territorial communities are agreed upon by village, town, and city councils of adjacent 

territorial communities and approved by village, town, city council representing the interests of the territorial 

communities. In case of refusal by the village, town, or city council to approve the land survey project, the 

dispute shall be resolved in court.  

 

The statutory regulation guiding the territorial communities' demarcation still leaves several practical issues 

unresolved. Adjudgment of disputes between territorial communities over their boundaries raises the 

question: what legal criteria will be used by courts in satisfying the claims of one territorial community and 

rejecting the claims of the others? The question is worth resolving, for example, for rapid and undisputable 

 
28 https://zakon.rada.gov.ua/laws/show/280/97-%D0%B2%D1%80#Text 
29 https://decentralization.gov.ua/gromadas/legislation 
30 https://zakon.rada.gov.ua/laws/show/858-15#Text 
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demarcation of territorial community land; it is necessary to codify by law the hierarchy of criteria, such as 

historical land ownership by the territorial communities, overlap with the boundaries of the district or region, 

fixing the land plots outside the boundary, special need or interest of the territorial community concerning 

such boundaries, and so on.   

 

In practice, disputes over boundaries between territorial communities have already arisen. A striking 

example of long-standing uncertainty is the dispute over setting the boundaries of the capital of Ukraine, 

Kyiv. On the one hand, the Kyiv City Council has made several attempts to approve the new boundaries of 

the capital (that is the competence of the Verkhovna Rada of Ukraine under Art. 172 of the Land Code of 

Ukraine), but on the other hand, the Verkhovna Rada of Ukraine returned draft decisions on this issue for 

follow-up revision, because a number of adjacent territorial communities represented by their local self-

governments did not agree upon the projected boundaries by Kyiv City Council, believing that they included 

the parts of territories of adjacent territorial communities (e.g., Kotsiubynske, Irpin, Vyshhorod, Brovary, 

Chabany, Hnidyn, Kniazhychi, Lisnyky, Bilohorodka and others). The lack of clearly defined city 

boundaries and updated master plans along with modern planning approaches lead to confusing and 

unsustainable spatial development, ignoring environmental issues, public space construction, and blocking 

the development of public transport, subway, parking lots, etc. (Bohatyr, 2021). 

 

The Law of Ukraine "On State Land Cadaster"31 stipulates in Section 7 of Paragraph 8 that information 

about the boundaries of administrative-territorial units, established before the entry into force of the Law of 

Ukraine "On Land Management", is introduced into the Land Code of Ukraine 2001, including the basis of 

archival materials. This conforms the criterion of historical use. Such a type of administrative-territorial unit 

as the "village, town or city council" was the lower level of the territorial organization of the Soviet times. 

It included (and so is the current situation) the territory both within and outside the residential area (for 

village councils - the territory of several villages), as well as the adjacent territory (Miroshnychenko, 2017). 

Therefore, it would be fair to restore the boundaries of such territorial communities in accordance with their 

historical configuration. The Kyiv City authorities also used this norm. In relation to the said conflicts over 

the approval of new borders, the capital city’s borders were included in the State Cadaster basing the graphic 

materials compiled and laid down during 1989-1990s in pursuance of numerous Decrees of the Presidium 

of the Verkhovna Rada of the Ukrainian SSR (Kyiv City Council, 2021). For all other cases of formation of 

boundaries of territorial communities, it is better if an alternative demarcation criterion is established. 

 

In this connection, it is worth mentioning the experience of German Bavaria (Dudek, 2021; Miosga, 2022). 

Given the structural changes after World War II, the Free Land of Bavaria underwent administrative and 

territorial reform in the 1970s, which, despite popular protests, reduced the number of districts, cities and 

communities. The task of administrative-territorial reform was to ensure the possibility of more efficient 

performance of functions, especially in terms of livelihood, by consolidating administrative units. While in 

the first stage the focus was on the voluntary introduction of changes in the composition and territorial 

division of communities under the influence of financial incentives, the subsequent changes were made 

officially through the adoption of official regulations having the force of law (Wollenschleger and Stapf, 

2018). Although the reform is already considered complete, Bavarian law provides for the possibility of 

changes in the composition and territorial division and corresponding requirements, which differ depending 

on the relevant level of local self-government (districts, regions, communities).  

 

The communities are protected by Constitutional land legislation providing for procedural and material 

requirements for changes in the territorial division of communities. According to that legislation, it is 

necessary to adopt a formal law or a resolution having the force of law based on specific and sufficient 

powers. At the same time, the point of view from the local self-government of the community should also 

 
31 https://zakon.rada.gov.ua/laws/show/3613-17#Text 
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be taken into account. In addition, there are also material norms of changing the composition or territorial 

division of the community being "carried out for the verified reasons of objective expediency". It should be 

focused on the purpose of public welfare as well as be aimed at “establishing capable self-governing bodies 

and institutions that would comply with the designation and the essence of local self-government”. Those 

changes should be coherent and fulfill the interests of those concerned (Wollenschleger and Stapf, 2018).  

 

Taking into consideration such practice of demarcation in Germany, the following can be suggested: 1) 

entrusting the approval of land survey projects on establishing the boundaries of territorial communities to 

higher State authorities or local self-governments (consideration of the interests of adjacent communities 

should be mandatory, but in case of disagreement, the higher body should act at its own discretion); 2) 

conceiving the Ukraine’s situations similar to those of German case explained above, contextually changing 

the established boundaries of the territorial community if needed.  

 

An adequate and rapid demarcation process as part of territorial planning is urgent for the full-scale 

implementation of the functions of local self-governance. In the process of decentralization reform, and in 

accordance with the Law of Ukraine of June 17, 2020 "On Amendments to Certain Legislative Acts of 

Ukraine Regarding Land Use Planning"32, a new system of urban planning documentation at the local level 

was introduced inculcating a complex plan of spatial development of territorial communities (those plans 

are being drafted for the whole area of the territorial community within or outside its residential area), master 

plans of residential areas and detailed plans of territories (which existed before the reform, and are to be 

updated). The Resolution No. 926 of the Cabinet of Ministers of Ukraine of September 1, 2021 "On 

Adoption the Procedure for Drafting, Upgrading, Amending and Approval of Urban Documentation"33 

provides the procedural implementation. Unfortunately, only two complex plans have been drawn up in 

Ukraine till now as pilot projects with the support of foreign organizations (Сhernobay, 2021). 
 

Drafting, upgrading, amending and approval of urban planning documentation at the basic level is the 

responsibility of local self-governments of territorial communities. That task must be completed by January 

1, 2025. However, the grave implications of imposed war on Ukraine may postpone this date. The tasks of 

territorial planning or urban planning with documentation at the basic level are prerequisites for 

redistributing the land of communal ownership. Thus, under Art. 24 of the Law of Ukraine "On Regulation 

of Urban Planning Activities"34, the transfer of land plots from State-owned land or communal ownership 

land to natural persons or legal persons is only allowed once at least one of the urban planning 

documentations is approved at the local level. The law enshrines urban planning documentation at the local 

level at par with the status of land management documentation. This is an attempt to combine two competing 

systems, which have been in existence since Soviet times, of rational organization of the territory. Hence, 

rapid demarcation of the land of territorial communities will open the way for the delivery of many functions 

by the territorial communities. 

 

2. Maintaining Cadasters, Registers and Electronic Databases of Natural Resources  

 

The Law of Ukraine "On Environmental Protection" of June 25, 199135 specifies that State cadasters of 

natural resources are maintained for the accounting purposes of quantitative, qualitative and other 

characteristics of natural resources. The procedure for maintaining cadaster and register of natural resources 

depends on the type of the natural resource and is regulated by the Land Code of Ukraine 2011, the Water 

 
32 https://zakon.rada.gov.ua/laws/show/711-20#Text 
33 https://zakon.rada.gov.ua/laws/show/926-2021-%D0%BF#Text 
34 https://zakon.rada.gov.ua/laws/show/3038-17#Text 
35 https://zakon.rada.gov.ua/laws/show/1264-12#Text 
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Code of Ukraine36, the Forest Code of Ukraine37, the Code of Subsoil Laws38, the Law of Ukraine of July 

7, 2011 "On State Land Cadaster", and the Resolution No. 559 of the Cabinet of Ministers of Ukraine of 

May 25, 2011 "On Urban Planning Cadaster"39.   

 

The creation and maintenance of centralized State cadasters, registers, and electronic databases of natural 

resources in Ukraine is conducted on European standards. The economic and political changes in European 

countries, globalization processes leading to the activation of real estate markets, and increased 

requirements for efficiency, accuracy and volume of real estate information result in changes of registration 

systems in European countries, including the transition from decentralized to centralized maintenance 

(Slavova, 2015). A separate cadaster authority exists in most of the countries practicing the Napoleonic 

Code40 and the German legal family codes (e.g., in Austria, Belgium, Denmark, France, Germany, 

Luxemburg, Poland, Slovenia and Spain). Greece has started to build up a separate cadaster (up to now, 

there has been no general land survey) (Christoph at al., 2005). 

 

In Ukraine, cadasters of natural resources, in particular State Land Cadaster, are maintained alongside State 

registers of property rights on natural resources, especially land plots. Thus, according to the Law of Ukraine 

of July 1, 2004 "On State Registration of Real Property Rights and Encumbrances"41, State registration of 

property rights is the official recognition and confirmation by the State of the acquisition, change or 

termination of real property rights, encumbrances of those rights by introducing appropriate information to 

the State Register of Real Property Rights. At the same time, economic and legal sciences put forth 

convincing arguments as for the need to integrate the State Land Cadaster and the State Register of Real 

Property Rights (Martyn, 2018). The given approach is fully consistent with global trends, as long as "there 

are two important elements of land registration systems that require close coordination and monitoring: (a) 

the register, which records the rights to land, and (b) the cadaster, which provides information on the 

location, boundaries, use, and values of land parcels (plots)" (Kasimbazi, 2017).  

 

In 2020, in the context of the decentralization reform, a new concept was introduced into the legislation of 

Ukraine – "territory of the territorial community". According to the Law of Ukraine on Deregulation, 

starting from 2021 the territory of the territorial community is recognized as a separate object of the State 

Land Cadaster. Under the new version of Art. 13 of the Law of Ukraine "On State Land Cadaster", the 

following information on land within the territory of the territorial community is included to the Cadaster: 

a) the name of the territorial community; b) description of the boundaries of the territory of the territorial 

community; c) the land area within the territory of the territorial community; d) the names of adjacent 

territorial communities; e) information on the basis of which the boundaries of the territory of the territorial 

community were established (or changed).  

 

The important aspect of decentralization reform is to ensure the publicity of data on natural resources, 

especially, by providing access to information stored in cadasters and registers of natural resources. At the 

same time, currently in Ukraine, cadasters and registers of natural resources do not have a single system; 

these are many, they are maintained by different authorities being operated mostly based on data available 

in paper form and not reflecting the current state of affairs (Busuyok, 2021). 

 

 
36 https://zakon.rada.gov.ua/laws/show/213/95-%D0%B2%D1%80#Text 
37 https://zakon.rada.gov.ua/laws/show/3852-12#Text 
38 https://zakon.rada.gov.ua/laws/show/132/94-%D0%B2%D1%80#Text 
39 https://zakon.rada.gov.ua/laws/show/559-2011-%D0%BF#Text 
40 https://www.britannica.com/topic/Napoleonic-Code  
41 https://zakon.rada.gov.ua/laws/show/1952-15#Text 

https://www.britannica.com/topic/Napoleonic-Code
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Back in 2018, the Resolution No. 825-r of the Cabinet of Ministers of Ukraine of November 7, 201842 

approved the concept of creating a national automated system called "Open Environment", which is aimed 

at improving the management of environmental information concerning environmental protection, including 

rational use, reproduction, and protection of natural resources. It needs to be based on European standards 

while ensuring environmental rights of citizens and free access to environmental information about 

environmental state, risks, threats and perspectives pertaining to the use of telecommunication technologies 

and global information networks. Publication and visualization of open data and other geospatial 

environmental information in accessible and user-friendly formats was recognized as one of the activities 

aimed at creating the national automated system "Open Environment." The implementation of this concept 

was to be carried out during 2018-2020 but has not been fully implemented as yet.  

 

In Ukraine, State cadasters of natural resources include geospatial data, metadata and services, disclosures, 

and other activities access to which is carried out using the Internet in accordance with the relatively new 

Law of Ukraine of April 13, 2020 "On National Geospatial Data Infrastructure"43. The law is aimed to 

determine the legal and organizational basis for the creation, operation and development of national 

geospatial data infrastructure, aimed at ensuring effective decision-making by public authorities and local 

self-governments, meeting the needs of society in all types of geographical information, integration into 

global and European infrastructure geospatial data. Inter alia, basic geographical data provide information 

about territorial communities, including the boundaries of their territories, land cover and soils, land plots, 

and digital terrain model. The National Geospatial Data Infrastructure website44 is currently being tested. 

The law stipulates that the local self-governments are obliged to publish metadata in their possession on the 

official websites and/or portals and display it through national geoportal access services. Local self-

government officials bear administrative liability for non-disclosure of geospatial data and metadata, which 

are required to be disclosed by the law.  

 

According to the provisions of the Law of Ukraine "On State Land Cadaster", information interaction of 

State land cadaster, urban planning cadaster, cadasters of other natural resources, and other information 

systems must be provided under the Resolution No. 483 of the Cabinet of Ministers of Ukraine of June 3, 

201345 starting from 2021. Under the Law of Ukraine "On Amendments to Certain Legislative Acts of 

Ukraine on Expanding the Powers of Local Self-Government Bodies and Optimizing the Provision of 

Administrative Services"46 of December 10, 2015 and the Art. 12 of the Land Code of Ukraine 200147, 

enshrined are the powers of the executive bodies of the village, town and city councils concerning land 

relations on the territory of villages, towns and cities, in particular, to provide information from State Land 

Cadaster in accordance with the law. The Law of Ukraine on Deregulation amended Art.12 of the Land 

Code of Ukraine48 enshrines the authority of the executive bodies of local councils to provide information 

from the State Land Cadaster in accordance with the law. Village, town or city councils determine the 

possibility of exercising their authority on providing information from the State Land Cadaster, taking into 

account the abilities of organizational and technical support for their implementation. The specified changes 

are intended to expand the powers of local self-governments in terms of the use and protection of natural 

resources; they are considered as a significant step toward decentralization. At the same time, the 

 
42 https://zakon.rada.gov.ua/laws/show/825-2018-%D1%80#Text 
43 https://zakon.rada.gov.ua/laws/show/554-20#Text 
44 https://gki.com.ua/nacionalna-infrastruktura-geoprostorovih-danih-ukraiini 
45 https://zakon.rada.gov.ua/laws/show/483-2013-%D0%BF#Text 
46 https://zakon.rada.gov.ua/laws/show/888-19#Text 
47 Art.12 of the Land Code of Ukraine reads, "The powers of the executive bodies of village, settlement, city councils in the field 

of land relations in the territory of villages, settlements, cities include: 1) provision of information from the State Land Cadaster in 

accordance with the law;...” 
48 Art.12 (amended) of the Land Code of Ukraine reads, “The powers of the executive bodies of village, settlement, city councils 

in the field of land relations include: a) providing information from the State Land Cadaster in accordance with the law;...” 



Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.104-126      |       ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050207    

 

 

 

 

117 Olena Zaiets, Tetiana Kovalenko, Tetiana Shokha, Yulyia Vlasenko, Elina Pozniak 

 

implementation of those powers by local self-governments is not possible without close cooperation with 

public authorities exercising the maintenance of cadasters, registers, and electronic databases of natural 

resources under the law.  

 

It should be emphasized that the Land Code of Ukraine and the Law of Ukraine "On the State Land 

Cadaster" determine only the procedure for creating and maintaining the State Land Cadaster. 

Simultaneously, local self-governments create and maintain urban land cadasters at the local level. For 

example, the Decision No. 736 of the executive committee of Khmelnytsky City Council of September 24, 

2020 approved the procedure for the formation and maintenance of the urban land cadaster (Khmelnytsky 

City Council, 2020). A similar urban land cadaster operates in the capital of Ukraine, Kyiv. Back in 2018, 

the Department of Land Resources of the Kyiv City State Administration published information on the 

opening of an electronic system of Kyiv urban land cadaster for Kyivites, access to which was limited for 

23 years (Ukrinform, 2018), but full access to the system has not been provided yet. The legal assessment 

of the creation and maintenance of the above-mentioned urban land cadasters is ambiguous both in terms of 

science and in practice.  

 

Consequently, Zaiets (2020) raises several issues. In particular, the legality of the said actions because the 

legislation of Ukraine does not explicitly state such function as maintaining the urban land cadaster for local 

self-governments. It does not provide the regulatory procedure for the exchange of information between the 

urban land cadaster and the State land cadaster, the State Register of Real Property Rights and 

Encumbrances. It is also not clear in respect to the legal force of official information from the urban land 

cadaster, and the procedure for resolving discrepancies between data obtained from the urban land cadaster 

and other cadasters and registers (Zaiets, 2020). However, according to Art. 26 of the Law of Ukraine "On 

Local Self-Government", the issues concerning land relations are resolved exclusively at plenary sessions 

of the village, town or city councils. Decision-making at the plenary session of the local council in context 

of creating and maintaining the urban land cadaster and the procedure for exercising the powers by local 

self-governments can be interpreted as the regulation of land relations in the territorial community. Upon 

that, the land legislation of Ukraine does not prohibit the maintenance of urban land cadasters, as far as it 

regulates only the matters of creating and maintaining the State land cadaster. Considering that the land 

legislation regulates the procedure of the State Land Cadaster maintenance and providing information from 

the Cadaster in accordance with the Land Code of Ukraine and the Law of Ukraine "On State Land 

Cadaster", these laws have greater legal force than the decisions of local self-governments in case of 

discrepancies of information existing in the State Land Cadaster.  

 

To unify information contained in various cadasters, registers and electronic databases of natural resources, 

the Law of Ukraine "On Public Electronic Registers" of November 18, 202149 was adopted and came into 

force on January 1, 2022. The draft of the Law was developed in cooperation with the Italy’s International 

Development Law Organization (IDLO) based on a memorandum signed with the USAID and UKAID-

funded project "Transparency and Accountability in Public Administration and Services (TAPAS)". Under 

Art. 5 of the Law of Ukraine "On Public Electronic Registers", natural resources, land and land plots with 

a real estate construction on them have been recognized as the objects of public electronic registers. The 

potential positive effect of the adoption of the Law should be noted, provided for the development of 

effective mechanisms for its implementation. There is no need for creating and maintaining the separate 

cadasters, registers and electronic databases of natural resources.  

 

Thus, in the context of decentralization reform, there have been several positive changes in Ukrainian 

legislation and practice aimed at developing such environmental and legal functions of local governments 

as maintaining cadasters, registers, and electronic databases of natural resources. 

 
49 https://zakon.rada.gov.ua/laws/show/1907-20#Text 
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Decentralization of the Control over the Use and Protection of Natural Resources  
 

Control over the use and protection of natural resources is an extremely important function of management 

(environmental control), which has been a part of decentralization reform. It is usually viewed as an activity 

of the State, self-governing bodies, public associations, and industrial control systems aimed at monitoring 

and verifying compliance by legal entities and natural persons with environmental legislation, and as 

measures to prevent environmental offenses and bringing offenders to justice (Krasnova and Krasnova, 

2021). Thus, environmental control in Ukraine is divided into State, self-governing, public, and industrial 

types depending on its implementation. Depending on the object and the subject of implementation, different 

forms of control can be specified, namely, control concerning land use and protection, forest control, water 

control, and control of other natural resources and complexes.  

 

"The Medium-Term Priority Action Plan of the Government until 202050  sets out that the system of State 

control over the compliance with environmental legislation is not comprehensive. It needs to address high 

level of corruption, obsolete material and technical base, a non-transparent system of decision-making on 

environmental violations, an inadequate system of liability for environmental offenses, and, therefore, 

complete incapacity of the State Eco-inspection to exercise its powers (Malysheva, Kulynych and 

Oleshchenko, 2019). Diffusion and duplication of State control functions among the executive bodies are 

also apparent. State control concerning environmental protection is exercised by seven different executive 

bodies having scarce coordination. The lack of public environmental control is visible (Malysheva, 

Kulynych and Oleshchenko, 2019). Improving the efficiency of the system of State environmental control 

and prevention of environmental offenses are tasks of the State's environmental policy. Not a single 

integrated body of State supervision and monitoring has been established so far. Indeed, some legislative 

changes have been made regarding State control over land use and protection in the context of 

decentralization reform. The controlling powers of the councils of the united territorial communities 

concerning land use and protection should become an important legal lever to ensure the implementation of 

all other land powers of the local self-government bodies (Kulynych, 2021). 

 

According to Art. 188 of the Land Code of Ukraine 2011, State control over land use and protection is 

currently carried out by the State Geocadaster, and the State Environmental Inspectorate of Ukraine controls 

the compliance with the requirements of the legislation on land protection. The Law of Ukraine on 

Deregulation provides for the State control by the executive bodies of village, town and city councils over 

the use and protection of land to the extent specified by the law. Executive bodies of village, town, and city 

councils acquire the statutory powers to exercise State control over the use and protection of land in a case 

where the relevant council decides to exercise such control. This legislative novella came into force on May 

26, 2022. The procedure for acquiring State control powers by the executive bodies of councils is determined 

by the Law of Ukraine of June 19, 2003 (as amended on May 26, 2022) "On State Control over Land Use 

and Protection"51. The same Law defines specific powers of executive committees of village, town, and city 

councils. Likewise, self-governing control of local self-governments is abolished (Paragraph 54 of the Law 

of Ukraine on Deregulation). However, due to the imposition of martial law in Ukraine during current 

Russian aggression, these provisions do not actually apply. 

 

In general, the expected changes in decentralization of State control over land use and protection can be 

positively assessed as ubiquity of local self-governance. Moreover, the process is taking place within the 

framework of the Constitution of Ukraine (Art. 143), which says, “local self-governance can be delegated 

with powers of executive authorities under the law”. However, the same Article of the Constitution stipulates 

that the State provides finance for exercising the given powers at the expense of the State Budget of Ukraine 

 
50 https://zakon.rada.gov.ua/laws/show/275-2017-%D1%80#Text 
51 https://zakon.rada.gov.ua/laws/show/963-15#Text 
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or by allocating certain national taxes to the local budget in the manner prescribed by the Law. Local self-

government bodies are under the control of the relevant executive bodies while exercising their powers. 

This Constitutional rule has led to suggest that it undermines the independence of territorial communities 

from the State and makes them completely dependent on the public authorities (Kulynych, 2021). Thus, the 

abolition of self-governing control over the use and protection of land to establish a different type of public 

control in the area is viewed as a wrong decision that should be abandoned (Kulynych, 2021). 

 

Redistribution of Financial and Ecological Resources  
 

The reform of decentralization process affects the basic functions of environmental management. According 

to Art. 9 of the European Charter of Local Self-Government52, the financial resources of local self-

government bodies must correspond to their powers provided by the Constitution and the Law. Currently, 

in the 7th year of decentralization of power, the income of local communities in Ukraine increased by virtue 

of the expansion of their powers. Due to the changes in the Tax and the Budget Codes of Ukraine, revenues 

to local budgets for the period from 2014 to 2021 increased fivefold (Government of Ukraine, 2022; 

Tymoshenko, 2021).  

 

However, insufficient funding for executing environmental measures is still one of the root causes of 

regional environmental problems. For example, insufficient funding for the development of mineral deposits 

is the main factor in the non-reclamation of developed areas in Polissia region. The lack of a system of 

financing the forestry activities is the reason for the cessation of work on the creation of protective forest 

plantations in the eastern and southern regions (Law of Ukraine, 2019). In addition, given the limited 

financial resources of local governments, man-made disasters require an effective and rapid solution 

throughout Ukraine. In this regard, one of the most urgent issues to be addressed in the decentralization 

process remains the capacity of local communities to finance the environmental measures. 

 

Ukraine, as a unitary State, has a two-level budget system that consists of State budgets and local budgets. 

Local budgets include district and region budgets and the budgets of territorial communities. The budgets 

of territorial communities include the budgets of the village, town, and city territorial communities and the 

budgets of the district. Each of those budgets usually consists of two parts: the general fund and the special 

fund. The general fund is intended to support financially the execution of general functions by the State and 

local self-government bodies. The special fund is intended to meet the expenditures from the specific 

revenues. Revenues of local budgets, redistributed between general and special funds, are environmental 

tax53, rent54, the land fee55 provided by the Tax Code of Ukraine, the monetary compensation obtained from 

violations of environmental legislation, voluntary contributions by private individuals and legal entities, and 

subventions received from others.  

 

Under certain conditions, funds received from both general and special budget funds may be used to finance 

the regional (local) targeted environmental programs and other environmental events (Resolution of the 

 
52 https://zakon.rada.gov.ua/laws/show/994_036#Text 
53 Environmental tax is levied on actual emissions into the atmosphere, discharges of pollutant into water, actual volumes of 

radioactive waste temporarily stored by their producers, generated radioactive waste, and accumulated radioactive waste until 

April 1, 2009. 
54 Rent is paid for the use of subsoil for the extraction of minerals; for the use of subsoil for purposes not related to the extraction 

of minerals; for the use of radio frequency resources of Ukraine; for special use of water; for special use of forest resources; for 

transportation of oil and oil products by main oil pipelines and oil product pipelines, transit transportation by ammonia pipelines 

through the territory of Ukraine. 
55 Payment for land is a part of the local property tax and is levied in the form of land tax, payers of which are owners of land and 

land shares (units) and permanent land users, as well as rent for land of state and communal ownership. 
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Ministry of Ecology and Natural Resources of Ukraine, 201556; Resolution of the Cabinet of Ministers of 

Ukraine, 199657). However, the special fund of local budgets characterized by the targeted nature of its 

revenues and expenditures is of paramount importance for ensuring the financial capacity of territorial 

communities concerning environmental protection. With the purpose of financing environmental events 

from the special fund based on the provisions of the Budget Code of Ukraine and the Law of Ukraine "On 

Environmental Protection", the part of the environmental tax is accumulated from the sources like voluntary 

contributions, monetary penalties, etc.  

 

While analyzing the provisions of the various laws emphasizing financial capacity of territorial communities 

concerning environment, it is important to note that the Law of Ukraine "On Environmental Protection" 

does not specify the environmental tax allocated to funds meant for environmental events. The Budget Code 

of Ukraine has repeatedly and unreasonably changed affecting the redistribution of environmental tax 

between general fund and special funds during this period of decentralization process. Thus, in 2014, the 

environmental tax was allocated mainly to the general fund of local budgets. After the introduction of 

amendments to the Budget Code of Ukraine of December 28, 2014, an unprecedented situation arose in 

early 2015 when only the monetary compensation received because of violations of environmental 

legislation and as voluntary contributions from private individuals and legal entities constituted the revenue 

of special funds of local budgets. The environmental tax was fully allocated to the general fund of State and 

local budgets. Such statutory provisions caused the abolition of the main source of State and local funds 

meant for environmental protection. As a result, it contradicted the Law of Ukraine "On Environmental 

Protection". Moreover, in 2015, revenues from penalties on damages caused by violations of environmental 

legislation and from voluntary contributions were calculated in millions (about 57 million UAH, equivalent 

to 1.92 million USD) against billions in revenues from environmental tax (almost 2.7 billion UAH, 

equivalent to 92 million USD), according to the State Treasury Service of Ukraine (Veklych, 2016).  

 

With the adoption of the Law of Ukraine "On Amendments to the Budget Code of Ukraine on the Targeted 

Environmental Tax" of December 24, 201558, the situation has significantly improved. The law stipulated 

that 80% of the environmental tax is included in the special funds of local budgets (except for the 

environmental tax levied on the generation of radioactive waste and/or temporary storage of radioactive 

waste). However, in 2017, the total percentage of environmental tax, which was allocated to special funds 

of local budgets, decreased to 55%. 

 

Currently, in accordance with Art. 64, 64-1 and 66 of the Budget Code of Ukraine, revenues from 

environmental tax and local budget fees have been redistributed as follows. The general fund of local 

budgets includes: 

  

1) rent from special use of subsoil: extraction of minerals of national importance (village, town, urban 

territorial communities - 25%; district - 5%; regional - 25%); amber mining (village, town, urban 

territorial communities - 30%; district - 0%; regional - 0%); extraction of minerals of local importance 

(village, town, urban territorial communities - 100%; district - 0%; regional - 0%); oil, natural gas 

and gas condensate production (village, town, urban territorial communities - 3%; district - 5%; 

regional - 2%);  

 

2) rent from special water use (village, town, urban territorial communities - 45%; district - 0%; 

regional - 45%);  

 
56 https://zakon.rada.gov.ua/laws/show/z0994-15#Text 
57 https://zakon.rada.gov.ua/laws/card/1147-96-%D0%BF 
58 https://zakon.rada.gov.ua/laws/show/918-19#Text 
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3) rent from special use of forest resources in form of timber harvesting (village, town, urban 

territorial communities - 37%; district - 0%; regional - 0%); and 

 

4) property tax (including land tax), rent from water reservoirs given on lease by the relevant local 

governments. 

 

According to Art. 69-1 and 71 of the Budget Code of Ukraine, the special fund of local budgets includes 

55% of environmental tax (including local self-government budgets [except for the budgets of Kyiv and 

Sevastopol] - 25%, regional budgets and the budget of the Autonomous Republic of Crimea - 30%, budgets 

of Kyiv and Sevastopol - 55%) and 70% of penalties from damages caused by violations of environmental 

legislation. Therefore, the amount of local budget revenues intended to finance environmental events is 

gradually increasing (The Price of the State, 2021). In addition to targeted funding for environmental events, 

State and regional (local) environmental programs are also funded by Regional Environmental Programs 

(2020). Subventions from the State Budget of Ukraine are also essential for strengthening the financial 

capacity of territorial communities concerning environmental protection (Law of Ukraine, 2018; Resolution 

of the Cabinet of Ministers of Ukraine, 201959). Therefore, the changes made to the budget legislation during 

the period of decentralization of power in Ukraine can be assessed as ensuring the financial capacity of 

territorial communities in relation to environmental protection. An example: additional financial resources 

received by local budgets enabled thousands of successful projects been implemented, namely, landscaping 

of parks, sorting stations for household waste, construction of biofuel boilers, and so on (Malysheva, 

Kulynych and Oleshchenko, 2019). Parallelly, a systematic, complex and consistent solution of regional 

environmental problems is possible only if certain conditions are met i.e., adequate environmental tax 

distribution between general and special funds of local budgets, and imposing 100% environmental tax 

(Chechel and Moroz, 2021). 

 

Conclusion 
 

This analysis of ecological decentralization leads to the following conclusions:  

 

(1) Decentralization of power contributes to the implementation of the principles of sustainable 

development. Currently, public management of sustainable development in Ukraine is characterized by the 

lack of coordination of public policies on sustainable development at all levels, in particular, inconsistency 

in the regional and local development strategies with national SDGs and inability to handle strategic 

planning of sustainable development of regions and communities, and scanty progress in achieving SDGs 

at the regional and local levels.  

 

(2) Considering the environmental and land decentralization reform in Ukraine, the following conclusions 

can be drawn: a) demarcation and transfer of State-owned land to communal ownership is an important step 

to create material and resource base and future capacity of territorial communities; b) successful completion 

of the process of demarcation and transfer of State-owned land to the communal ownership depends on the 

speedy and indisputable completion of the demarcation of land of territorial communities; c) the process of 

boundary survey of territories of territorial communities, which should be performed based on new 

legislation, depends on the completion of land survey of territorial communities; d) for quick and 

unquestionable demarcation of land, it is necessary to legislatively set up criteria, namely, historical 

inheritance of land by territorial communities, overlap of district or regional boundaries, inclusion of outer 

land plots, special interest of a community in such plots, and so on. Based on German experience, it is 

suggested firstly to delegate powers of approving land management projects establishing the boundaries of 

territorial communities to higher authorities or local self-governments (coordinating and considering the 

 
59 https://zakon.rada.gov.ua/laws/show/228-2019-%D0%BF#Text 
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interests of adjacent communities, but in case of disproval, the higher body should act at its own discretion); 

secondly, considering the situations similar to German experience in Ukraine, the established boundaries of 

the territorial communities should be altered desirably.  

 

(3) In the context of decentralization reform, a number of positive changes in Ukrainian legislation and 

practice should be noted. These are aimed at developing environmental and legal functions of the State and 

local self-governance bodies to create and maintain cadasters, registers and electronic databases of natural 

resources. This is a) legislative recognition of the territory of the territorial community as a separate object 

of the State Land Cadaster; b) ensuring publicity of data on natural resources, in particular by providing 

access to information contained in cadasters and registers of natural resources, based on informational 

interface of the State Land Cadaster, urban cadaster, cadasters of other natural resources and other 

information systems; c) ensuring the local self-government bodies using information from the State Land 

Cadaster for the purpose of administrative decision making about land management. Ukrainian legislation 

promotes local governments for creating and maintaining local cadasters, registers and electronic databases 

of natural resources. Thus, in case of information discrepancies between local and State cadasters, registers 

and electronic databases of natural resources, priority should be given to information on natural resources 

obtained from State information systems.  

 

(4) The volume of local budget revenues intended to support financing the environmental measures is 

gradually growing. The changes made to the budget legislation in Ukraine can be considered generally 

ensuring the financial capacity of territorial communities concerning environmental protection. Side by side, 

a systematic, comprehensive and consistent solution to the regional environmental problems is possible only 

if certain conditions are met, i.e., adequate environmental tax redistribution between general and special 

funds of local budgets, in light of a policy priority in local budget planning. 
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Abstract 
Phosphorus is the second most important nutrient for plant growth, but 

its availability is very low in the soil. This study was designed to 

identify phosphate-solubilizing Rhizobia from rhizosphere soil in 

Gorogutu and Deder districts of Ethiopia. The study evaluates the 

effects of phosphate-solubilizing Rhizobia on Teff (Eragrostis teff) 

growth under greenhouse conditions. The greenhouse experiment was 

assembled in a completely randomized design with 5 treatments 

including the control with three replications. A total of 30 Rhizobia 

isolates were obtained from rhizosphere soils in two districts 

(Gorogutu, and Deder) and screened for phosphate solubilization using 

Pikovskaya’s Agar. Based on their phosphate solubilization indices, 4 

potential isolates (PS-6, PS-22, PS-27, and PS-30) were selected for 

further study in the greenhouse. Phosphate solubilizing isolates in pot 

experiment under greenhouse were applied at a rate of 0.5 g per pot 

and Teff disinfected seeds were suspended in 30 ml thick cell 

suspension of phosphate solubilizing Rhizobia (1012 cells/ml) in the 

presence of 0.5% peptone (antidiuretic hormone for 30 minutes), but 

not the control. The result showed that almost all inoculants, after 30- 

and 90-days inoculation, have significantly improved the growth 

parameters of Teff (Eragrostis teff) under greenhouse conditions. 

Moreover, all the isolates showed a positive impact on all the growth 

parameters. The results from this experiment are useful in Ethiopia for 

biofertilizer development and for teff growth under organic farming 

systems. Therefore, isolates PS-6 and PS-22 are highly recommended 

to be prospective commercial biofertilizers at field conditions in 

different teff agroecologies.  

Keywords  
Teff; Phosphate rock; Phosphate Solubilizing Rhizobia; Biofertilizer 
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Introduction 
 

Phosphorus is the second mineral nutrient, next to nitrogen, that can limit the growth of plants. It is an 

essential element for plant development and growth (Alori, Glick and Babalola, 2017). Plants acquire 

phosphate from soil in a solution form as phosphate anions (Schubert, Steffens and Ashraf, 2020). However, 

phosphate anions are extremely reactive and immobilized by forming precipitation with cations such as 

calcium, magnesium, iron and aluminum depending on the properties of the soil. For this reason, soluble 

phosphate availability in the soil is usually in a small proportion (Wan et al., 2020). However, different 

bacterial species acting as biofertilizers can solubilize insoluble phosphate compounds, such as tri-calcium 

phosphate, di-calcium phosphate, hydroxyl apatite and rock phosphate within the soil (Li et al, 2020). 

Biofertilizers are gaining importance as they are eco-friendly, non-hazardous and non-toxic products 

(Gichimu, Muthee and Nthakanio, 2020). They can also reduce and solve environmental problems related 

to abiotic factors such as temperature, pH and salt (Kshetri, Pandey and Sharma, 2018).  

 

Many types of microorganisms are found in the rhizosphere and play an important role in plant growth and 

development. Phosphate solubilizing bacteria (PSB) have been used as biofertilizers since the 1950s 

(Sharon et al., 2016). These microorganisms secrete different types of organic acids, like carboxylic acid 

that lower the pH in the rhizosphere and consequently dissociate the bound forms of phosphate e.g., 

Ca3(PO4)2 in calcareous soil (Sridhar et al, 2005). The role of these microorganisms in solubilizing 

inorganic phosphates in soil and making them available to plants is well documented (Corpas, Alche and 

Barroso, 2013). Rhizobia bacteria involved in symbiotic biological nitrogen fixation in the soil require 

phosphorus as energy for growth and survival (Sarker, Talukder and Islam, 2014). 

 

Phosphate solubilizing microbes, for instance, play fundamental roles in biogeochemical phosphorus 

cycling in natural and agricultural ecosystems. Phosphate-solubilizing microbes can transform the insoluble 

phosphorus to soluble forms of HPO4
2- and H2PO4

- by acidification, chelating, exchange reactions, and 

polymeric substances formation (Lara, Sanes and Oviedo, 2013). Microbial phosphate cycling is greater in 

soils using organic fertilizers than soils receiving chemical fertilizers (Spohn and Widdig, 2017). Therefore, 

the use of phosphate solubilizing microbes can mobilize insoluble phosphorus in soils. Moreover, it offsets 

the high cost of manufacturing phosphate fertilizers. For instance, application of the phosphate-solubilizing 

microbes such as Agrobacterium, Bacillus, Enterobacter, Pseudomonas, Aspergillus, Trichoderma and 

Glomus around the roots of plants, in soils, and in fertilizers, has been shown to release soluble phosphorus, 

promote plant growth, and protect plants from pathogen infection (Shamseldin and Werner, 2005). 

 

In general, phosphorus is a limited resource, and its efficient use should be the main focus in sustainable 

agriculture, because it is very liable to be lost from agricultural soils. Although farmers in Ethiopia have 

Indigenous knowledge in teff crop rotation with cereals and different legumes that indirectly enrich plant 

growth promoting Rhizobia (Gizaw et al, 2018), the application of biofertilizers (microbial inoculants) is 

not common. There is currently a growing interest in Ethiopia and other parts of the world to sustainably 

increase soil fertility and health through the application of microbial inoculants in order to minimize the 

cost and long-term environmental side effects of chemical fertilizers. Therefore, the aim of this study was 

to evaluate the effects of phosphate solubilizing Rhizobia isolated from cultivated rhizosphere soils on the 

growth of Eragrostis teff under greenhouse conditions. 
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Materials and Methods 
 

Study Site 

 

This study was conducted from December 2019 to May 2021 at Haramaya University’s main campus, Rare   

Research   Field. The experimental site is geographically located in eastern part of Ethiopia located at the 

distance of about 25 km in the north-eastern direction from the town of Harar, which is situated at an altitude 

of 2006 meters above sea level, latitude of 9°24'53 N latitude, and 42°29' E longitude (Figure 1). The site 

has a bimodal rainfall   distribution pattern and is representative of a sub-humid, mid-altitude agroclimatic 

zone (Tamiru and Gedamu, 2019). 

Figure: 1. Location of study area 

 

Experimental Design 

 

The study adopted a completely randomized design of three replicates within five treatment levels with 

isolates designated as PS (Phosphate solubilizing followed by isolate number), which are PS-6, PS-22, PS-

27, PS-30, and the control by comparing the means between and within treatments. 

 

Collection of Soil Samples  

 

The phosphate solubilizing soil samples were collected using purposive sampling in two districts 

(Gorogotu, and Deder) from legumes-cultivated soils in eastern Hararghae highlands. Soil samples were 

collected at a depth of 0-15 cm. Each sample weighing 1.5 kg was thoroughly mixed to keep the uniformity 

of the distribution of microorganisms and transported to the laboratory within 24 hours.  

 



Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.126-137      |       ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050208    

 

 

 

 

130 Zelalem Abera Amare, Kassa Baye Ketema, Kindu Kebede Gebre, Yenenesh Demissie Weldesenbet 

 

Preparation and Analysis of Soil for the Pot Experiment 

 

Rock phosphate rich soil samples were collected from Haramaya Woreda and used for the pot experiment 

under greenhouse conditions. The analysis of rock phosphate soil samples was done within 48 hours in 

Haramaya University’s Central Laboratory for selected chemical and physical properties as shown in 

table1. The rock phosphate soil samples were crushed very well, air dried and passed through a 2 mm mesh 

size sieve before physicochemical analyses. The pH was determined from the filtered suspension of 1:2 

soil to water ratio using a glass electrode attached to a digital pH meter. (Okalebo, Gathua and Woomer, 

2002). 

 

Table 1: Analysis of rock phosphate soils for pot experiment  

Sample type % OC % OM % P pH Description 

Rock Phosphate 

Soil 

0.818 5.674 0.948 4.5 - If % of OC is < 0.5, the amount of P is low 

- If % of OC is between 0.5 and 0.75, the 

amount of P is medium  

- If % OC > 0.75, the amount of P is high  

OC = Organic Carbon, OM = Organic Matter and P = Phosphorus  

 

Preparation of Culture Media 

 

In this study, two kinds of culture media were used and prepared aseptically using standard methods. 

YEMA1 as enrichment of isolates, and Pikovskaya’s Agar Medium (PVK)2 were used as a selective medium 

of phosphate solubilizing Rhizobia. In addition, YEMA with Congo red3 was used to isolate, characterize 

and screen Rhizobia (Nakade, 2013). 

 

Isolation of Phosphate Solubilizing Rhizobia 

 

Phosphate solubilizing Rhizobia were isolated by serial dilution technique4 (10-1 to 10-5) from 1 g of soil 

sample. It was dispersed in 9 ml of autoclaved distilled water and poured in to screw cup test tube. Selection 

for phosphate solubilizing Rhizobia was done by culturing repeatedly on YEMA with Congo red. A single 

pure colony of each isolate was picked and placed at the center of Pikovskaya’s Agar Medium (PVK) and 

incubated at 27±2oC for 7-14 days. PVK was used for isolation of phosphate solubilizing Rhizobia due to 

havening insoluble tri-calcium phosphate (Tsegaye et al., 2018). After incubation, isolates forming colonies 

with clear halo zone were recorded as basic selective criteria of phosphate solubilizing Rhizobia. Then, the 

diameters of the halo zones (clear zones) were measured by a transparent ruler to calculate solubilization 

index using the formula indicated by Nagar for prepared inoculants (biofertilizers) under greenhouse 

experiment (Nagar, 2012). 

 

 Screening of Phosphate Solubilizing Rhizobia  

 

The primary base for screening of phosphate solubilizing Rhizobia isolates was the phosphate solubilizing 

potential on PVK (containing insoluble tri-calcium phosphate) media. Then, from each isolates a loop full 

of pure culture was placed at the center of PVK agar media and incubated at 27±2oC for 7-14 days to 

evaluate the extent of their ability to solubilize the insoluble tri-calcium phosphate (Abad, Sadaghiani and 

 
1 Yeast extract mannitol agar (YEMA) is the most commonly used medium for the culture of Rhizobia, and is made from either 

yeast water preparations, or commercial yeast extract powders and pastes. 
2 https://himedialabs.com/TD/M520.pdf  
3 https://pubchem.ncbi.nlm.nih.gov/compound/Congo-red#section=InChI-Key 
4 https://microbenotes.com/serial-dilution/ 

https://himedialabs.com/TD/M520.pdf
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Barin, 2016). Phosphate solubilization was determined by measuring both colony and halo zone diameter 

with a transparent ruler and calculated by the formula recommended (Keneni, Assefa and Prabu, 2010). So, 

based on the formula, the four best phosphate solubilizing Rhizobia were recorded; above 3.5 mm 

Phosphate Solubilizing Index (PSI) were selected out of 30 total isolates for the next greenhouse experiment 

(Abad, Sadaghiani and Barin, 2016; Keneni, Assefa and Prabu, 2010). 

 

Preparation of Inoculums for Pot Experiment 

 

Single colonies of each isolate were transferred to 500 ml flaks containing nutrient broth and were then grown 

aerobically in flasks on a rotating shaker (150 rpm) for 48 hours at 300C. The bacteria suspension was diluted 

in sterile distilled water to a final concentration of 1012 CFU/ml. The resulting culture suspension was 

centrifuged in 50 ml capacity sterile plastic tubes at 5000 rpm for 10 minutes. The pellets were re-suspended 

in 50ml flask, and the suspension was adjusted to give a final concentration of 1012 CFU/ml (OD550 = 1) by 

relating the viable plate counts and optical density measurements using a standard curve.  

 

The experiments were designed as a complete randomized design (CRD) with three replicates. Soil weight 

was 5 kg per pot. Teff grass seeds were planted in pots at seed rate of 0.51 gram per pot. During the 

experiment, a total of 30 ml of 1012 (Safari et al, 2020) thick cell suspension of phosphate solubilizing 

Rhizobia was prepared. Then, seeds were suspended in 30 ml thick cell suspension of phosphate solubilizing 

Rhizobia (1012 cells/ml) for 30 minutes with 0.5% peptone as adhesive and specimen having seeds without 

being suspended was used as the control. The seeds were air dried for 30 minutes in sterile petri-plates and 

were sown in the prepared pot experiment in the greenhouse. The seeds were watered twice per day and, after 

30 days, plant growth parameters were measured and recorded (Sepehri and Shahbazi, 2017). 

 

Preparation of Test Crop for Pot Experiment 

 

The seeds of Quncho variety of Teff (DZ-Cr-387-RIL 355) were collected from Debrezeit Agricultural 

Research Center. Quncho Teff was developed and released by Debrezeit Agricultural Research Centre 

(Belay et al, 2006). The Quncho white seed cultivar Teff was selected because of its high yielding potential 

and adaptability to a wide range of factors (Tesfalem, 2014). After collection, the seeds were disinfected in 

0.02% sodium hypochlorite for 2 minutes and were washed five times with distilled water before placing 

in the pot.   

 

Statistical Data Analysis 

 

The collected data were subjected to analysis of variance using the general linear model procedures of SAS 

version 9.1.3 (Shim, Billard and Pesti, 2014). Means of significant treatment effects were separated using 

the Least Significant Difference test5 at P<0.05 level of significance. 

 

Results and Discussion  
 

Phosphate solubilization index was calculated using the formula indicated by Ponmurugan and Gopi 

(2006). Based on this, all 30 isolates were calculated. PS-27, PS-30, PS-6 and PS-22 were recorded the 

highest phosphate solubilization index. The standard deviation of phosphate solubilization index for PS-

27, PS-30, PS-6 and PS-22 were 0.15, 0.29, 0.46, and 0.72, respectively. Therefore, PS-6, PS-27, PS-30 

and PS-22 had the highest phosphate solubilizing index among the 30 Rhizobia isolates selected for the 

greenhouse experiments.  

 

 
5 https://www.statisticshowto.com/how-to-calculate-the-least-significant-difference-lsd/ 
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Additionally, the mean values of halo zone for PS-6, PS-22, PS-27 and PS-30 were 17, 17, 12 and 13.4, 

respectively, and were the highest observed. However, PS-4 and PS-5 had the lowest mean values of 

phosphate solubilization index and halo zone. From colony diameter point of view, PS-9, PS-15, PS-16 and 

PS-21 had the highest colony diameters, while PS-22 and PS-24 showed the lowest colony diameters.  

 

Table 2: Selection of Rhizobia Isolates Based on Phosphate Solubilizing Index  

Isolates Phosphate Solubilization Index Halo zone Colony Diameter 

Mean SD Mean  SD Mean  SD 

PS-1 2.100.12 0.50 0.35 4.00  0.06 

PS-2 3.300.38 8.00 0.58 3.50  0.29 

PS-3 2.130.15 5.00 0.69 4.20  0.06 

PS-4 1.400.06 2.00 0.06 4.70  0.46 

PS-5 1.170.03 1.00 0.00 4.50  0.35 

PSR-6 6.300.46 17.00 0.15 3.20  0.06 

PSR-7 2.300.17 5.00 0.17 4.00  0.40 

PS-8 2.270.09 6.00 0.06 4.60  0.29 

PS-9 1.500.06 3.00 0.17 5.30  0.23 

PS-10 1.800.21 3.50 0.29 3.50  0.23 

PS-11 2.830.66 3.70 0.17 3.70  0.40 

PS-12 1.900.06 3.00 0.06 3.30  0.29 

PS-13 2.000.12 5.00 0.52 4.80  0.06 

PS-14 2.000.06 4.00 0.23 3.90  0.06 

PS-15 2.770.03 9.00 0.23 5.00  0.06 

PS-16 2.370.03 7.00 0.17 4.90  0.06 

PS-17 1.90 0.06 4.00  0.00 4.20  0.23 

PS-18 2.300.10 5.00  0.17 4.00  0.06 

PS-19 3.370.07 10.33  0.60 3.70  0.12 

PS-20 3.000.17 6.50  0.29 3.50  0.35 

PS-21 2.830.03 10.00  0.58 5.37  0.37 

PS-22 6.700.72 17.00  1.15 3.00  0.17 

PS-23 2.930.07 6.00  0.23 3.10  0.06 

PS-24 2.300.23 4.00  0.58 3.00  0.06 

PS-25 3.170.09 7.00  0.17 3.20  0.23 

PS-26 1.900.00 4.00  0.06 4.30  0.12 

PS-27 3.97 0.15 12.00  0.87 4.00  0.12 

PS-28 2.630.09 7.00  0.17 4.20  0.12 

PS-29 2.50 0.23 6.00  0.58 4.00  0.23 

PS-30 5.47 0.29 13.40  0.47 3.00  0.29 

Values are given as means ±SD for triplicate samples, PS: phosphate solubilizing Rhizobia 

 

Effect of PS Inoculation on Teff Growth Using Pot Experiment  

 

The growth promoting ability of the inoculated PS isolates were determined based on data collected from 

the plant growth parameters (shoot length, root length, dry shoot, dry root and grain weight) after 30 and 

90 days of seedling growth (Aamir et al., 2013). 
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Data Collection after 30 Days of Seedling 

 

After 30 days of Rhizobia inoculation, the teff seedling growth significantly increased on all teff growth 

parameters when compared with those of the control. Therefore, the highest root and shoot length was 

recorded by PS-22 (12 and 38.667 cm) and the highest root and shoot dry weight was (0.204 and 0.277 g), 

respectively. And the lowest root and shoot length were recorded by PS-27 (8.37 cm and 32.67 cm, 

respectively) while, the smallest root dry weight was observed within PS-2 (0.049 cm) and shoot dry weight 

within PS-27 (0.049 g) as seen in table 3. Similar results were reported by Gravel, Antoun and Tweddell 

(2007) who highlighted that inoculation of plants with plant growth promoting Rhizobacteria could 

significantly reflect changes in plant growth parameters, such as plant length and weight as well as yield 

(Gravel, Antoun and Tweddell, 2007). Many scholars have reported about plant growth promoting bacteria 

that can solubilize inorganic phosphate after been introduced into the soil or used as inoculants of plant 

seeds (Gull and Hafeez, 2012). According to Nie et al. (2002), plant growth promoting Rhizobacteria can 

enhance plant height and productivity by synthesizing phytohormones and increasing the local availability 

of nutrients.  

 

The multiple comparison procedure for the selected isolates (PS-6, PS 22, PS-27 and PS-30) was used to 

determine which isolates are significantly different after obtaining a statistically significant result from an 

Analysis of Variance (ANOVA). The list square difference multiple comparison method showed significant 

mean difference with the root length, shoot length, dry root weight and shoot weight of treatments at level 

of alpha equal to 5%. 

 

Table 3: Effects of inoculants on the growth of teff under greenhouse conditions after 30 days of seedling 

growth 

Treatments Root length 

(cm) plant-1 

Shoot length 

(cm) plant-1 

Dry root weight 

(g) plant-1 

Dry shoot weight 

(g) plant-1 

Control 4.000 d ± 1.000 11.000d ± 1.000 0.008db ± 0.006 0.048d ± 0.062 

PS-22 12.000a ± 2.000 38.667a ± 2.516 0.204a ± 0.049 0.277a ± 0.086 

PS-6 11.200b ± 2.206 37.000b ± 6.557 0.180b ± 0.065 0.206b ± 0.036 

PS-30 8.467ba ± 1.550 36.000ba± 1.732 0.107bc± 0.078 0.146ba ± 0.054 

PS-27 8.367bc ± 1.184 32.667bc ± 2.886 0.049d ± 0.053 0.049cb ± 0.053 

D.F. 4 4 4 4 

P-value 0.0010 0.0001 0.0018 0.0032 

Values are given as means ± SD for triplicate samples. Means followed by the different letter (s) in each 

column and row are significantly different at P<0.05, D.F.: Degree of Freedom, and PS: phosphate 

solubilizing Rhizobia.  

 

Data Collection after 90 Days of Seedling 

 

Results showed that, after 90 days, all the parameters were significantly affected by inoculation treatments 

over control (Table-4). The plant height increased progressively at successive observations with 

advancement in crop age. It was observed that the highest root length and shoot length, dry root and shoot 

weight as well as grain weight were recorded by PS-22 and the lowest one was at PS-27. Therefore, 

phosphate solubilizing Rhizobacteria reported to have increased root dry weight as well as yields (Singh, 

Pandey and Singh, 2011). 
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Table 4: Evaluation of the effects of inoculants on the growth of Teff under greenhouse conditions after 90 

days of seedling growth 

Treatments Root length 

(cm) plant-1 

Shoot length (cm) 

plant-1 

Dry root weight 

(g) plant-1 

Dry shoot weight 

(g) plant-1 

Grain weight 

(g) plant-1 

Control 2.900 d ± 1.014 13.000d ± 2.645 0.100d ± 0.000 0.011d ± 0.009 0.009d ± 0.006 

PSR-22 9.667a ± 3.332 41.667a ± 5.663 0.467a ± 0.057 0.333a ± 0.032 0.378a ± 0.258 

PSR-6 8.675b ± 0.599 41.333ab ± 5.033 0.433b ± 0.208 0.195b ±0.067 0.367ab ± 0.086 

PSR-30 8.300ba ± 1.212 38.750b ± 2.629 0.433b ± 0.152 0.144ba ± 0.006 0.236ba ± 0.255 

PSR-27 8.000bc ± 2.000 37.333ba ±7.094 0.333c ± 0.152 0.068cb ± 0.030 0.172bc ± 0.034 

DF 4 4 4 4 4 

P-value 0.0143 0.0001 0.0352 0.3433 0.1991 

Values are given as means ± SD for triplicate samples. Means followed by the same letter (s) in each column 

are not significantly different at P<0.05. DR: Degree of Freedom, and PSR: phosphate solubilizing Rhizobia 

 

Conclusion  
 

This study has provided significant evidence for the usefulness of a screening technique for the selection 

of phosphate solubilizing Rhizobia and testing its biological activity under greenhouse-controlled 

conditions. Therefore, application of the best isolates inoculums will be highly recommended to improve 

the growth or yield of crops in the greenhouse or field. This study discovered an isolation of potential 

phosphate solubilizer Rhizobia that can be beneficial for farmers as biofertilizers collected from legumes 

plant rhizosphere to increase the productivity of cereal crops in the field. Finally, this study will help 

researchers uncover the critical areas of using legume (nodule forming plants) as a source of phosphate-

solubilizing bacteria to apply for the non-legume (cereal crops) that many researchers have not been able 

to explore.  

 

Before recommending the use of these Rhizobium strains for improving yield of crops (field and 

greenhouse) further tests must be designed to examine their behavior under field conditions 

(competitiveness, persistence, etc.). 
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Abstract 
This study encompasses to measure frequency of physiologically 

motivated emptying of the udder by Holstein cows during lactation 

phase. With the recording of the hours of the day, the experiment 

shows that the first-born cows emptied the udder, on average, almost 

three times a day, the cows having second lactation emptied 2.5 times 

a day, and cows having 3rd and 4th lactations emptied udder three or 

more times a day. Analysis of the daily attending a robotic milking 

machine during lactation phase by first-born cows showed that the 

visitation frequency was relatively even, except for the maximum 

peaks from 11.00 to 12.00 o’clock and from 21.00 to 23.00 o’clock. 

Similarly, among the cows having 2nd lactation there were two 

maximum peaks of milking or udder emptying – at night from 22.00 

to 01.00 o'clock and in the day from 12.00 to 17.00 o'clock. For cows 

having 3rd lactation, there were two maximum peaks of udder 

emptying - one from 21.00 to 01.00 o'clock at night and the second 

from 12.00 to 17.00 o'clock in the afternoon. Cows under 4th 

lactation had three relatively high maxima: the first from 01.00 to 

04.00 o'clock at night, the second from 10.00 to 12.00 o'clock in the 

afternoon, and the third from 18.00 to 22.00 o'clock at night. This 

study concludes that high milk productivity of cows needs emptying 

(milking) of the udder at least three times a day. Since almost a third 

of udder emptying occurs at night, at that time it is necessary to 

provide animals with adequate water and feed on the feed table. 
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Introduction 
 

As part of milk production process, the frequency of milking the cows, the intervals between two milking, 

and the time of milking operation within a day (Zaharian, 1968) have always been important aspects to be 

considered by dairy industry. Currently, three- and two-time milking frequencies are used. Reducing the 

number of milking in a day, according to Kurak (2006), reduces the labour costs by 25-30%. However, in 

practice, the transition to two-time milking often leads to a decrease in milk productivity of cows (Lopatko 

and Pesotckiy, 2010; Palianova, 1974). 

 

Various scientists and practitioners have supported repeated milking of cows. Dorovskih and Zharikov 

(2019) found that 4 times milking, compared to 2 times, increases amount of milk by 9.9% apart from the 

content of fat in the milk. Rivel (1909) proved that 4 times milking, compared to 3 times milking, increased 

milk yields by 6-8%. According to the research by Guglia and Vorobiov, 1987), the transition from two-

time milking to three-time milking allowed to increase the average annual milk yield of a cow by 

approximately 200 kg.  

 

Research on the effectiveness of 4- and 6-times milking of cows (Lopatko, 2010), and the causes of 

"attenuation" of the effectiveness of repeated milking, showed that the cause of declining effectiveness is 

not connected to physiological features of the udder, but to animal feeding conditions. It means, the cows 

moved to repeated milking must be provided with an appropriate level of nutrition. It has been established 

by Ovcharenko and Cherniaeva (2006) and Lopatko (2010) that frequent milking is advantageous mainly 

from the point of view of the physiology of lactation. The advantages in terms of the productivity of such 

cows are because of the stimulating effect of additional milking on the process of milk secretion, especially 

in the second half of lactation (Naumova and Palianova, 1976). The act of milking, that is stimulating the 

lactogenic function of the neuroendocrine system (prolactin secretion), helps increase milk productivity and 

the development of a capacious udder system. In most cases, 3-times milking increased the milk productivity 

of cows by 5-30%, but decreased milk’s quality. Thus, the fat content in milk decreased by 4.55% in case 

of two-time milking, and by 4.01% in case of three-time milking. The protein content also decreased, but to 

a lesser extent, from 3.64% to 3.40% (Naumova and Palianova, 1976). It shows that the effect of additional 

milking is positive when it is carried out throughout the lactation period. 

 

Conversely, when changing from more frequent milking of cows to three- or two-times milking, the opposite 

phenomenon is observed - the milk yield of cows is drastically reduced. However, even though after coming 

to two-time milking in the first days there is often a decrease in milk yield, but after a few days the 

productivity reaches the previous level (Merts, 1970). The more frequent milking than three-time milking 

per day received sufficient attention only during the last 20-30 years. The automation and robotization have 

added to attracting scientific attention. More frequent milking is now considered as one factor in increasing 

the stability of the lactation curve, improving the quality of milk and enhancing its technical properties 

(Ovcharenko and Cherniaeva, 2006). 

 

Further, development of dairy farming in Ukraine is impossible without the introduction of modern 

technological solutions for milk production (Golubenko, 2014). The advent of milking robots in animal 

husbandry is a technological breakthrough in dairy industry (Naumenko, 2011). The robotic system of 

milking the cows is a complex technological operation, especially when the new system uses animals that 

were previously milked using traditional milk production systems (Myronova, 2015). 

 

The system of milking among cows ensures that the animal excretes milk in accordance with the 

physiological needs, with its optimal accumulation in the udder, and not in accordance with the daily routine 

set by human. Experience in the operation of milking robots shows that the implementation of the milking 

operation, which is based on motivational milking, is quite reasonable, which implies that the animal itself 
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comes to the milking for physiological needs (Meskens and Mathijs, 2002; Sarapkin, 2003; Sarapkin, 2004). 

To provide full stimulation to obtain milk yield and milk excretion, the system of "voluntary" milking should 

functionally meet the physiological needs of the animal, as its productivity and health depends on it. Such 

milking should not cause stress to the cow because it may otherwise affect the optimal course of lactation, 

especially at the beginning of lactation period and for first-born cows. Therefore, taking into consideration 

the complexity of automated equipment, where the preparation of cows for milking and milking operation 

are carried out without human involvement, the requirements and specifications are high to the systems of 

"voluntary" milking and to dairy cattle productivity. However, the practice of milking the cows using 

milking machines demonstrates that the animals are less stressed, and automated milking process is in line 

with their physiological needs (De Koning, 2010). 

 

A literature source (Gorelik et al., 2018) indicates that the cows visit the milking robot from 2 to 4 times a 

day. The cows visit the milking robot twice a day for 2 days, three times a day for 24 days, and four times 

a day for 4 days. Kiseliov et al. (2019) found out that the frequency of visits of the milking robot was almost 

evenly distributed over the periods of the day: the number of visits during the specified periods differed by 

no more than 20%, and the difference was only between 0 and 4 and 4 and 8 hours. To what extent does the 

"natural" physiologically determined udder emptying correspond to the norms set up by man? 

Unfortunately, there is no consensus among scientists and practitioners on this issue till now (Batyr, 2014).  

 

With the above backdrop, aim of this research was to study how and under what conditions of "voluntary" 

milking, cows of different productivity and age during lactation phase regulate the frequency of udder 

emptying during the day, and how to adhere to the time of udder emptying during lactation phase. 

 

Methodology 
 

This study on the milking using robot was conducted on emptying the udder in Holstein Friesians cows1 of 

different ages in lactation phase. The milk productivity was tested by ALC (Additional Liability Company) 

"Terezine" based in Kyiv region. An automatic milking control system mounted in a milking machine 

DelPro VMS - 20122 was used. Automated data collection system operating with electronic flow meters 

"Fullflow" was used to fetch the following data: date and time of milking, the personal number of the animal, 

the weight of milk, average and maximum intensity of milk production, duration of milking, absolute and 

relative milk yield, and other lactational and physiological parameters of each cow. The electronic system 

is controlled by a microprocessor mounted in the terminal. At the same time, this equipment performs 

automatic control of the milking robot including stimulation of milk production, milking, removal of 

glasses, as well as control of the inlet and outlet gates. When the milking robot is connected to the udder of 

the next cow, the previous display is canceled. All the animals under study were kept in similar feeding 

conditions.  

 

The size of the experimental group of cows kept on farm was 68. Depending on the quantitative distribution 

by lactations, the method of randomized (random) sampling was applied and the cows were selected in the 

following manner: 7 first-born cows, 8 cows under 2nd lactation phase, 4 cows under 3rd lactation phase, 

and 3 cows under 4th lactation phase. The average milk yield during full lactation phase of the studied cows 

was 8,100 kg of milk for first-born, 9,600 kg for cows under the 2nd lactation, more than 10,000 kg milk 

for cows under the 3rd lactation and more than 9,500 kg of milk for cows under 4th lactation. Due to the 

automated control system of the robot, capturing or accumulating milk is just on time with accurate duration 

and frequency. The milk from selected animals was recorded, accumulated and processed accurately. The 

 
1 https://en.wikipedia.org/wiki/Holstein_Friesian_cattle 
2 https://corporate.delaval.com/2012/  

https://corporate.delaval.com/2012/
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nutrition supply to the cows was calculated based on standard set for obtaining maximum milk yields of 

cows on daily basis. A mix diet chart was followed round the year to feed the cows in equal quantities. 

 

The processing of the obtained primary data was performed statistically using analytical techniques. 

 

Results and Discussion  
 

Analysis of the attendance of milking robot by first-born cows (Figure 1) shows that, during the 9 months of 

lactation, cows emptied their udder, on an average, almost three times a day, and on the 3rd month of lactation, 

almost four times a day. From the 10th month of lactation, the frequency of cows' visits to the milking robot 

has decreased to three times a day. Thus, in the 10th and 11th months, compared to the 9th month, it decreased 

by 11.4%; in the 12th month, it decreased by 22.5%; in the 13th month, it decreased by 26.2%; and in the 4th 

month, it decreased by 27.3%. It implies that functional emptying of the udder for first-born cows is three 

times a day, which does not confirm the current practice of two-time milking per day. 

 

 
Figure 1: Distribution of the frequency of visits by cows to the milking machine by months of lactation 

 

The results of the frequency of visits to the milking robot by cows having the 2nd lactation (Figure 1) reflect 

that, only during the 1st and 2nd months of lactation, cows visited the milking robot on average three times 

a day. Subsequently, from 4th till the 10th month of lactation, cows visited the milking robot, on an average, 

2.5 times a day. In the following months of lactation, compared to the 10th month, the decrease in attendance 

to the milking robot was insignificant and ranged from 3.2% to 16.7%. Thus, the multiplicity of functionally 

induced udder emptying during 2nd lactation was 2.5 times, which confirms the need for the introduction 

of 3 times milking, especially to high-yielding cows. 

  

The milking of cows during 3rd lactation (Figure 1), on average, was three or more times per day in the 7th 

month. But from 8th to 11th months of lactation, the reduction in the frequency of visits to the milking robot 
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was not significant and ranged from 2.5% to 9.3%. Therefore, the multiplicity of milking by three times a 

day should be functionally due to udder emptying in 3rd lactating cows. 

  

Similarly, the multiplicity of udder emptying during 4th lactation of cows (Figure 1) was noted during the 

first 8 months of lactation, and it occurred, on average, three or more times per day. The decrease in the 9th 

and 13th months, compared to the 8th, was insignificant and ranged from 2.0% to 7.5%. That is, for cows 

under the 4th lactation, as well as for cows under the 3rd lactation phases, functionally caused emptying of 

the udder was not less than three times a day. 

 

Conclusively, to obtain high milk productivity from cows, the functionally determined frequency of 

emptying (milking) of the udder should be at least three times a day. 

 

Analysis of the nature of daily visits to the milking robot by cows of different ages during lactation indicates 

that it differs significantly from the regimes used by humans. Thus, during lactation of first-born cows 

(Figure 2), percentage of visits have relatively even pattern, except for maximum peaks from 11.00 to 12.00 

o’clock and from 21.00 to 23.00 o’clock. Some decrease of cows’ visits to the milking robot was observed 

from 08.00 to 10.00 o'clock. It might be due to the distribution of feed at that time, which means the cows’ 

attention to food predominates their attention to lactation. It was also noted that the first-born cows were 

quite active in visiting the milking robot at night, especially from 21.00 to 03.00 o'clock. The second active 

phase of visitation was observed in the afternoon from 15.00 to 19.00 o'clock. At night, attendance to the 

milking robot accounts for more than 28%. So, their daily number of visitations is physiologically 

motivated; therefore, it is necessary to provide animals at this time with the appropriate amount of feed on 

the feed table and lighting of at least 150-200 lux. This should be done because, after emptying the udder, 

cows are usually sent to a drinking point to replenish fluids in the body, and then to the feed table (feeder) 

to replenish the nutrients needed to secrete new portions of milk. 

 

 
Figure 2: Daily distribution of visits to the milking robot by first-born cows 
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Figure 3: Daily distribution of visits to the milking robot by cows of the second lactation 

 

 

 
Figure 4: Daily distribution of visits to the milking robot by cows of the third lactation 
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Assessment of the pattern of the daily visit to the milking robot by cows of the 2nd lactation (Figure 3), the 

first-born cows have visits at two peaks – at night from 22.00 to 01.00 and in the day from 12.00 to 17.00 

o’clock. There is also a qualitative decrease in the visitation to the milking robot from 08.00 to 10.00 o'clock 

due to the distribution of feed. Like the first-born cows, the cows of the 2nd lactation actively emptied the 

udder at night. Thus, from 21.00 to 06.00, 43% of daily udder emptying occurs. To ensure a high level of milk 

productivity from such animals, it is necessary to create appropriate conditions for feeding and keeping them. 

 

Analysis of the nature of daily visits to the milking robot by cows of the 3rd lactation (Figure 4) also showed 

the presence of two, somewhat shorter, maxima. One maximum visitation of cows was observed from 21.00 

to 01.00 at night, and the other from 12.00 noon to 17.00 o’clock. In addition, the 3rd lactation cows had 

two minimums in terms of attending the milking robot: the first from 09.00 to 10.00 o'clock was associated 

with the time of distribution of feed, and the second from 19.00 to 20.00 o'clock. At the same time, nocturnal 

emptying of the udder by cows of the 3rd lactation accounted for 29.6%, or almost a one-third part of daily 

milking. This implies that there is a need to create optimal conditions for such animals for feeding and 

keeping them to realize their genetically determined level of productivity. 

 

Figure 5: Daily distribution of visits to the milking robot by cows of the fourth lactation 

         

The assessment of the nature of daily visits to the milking robot of cows under 4th lactation (Figure 5) 

demonstrate three relatively high peaks. The first is observed from 01.00 to 04.00 o'clock at night, the second 

highest peak from 10.00 to 12.00 o'clock in the afternoon, and the third peak from 18.00 to 22.00 o'clock at 

night. The minimum number of visits was observed from 05.00 to 09.00 o'clock in the morning. At night 

(from 21.00 to 05.00 o'clock), emptying of the udder by cows under 4th lactation accounted for 37.1% of 

daily bowel movements. In this case, more than a third of visits to the milking robot occurs during the hours 

when technological process cannot be controlled. 
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Conclusions 
 

Following conclusions can be drawn from the findings of this experimental study. 

 

1.  To achieve a genetically determined level of high milk productivity of cows, the functionally 

determined multiplicity of emptying (milking) of the udder should be at least three times a day. 

 

2.  Functionally determined nature of udder emptying by a cow does not correspond to the regime of 

milking used by man. 

 

3.  Since almost a third of udder emptying occurs at night, at that time it is necessary to provide 

animals with adequate water and feed on the feed table where the light intensity should be at least 

150-200 lux. More fundamental studies of this nature are required to ascertain the visits of cows 

to the milking robot, especially by involving other breeds of cows or livestock. 

 

References 
 

Batyr, R.Y. (2014). Influence of milking multiplicity on cow productivity Effective Cattle Breeding, 2: 24-

27. (In Russian). 

De Koning, C.J.A.M. (2010). Automatic milking – common practice on dairy farms.  Proceedings of First 

North American Conference on Precision Dairy Management, Toronto, Canada, pp.52-67. Available 

online at: https://www.semanticscholar.org/paper/Automatic-milking-%E2%80%93-common-

practice-on-dairy-farms-Koning/2190a98852fe4f06470e7615e883df287500d6e7 [Accessed on 10 

June 2022] 

Dorovskih, V.I. and Zharikov V.S. (2019).  Study of the influence of the frequency of milking cows on their 

productivity.  Science in Central Russia, 5(41): 69-77. (In Russian). 

Golubenko A.V. (2014). The role of computer-innovative technologies in agro-industrial complex. In: 

Golubenko, A.V., Tymchuk, D.S. and Paliy, A.P. (eds.), Technical systems and technologies of 

creation. Kharkiv, Ukraine: Bulletin of KhNTUA,144:106-111. (In Ukrainian). 

Gorelik, O.V., Fedosieieva, N.A., Kiseliov, L.Y., Soikova, O.L. and Sanova, Z.S. (2018). Milking frequency 

of cows is a way to increase milk production in robotic farms. Agricultural Bulletin of Ural, 11(178): 

27-32. (In Russian)  

Guglia, V.G. and Vorobiov, S.A. (1987). Increasing the milk productivity of cows with different milking 

frequency. In: V.G. Guglia and S.A. Vorobiov (eds.), Intensive methods for increasing livestock 

productivity in Siberia. Russia: Novosibirsk, pp.4-13. (In Russian). 

Kiseliov, L.Y., Kamalov, R.A., Borysov, M.Y., Fedosieieva, N.A. and Sanova, Z.S.  (2019). Modern 

technologies of robotic milking. Rossiyskaia Agricultural Science, 3: 54-57. (In Russian).   

Kurak, A.S. (2006). Milking modes and milking efficiency. Agricultural Machines, 2: 27-29. (In Russian). 

Lopatko A.M. and Pesotckiy, N.I. (2010).  How often? – 1,2,3, or 4… and what time is the best for milking. 

Our Agriculture, 11-12: 23-25. (In Russian). 

Lopatko, A.M. (2010). Practical physiology of milking: about possible accelerations of milk rivers flow. 

Our Agriculture, 10: 24-26. (In Russian). 

Merts, M. (1970). What did the transfer of cows to double milking? Milk and Meat Cattle Breeding, 8: 8-9. 

(In Russian). 

Meskens, L. and Mathijs, E. (2002). Socio-economic aspects of automatic milking, Motivation and 

characteristics of farmers investing in automatic milking systems, Deliverable D2 Project EU: 

Implications of the introduction of automatic milking systems, pp.16. 

Myronova, T.A. (2015). Introduction of robotic milking systems in dairy farming Zootehnia, 2: 24-25. (In 

Russian). 

https://www.semanticscholar.org/paper/Automatic-milking-%E2%80%93-common-practice-on-dairy-farms-Koning/2190a98852fe4f06470e7615e883df287500d6e7
https://www.semanticscholar.org/paper/Automatic-milking-%E2%80%93-common-practice-on-dairy-farms-Koning/2190a98852fe4f06470e7615e883df287500d6e7


Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.138-147      |       ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050209    

 

 

 

 

146 Vasyl Ivanovych Kostenko 

Naumenko, O.A. (2011). Robotization of cow milking processes – the way to resource saving. In: 

Naumenko, O.A. and Boiko, I.G. (eds.), Scientific Bulletin of Tavriyskiy State Agrotechnological 

University, 3(1): 19-24. (In Ukrainian). 

Naumova, M.A. and Palianova, L.P. (1976). Efficiency of 2-fold milking of cows. Sibirskiy Bulletin of 

Agricultural Sciences, 1: 73-77. (In Russian). 

Ovcharenko, E.V. and Cherniaeva, M.N. (2006). The relationship between the frequency of milking and the 

secretion of milk in cows. Milk Industry, 10(35): 40-43. (In Russian). 

Palianova, L.P. (1974). The influence of the frequency of milking and feeding of heifers on their 

productivity: Thesis for the scientific degree of the Candidate of Agricultural Sciences, 06.02.2004, 

Sverdlovsk Agricultural Institute, Sverdlovsk, p.28 (In Russian). 

Rivel, (1909). A guide to lactation. Dissertation Candidate of Science, 06 February 2004, Sverdlovsk S. Kh. 

Institute, Sverdlovsk, Russia, p.47. (In Russian). 

Sarapkin, V.G. (2003). The relevance of assessing the properties of the udder in cows. Milk and Meat Cattle 

Breeding, 4: 33-36. (In Russian). 

Sarapkin, V.G. (2004). Peculiarities of udder in Holsteinized black-and-white cows. Zootehnia, 2: 28-20. 

(In Russian). 

Zaharian, A.P. (1968). About the frequency of milking cows. In: Zaharian, A.P. (ed.), Livestock. Russia: 

Novosibirsk, pp.247-250. (In Russian). 

  



Grassroots Journal of Natural Resources, Vol.5, No.2 (June 2022), p.138-147      |       ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.050209    

 

 

 

 

147 Vasyl Ivanovych Kostenko 

Author’s Declarations and Essential Ethical Compliances 

 

Author’s Contributions (in accordance with ICMJE criteria for authorship) 

This article is 100% contributed by the sole author. He conceived and designed the research or analysis, 

collected the data, contributed to data analysis & interpretation, wrote the article, performed critical revision 

of the article/paper, edited the article, and supervised and administered the field work.  

 

Funding 

No funding was available for the research conducted for and writing of this paper. 

 

Research involving human bodies (Helsinki Declaration) 

Has this research used human subjects for experimentation?  No  

 

Research involving animals (ARRIVE Checklist) 

Has this research involved animal subjects for experimentation?         Yes 

 

Research involving Plants 

During the research, the author followed the principles of the Convention on Biological Diversity and 

the Convention on the Trade in Endangered Species of Wild Fauna and Flora.    Yes 

 

Research on Indigenous Peoples and/or Traditional Knowledge 

Has this research involved Indigenous Peoples as participants or respondents?    No 

 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)  

Has author complied with PRISMA standards?        No 

 

Competing Interests/Conflict of Interest 

Author has no competing financial, professional, or personal interests from other parties or in publishing 

this manuscript. 

 

Rights and Permissions 
   

Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License, which 

permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 

appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 

and indicate if changes were made. The images or other third-party material in this article are included in the 

article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not 

included in the article's Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. 

To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

 

http://creativecommons.org/licenses/by/4.0/


The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a. Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c. For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a. Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a. Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c. Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

The ARRIVE guidelines 2.0: author checklist

NOTE: Please save this file locally before filling in the table, DO NOT work on the file within your internet browser as changes will not be saved. Adobe 
Acrobat Reader (available free here) is recommended for completion.

http://arriveguidelines.org
https://acrobat.adobe.com/uk/en/acrobat/pdf-reader.html


      
 
 
 

 
 
 
 
 
 
 

 
 
 
 
___________________________________________________________________________________________________ 
 

 
___________________________________________________________________________________________________ 
 

MANUSCRIPT SUBMISSION INFORMATION 
 

Submit your paper to Grassroots Journal of Natural Resource by email: nr@grassrootsinstitute.net 
Further instructions for authors are available on the journal’s website: www.grassrootsjournals.org/gjnr 

 

mailto:nr@grassrootsinstitute.net
http://www.grassrootsjournals.org/gjnr

	Study design - 1a: There was no animals or related experiments.
	Study design - 1b: Experimental unit is not applicable for this study.
	Sample size - 2a: No animal was used  in our study.
	Sample size - 2b: Not applicable for our study.
	Inclusion and exclusion criteria - 3a: This item does not correspond to our study.
	Inclusion and exclusion criteria - 3b: This item does not correspond to our study.
	Inclusion and exclusion criteria - 3c: This item does not correspond to our study.
	Randomisation - 4a: This item does not correspond to our study.
	Randomisation - 4b: This item does not correspond to our study.
	Blinding - 5: This item does not correspond to our study.
	Outcome measures - 6a: This item does not correspond to our study.
	Outcome measures - 6b: This item does not correspond to our study.
	Statistical methods - 7a: This item does not correspond to our study.
	Statistical methods - 7b: This item does not correspond to our study.
	Experimental animals - 8a: This item does not correspond to our study.
	Experimental animals - 8b: This item does not correspond to our study.
	Experimental procedures - 9a: This item does not correspond to our study.
	Experimental procedures - 9b: This item does not correspond to our study.
	Experimental procedures - 9c: This item does not correspond to our study.
	Experimental procedures - 9d: This item does not correspond to our study.
	Results - 10a: This item does not correspond to our study.
	Results - 10b: This item does not correspond to our study.


