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Abstract 
The purpose of this study was to determine the effect of seed rate on the 

growth and yield attributes of the wheat crop (Triticum aestivum L.) 

variety Mazar-99 under the agro-climatic conditions of Takhar province, 

Afghanistan. The experiment was implemented at the research farm of 

Agriculture Faculty of Takhar University in winter seasons of 2018-2019 

with the specific objective of finding out the effect of five seeding rates as 

the treatment on growth and yield parameters of Mazar-99 variety of 

wheat. Randomized Complete Block Design (RCBD) was selected as an 

experiment design with 4 replications and 5 seeding rates viz. 80, 100, 120, 

140 and 160 kg/ha made up treatments. Data on growth and yield 

parameters were collected and analyzed using Analysis of Variance 

(ANOVA) for Randomized Complete Block Design (RCBD). The result 

obtained from the current study reveal that all growth and yield characters 

were remarkably affected by seeding rate and seed rate of 100 kg per 

hectare of wheat variety Mazar-99 performed better with respect to 

different growth and yield parameters such as spike length, number of 

tillers, number of spike at each plant, leaf area, a total of spikelets per spike 

and stem girth, grain number/spike, the weight of spike, the weight of grain 

per spike, grain crop yield, straw crop weight, 1000-grain weight, and 

biological yield. Whereas 80 and 120 kg/ha were the second-best seeding 

rates after the 100 kg/ha. However, 160 kg/ha seed rate showed only 

superiority in plant height, but 140 kg/ha did not show any special 

superiority in any growth and yield characteristic evaluated in Takhar 

agro-climatic condition. Thus, a seeding rate of 100 kg per hectare could 

be recommended to the farmers for better wheat production in Takhar 

agro-climatic situation in North-Eastern Afghanistan. 
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Growth; Yield; Mazar-99; Seeding rate; Takhar; Wheat 
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Introduction 
 

Wheat (Triticum aestivum L.) is one of the conspicuous cereal crops in the world, belonging to the family 

of Poaceae (Gramineae). This crop originated from the South-Eastern part of Turkey (Ibukun and Moyin, 

2018; Ullah et al., 2018). It is an enormous source of nutrition for mankind and livestock (Ullah et al., 

2018). It is one of the main crops in the temperate countries. It has nutritive fiber components beneficial to 

the human diet (Sherry, 2009). Further, wheat is a staple food stuff used to make flour for steamed breads, 

leavened, flat, cookies, biscuits, breakfast cereal, cake, pasta, fermented alcoholic beverages (beer), noodles, 

and bio-fuel (Ibukun and Moyin, 2018), used by 7.592 billion individuals residing in 43 countries  of the 

world. It contributes 30 percent to whole grain demand of the world and stand at the top among the cereal 

crops. It contributes about 20 percent of the aggregate food calories to the mankind (Ullah et al., 2018). 

Globally, wheat production in 2012 was nearly 671 million tons in 215 million ha land area (FAOSTAT, 

2014). Rapid population expansion increases wheat requirements in Afghanistan, where annual wheat 

production is 5 million metric tons grown approximately in 2.55 million ha area. Afghanistan's average 

wheat yield (1.7-1.9 tons/ha) is lower than the global average (3.4 tons/ha) (MAIL, 2020). The agro-climatic 

situation in Afghanistan is very much suitable for wheat production. But various issues are involved in the 

low production of this crop, such as edaphic properties, climatic situations, lack of technological knowledge, 

shortage of water supply for irrigation, and improper usage of fertilizer doses (Ullah et al., 2018). 

 

To obtain the maximum yield, the application of optimal and suitable seed rates is essential (Ayoub et al., 

1994). To obtain maximum yield per unit area, it is required to use high quality seeds and better agronomical 

practices such as suitable seed rate, on-time sowing, irrigation, use of fertilizers, weeds control, water 

management, and on-time harvesting. Preferable wheat grain crop with higher quality desires an accurate 

seeding rate for different cultivars. Increasing in seeding amount might only boost production charge 

without any increase in grain yield (Rafique et al., 2010). Afghanistan is a country with very limited 

cultivable field, there is an urgent need to enhance the final grain yield of wheat crop per unit area to meet 

the increasing food demand. There is further requirement to extend the area for wheat products. Seeding 

rate plays an indispensable role for ideal plant densities, which is required for an improved seed crop. It 

affects the crop and grain quality of wheat (Singh and Singh, 1987). Increased seeding rate causes the 

number of grains per spike decreased, but the number of spikes per m2 and grain yield increased (Carr, 

Horsley and Poland, 2003; Loveras et al., 2004; Ozturk, Caglar and Bulut, 2006). From the other point of 

view, low seeding amount might severely decrease the final yield (Ottesen, Mergoum and Ransom, 2007). 

The seed amount influences the lodging resistance of wheat crop and the final yield (Iwabuchi, Ogata and 

Hamachi, 2000(, because the lodging degree increased as crop yield increased, lodging frequently happened 

in crops with a high seeding rate. Seed rate affected in wheat (Geleta et al., 2002), as the basal internode 

being longer in dense plants, resulting in more lodging degree than in sparse plants (Fukushima, Kusuda 

and  Furuhata, 2004). Optimal seeding rate is deliberated key management elements for an effective yield 

of wheat (Arif et al., 2019), because it is under the farmer's control in most cropping systems and it is 

important in wheat production (Ozturk, Caglar and Bulut, 2006; Arif et al., 2019). Ideal plant density varies 

greatly between areas, soil properties, varieties, climatic conditions, and sowing time. If optimum seeding 

rates exceed, final yield decreases often happen. Earlier, many studies showed that seeding rates 

significantly influence spike number and biological yield achieved stands (Ozturk, Caglar and Bulut, 2006). 

High amounts of seed compensate for reduced plant tiller improvement and stimulate more central stem 

spikes, which can be satisfactory, particularly for variety, incline to produce fewer tillers (Arif et al., 2019). 

However, no seeding rate has been identified as best adapted or most suitable for Takhar agro-climatic 

region, North-Eastern Afghanistan. Hence, the current study focuses on identifying the best adapted or the 

most suitable seeding rate with the most effective performance for increased yield in Takhat agro-climatic 

region. This is to be recommended to farmers for enhanced wheat production in Takhar agro-climatic region, 

North-Eastern Afghanistan, to meet the local and national population yearly wheat requirements. 
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Material and Methods 
 

To estimate influences of different seeding rates on wheat growth and yield characteristics of wheat 

(Triticum aestivum L.), an experiment was curried for one growing season from 1st of December 2018 to 1st 

of June 2019 in the research farm of Agriculture Faculty of Takhar State University, Taluqan, Afghanistan. 

Taluqan is located in the Northeast part of the country at 36.73º 19" N and 68º 65.4"E, with a mean altitude 

of 800 m. The climate of Taluqan is considered to be a cold semi-arid climate and rain deficient, with an 

annual mean temperature of 15.4°C and 256.30 mm precipitation (Figure 1). The experiment design was 

Randomized Complete Block Design (RCBD) with four replications, and five seed amounts of 80, 100, 120, 

140, and 160 kg/ha sown as treatments. The experimental field size of 142 m2 was marked using a measuring 

tape, rope, and wood peg. Soil samples were randomly collected from the experimental field from 30 cm 

depth and thoroughly mixed to make a composite soil sample. The composite soil sample was analyzed for 

soil physico-chemical properties (Table 1). 

 

Table 1: Chemical and mechanical analyses of the experimental field soil (winter season of 2018-2019) 

 

Field clearing was done using a cutlass. The soil was ploughed to fine tilts. The field was demarked into 

four blocks, each block containing four plots of 2 m x 2 m each, and was prepared using a hoe. 1 m rows 

were separated from adjacent blocks and 0.5 m alleys plots, respectively, and a line-to-line distance was 

maintained at 20 cm, while plant distance was not maintained. 220 kg/ha urea and 180 kg/ha di-ammonium 

phosphate (DAP) were used, all di-ammonium phosphate and180 kg/ha urea was incorporated in the soil at 

the time of seedbed preparation, and all the remaining urea fertilizer was applied in the time of top-dressed 

phase. The wheat variety Mazar-99 was sown directly in the main field at the seed rates of 80, 100, 120, 

140 and 160 kg/ha on the 1st of December 2018 through mechanical method using sowing drill at a depth of 

4-5 cm. Before sowing, the seeds were treated with Benlate and Topsin M solution by following the standard 

recommendations to protect it from the soil-borne pathogens. To control the narrow and broad leaf weeds, 

regular mechanical weed control was done every week using a hoe. 

 

Ten middle plants from each plot were selected randomly. Data were recorded for the different growth 

characteristics and yield contributing traits of the crop, such as plant height, spike length, tillers numbers of 

one plant, number of spikes per plant, flag leave area, number of spikelet per spike, stem girth, grain 

number/spike, weight of spike, weight of grain per spike, grain crop yield, straw crop weight, 1000 grain 

weight, harvest index and biological yield. The collected data for different growth and yield traits was 

analyzed through Analysis of Variance (ANOVA) for RCBD design using MSTAT-C software and LSD 

tests were applied at the 5% probability level to compare treatment means. 

 

Results and Discussion   
 

Plant height  

Plant height is one of the key parameters representing wheat plant’s vegetative growth reflecting the genetic 

variation and agro-technical effect. Plant height in the treatment sown at 80 kg seed per hectare was 

significantly shorter than that of 100, 120, 140, and 160 kg/ha seed rate (Table 2). The plant heights of 120, 

Mechanical analysis Chemical analysis 

Sand %  89.9 Organic matter % 0.29 

Silt % 4.3 EC mmhos/ cm3 0.3 

Clay % 4.5 pH 6.5 

CaCo3 1.3 Soluble N ppm 6.9 

Soil texture Sandy Available P ppm 2.7 

  Exchange K ppm 16.7 
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140, and 160 kg/ha seed rates were statistically dissimilar at (P>0.05%) from each other’s. The bending 

moment at the breaking of the undamaged internode was expressively more significant at lower seeding 

rates (Table 2). The lodging index was significantly lower than at high seed rates indicating that the lodging 

resistance improved as the seeding rate was reduced. High seed rates per capita influence on plant height, 

stimulate stem length and cause low spread of solar radiation into the canopy and tended to endorse lodging 

degree in wheat crop. The findings suggested that lodging resistance increased with decreasing seeding rate. 

The high number of seeds reduced the strength of the internode without leaf sheath covering, and affected 

the construction of the stem or cell wall constituents rather than the leaf covers (Table 2). Strength of 

internode and lodging resistance of stem rise as the seeding rate decreased in wheat crop. The crop height 

is mainly controlled by the genetic make-up of a variety and environmental factors. The enlargement of 

plant height was due to increased leaf area, resulting into the highest level of photosynthesis, more 

production of assimilates and plant dry matter due to uptake of other nutrients from the soil through 

synergistic effect, which increases the shoot length of plants or their genetic make-up. These outcomes were 

in line with those reported by Khaliq, Iqbal and Basra (1999), Hussain et al. (2001) and Soomro et al. (2009), 

which showed that wheat sowing at a vast seeding rate produced greater plant height and the shortest plant 

was recorded for the lowest seeding rate. However, these results did not coincide with the findings of 

Mohammad and Maqsuda (2017) who reported that seed rate increase resulted into a slight rise in the height 

of the plants, this could be because of environmental conditions and the genetic make-up of the cultivar 

used in both the studies. 

 

 
Figure 1: Map of the Study Area (Taluqan District, Takhar, Afghanistan) 

 

Spike length  

The size of spike plays a fundamental role in wheat towards the grains spike and final yield (Mohammad et 

al., 2019). In this field experiment, there was significant variation (P<0.05%) among the five seeding rates 

in response to seeding amounts. The mean values for this trait ranged from 6.8 cm to 9.75 cm (Table 2). 

The seeding rate of 100 kg/ha has recorded the highest mean value of 9.75 cm, and whereas, it was minimum 

(6.80 cm) for treatment 160 kg/ha. Overall, the seeding rate of 100 kg/ha had more spike length as compared 

to the rest of the four seeding rates: 80 kg (9.43 cm), 120 kg (8.43 cm), and 140 kg (7.43 cm). These results 
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are in harmony with the findings of Arif et al. (2019) who concluded that yield and growth were improved 

by applying appropriate quantities of seed rate. 

 

Tillers number per plant  

Tillering is the main developmental phase that allows the plants to reimburse under low plant density or 

taking merit of good growing situations. The tillers appearance is closely harmonized with leaves on the 

main stem, though the variety and cultivation circumstances influence the number of tillers formed. The 

cost-effective yield of wheat is resolute by the number of tillers per plant. Tillers have the mean agronomic 

role as this may compensate the alteration of plants number in space, partly or entirely after crop formation 

and may allow crop from early frost and recover it easily (Hussain et al., 2001; Soomro et al., 2009). The 

observation recorded for the number of tillers per plant at different seeding rates showed significant 

difference (p<0.05%) amongst all treatments in tillers number per plant where the use of 80 kg seed per 

hectare shaped a higher number of tillers (9.75) closely tracked by 100 kg/ha seed with 9.43 number of 

tillers. Rest of the three treatments did not show any superiority for this characteristic compared to above 

mentioned seed rates (Table 2). This may be due to the high plant population in the present study since the 

seeds were treated with fungicide, which led to competition among tillers and resulted in few tillers or 

spikes. Tillering phase is generally controlled by environmental factors and genetic traits of the variety. The 

result of this study was similar to the findings of Bodruzzaman et al. (2003) and Saifuzzaman et al. (2003). 

 

Numbers of spike per plant 

The data recorded for the numbers of spikes per plant showed significant variation (p<0.05%) among all 

treatments studied under this investigation. Among different seeding rates, the maximum numbers of spikes 

per plant (8.50 and 8.00) were recorded for seeding rates of 80 kg/ha and 100 kg/ha, respectively, which 

were statistically in line with other treatments (Table 2). The minimum number of spikes per plant (4.50) 

was noted in case of 160 kg/ha seeding rate. This study observed that more spikes in one plant were 

generated at the seed rate of 100 kg/ha and the lowest in case of the seeding rate of 160 kg/ha. The greater 

number of spikes per plants in 80 kg/ha seed rate was because of the less competition and appropriate seed 

placement in line. Whereas the plant competition causes fewer spikes per plant, a high density of plants per 

capita provides the conditions more prone to disease outbreak and stumpy osmotic pressure among the plant 

populations. The findings of this study are in line with many findings concluding that nutrient absorption is 

more due to reduced competition among the plant population having more number of tillers, enhanced 

vegetative growth, and increased number of spikes in a unit land area (Nourmohammadi, Siadat and 

Kashani, 2010; Talukdar et al., 2004). 

 

Flag leaf area  

The mean of collected data related to leaf area revealed significant variability (p<0.05%) of different seed 

quantities among all the five seeding rates studied for vegetative characteristics of flag leaf area. The mean 

value for this character varied from 38.50 cm2 to 74.50 cm2 (Table 2). The highest flag leaf area was found 

in the population grown from seed rate of 100 kg/ha and 80 kg/ha (74.50 cm2 and 38.50 cm2), respectively, 

followed by 120 kg/ha and 140 kg/ha. On the other hand, seeding rate of 160 kg/ha produced the lowest flag 

leaf area of 38.50 cm2 (Table 2). Mohammad et al. (2019) obtained a lower leaf area with high seeding rate 

due high density of plant numbers per capita and growth competition. Supplementary increase in seed 

amount would not increase leaf area because the dense plant population will create intense competition 

between plants for light, moisture and nutrients (Ullah et. al., 2018; Prystupa, Slafer and Savin, 2004). 

 

Number of spikelets per spike  

The data has shown significant variation (p<0.05%) of seeding rate on spikelet number per spike. A higher 

mean number of spikelets per spike was observed in plants sown at a seeding rate of 100 kg/ha (16.50 

spikelets per spike) followed by 80 kg/ha (14.00 spikelets per spike), 120 kg/ha (14.50 spikelets per spike), 

which were statistically at par with each other. While the lowest spikelet per spike was recorded in plants 
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sown at the seeding rate of 160 kg/ha (11.75 spikelets per spike), it was the same with 140 kg/ha (Table 2). 

The result reveals the lowest spikelets in seeding rate of 160 kg/ha causing more plant competition due to 

improper seed placement. Seed rate has a major influence on the vegetative growth of the plant. At the same 

time, at reproductive stage, its role is less considerable which is why different levels of seeding rate did not 

affect the number of spikelets per spike significantly. These results contradict the findings of several other 

research done by Ullah et al. (2018), Dalirie, Sharifi and Farzaneh (2014), Talukdar et al. (2004) and 

Nourmohammadi, Siadat and Kashani (2010). 

 

Stem girth  

The results indicate that there was significant variability (p<0.05%) in stem girth the plants sown at the five 

seeding rates. The mean value for this character laid from 3.60 cm to 0.96 cm. The highest girth with a mean 

value of (3.60 cm) was recorded in seed rate of 80 kg/ha, which was statistically different from the stem 

girths recorded with seed rates of 100, 120, 140 and 160 kg/hectare. The seed rate of 160 kg per hectare had 

minimum stem girth with the mean value of (0.96 cm), which was statistically in harmony with 140 kg/ha. 

On the other hand, 100 kg/ha seed rate had the second highest mean value of 2.80 cm but was statistically 

different with a seeding rate of 80 kg/hectare (Table 2). Generally, the more vigorous is the stem the higher 

is the yield in wheat. Earlier similar outcomes were reported by Ullah et al. (2018), Dalirie, Sharifi and 

Farzaneh (2014) and Talukdar et al. (2004). 

 

Table 2: Effect of various seeding rates on some vegetative characteristics of wheat (Triticum aestivum L.) 

Treatment 

[Seed rate 

kg/ha] 

Plant 

height (cm) 

Spike 

length 

(cm) 

No. of 

tillers/ 

plant 

No. of 

spikes/ 

plant 

Flag leaf 

area 

(cm2) 

No. 

Spikelets/ 

spike 

Stem 

girth (cm) 

80 85.75 b 9.43 ab 9.25 a 8.00 a 69.75 a 14.00 b 3.60 a 

100 94.75 ab 9.75 a 9.50 a 8.50 a 74.50 a 16.50 a 2.80 

120 99.75 a 8.43 bc 8.00 ab 6.75 ab 58.75 ab 14.50 b 2.70 

140 104.50 a 7.43 cd 6.50 b 5.75 bc 49.25 bc 12.25 c 1.80 

160 100.75 a 6.80 d 6.00 b 4.50 c 38.50 c 11.75 c 0.96 

F test * ** * ** ** ** ** 

SEM± 3.48 0.33 0.68 0.60 5.57 0.55 0.27 

CV (%) 7.12 7.94 17.33 17.92 19.16 7.91 9.95 

Note: * = (Critical variation); SEM = Standard Error Mean; CV= Coefficient of Variation; Mean values of 

each parameter within each column with a similar alphabet are not significantly difference at (p>0.05 %). 

 

Grains per spike  

High mean number of grain numbers per spike was achieved in plants sown at a 100 kg/hectare seeding 

rate. The present study reveals that there was significant variation at (p<0.05%) amongst all five seeding 

rates. The average number of grains per spike ranged from 30.70 to 42.25 (Table 3). The treatment 80 kg/ha 

had highest number of grains per spike (42.25), which was statistically at par with 100 kg/ha (421.75 grains 

per spike). It was minimum (30.75 grains per spike) in plants sown at seeding rate of 160 kg/ha. Overall, 80 

kg/ha had a greater number of grains per spike, as compared to the rest of the four seeding rates followed 

by 100 kg (41.75 grains per spike), 120 kg/ha (35.50 grains per spike), 140 and 160 kg/ha (30.75 grains per 

spike). Proper seed rate promotes the beginning of spikelets that resulted in high number of seeds per spike, 

but further seed rate of 120 kg/ha reduced the number of grains due to improper vegetative development of 

wheat crop as witnessed in case of plant elevation. The result of this study is in line with the findings of 

Talukdar et al. (2004), Allam (2005), El-Hag (2006) and Ramadan and Awaad (2008). Application of 

optimum seeding rate decreased the deterioration chance in the spikes; otherwise, in the situation of seed 

worsening, final seed yield is reduced. 
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Weight of spike  

Due to variation in seeding rate, the weight of spike was significantly different (p<0.05%) in the present 

study. The maximum weight of spike was found in 80 kg/ha (1.89 g) seed rate, statistically identical to 100 

kg/ha (1.70 g) (Table 3). While the minimum weight of spike (1.23 g) was recorded from 160 kg/ha. 

Likewise, 100 kg/ha seeding rate had the second-highest average value of 1.70 g but was statistically at par 

with 80 kg/ha (1.89 g). However, there was non-significant alteration (p>0.05%) between 120 kg/ha (1.37 

g), 140 kg/ha (1.25 g) and 160 kg/ha (1.23 g) seeding rates applied in this study. The mean values for 

different seeding rates revealed that treatments 80 kg/ha and 100 kg/ha were optimal for agro-ecological 

situation in Taluqan. The present study indicates that the seeding rate has an important role in the growth 

and improvement of spike and its final weight. A similar response of seeding rate on the weight of spike has 

also been reported by Talukdar et al. (2004) and Ramadan and Awaad (2008). 

 

Weight of grain per spike  

The present study reveals that the weight of grains per spike was also significantly affected by the seeding 

rate per hectare (p<0.05%). Maximum weight of grains per spike (1.43 g) was noted from 100 kg/ha seeding 

rate that was also statistically in harmony with 120 kg/ha seeding rate (Table 3). While minimum was 

observed in 160 kg/ha treatment (0.93 g), it was statistically at par with 80 kg/ha and 140 kg/ha seed rates. 

Grain number, the weight of spike and spike length have a positive role in the weight of grains per spike, 

and the optimal seeding rate for the Takhar agroclimatic situations is 100 or 120 kg/ha. These findings are 

pretty in line with the findings of Ali et al. (2004), Soomro et al. (2009), Baloch et al. (2010) and Kiliç and 

Gürsoy (2010). Seed rate applied in optimum dose has a crucial role on the grain number, the weight of 

spike and spike length and weight of grains per spike.  

 

Grain yield  

The results of this study showed that, there was a statistically significant increase in wheat crop yield with 

decreasing seeding rate. Maximum grain yield (4.94 kg/ha) was obtained from 100 kg/ha seeding rate, and 

it was statistically superior with the rest of the seeding rates adopted in this study. The second-high mean 

value of crop grain yield was observed in 80 kg/ha (3.96 kg/ha) seed rate. Statistically, it was at par with 

120 kg/ha seed rate (3.94 kg/ha). The minimum crop grain yield (3.03 kg/ha) was recorded from the seed 

amounts of 160 kg/ha, and statistically, it was in harmony with seed rate of 140 kg/ha (Table 3). The mean 

value of grain yield gradually improved with decreasing seed rates. The findings showed that the cumulative 

consequence of yield influencing traits, such as effective spikelets/spike, tillers number/plant, 1000-grain 

weight and grains/spike, had a positive influence on increased grain yield achieved from 100 kg/ha seed 

rate. In the case of higher seed rate, the growth and vegetative improvement of plants were reduced due to 

competition and unequal uptake of essential nutrients, which caused poor performance of crop yield traits 

and finally reduced the grain yield. These findings are in accordance with the results of Talukdar et al. 

(2004), Ramadan and Awaad (2008), and Nourmohammadi, Siadat and Kashani (2010). 

 

Straw weight per plot  

The mean value for total straw weight (kg/ha) showed significant variation (p<0.05%). The average mean 

value for this parameter ranged from 6.15 kg/ha to 3.15 kg/ha. The maximum straw weight was verified for 

100 kg/ha seed rate, which was statistically at par with 120 kg/ha, while the minimum plant material weight 

was noted for seeding rate of 160 kg/ha. The second highest mean value of straw weight was observed on 

treatment with 80 kg/ha seed rate (5.65 kg/ha), and was statistically in the same line with a seeding rate of 

140 kg/ha (Table 3). It is observed that proper seed rate has improved plant vigor and yield. It boosts nutrient 

accessibility, suitable sun light penetration for plant photosynthesis process, and a good soil environment 

for nutrient uptake for soil and water efficiency, all necessary for crop vigor and final crop yield. The total 

straw weight has increased in plants sown at seeding rate of 120 kg/ha (6.00 kg/ha) followed by 100 kg/ha. 

These results coincide with the findings of Bodruzzaman et al. (2003), Saifuzzaman et al. (2003), while 
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Talukdar et al. (2004), reported significant variability in straw weight per plot that could be ascribed to 

different seed rates affecting plant vitality and yield. 

 

1000-grain weight  

Documented results reveal that there was significant variation (p<0.05%) in 1000-grain weights at the five 

seeding rates, the mean value for which ranged from 30.25 g to 33.75 g (Table 3). The highest weight of 

1000-grain with a mean value of (33.75 g) was noted in 100 kg/ha seed rate, which statistically was similar 

to 120 kg/ha (33.00 g). Seeding rate of 160 kg/ha had a minimum weight of 1000 grain with the mean value 

of (30.25 g), which was statistically identical to 140 kg and 80 kg/ha. This result showed the optimal seeding 

rate for this trait in Takhar agro-climatic situation was 100 kg and 120 kg per hectare. The proper seeding 

rate has a crucial role and is responsible for the quality of grain and their weight. The present study’s results 

resemble those reported by Bodruzzaman et al. (2003), Ramadan and Awaad (2008) and Hag (2006), who 

concluded that a higher seed rate significantly decreased 1000-grain weight. 

 

Biological yield  

The mean value recorded for biological yield showed a vital difference (p<0.05%) among the seeding rates 

under study. The data for biological yield depicted a linear upward rise with the decrease in seeding rates 

(Table 3). Different seeding rates in wheat showed variability in biological yield significantly. Maximum 

biological yield (11.46 kg/ha) was harvested from 100 kg per hectare seed rate. In comparison, minimum 

yield (9.03 kg/ha) was recorded from the treatment with seed rate of 160 kg per hectare, which was 

statistically identical to the 80 kg, 120 kg, 140 kg, and 160 kg per hectare seed rates. The result showed that 

the biological yield progressively improved with the decreasing levels of seeding rates. The mean value for 

this parameter indicated that the cumulative influence of yield contributing characteristics, such as adequate 

number of tillers per plant, number of grains/spike, spikelets/spike and 1000 grains weight, had effective 

influence on higher grains yield obtained from 100 kg per hectare seeding rate. In the case of high seed rate, 

the growth and enlargement of plants were exposed due to competition of uptake of vital constituents and 

sunlight. It has caused poor yield characteristics and eventually culminated in the most negligible biological 

yield. Earlier, similar results for biological yield was reported by Talukdar et al. (2004), Allam (2005), and 

Hag (2006). Seeding rate had an influential role in various biochemical and physiological processes 

resulting in higher dry matter in cereal crops and more grain yield production. 

 

Table 3: Influence of different seed amounts on some yield characteristic of wheat crop (Triticum aestivum L.) 
Treatment 

[Seed rate 

kg/ha] 

Grain 

No. per 

spike 

Wt. of 

spike 

(g) 

Wt. of 

grain 

(g/spike) 

Grain crop 

yield (kg/ha) 

Straw 

crop 

(kg/ha) 

1000 grain 

weight (g) 

Biological 

yield (kg/ha) 

Harvest 

index 

80 42.25 a 1.89 a 1.11 b 3.96 b 5.15 b 31.25 b 9.46 b 39.51 

100 41.75 a 1.70 ab 1.43 a 4.94 a 5.65 a 33.75 a 11.46 b 41.27 

120 35.50 b 1.37 bc 1.38 a 3.94 b 6.15 a 33.00 a 9.59 b 39.17 

140 35.25 b 1.25 c 1.10 b 3.22 c 4.98 b 31.25 b 8.37 b 35.60 

160 30.75 b 1.23 c 0.93 b 3.03 c 3.15 c 30.25 b 8.03 b 34.87 

F test ** * ** ** ** ** ** NS 

SEM± 1.94 0.13 0.07 0.21 0.45 0.40 0.53 1.74 

CV (%) 10.43 17.93 10.95 10.95 15.3 2.49 11.20 9.13 

Note: *= (Critical dissimilarity); SEM = Standard Error Mean; CV= Co-efficient of Variation. Mean values 

of each parameter within each column with the similar alphabet are not significantly difference at (p>0.05 %). 
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Harvest index  

The harvest index shows the functional ability of plants to convert photosynthesis to final grain yield. Due 

to the application of different seeding rates, the mean values recorded for harvest index (Table 3) were non-

significant (P>0.05%). However, higher harvest index (41.27%) was noted for the seeding rate of 100 kg 

per hectare with 80 kg/ha and 120 kg/ha seeding rates. Minimum harvest index (34.87%) was observed from 

160 kg per hectare seed rate. Statistically at par with the rest, four seed rates were applied in this study. 

When harvest index is low, there is less translocation of nutrients and solar energy from the source to the 

sink, which results in less development of seeds and makes them of shriveled size. When harvest index is 

high, more assimilates were translocated from source to the grains, resulting in more assimilates being 

translocated from source to the grains, resulting in improved development and filling. Wheat crop harvest 

index is directly linked with the grain weight and plant dry matter, which in the long run depends upon the 

accessibility and absorption of nutrients from soil and sunlight penetration in the different parts of the plot. 

Hag (2006), Allam (2005) and Nourmohammadi, Siadat and Kashani (2010) reported that the harvest index 

varied significantly among the different seed rates, their results are against the finding of this study. 

 

Conclusions and Recommendation 
 

The results acquired from the present experiment have revealed that the application of various seeding rates, 

namely, 80, 100, 120, 140 and 160 kg per hectare, significantly affected different growth and yield 

parameters of wheat crop. The results indicated that the seed rate of 100 kg per hectare of wheat variety 

Mazare-99 performed better with respect to different growth and yield parameters such as spike length, total 

tillers number, the quantity of spike per plant, flag leaf area, number of spikelets per spike, and stem girth, 

grain number/spike, weight of spike, the weight of grain per spike, grain crop yield, crop straw weight, 

biological yield, and 1000-grains weight. The seeding rates of 80 kg/ha and 120 kg/ha were the second-best 

seeding rates after the 100 kg/ha seed rate. However, 160 kg/ha seed rate showed only superiority in plant 

height, but the 140 kg/ha seeding rate of a wheat variety of Mazar-99 did not show any remarkable 

superiority in any growth and yield characteristic evaluated in Takhar agro-climatic situation. Thus, a 100 

kg per hectare seeding rate could be recommended to the farmers for better wheat production in Takhar 

agro-climatic conditions in North-Eastern Afghanistan.   
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Abstract 
Indigenous seeds are grown by the farmers over the years with a 

strong influence from local natural factors. Such seeds have a 

higher level of intrapopulation variations and the capacity of 

buffering the adverse factors. Understanding indigenous seeds 

along with their diversity are useful to diversify their uses, to assess 

conservation status, to know the factors making farming areas red 

zone, and to improve their performance. Selection is the simplest 

and most common method for the improvement of crop varieties. 

The variation must be created and maintained to impose selection. 

Different types of selection can be considered depending on the 

mode of reproduction of crops. Response to selection and correlated 

response are estimated to make the selection process more 

effective. Many different selection approaches can target either 

developing monomorphic or polymorphic varieties. There are five 

selection units and can be applied in five crop stages. Farmers’ 

criteria need to be considered during selection process. Based on 

the genotypic classes, there are three types of selection namely 

stabilizing selection, directional selection, and disruptive selection. 

The most simple and common selection methods are pure lines, 

mass selection, and class-bulking selection. Orthodox seeds in 

short, medium, and long-term storage facilities are conserved as a 

seed bank. Major types are household seed banks, community seed 

banks, national seeds, natural seed banks, and global seed banks. A 

seed bank is for assuring the availability of crop diversity for 

research, study, and production. The common works in seed banks 

are diversity collection, regeneration, characterization, 

multiplication, and distribution along with online database 

management.  

Keywords 
Conservation; Endangered; Native seed; Red zone; Selection 

method; Workflow 

 

  

How to cite this paper: Joshi, B.K. (2021). 

Indigenous Seeds, Seed Selection and Seed Bank for 

Sustainable Agriculture. Grassroots Journal of 

Natural Resources, 4(4): 13-26. Doi: 

https://doi.org/10.33002/nr2581.6853.040402 
 

 

Received: 29 August 2021 

Reviewed: 21 September 2021 

Provisionally Accepted: 28 September 2021 

Revised: 11 October 2021 

Finally Accepted: 22 October 2021 

Published: 30 December 2021 

Copyright © 2021 by author(s) 

 

 

This work is licensed under the Creative 

Commons Attribution International 

License (CC BY 4.0). 

http://creativecommons.org/licenses/by/4.0/ 

 
 

 

Editor-in-Chief 

Prof. Dr. G. Poyyamoli 

Executive Editor 

Dr. Hasrat Arjjumend 

Associate Editor 

Dr. Maja Manojlovic 

Grassroots Journal of Natural Resources, Vol.4 No.4 (December 2021) 

ISSN  2581-6853 | CODEN: GJNRA9 | Published by The Grassroots Institute 

Website: http://grassrootsjournals.org/gjnr | Main Indexing: Web of Science 

M – 00268 | Analytical Article 
 

ISSN 2581-6853 | 4(4) Dec 2021 



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.13-26   |   ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040402    

 

 

 

 

14 Bal Krishna Joshi 

Introduction 
 

Seed is the heart of agriculture and a major source of energy for living beings on the Earth. Thousands of 

native seeds of different crop species are being created and maintained by farmers (Dwivedi et al., 2016; 

Joshi et al., 2018). Before the agricultural green revolution, localized Indigenous seeds were grown for 

grain production, and were produced at the same locality. Diverse and robust local seed systems which 

involve many native crop landraces are central to sustainable food systems that are renewable, resilient, 

equitable, diverse, healthy, and interconnected (Global Alliance for the Future of Food, 2016). But after 

the establishment of international research centers, crop diversity is being stored in the room and very few 

uniform varieties are grown widely. This has resulted in the loss of many native seeds (Joshi, 2017; Roy, 

2000). Seeds and grain products are now in different domains1. Seeds are produced in one site and 

transported to other sites for cultivation. Seeds grown in new areas sometimes do not perform well and 

there are many cases of crop failure across the world. Selection is the main method of shaping diversity, 

developing new uniform varieties, and narrowing the genetic base of newly developed varieties (Roy, 

2000; Singh and Chaudhary, 1977; Sthapit et al., 2019). Modified selection methods are needed so that 

this method could develop a variety with high intra level genetic diversity as well site-specific 

polymorphic variety. Commercialization of agriculture and negligence of native seeds are the major 

drivers leading to loss of a large number of native crop landraces. Realizing the importance of native crop 

diversity and a higher rate of genetic erosion, many different kinds of seed banks have been established 

(FAO, 1994; IRRI, 2000; Joshi et al., 2020b, 2017). Indigenous seeds, selection, and conservation are the 

key players in agriculture for sustainable food and nutrition security. This paper elaborates on the 

importance of Indigenous seeds, selection methods for developing polymorphic varieties, and 

conservation methods.  

 

Indigenous Seeds  
 

Seeds are planting materials produced by sexual reproduction. They are capable of reproduction and act as 

source of energy for many living beings in the world. Over the years, many different types of seeds of 

plant species have been evolved. Indigenous seeds are those that are produced, grown, or living naturally 

in a particular location. They are selected and managed by local people in the local environment, and they 

possess a high-level intra diversity. Therefore, they are heterogenous, polymorphic in nature (Joshi, 2017; 

Marone et al., 2021; Shiva, Ramprasad and Bhar, 1994). They are well adapted to the growing areas, and 

they produce high nutrition yield (Joshi et al., 2020c) and health index yield. Farmers have a crucial role 

in maintaining and improving such seeds (Global Alliance for the Future of Food, 2016). Seeds produced 

from the same production areas (seeds are well familiar with the production and environmental factors) 

are far better for a sustainable production system. They are the sources of many different genes and the 

foundation of agricultural science.  

 

Types of Seeds, Features and Uses 
 

Seeds are of many different types based on breeding, conservation, and botanical perspectives. Types of 

seeds along with their features are explained in table 1. Indigenous seeds are used mainly for production 

and in research studies. This is the basis of developing modern high-yielding varieties (Dwivedi et al., 

2016; Marone et al., 2021). Green revolution in agriculture is because of their role in contributing specific 

genes. Any different types of varieties are possible only using such indigenous seeds. As an example, a 

 
1 Earlier many farmers produce themselves seeds for theirs need to produce grains. But trend is now increasingly changing from 

single producers of seeds and grains in to two different types of producers, one is seed producer and another one is grain producer. 

They are generally from different areas, districts, provinces or countries. This resulted in the production of seeds from other than 

grain production areas, called grain production domain. 
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popular rice variety, called Khumal-4 in Nepal, has been developed using 13 different landraces originated 

in 8 countries (namely USA, India, Indonesia, Taiwan, China, Pakistan, Thailand, and Nepal (Joshi et al., 

2017).  

 

Table 1. Types of seeds and varieties based on different criteria  

S.N. Types (seed or variety)  Feature Synonym 

Based on the breeding perspective 
 

1. Indigenous seed Landrace of a particular site where this was 

originated  

Native seed 

2. Local variety  Landrace not introduced from other areas, if 

introduced, localized after growing several 

generations  

Heirloom  

3. Landrace  Genotype not altered by breeders but grown 

continuously by farmers over years  

Traditional, 

farmer’s variety  

4. High yielding variety Developed by selecting and following principles of 

genetics  

Improved, 

modern variety 

5. Hybrid seed Produced by crossing two different parents  F1 seed 

6. Genetically modified 

seed 

Seeds of genotype having distantly related genes GMO seed 

Based on the conservation perspective  
 

1 Orthodox seed Successfully dried to moisture contents <12% 

without injury and can tolerate freezing 

Desiccation 

tolerant seed 

2 Recalcitrant seed Do not tolerate drying tent below 12% without 

injury and are unable to tolerate freezing 

Desiccation 

sensitive seeds, 

unorthodox seed 

Based on the botanical perspective  
 

1 Monocot seed A single (mono) embryonic leaf or cotyledon Albuminous 

seed  

2 Dicot seed Two embryonic leaves or cotyledons Symmetrical 

seed 

 

Status Assessment  
 

The status of landraces concerning trends in their population size over sites and years is called 

conservation status. Among many different methods of status assessment, five cell analysis (also called 

landrace distribution analysis) is practically simple and very useful (Joshi and Gauchan, 2017). This 

method is based on areas and the number of growers which are measured through focus group discussion. 

Another approach is trait distribution analysis which helps identify rare and unique landraces based on the 

distribution of a particular trait in different landraces (Joshi and Gauchan, 2017). 

 

Endangered (red-listed) landraces  

 

The size and distribution of many native landraces are decreasing rapidly due to many factors (Shrestha et 

al., 2005). Landraces that are expected to be extinct in the near future from a particular site are called 

endangered landraces. In general, all landraces from the red zone are defined as endangered. Red zones 

are those areas where native technologies and germplasm are at the risk of being lost due to both natural 

and human-made factors e.g., earthquakes, changes in land use, distribution of modern variety, 

commercialization, etc. (Figure 1). All landraces that are endangered and rare are defined as a red list. 

Many different approaches can be used to assess the status of crop diversity called conservation status.  
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Figure 1: Possible causes of making agricultural land to the red zone and ultimately agricultural genetic 

resources endangered. (Source: Joshi and Gauchan, 2017) 

 

How to conserve  

 

Crop diversity can be conserved in three different ways. The first one is growing landraces or diversity 

continuously. Continued cultivation, harvesting, storing, and using are the dynamic process of 

conservation of crop diversity. The second method is using landraces in a breeding program. Use in 

breeding helps conserve some portion of the genome of landraces. The third one is conserving seeds in a 

seed bank. This is a long-term approach for the conservation of seeds. All three methods should be 

adopted for sustainable agricultural research and development (Joshi et al., 2020b). 

  

Seed Selection  
 

Basis of selection and mode of reproduction  

 

Genetic variation within species, varieties or population is the basis of selection. Major events for creating 

variation are meiosis, mutation, and cross-pollination. Heritability of specific traits is very important to 

estimate the response to selection. The genetic variation depends on the mode of reproduction e.g., the 

evolutionary rate is higher in sexually propagated genetic resources as compared to asexually propagated 

species. Seed selection applies only to self and cross-pollinated plant/ crop species. Depending on the 

mode of reproduction, the selection target may be either homogenous or heterogeneous (Figure 2). In 

autogamy species, the selected populations are homogenous and homozygotes, whereas, in allogamy, the 

selected populations are heterogeneous and heterozygotes. Selection always favors increasing the 

frequency of favorable alleles, genes, traits, and genotypes.  

 

Response to selection and correlated response  

 

Selection is the main and simple method for the genetic improvement of an individual or a population. 

Response to selection is how much gain we achieved in a particular trait (e.g., grain yield) from choosing 

some individuals over the original population. Response to selection is also called genetic gain (ΔG) or 

genetic progress. Based on the performance of the base population, selected individuals, and progeny of 

selected individuals, the following different parameters related to response to selection can be calculated 

(Figure 3) (Roy, 2000; Singh and Chaudhary, 1977). 

 

S (selection differential) = Mean of selected individuals – mean of the base population 

For prediction of selection differential (S’), S’ = (Z/p); where Z is the height of the ordinate, p is 

the proportion of selected individuals, and p is phenotypic standard deviation  
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R (response to selection) = Mean of the progeny of selected individuals – mean of the base 

population  

For prediction of response to selection (R’), R’ = i.h2. p; where i is standardized selection 

differential, h2 is heritability.  

 

 
Figure 2: Mode of crop reproduction and selection targets 

 

 

 
Figure 3: Different selection parameters associated with response to selection 

 

During selection of an individual based on a particular trait, it also affects other traits. Many traits are 

correlated with each other. The change in one character (say ‘y’) through indirect selection on an 
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associated character (say ‘x’) is called correlated response (CRy), which is estimated using the following 

formula (Singh and Chaudhary, 1977),  

 

 

where ix is standardized selection intensity of x character, hx and hy are the square roots of heritability of x, 

and y, respectively, rg is a genetic correlation between x and y, 𝛿𝑝𝑦 is the phenotypic standard deviation of 

y character.  

 

Selection approaches 

 

Six different selection approaches are in practice. Anyone or a combination of more than one approach 

can be adopted. These are: a) participatory vs. non-participatory selection approach; b) on-farm vs. on-

station selection; c) native vs. exotic variety selection; d) natural vs. artificial crossing-based selection; e) 

population vs. individual selection, and f) direct vs. indirect selection. On-farm selection is generally 

carried out in a participatory way, whereas on-station selection is non-participatory. Genetic diversity can 

be collected either from within a country or from a foreign country. Selection based on this material, it 

may be native seed selection, which is found more effective in term of its adaptability and consistence 

performance over the years. Naturally, almost all seed-bearing species cross at least few percentages 

among genotypes. Selection can be pressured on such a naturally crossed population or a human-assisted 

crossed population. In general, the population is considered as a selection unit in cross-pollinated species 

and an individual selection is in self-pollinated species. Direct selection is a very common approach that 

considers the target trait during selection (Joshi, 2017; Sthapit et al., 2019). Indirect selection is effective 

based on correlation and path coefficients.  

 

Selection target: Monomorphic vs. polymorphic  

 

The selection target is always to develop better variety at least for a target trait. In many cases, selection 

output is to get monomorphic and genetically uniform variety. Genetic uniformity leads to genetic 

vulnerability to both biotic and abiotic stresses and decreases intra level diversity. In contrast, 

polymorphic variety has a higher level intra varietal diversity, poly genotypes, and, therefore, is called 

heterogeneous population. Increased diversity reduces losses from pests and diseases, keeps evolving from 

generation to generation, decreases vulnerability to both biotic and abiotic stresses (Joshi et al., 2020a). 

Therefore, the selection target should be to develop a variety with a higher level of intra varietal diversity. 

 

Selection units and crop stages  

 

Selection is a continuous process, and there are five selection units. These are crop fields, a specific area 

within a crop field, plant or hill (all tillers emerged from the same point) from within a selection area, 

flower or spikelet within a plant, fruit or seed within an inflorescence. All units should be selected based 

on pre-defined criteria and targets. Selection then should be carried out in five different stages of the crop, 

namely seedling stage, vegetative stage, flowering stage, maturity stage, and storage stage. In many cases, 

one-stage selection (i.e., at the maturity stage) is very common but five stages selection is more effective, 

and genetic gain is relatively high.   

 

Selection tools and aids  

 

Selection involves many different factors, and it is complex in terms of getting significant genetic gain. To 

accelerate the selection process more effectively and efficiently, many different tools and aids should be 

considered. Some of them are correlation coefficients, heritability, path coefficients, check variety, control 

variety, yield, yield components, selection index, criteria and objective, target environment, and software. 

𝐶𝑅𝑦

= 𝑖𝑥. ℎ𝑥 .  ℎ𝑦.  𝑟𝑔.  𝛿𝑝𝑦 
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The software, which are useful for the selection of genotypes, are:  

 

GGEBiplot: It is a graphical tool for breeders, geneticists, and agronomists for conducting biplot 

analysis of research data. It is available from http://ggebiplot.com/.  

GGEBiplotGUI: It is an R package that provides a graphical user interface for the construction of, 

interaction with, and manipulation of GGE biplots. It is available from https://cran.r-

project.org/web/packages/GGEBiplotGUI/index.html.  

Agrobase: It is a plant breeding software with selection index estimation. It is available from 

https://www.agronomix.com/AGROBASE.aspx.  

Selection index: It is an R package for analysis of selection index in plant breeding. It is available 

from https://cran.rstudio.com/web/packages/selection.index/index.html.  

RIndSel: It is an R package with a graphical unit interface that uses selection index theory to 

select individual candidates. It is available from 

https://data.cimmyt.org/dataset.xhtml?persistentId=hdl:11529/10854.  

SI-R: This is a collection of R codes to compute several selection indices in R. It is available from 

https://data.cimmyt.org/dataset.xhtml?persistentId=hdl:11529/10352.  

ViTSel: It is R-based software to visualize results of multi-environmental multi-trait analysis for 

selection in plant breeding. It is available from https://data.cimmyt.org/dataverse/cimmytswdvn.  

 

Generalized selection traits (farmers’ criteria) 

 

Farmers always consider multiple traits in any variety. However, many researchers target to increase grain 

yield. Nutrition yield and health index yield are also very important and need to be considered during the 

selection of varieties. Farmers’ criteria are high yielding without external inputs, early maturity, good 

cooking and eating quality, pest resistance, medium height, drought-resistance, strong stem, good tillering 

capacity, erect leaves, large seed sizes, non-shattering, cost benefits and fodder value (Shiva et al., 1994).   

 

Types of selection based on classes  

 

In diploid species, there are three types of genotypes, e.g., AA, Aa, and aa, for a particular trait and can 

also be called three classes (in one locus with two alleles systems) (Roy, 2000). Genotypes of AA and aa 

represent extreme types and Aa represent the intermediate type. Almost all quantitative traits follow a 

normal distribution. In such a normally distributed curve, two tails are representing the two extreme 

expressions of a trait, and the third represents the average expression of a trait. Depending on the favoring 

of such classes during selection, there are three types of selection, as given in figure 4. Stabilizing 

selection includes individuals with mean equal or close to population means. The selection of individuals 

with either higher mean or lower mean is called directional selection. Disruptive selection includes 

individuals from more than one class and the progeny of selected individuals make two picks. In the 

majority of crop breeding, directional selection is very common and effective.  

 

Simple Selection methods 

 

Many specific selection methods have been developed for self and cross-pollinated and vegetatively 

propagated crops. Selection methods are applicable to both segregating population and farmers’ 

varieties. The simple methods among other complex selection procedures are pure line selection, mass 

selection, and class-bulking selection methods. The pure line selection method involves the selection of 

a single best genotype for several generations until a pure line of a variety with desired characters is 

established. This method is more applicable to self-pollinated and clonally propagated crops. Mass 

selection is the oldest method of crop improvement in which many different individual plants are 

selected based on phenotypic performance, their seeds are bulked and used to grow in next generation. 

http://ggebiplot.com/
https://cran.r-project.org/web/packages/GGEBiplotGUI/index.html
https://cran.r-project.org/web/packages/GGEBiplotGUI/index.html
https://www.agronomix.com/AGROBASE.aspx
https://cran.rstudio.com/web/packages/selection.index/index.html
https://data.cimmyt.org/dataset.xhtml?persistentId=hdl:11529/10854
https://data.cimmyt.org/dataset.xhtml?persistentId=hdl:11529/10352
https://data.cimmyt.org/dataverse/cimmytswdvn
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This cycle is repeated until the desired population is established.  

 

 
 

Figure 4: Types of selection based on different genotypic classes 

 

Another modified bulk selection method is the class-bulking selection (CBS). In this CBS, individuals are 

selected from different classes, categories, or groups of varieties or landraces or within cultivar and mix 

them. This mixture or bulked materials are grown, and selection pressure is imposed. These processes are 

repeated for getting a heterogenous population having desired characters. Such variety is relatively more 

resilient to climate changes and less vulnerable to both abiotic and biotic stresses. A better result can be 

obtained if selection and bulking could be done based on the mixing ability (general mixing ability and 

specific mixing ability) of different selected genotypes.  

 

Seed Bank 
 

Seed bank is a place where the orthodox seeds of many different crops are stored to preserve genetic 

diversity along with information for present and future use. Orthodox seeds are long-lived seeds and can 

be successfully dried to moisture contents as low as 5% without injury and can tolerate freezing e.g., rice, 

maize, and soybean. Non-orthodox (recalcitrant) seeds cannot be stored for a long term and, therefore, 

seed bank is associated with only orthodox seeds. Some features of general seed banks are banking of 

different kinds of seeds, making access to all stakeholders and long-term security. Seeds from such banks 

are only used for reproduction, multiplication, and research, and not for consumption (FAO, 1994; IRRI, 

2000; Joshi et al., 2020b, 2018, 2017; Rao et al., 2006; Rao and Paula, 2000).   

 

Types of a seed bank 

 

Seed banks are of three types based on conservation strategies, they are on-farm seed banks, ex-situ seed 

banks, and in-situ seed banks (Figure 5) (Joshi et al., 2017; Joshi and Upadhya, 2019). The on-farm seed 

bank is where seeds are stored for few months to few years in a man-made store or house e.g., community 

seed bank (Shrestha, Vernooy and Chaudhary, 2013), household seed bank, and village level seed bank. 

The whole life period of seeds does not get a chance to interact with natural factors. Seeds are stored at 

normal room temperature and for a short term. In village level seed bank, each household maintains 

different specific crop seeds, and, in aggregate, all households i.e., the village, conserve the maximum 
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crop diversity. Ex-situ banks may be national, regional, or global, and seeds stored in such banks do not 

get a chance to interact with natural factors. Seeds are stored in an advanced structure with a controlled 

environment targeting medium and long terms. If seeds and all their stages interact with natural factors, 

such a system of storage is called as in-situ seed bank. Seeds of crop’s wild relatives are stored in such 

conditions and called natural seed banks. Similarly, the domesticated crop can be kept all the time in a 

certain field, called agro gene sanctuary. In such sanctuary, crop seeds are grown in the field and their 

matured seeds remain in the same field in natural condition.  

 

 
Figure 5: Types of seed banks and storage environment (not colored box) 

 

Storage condition  

 

Community seed banks and household seed banks are being maintained at room temperature and natural 

relative humidity (RH) (Joshi et al., 2018). Seeds can be stored either in air-tight containers or in any local 

containers. The ex-situ seed bank is maintained with two systems, one is called active collection where 

seeds are kept in air-tight containers at 0-10oC temperature and 35-45% RH (FAO, 1994; IRRI, 2000). 

Second is a base collection, which is maintained at -20oC and seeds are generally kept in vacuum-sealed 

aluminum foil. In many cases, RH is not considered to maintain in base collection. Everything in a natural 

seed bank is naturally maintained. Therefore, it is also called ‘seeds in the soil’, ‘soil seed bank’, etc.  

 

Workflow in the seed bank 

 

Genebank handles different types of genetic materials e.g., orthodox seeds, recalcitrant seeds, and 

vegetatively propagating materials. For conserving all such types of materials, genebank consists of the seed 

bank, field genebank, and tissue bank. The work and germplasm flows are given in figure 6. The major 

works in seed banks are exploration and collection, registration, seed testing and processing, conservation, 

regeneration and multiplication, viability monitoring, characterization, evaluation, genotyping, screening and 

pre-breeding, distribution and exchange of materials, and database management. 
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Seeds flow, regeneration and distribution 

 

Seeds flow in seed bank is given in figure 7. Seed quality and amount are major considerations during the 

storage process in the seed bank. Germination should be more than 80% for storing seeds in the seed bank. 

If both quality and quantity do not meet the standard of the seed bank, then regeneration and 

multiplication are carried out at suitable locations. Regeneration should be done in a similar environment 

to that of the original collection site. During seed multiplication and regeneration, sample size (more than 

40 seeds) should be maintained to minimize the loss of genetic diversity within an accession. Small 

amounts of seeds are distributed to researchers and farmers from ex-situ seed banks especially from the 

active collection.  

 

 
Figure 6: Works and germplasm flows in genebank. (Source: Engels and Visser, 2003; FAO, 1994; IRRI, 

2000; Joshi et al., 2017; Rao et al., 2006; Rao and Paula, 2000) 
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Figure 7: Seeds flow in the seed bank. (Source: Joshi et al., 2017) 

 

Seed database and online access  

 

The details of seeds materials along with the availability of seeds of many global and country-level 

genebanks are searchable online. Some searchable platforms are given below.  

▪ Genesys: This is an online platform where one can find information about plant genetic resources 

conserved in genebanks worldwide. Its website is https://www.genesys-pgr.org/.  

▪ GRIN-Global (USDA): This is a database application that enables genebanks to store and manage 

information associated with plant genetic resources (germplasm). Its website is 

https://npgsweb.ars-grin.gov/gringlobal/search.  

▪ NIAS Genebank: This is the main repository of genetic resources of plants, animals, and 

microorganisms of agricultural importance in Japan. Its website is 

https://www.gene.affrc.go.jp/databases_en.php.  

▪ Svalbard Global Seed Vault: This is a long-term seed storage facility representing the world’s 

largest collection of crop diversity. The official website is https://seedvault.nordgen.org/.  

▪ EURISCO: It is an online platform that provides information at the accession level of PGR 

conserved in European genebanks or other collections. Its website is https://eurisco.ipk-

gatersleben.de/apex/f?p=103:55.  

 

Conclusion  
 

Localized seed diversity performs consistently over a long period. These Indigenous seeds are the sources 

of many genes and the foundation of agricultural science. Due to the high level of intra landrace diversity, 

Indigenous crop varieties respond well to selecting with the specifically targeted trait. Participatory 

selection following the class-bulking method is more effective for developing nature-responsive varieties. 

Crop diversity is generally being conserved in human-made buildings and a single uniform variety is 

grown in wider areas. This resulted in the loss of a higher percentage of genetic diversity. Crop diversity 

should also be maintained in the field not only in static conditions for sustainable agriculture. Different 

conservation strategies, as well as types of seed banks, should be considered for conservation and 

utilization of nature-gifted diversity over a longer period.    
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Abstract 
Spatial and temporal evaluation of the land use and land cover 

(LULC) changes, its dynamism and overall consequences are 

considered the fundamental variables in global climate change. These 

immense changes influence ecosystem, life, and livelihoods. Over the 

last few decades, industrial expansion in Bangladesh has a major 

effect on LULC across the suburban areas of the capital city Dhaka, 

especially the surrounding areas of Ashulia industrial hub. While 

providing new approaches to improve the frontiers of antecedent 

revolutions, particularly those of LULC changes monitoring and 

mapping, this study tried to evaluate further land development and 

planning in the study area between 2014 and 2020. Remote sensing 

imageries and relevant multiple secondary information were 

consecutively used as datasets. The interactive supervised 

classification tool using a maximum likelihood process was applied 

in LULC changes evaluations, detections, and as well providing 

fruitful explanations. Therefore, evaluated LULC maps’ overall 

accuracies were between 84% and96%, and kappa coefficient 

between 0.83 and 0.92. The results revealed that the urbanization and 

built-up area were the prime LULC type (77.36% in 2020) in the 

study area and were exceedingly increasing land cover type over 

water bodies, bare land and vegetation. Overall, in between 2014 and 

2020, the LULC types as of water bodies, barelands, and vegetation 

have decreased by 212 hectares, 435 hectares, and 470 hectares, 

respectively. Moreover, overall downward trends of LULC changes 

were identified in all the land use types except built-up area. Hence, 

imbalanced land conversions and lack of proper planning together 

were creating the region highly vulnerable to several disasters as well 

as imbalanced ecosystem. Th study findings can help the decision 

makers and planners apart from future research.  

Keywords 
Land use and land cover changes; Industrial expansion; Landsat; 

Remote sensing; Ashulia 
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Introduction 
 

Land use and land cover (LULC) changes have been considered as the crucial element of regional changes 

(Roy and Roy, 2010; Islam et al., 2019; Ghosh et al. 2020). The observable magnitudes, varieties, and the 

geospatial surface variability have made the quantification and assessment of LULC changes the big 

challenge to researchers (Islam and Ma, 2018; Ganguli, Islam and Garai, 2018; Zhu et al., 2020; Alauddin 

et al., 2020). However, most of the LULC changes are directly influenced by human activities, and hardly 

ever follow usual ecological theories (Ghosh et al., 2020; Islam and Roman, 2019; Rifat et al., 2021). 

Theoretically, land use is described as man’s activities, while the land cover is described as surface 

distribution (Roy and Giriraj, 2008). However, remote sensing is considered as the useful process that 

assists in realizing the changes related to LULC properties with reference to geo-registered multi temporal 

data products. The usages of remotely sensed data are considered mostly accurate and more appropriate 

than other sources to identify changes in LULC. Hence, the system is very effective for assessing the 

change or degrading trends of any regional distribution as well as larger area (Olaleye, Abiodun and 

Igbokwe, 2009). The incorporation of remote sensing (RS) and geographical information system (GIS) 

together can assist analyzing land cover mapping, changing detections, as well as trend analysis over the 

time in variety of ways (Lambin, 2001; Islam et al., 2020). From 1970 to 2020, the population of Dhaka 

metropolitan (DMA) has reached from 1.4 million to 21.7 million that has grown it into a crowded 

metropolis and one of themost quickly urbanizedcities in the world (The World Bank, 2021). Several 

studies have suggested that if the trends of population growth continue, together with industrialization and 

the ever-increasing economic growth expected to occur over the next 10–15 years, DMA would rise up as 

the 6th largest urban cluster on the planet (Hassan and Southworth, 2018). The estimated risen up urban 

cluster level already achieved in 2021 as the DMA cluster population is now 6th ranked in the world and 

4th in Asian continent with 3.50% growth rate (The World Bank, 2021). Influx of rural migrants is 

primarily inflated by this vast and rapid urbanization and industrialization driven by population growth in 

capital city Dhaka (Elahi, Rashid and Sarkar, 2016). Either looking for employment in a thriving industrial 

sector, like textile and readymade garments around the city, or to avail themselves modern civic facilities, 

like job, recreation, park, health care clinics, education, and so on, rural people immigrate to the urban 

centre (Islam and Roman, 2019). 

 

The acceleration rate of population growth in and around DMA creates a tremendous pressure on city 

lands, infrastructures, as well as urban services (UN-Habitat, 2016). Hence, the respective authorities’ 

altogether have prepared a comprehensive plan and, therefore, initiated to build several industrial zones in 

the surrounding fringe areas of DMA. Though the implementation procedures were so difficult, most of 

the specialized industries already shifted their respective locations. The Ashulia industrial hub located in 

Ashulia union under Savar Upazila in Dhaka district was considered as one of the highly efficient zones 

that established textile and readymade garments (RMG) industries. The respective area was concerned 

under selection has several advantages including huge vacant lands, rare flooding, excessive manpower 

and developed transportation network as we as just lying outer circle of DMA. As a developing peripheral 

area, Ashulia union has a great efficiency and potentiality to be established as a well-designed industrial 

town. The geographical location, physiographic character and multiple communication accessibilities have 

influenced the area to catch speed over a broader scale. Moreover, the study area is also included under 

the jurisdiction of the country’s Capital City Development Authority locally named as ‘Rajdhani Unnayan 

Kartipakkha (RAJUK)’since 1989. It has received further impulse to grow a rapid manner. The 

potentialities of land use and its transformation in the West and Northwest fringe of the city of Dhaka will 

be explored further. This area is not different from any other region, but after the construction of "Asian 

Highway" in 1996, a remarkable change is observed here that modified the prospects of this region. This 

road promotes international trade and multidimensional advantages and socio-economic development of 

this region.  
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Bangladesh has traditionally been observed with the urbanization processes as the result of economic 

development and population growth. Very little work has been done to track the dynamic growth 

trajectory in a spatial or physical context (Hassan and Nazem, 2016). A wide range of socioeconomic, 

climatic, physical, biologicaland hydrological systems is affected ultimately by the LULC changes where 

LULC change is the key modifier of the landscape (Sohl and Sohl, 2012; Oliveira et al., 2012). The rapid 

changes of LULC, specifically in developing nations, are often characterized by drastic urban sprawling 

(Jat, Garg and Khare, 2008; Mundia and Aniya, 2006). In addition, the transformation of farmland to 

shrimp farming (Ali, 2006) is impending huge cost to the environment (Abdullah, 2005) or land 

degradation by construction infrastructure, agricultural development and tourism industry (Malte, Helge 

and Shalabh, 2007). In one hand, a number ofindustries and residential buildings are being established 

here. Due to the impact of advanced communication systems and transportation network, rapid land use 

changes, reduction of agricultural land, development of local economy, increase of employment 

opportunities, increase of demand for land can be seen in this area. Because this area is located within the 

jurisdiction of greater Dhaka, most of the industries and housing projectsare constructed in this areaalong 

the highway without following any rules and regulations. Lack of proper planning, management and 

monitoring, and excessive pollutions are threatening the environment and livelihoods in this area. 

Therefore, using remote sensing data, this study aimed to evaluate the geospatial LULC changes in the 

study area, it’s directions and multiple impacts and consequences over the environment. However, the 

evaluations would be helpful to prepare a sustainable management policy for the study area and other 

peripheral region of developing cities. 

 

Methodology 
 

Description of the study area 

 

To conduct this study, data was collected from Ashulia union, the northwest periphery of the country’s 

capital Dhaka city situated on the left bank of the Turag River and right opposite of Tongi (Figure 1). 

Geographically, the area is located between 23052’00” E to 23056’00” E latitude and 90016’30” N to 

90021’15” N longitude. The study area Ashulia is a union under Savar upazila of Dhaka district with a 

total area of 27.16 square kilometers. Huge paddy fields occupy surroundings of the villages, which make 

it a kind of tourist attraction. The study area is considered one of most migrant populated areas in 

Bangladesh. Due to excessive population pressure and high demand of land, the local people are 

frequently changing their livelihood pattern through degrading the cultivable land, vegetations, water 

bodies and open spaces. Overall, the environment is frequently detouring and degrading by various types 

of pollutions. 

 

Datasets and preprocessing 

 

RS satellite imageries were used to monitor and quantify the geospatial evaluation of LULC changes in 

the study area by selected years of 2014, 2017, and 2020 (Table 1). Multispectral Landsat 8 OLI/TIRS C1 

Level-1 data were collected and downloaded from the USGS Global Visualization Viewer (GloVis) 

archive (https://glovis.usgs.gov/) (GloVis, 2009). Cloud free images were obtained from similar season to 

look forward to avoiding variation as much as possible in vegetation phenology. After the acquisition of 

the images, without using the thermal bands of each image scene in seven bands of OLI8, images were 

superimposed to form a single multispectral image dataset using the layer stack function. The interactive 

supervised classification tool using a maximum likelihood process was applied to classify the LULC map 

(Esri, 2020). The supervised classification as of the image analyst develops the spectral signatures of 

known categories, such as urban and forest, and then the software assigns each pixel in the image to the 

cover type to which its signature is most comparable (Eastman, 2001). After defining the area of interest 

(AOI), the classification was applied in the process. The training sites were selected in agreement with the 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Oliveira%2c+S.%22
https://glovis.usgs.gov/
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Landsat images, Google Map and Google Earth. For producing a more accurate LULC map, the classified 

images were modified with the help of visual interpretation and image indices. Based on IGBP-9, Food 

and Agriculture Organization (FAO) land cover classes and visible land cover of the study, a classification 

category was adopted consisting of 5 first level classes, namely water bodies, bare land, vegetation, 

agricultural land, and built-up areas (Table 2) (Islam et al., 2019). The datum of WGS84 and Zone 46N 

was selected by the Universal Traverse Mercator (UTM) system as projection for all datasets. 

 

 
Figure 1: Geographical location of the study area in Bangladesh 

 

Each thematic data layer in the composite data layer as indicated by particular features color and revealed 

area statistics in the map.  The flow chart (Figure 2) described the methods and methodology of the study. 

 

Moreover, some necessary data and information were collected from the primary and secondary sources 

from direct field observations, conference proceedings, published materials such as books, journals, thesis, 

etc. The archived both government officials and non-government organizations (NGOs) recorded and 

published literature, books, journal, and reports were used to prepare the conceptual framework in the 

study. 

 

 

 

  



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.27-41 | ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040403 

 

 

 

 

31 Md. Sabbir Hosen, Shahidul Islam, Alak Paul, Md. Mahfuzul Hoque Bhuiyan 

Table 1: Characteristics of datasets used in the study 

Datasets Year Acquisition Spatial 

Resolution 

Source Format 

Landsat 8 

OLI/TIRS 

2014 25 Jan 2014 30m U.S. Geological Survey  

Raster 

 
2017 17 Jan 2017 30m 

2020 26 Jan 2020 30m 

 

Table 2: Land use types of classification process used in the study 

Land use types Description 

Water bodies Permanent open water, ponds and reservoirs, ditches, permanent and seasonal 

wetlands, marshy land, aqua fishing, low-lying areas, lakes 

Bare land Barren land, uncultivated land, open space, earth and sand land in-fillings, 

construction sites, excavation sites, bare and exposed soils 

Vegetation forest, homestead vegetation, bush and shrubs 

Agricultural land Land used for farming, paddy field, vegetables, agriculture, fruits and other 

cultivated lands 

Built-up area Residential, industrial, transportation infrastructure, mixed urban and other urban, 

commercial and services 

 

Accuracy assessment 

 

A cross-validation test was estimated in Random Forest internally during the bootstrapping process used 

70% of training data and OOB error estimation used the remaining 30% of training data (Hastie, 

Tibshirani and Friedman, 2009; Janitza, Tutz and Boulesteix, 2016). However, self-testing is possible to 

assess model performance. The LULC accuracies evaluate from random sampling techniques. Moreover, 

the adequate number of validation data points for each class category point out for accurate assessment 

and a statistical error matrix (Congalton and Green, 2009). Google Earth’s high-resolution imagery was 

used for collecting ground truth samples. Then, ground points were selected manually, which were cross 

validated with the LULC map using 70 stratified random sample points. Therefore, error matrix calculated 

overall accuracy between 84-96% and kappa coefficient between 0.83-0.92 that achieved highly 

acceptable for further assessment and analysis. 

 

 Overall Accuracy =
𝑇𝑜𝑡𝑎𝑙𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦𝐶𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑𝑃𝑖𝑥𝑒𝑙𝑠(𝐷𝑖𝑎𝑔𝑜𝑛𝑎𝑙) 

𝑇𝑜𝑡𝑎𝑙𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑃𝑖𝑥𝑒𝑙𝑠
× 100 (1) 

 Kappa coefficient (T)=
(𝑇𝑆∗𝑇𝐶𝑆)−∑(𝑐𝑜𝑙𝑢𝑚𝑛𝑡𝑜𝑡𝑎𝑙∗𝑟𝑎𝑤𝑡𝑜𝑡𝑎𝑙)

𝑇𝑆2−∑(𝑐𝑜𝑙𝑢𝑚𝑛𝑡𝑜𝑡𝑎𝑙−𝑟𝑎𝑤𝑡𝑜𝑡𝑎𝑙)
× 100 (2) 

 

Where, TS is the total sample points that considered for accuracy assessments and TCS is the total 

correctly classified sampling points that evaluated. 

 

Results and Discussions 
 

Arial and spatial pattern of LULC in the study area 

 

In this study, the total area of Ashulia Union was calculated as 2,716 hectares (Table 2). The LULC 

changes and evaluations were designed both from remote sensing data and physical interface therefore 

(Figure 2). The evaluated LULC of the year 2014 revealed that about 33.51% of the total area was under 

built-up area because of the location near the Dhaka city. Various residential areas, industries, 

communication facilities were developing within this area (Figure 3). Only 10.86% area was underwater 

bodies, categorized as the lowest land covered type. Since urbanization is a continuous process, its rate 
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would be lower than that of the present days. Usually, a large proportion of the land would remain 

exposed in the past. It was observed from the image of 2014 that about 16.79% of the area was exposed at 

that time. Besides this, about 846 hectares vegetation cover and 209 hectares agricultural land were 

present combining nearly 39% of the total area. During this period, deforestation occurred in the current 

Tangabari, Rangdhanu and Shutingbari areas. In 2017, the highest percentage of land (59.06%) was 

devoted to the built-up area. Bare lands covered 8.36% of the total area, especially in the north-western 

and north-eastern part of the union in a scattered way. While vegetation covered about 19.48% areas 

mainly located in the north-western part and a big proportion was in the central part of the union.  

`  

Figure 2: Flowchart of the study 

 

There was a chunk of water bodies (5.56%) at that time. The spatial pattern of the LULC in 

2017delineatedvast zones of built-up area. In fact, built-up areas had become consolidated in the period 

and extended outwards to the north-east and north part of the union. Most of the areas in the south were 

also filled-up as built-up areas. Built-up area and agricultural land jointly covered almost 66.61% of the 

total area in 2017. Due to the increase in built-up areas, the bare land had decreased in this part of the 

Collection of Raster Landsat 8 

images of 2014, 2017 and 2020 Creation of Vector GIS 

Boundary Layer 

Geometric Correction 
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Digitization 
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union. In 2020, the highest percentage of land was also possessed by built-up areas (77.36%), followed by 

vegetation (13.84%), and bare land (5.68%). A small portion (3.06%) was accounted for water bodies. 

From the spatial map, it was easily visible that, in 2020, vast areas from south to north were under the 

built-up categories representing a profound urbanization process in Ashulia Union. At the same time, 

vegetation and bare lands have decreased considerably during this period. Due to rapid urbanization, 

agricultural lands were reduced by 70 hectares from 2017. It happened because people started to transform 

their agricultural land into the residential and commercial land. However, overall water bodies in terms of 

area coverage are prevailed a decreasing trend in Savar Upazila of Bangladesh over this period 

(SPARRSO, 2020). 

 

Table 2:Areal distributions of LULC types in the study area 

 

 
Figure 3: LULC Pattern of the Study Area by 2014, 2017, and 2020 

 

LULC Types 2014 2017 2020 

Area(in ha) % Area(in ha) % Area(in ha) % 

Water bodies 295 10.86 151 5.56 83 3.06 

Bare land 456 16.79 227 8.36 21 0.77 

Vegetation 846 31.15 529 19.48 376 13.84 

Agricultural land 209 7.70 205 7.55 135 4.97 

Built-up area 910 33.51 1604 59.06 2101 77.36 

Total 2716 100 2716 100 2716 100 
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LULC changes detection 

 

LULCC is the transformation of different land use types and is the effect of complex interactions between the 

physical environment and humans (Pielke et al., 2011; Shalaby and Tateishi, 2007). In global change, LULCC 

is a major driver and has an effective impact on biological cycles; ecosystem processes and biodiversity 

(Basommi et al., 2016; Verburg et al., 2004; Begum, Nessa and Alam, 2013).The changes of lands were shown 

by area in hectare and by percentage in Table 3 to have a clear and obvious understanding on the modification 

of lands through a notable span of time. However, water bodies in this study were mainly referred to the small 

ponds, ditches, and canals around the city. The areas of water bodies (Figure 3) had changed more drastically 

throughout the study period. Overall, the total water bodies in Arial declined about 7.8%, which was mainly the 

canal encroachment and illegal occupation of water bodies. From the Table 3, it is clear that the area of bare 

land decreased gradually. During 2014-2017, the area of bare land dropped dramatically about 8.43%, which 

was the highest throughout the study period. Moreover, in the total time span of 7 years, the decrease was 

roughly 16% (Table 3). As bare lands occupied by various infrastructure (houses, official buildings, industries, 

etc.), its reduction rate indicates the increase of urban concentration. For accommodation, people build house 

without obeying the existing rules and regulations. Influential individuals and local people built their houses for 

earning money by renting them to the poor and migrant people. As a result, the population increased 

excessively, due to a large influx of rural work in the thriving industrial sectors in Savar (Islam, 1996; Amin, 

1991; Begum, Nessa and Alam, 2013). It is evident that the area of vegetation (Figure 6) had reduced 

noticeably within the period of 7 years (2014-2020). The rate of reduction had increased year to year and, 

lastly, it was about 11.67% decline during 2014-2017. Between 2014 and 2017, the vegetation cover decreased 

significantly (317 hectares). Decreasing in this type of land cover would create a serious environmental effect 

and would be completely averse to the sustainable environmental development of the area. In 2017, most of the 

land of Ashulia was being used for industrial purposes. There were vast vegetated area, agricultural land, and 

vacant land and water bodies. However, in 2017, it was seen that water bodies and vacant land have reduced. 

Large area has changed to residential and industrial area, which was under agricultural use. These changes have 

been triggered by rapid population growth. These excessive population demand for more space arising out of 

swift growth of multistoried building, housing, communication, commerce, industries, food production, market 

expansion, etc. is going to exert more pressure on land; and this will play substantial roles in land use change of 

Ashulia in future. The degradation of forests, grasslands, vegetative areas, wetlands, water bodies and bare 

lands across the whole region occurred due to the fast urban growth. The increasing urban growth is connected 

to multiple possible factors and drivers, including education facilities, increased job opportunities, natural 

population growth and social-cultural modern facilities to urban life. However, the increased rural to urban 

migration significantly results from economic insolvencies, unemployment, natural disasters, landlessness and 

river erosion in the countryside. 

 

Table 3: Areal changes of LULC in the study area 

LULC Types 2014-2017 2017-2020 Overall change 

(2014-2020) 

Changes 

in area 

(hectares) 

(%) Changes 

in area 

(hectares) 

(%) Changes 

in area 

(hectares) 

(%) 

Water bodies -144 -5.3 -68 -2.5 -212 -7.8 

Bare land -227 -8.43 -206 -7.59 -435 -16.02 

Vegetation -317 -11.67 -153 -5.64 -470 -17.31 

Agricultural land -4 -0.15 -16 -2.58 -74 -2.73 

Built-up area +694 +25.55 +497 +18.3 +1191 +43.85 

N.B.: Positive (+) and Negative (-) figures are showing increase and decrease of an area respectively  
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Change detection for water bodies area 

 

In 2014, the area of water bodies was 295 hectares, which has decreased to 151 hectares in 2017 (Figure 

3). Therefore, decreasing trends continued and already reached to 83 hectares by 2020. As an industrial 

area, many people are migrating daily to work in these areas and, thereafter demand of residential as well 

built-up area grows expanding over water bodies such as rivers, canals, ponds of this area. Therefore, the 

water bodies have reduced. 

 

 
Figure 4: Changing Scenarios of Water bodies. 

 

Change detection for vegetation areas 

 

Ashulia was a green vegetation area one decade ago. The DEPZ industrial area was starting to build up the 

factories. As a result, the vegetation areas were cleared to make the space. As this research covers the 

duration between 2014 and 2020, so it has described the deforestation over this time interval (Figure 4). In 

2014, the total area under vegetation cover was 846 hectares, which was reduced to 529 hectares in 2017, 

and in 2020 it reduced to 376 hectares. Therefore, it is noticed that the vegetation cover decreased to 

create space for new migrants. The change detection for vegetation areas is found out with the help of 

Google Earth and ArcGIS. 

 

Change detection for built-up areas 

 

Most area of Ashulia is under textile, garments industries. Settlement is the feature that changed most of 

this area. Figure 5 described that the built-up area in Ashulia in 2014 was 910 hectares. It became 1604 

hectares in 2017. Again, in 2020, it raised up to 2,101 hectares. Hence, it is clear that the population of 

Ashulia area increased at alarming rate. To increase space for the people of this area, the bare land and 

low landscape was filled up. New houses are built-up. 



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.27-41 | ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040403 

 

 

 

 

36 Md. Sabbir Hosen, Shahidul Islam, Alak Paul, Md. Mahfuzul Hoque Bhuiyan 

 
Figure 5: Changing Scenarios of Vegetation 

 

Ashulia is the most important area under Savar upzilla. Dhaka EPZ is situated here. Many people from 

different districts work in the factories here. LULC change information in the form of statistical data and 

maps is very important for spatial planning, utilization and management of land. Information for detecting 

and monitoring changes in land cover and land use are now provided by RS data and analysis techniques. 

Ashulia area is connected with several important roads and rivers, which influence other areas. Baipail-

Tangail highway plays a very significant role on the changing characteristics of the land use pattern in this 

study area (Elahi, Rashid and Sarkar, 2016). Land use in Ashulia drastically changed in last 10 years. In 

2014, most of the area of Ashulia was used for fishing, agricultural as well as brickfield purposes. Most of 

the people were poor and farmers. They cultivated different types of vegetables in high land and rice in 

low land area. The major findings of the study are trend of population changing, socio economic changing, 

socio economic development trend on Ashulia (from 2014-2020). The land use transformation process in 

Ashulia has started due to industrial expansion; it took place along the Baipail-Tangail highway.  

 

The community is facing numerous problems due to unplanned growth and expansion of industrial, 

settlement and commercial establishment, which are influencing present physical, socio-economic and 

environmental conditions. To overcome the shortcoming related to deviation of environmental 

degradation, agriculture land, hostage of utility facilities, lack of active supervision of regulation for 

industries, lack of monitoring system, lack of public open space and health care centers etc., some steps 

should be taken. It is noticed that there has been a rapid growth of regular sub-urban settlements in 

Ashulia over the last few decades due to high demand for housing. Urban to suburban migration and rural 

to urban migration are responsible for the increasing housing demand in this area. Infrastructure like gas, 

road network, and electricity influences the location of these spontaneous haphazard settlements. It is also 

showed that the growth of these settlements and unplanned development is not sustainable in the long 

term. For controlling large-scale land use transformation and developing a planned sub-urban township in 
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Ashulia, government agencies and authorities should play a significant role in term of policy formulation 

and proper implementation. Besides, monitoring and annual auditing system should be directly exercised 

by RAJUK. To promote sustainable development activities, public awareness building to enhance 

environment, NGOs should play a significant role. Therefore, a comprehensive and integrated planning 

and, thereafter proper implementation, would build Ashulia as a sustainable sub-urban center. 

 

 
Figure 6: Changing Scenarios of Built-up area 

 

Conclusion 
 

Land use alterations are the fueling factor for population concentration and urban expansion in the urban 

areas, which are distinct causes for creating various economic, societal and environmental problems. 

Ashulia and its surrounding zones have faced rapid urbanization, which has resulted in noteworthy 

changes in land use and land cover over the 7 years period. The outcome of this research reveals that 

Ashulia is indicating the urban sprawl as the transformation of lands into the built-up area has been going 

on. The rapid and high rate of decline in barren land and vegetation cover is pointing to environmental 

deterioration and ecological imbalances. The successful outcome of this study will effectively help to have 

a sustainable urban planning and management system for the area. 
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Abstract 
Practice has shown that tourism is an activity with a global spread, 

and sustainable development being a concept with global 

applicability, the intersection of the two elements is considered 

inevitable. Both elements are commensurable, which makes it 

possible to study them and analyze the relationships that arise from 

cohabitation in the economic and social environment. The purpose 

of this study is to find out to what extent the variation of tourism 

demand is influenced by the variation of some indicators of 

sustainable development. A multifactorial regression model was 

used, in which the number of tourists represents the dependent 

variable, and the number of unemployed, the natural increase of the 

population and the existing accommodation capacity are 

independent variables. For data processing, the Eviews statistical 

software was used. The greatest impact on the number of tourists is 

manifested by the existing accommodation capacity, and overall, 

the variation of the dependent variable is explained in proportion of 

83% by the variation of the independent variables.  
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Introduction 
 

In an age characterized by the technological evolution of economic activities, accelerated industrialization 

and the effects they have on the environment, the only solution for tourism to maintain its continuity over 

time is to become sustainable. It is obvious that the presence of tourists in a particular destination can 

bring both advantages and disadvantages, following the principle that each right corresponds to an 

obligation. Also, the presence of tourists in a particular destination is generated by a multitude of reasons 

or, better said, by a multitude of influencing factors. These influencing factors can be classified into 

several categories, as presented by Minciu (2004, 40-41): factors of influence by their nature, factors of 

influence by the duration of the action, factors of influence by role, factors of influence by direction of 

action, determining factors in accordance with the orientation of their influence.  

 

In terms of sustainable development, its influencing factors have economic, environmental or social 

valences and is measured by different indicator systems, as presented by the European Commission 

(2016), the United Nations (2007), the National Institute of Statistics (2018) and other such institutions. 

Thus, the purpose of the present research is to find out to what extent the number of tourists is influenced 

by certain indicators of sustainable development, given the county of Calarasi in Romania. 

 

According to Choi and Turk (2011: 124-129), sustainable indicators that can influence tourism can be part 

of the six dimensions, namely the economic, social, cultural, environmental, political and technological. In 

other words, sustainability indicators have a very broad spectrum of action. Starting from the premise that 

the number of tourists is an indicator that influences different indicators of sustainable development, 

another research premise can be developed, namely whether sustainable development indicators can 

influence the number of tourists. The second premise is the one from which this research started. The 

content of the research consists in presenting the analyzed area, the purpose and objectives, the 

methodology used, the literature review, results, conclusions and bibliography. 

 

Geographical and economic coordinates of the analyzed area 

  

The Danube River crosses ten countries, namely: Germany, Austria, Slovakia, Hungary, Croatia, Serbia, 

Romania, Bulgaria, Moldova Republic and Ukraine (Olson and Krug, 2020, p.885). Also, most of the 

river (30%) is found in Romania (Mazilu, 2011, p.45). Romania is located in the lower basin of the 

Danube (Țigu, 2012, p.170) and is bordered by the river in the south. The importance of the Danube River 

for Romania is boundless, as the Danube and its tributaries represent 97.8% of the waters that cross the 

territory of the country (Țigu, 2012, p.170). The Danube trajectory on the territory of Romania measures 

1,075 kilometers, being crossed the following counties: Caraş-Severin, Mehedinţi, Dolj, Olt, Teleorman, 

Giurgiu, Calarasi, Ialomița, Constanța, Brăila, Galați and Tulcea (Mitrică et al., 2016, p.244). In other 

words, the Romanian Danube area is composed of the 12 counties that the Danube River crosses. A 

statistic of two tourist indicators and two very important economic indicators for the 12 Romanian 

counties bordering the Danube is presented in table 1. 

 

With regard to the table 1, it should not be taken out of context that, in the territory of Constanta County, 

there are the main tourist resorts on the Romanian Black Sea coast; and in the territory of Tulcea County, 

there is the Danube Delta. These aspects may influence the statistics shown in table 1. Also, although all 

these counties have a valuable common point, namely the Danube River, it is noted that the statistics 

presented in table 1 is heterogeneous. 
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Table 1: Economic and touristic characteristics of the Danube counties 

Counties Number of 

tourists in 2020 

Number of 

accommodation 

units in 2020 

Unemployment rate 

in 2019 (%) 

Contribution to the 

Gross Domestic 

Product in 2018 (%) 

Caraș-Severin 144,665 258 3.1 1.04 

Mehedinți 78,241 96 6.8 0.84 

Dolj 55,179 62 6.7 2.49 

Olt 13,786 26 5.5 1.30 

Teleorman 6,568 20 6.3 1.00 

Giurgiu 5,759 27 2.0 0.80 

Călărași 10,805 27 3.6 0.79 

Ialomița 22,368 29 4.5 0.85 

Constanța 1,004,521 850 2.5 4.14 

Brăila 43,333 43 3.5 1.12 

Galați 51,694 51 5.6 1.76 

Tulcea 119,429 316 3.5 0.81 

Source: Website of the National Institute of Statistics (Tempo Online time series, 

http://statistici.insse.ro:8077/tempo-online/, accessed on 18 September 2021). 

 

 

 
Figure 1: The Romanian route of the Danube (Source: Romanian Intermodal Association, Danube Guide, 

http://www.ria.org.ro/ria/images/platina/danube/danube-%20location.pdf [accessed on 20 October 2021]). 

 

Calarasi County is the 28th county of Romania by area and has the privilege of hosting the Danube River 

(Regional Directorate of Statistics Calarasi, 2021, p.1). The Danube or Dunărea, in Romanian language, 

borders Calarasi County on the whole southern side. The map of Calarasi County is presented in figure 2.  
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Figure 2: Map of Calarasi County (Source: Calarasi County Council, The Development Plan of Calarasi 

County for the period 2014-2020, p.9, https://www.calarasi.ro/images/Strategia-Dezvoltarii/PDJ_2014-

2020.pdf [accessed 20  October 2021]). 

 

As indicated in figure 2, the Danube borders two cities in Calarasi County (Oltenița and Călărași) and 

through several communes, such as Spanțov, Modelu or Borcea. In other words, the urban environment can 

be linked to the rural environment through the river. From a cardinal point of view, the county is positioned 

in the South-Eastern part of Romania. The county is characterized by the following geographical elements: 

the predominant type of relief is the plain; the climate is temperate continental; the hydrography is mostly 

represented by the Danube River, but also by the Argeș, Dâmboviţa and Mostiştea rivers and by the lakes 

formed on the Mostiştea Valley; natural resources are represented by fertile land with agricultural potential, 

but also by lowland forests (Regional Directorate of Statistics Calarasi, 2021, pp.1-3). 

 

From an economic point of view, Calarasi County is characterized by the following elements: the employed 

population totals 88,100 people; the main activities of the national economy carried out in Calarasi County, 

in descending order, are agriculture, industry and construction and services; the unemployment rate is 3.6%; 

the contribution to the gross domestic product of the county is 0.8%; the main industrial branch is the food 

and beverage industry (Regional Directorate of Statistics Calarasi, 2021, pp.8-15). 

 

Among the natural tourist resources are included the Danube, with a length of 152 kilometers on the 

territory of the county, the natural reservations (Șoimul Island, Ciocănești Island, Haralambie Island), the 

lakes, and deciduous forests. Among the anthropogenic tourist resources are the monastic ensembles (the 

Church of Plătărești, the Church of Negoiești), the museums, the former Byzantine fortress "Păcuiul lui 

Soare" (Calarasi County Council, 2015). As a conclusion, it can be admitted that Calarasi County is an 

agrarian county, which has, as strengths, the agricultural production and the food industry, and whose 

main touristic resource is represented by the hydrographic network. 

 

Aim and objectives  

 

The purpose of this study is to find out to what extent the variation of tourist demand, expressed by the 

number of tourists, is influenced by the variation of some indicators of sustainable development, 

considering a Danube County, more precisely Calarasi County. The objectives of the study include 

identifying statistically significant indicators of sustainable development, finding out the values that 

https://www.calarasi.ro/images/Strategia-Dezvoltarii/PDJ_2014-2020.pdf
https://www.calarasi.ro/images/Strategia-Dezvoltarii/PDJ_2014-2020.pdf
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change the tourist demand when increasing by one unit the value of sustainable development indicators, 

and identifying the sustainable development indicator that has the greatest impact on tourism demand. 

 

Methodology 
 

The data used in the research was taken from the website of the National Institute of Statistics. Due to the 

fact that Calarasi County represents a part of the total area of Romania, respectively, a part of the Romanian 

Danube trajectory, the sustainable development indicators at territorial level, provided by the National 

Institute of Statistics, were used. The Romanian Danube area consists of several counties, including Calarasi 

County. Although it benefits from the same special natural resource, namely the Danube River, Calarasi 

County, compared to the other Danube counties, registers the lowest number of tourists in most of the years 

of the analyzed period (National Institute of Statistics, n.d.); and based on this reason, Calarasi County was 

chosen for this research. Due to the lack of data and the different date ranges, the 2006-2019 timeframe was 

chosen, as data for most indicators were available for this range. For the same reason, for this research, the 

indicators of sustainable development chosen were local public passenger transport, the number of 

unemployed, the natural increase of the population, the average gross monthly salary, the tourist 

accommodation capacity, the population connected to the wastewater depletion stations, the harvested wood 

mass and the drinking water production capacity. These indicators represent the independent variables, and 

the number of tourists arriving in Calarasi County represents the dependent variable, and it was taken from 

the Tempo Online database of the National Institute of Statistics (National Institute of Statistics, n.d.). 

 

Table 2: Data used in the research 

Years Y x1 x2 x3 x4 x5 x6 x7 x8 

2006 14,157 2,591.1 -730 7,517 70,392 137,795 541 888 126,700 

2007 13,927 2,851.3 -841 4,965 71,163 138,794 553 1,114 137,000 

2008 15,946 3,170 -783 5,463 64,670 135,534 527 1,408 134,500 

2009 10,215 3,927 -813 9,861 64,783 105,474 463 1,509 125,800 

2010 10,600 5,449 -1,131 9,630 65,767 140,243 534 1,449 110,600 

2011 10,657 1,301 -1,281 6,688 67,136 146,899 561 1,530 122,300 

2012 11,929 2,983 -1,525 7,872 68,578 80,675 612 1,608 135,600 

2013 11,035 1,784 -1,554 8,817 69,466 89,751 643 1,703 137,200 

2014 15,857 837 -1,605 8,599 70,776 83,525 843 1,862 100,800 

2015 17,809 594 -1,585 7,232 72,467 135,609 843 1,982 144,000 

2016 19,095 544 -1,446 7,412 89,745 85,778 868 2,241 134,000 

2017 22,090 1,783 -1,640 4,487 75,520 92,268 885 2,688 136,700 

2018 22,357 2,142 -1,754 3,799 77,917 93,457 885 3,654 142,600 

2019 27,472 1,929 -1,671 3,242 79,590 94,064 894 4,135 128,500 

Source: Website of the National Institute of Statistics (https://insse.ro/cms/files/IDDT2012/index_IDDT.htm, 

2018). 
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Notes: 

Y - the number of tourists arriving in Calarasi County 

x1 - local public passenger transport (thousands of people) 

x2 - the natural increase of the population 

x3 - number of unemployed persons 

x4 - population connected to wastewater depletion stations 

x5 - drinking water production capacity (m3/day) 

x6 - tourist accommodation capacity (number of seats) 

x7 - average gross monthly salary 

x8 - harvested wood (m3) 

 

Review of the Literature 
 

The literature review is particularly important part, as based on it, conceptual clarifications are presented 

on the analyzed subjects, in this case the tourist demand and the indicators of sustainable development. 

Also, the literature review includes results of the approaches of other authors regarding the analyzed 

subjects.     

 

Tourist demand 

 

Like other activities, tourism activity can be measured by specific indicators. One of these indicators is 

represented by the number of tourists arriving at a particular destination. In a narrow sense, one can equate 

tourist demand with the number of tourists arriving at a particular destination. The tourist demand is a 

representative indicator for the touristic circulation, representing the number of tourists at a destination, 

calculated annually or on shorter time intervals (Turcu and Weisz, 2008, p.10). Globally, the continent of 

Europe has the highest number of tourists – 744 million, followed by Asia and the Pacific – 362 million, 

the Americas – 219 million, Africa – 70 million and the Middle East – 65 million (World Tourism 

Organization, 2020). The distinction between tourist demand and tourist consumption is very important. 

According to Turcu and Weisz (2008, p.23), the tourist demand takes shape within the residence of the 

tourism consumer i.e., the tourist, and the touristic consumption materializes in the destination where the 

touristic offer manifests itself. In a general sense and from an economic point of view, the tourist demand 

or the number of tourists arriving at a certain destination represents, along with the touristic offer, a 

component of the tourist market. 

 

A more detailed definition of the tourist demand is given by Bălăcescu and Zaharia (2011, p.11) who 

argue that "the tourist demand represents the number of people who materialize their desire to travel 

outside their own residence, temporarily and periodically, the reasons being other than the carrying out of 

paid activities". It is noted that the previous definition is built on the model of the classical definition of 

tourism, with the mention that there is a visible emphasis on the number of people who carry out the 

movement.  

 

As mentioned above, the tourist demand, more precisely the number of tourists, is an indicator that can be 

calculated annually, but also on shorter time intervals, which means that the statistical analyses on this 

indicator can also be made annually or on shorter time intervals, such as months (Dincu et al., 2016, p.40). 

Many statistical analyses that take into account this indicator refer to its dynamics and the trends it may 

have in the future. The importance of analyzing this indicator is also given its economic impact, better said 

by the relationship between it and various macroeconomic indicators, such as the Gross Domestic Product. 

Lazar and Pop (2012, p.11) concluded that the elasticity of Gross Domestic Product according to the 

number of tourists is significant and positive. It is worth noting that not only the number of tourists can 

influence certain economic indicators, but also the number of tourists can be influenced by certain 
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economic indicators. Gabroveanu, Stan and Radneantu (2009, p.68) showed that, in the first decade of the 

XXI century, the influence of the consumer price index and the total household incomes had on the 

number of tourists in Romania was 95% approximately. In other words, between the number of tourists 

and the different economic indicators, there is a relationship of interdependence.   

 

Also, tourism is not only closely linked to some economic indicators but is also linked to some indicators 

of sustainable development. If we treat the number of unemployed as an indicator of sustainable 

development (National Institute of Statistics, 2018), the sustainable link between the number of tourists 

arriving at a destination and the number of unemployed people at that destination would mean that at an 

increase in the number of tourists, the number of unemployed to decrease. This is very likely, given that, 

in general, tourism has the capacity to attract the surplus on the labor market and, implicitly, to reduce 

unemployment (Minciu, 2004, p.28). Previous statements evoke the prospect of the dependent link 

between tourism and unemployment, or more precisely between the number of tourists and the number of 

unemployed, in which the number of unemployed depends on the number of tourists. In other words, there 

is also the prospect of the inverse dependent link, in which the number of tourists depends on the number 

of unemployed. 

 

Another element that can be treated as an indicator of sustainable development would be the natural increase 

of the population (National Institute of Statistics, 2018). From a mathematical point of view, a numerical 

increase in the population could generate an increase in the number of tourists. More specifically, in the case 

of economically developed countries, a numerical increase in population could generate an average annual 

increase in the number of tourists between 0.5% and 1% (Minciu, 2004, p.45). The previous statements 

present the perspective of the link of dependence between the number of tourists and the natural increase of 

the population, in which the number of tourists represents the dependent variable. 

 

If the two examples of sustainable development indicators mentioned above are of a more general nature, 

the existing accommodation capacity (National Institute of Statistics, 2018) is an indicator of sustainable 

development specific to tourism, as it is also an indicator of quantification of tourism activity. It is clear 

that the accommodation service, expressed by the accommodation capacity, that is to say, by the number 

of accommodation places, is indispensable for any stay. The correlation between the number of tourists 

and the accommodation capacity is a subject treated by many authors, whether it is treated at county level, 

such as the case of Suceava County (Zaharia, Hapenciuc and Gogonea, 2008) or at the level of the 

development regions of Romania (Popescu, 2016). In the first case, an increase in the accommodation 

capacity generates an increase in the number of tourists; and in the second case, an increase in the number 

of tourists generates an increase in the accommodation capacity. In other words, there is a relationship of 

interdependence between the number of tourists and the accommodation capacity. 

 

The indicators such as number of unemployed, the natural increase of the population and the capacity of 

tourist accommodation can also be grouped in terms of resources, in the sense that the number of 

unemployed affects the statistics of human resources in tourism, the natural increase of the population 

supports the possible increase of human resources in tourism, and the existing accommodation capacity is 

an anthropogenic resource indispensable for carrying out tourism activities. Human resources are 

considered to be the resources "that ensure the functioning of the elements of the tourist offer" (Dedu, 

2012, p.122). The series of sustainable development indicators, which could influence local tourism and, 

implicitly, the number of tourists can continue, for example: the population connected to wastewater 

depletion stations, the number of passengers travelling by public transport, the average gross monthly 

salary, climate change through indicators like rainfall (Liu, 2016). It is worth noting that the number of 

tourists can take the form of a variable dependent on certain economic indicators and indicators of 

sustainable development, but it can also take the form of an independent variable.  

 



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.42-58 | ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040404 

 

 

 

 

49 Cosmin Nicolae Mirea, Puiu Nistoreanu 

Sustainable development indicators 

 

Sustainable development is a concept that has gained momentum with the awareness and intensification of 

the negative effects produced by human activities on society and the environment. Like any other concept 

that has global applicability, sustainable development has a number of principles and indicators of 

measurement. Also, on the topic of sustainable development, countless conferences and meetings were 

held aiming at strengthening the implementation of the principles of sustainable development, especially 

in areas affected by the negative effects of human activities. Among these conferences and meetings can 

be mentioned the United Nations Conference on Human Environment held in Stockholm in 1972, the 

Brundtland Report of 1987, the United Nations Conference on Environment and Development held in Rio 

de Janeiro in 1992, the Johannesburg Summit of 2002 and many other conferences and meetings on 

sustainable development. Based on these meetings and conferences, and based on the documents issued, 

Klarin (2018, p.76) found that there are three key elements when discussing sustainable development, 

namely: development, needs and future generations. These elements are also contained in United Nations 

definition of sustainable development, "the meeting of one's own needs by all people and the fulfilment of 

all the aspirations for a better life" (United Nations, 1987, p.24). In other words, sustainable development 

aims at a balanced improvement of the quality of living. In this context, the consumption-result ratio takes 

on a particular importance, in the sense that it is desirable that the results of human activities be achieved 

following a rational and responsible consumption of resources.  

 

Over time, there have not been many studies that have dealt the relationship between tourism and 

sustainable development, although it has been found that the principles of sustainable development cannot 

be implemented as tourism specific economic and social activities (Sharpley, 2000, p.14). However, there 

are also studies that show the capacity of tourism to contribute to the achievement of the objectives of 

sustainable development, because the tourism industry has one of the strongest impacts worldwide (Robu, 

David Sobolevschi and Petcu, 2019). Moreover, studies have shown that tourism indicators, such as the 

occupancy coefficient of accommodation capacity, can be influenced by various indicators of sustainable 

development such as the Gross Domestic Product per capita, the schooling rate, life expectancy at birth or 

gas emissions (Popescu et al., 2014), but also the fact that between tourism indicators and sustainable 

development indicators there can be strong positive or negative relationships (Popescu et al., 2014). 

According to the World Tourism Organization (2015), tourism can contribute to supporting all sustainable 

development goals, but most importantly, it supports the following goals: sustainable and inclusive 

economic growth, sustainable production and consumption, sustainable use of ocean and marine 

resources. Tourism is considered to contribute mainly to achieving these goals, as tourism is a great 

generator of jobs, can promote local tradition and products, and is a viable economic solution for the vast 

majority of coastal areas.  

 

Regarding the sustainable development indicators, it can be admitted that they can be specific, more 

precisely they are created based on the characteristics of small areas such as cities or villages (Khalifa and 

Connelly, 2009, pp.1184-1185) or are developed based on the characteristics of wider areas such as 

Europe (European Commission, 2016) or may be more general such as the Sustainable Development 

Indicators developed by the United Nations (United Nations, 2007). It is worth noting that sustainable 

development indicators are classified into different categories or, rather, on different topics, regardless of 

the area of applicability. In Romania, the National Institute of Statistics has created a database of 

sustainable development indicators at territorial level (National Institute of Statistics, 2018). The 

indicators are grouped on ten themes as mentioned in table 3. 
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Table 3: Sustainable development indicators according to the National Institute of Statistics 

No. Theme name Examples of indicators 

1 Knowledge society and 

economic and social 

development 

Active population, monthly gross earnings, gross domestic 

product per capita, agricultural expoundations, school population, 

percentage of individuals by computer skills, other 12 indicators. 

2 Sustainable consumption and 

production 

Amount of water distributed, Amount of wastewater discharged, 

harvested wood, investments in environmental protection, other 5 

indicators. 

3 Transport The number of passengers travelling by local public transport, the 

length of public roads. 

4 Conservation and 

management of natural 

resources 

Area occupied by Natura 2000 sites, Area of protected areas, Area 

of artificial spaces. 

5 Public health Number of deaths per 1000 inhabitants, the natural increase of the 

population, number of doctors per 1000 inhabitants, other 2 

indicators. 

6 Standard of living Average total monthly income/household, Average 

monthly/household total expenditure. 

7 Social and territorial cohesion Unemployment rate, vacancy rate, Amount of drinking water 

produced per day. 

8 Good governance Present at the vote, Local Agenda 21. 

9 Tourism Existing accommodation capacity - number of accommodation 

places. 

10 Public utility of local interest The length of the streets in the cities. 

Source: Website of the National Institute of Statistics (https://insse.ro/cms/files/IDDT2012/index_IDDT.htm, 

2018). 

 

As shown in table 3, most sustainable development indicators at territorial level are grouped in theme 1. It 

is also noted that only one indicator measuring sustainability has been considered for tourism. In general, 

the themes and, implicitly, the indicators presented in the previous table fall within the economic 

dimension, the social dimension or the environmental dimension. The indicators of sustainable 

development represent in fact, the figures and percentages behind some economic and social realities in a 

given area, having the ability to influence other elements of the economic and social reality, including 

tourism. A comprehensive classification of sustainable development indicators is made by Kirilchuk, 

Rykunova and Panskov (2018, pp.293-294), who for sustainable development indicators with territorial 

coverage propose: emissions of greenhouse gases, resources used for energy production, the amount of 

pollutant emissions, the amount of polluting emissions from large enterprises.  

 

The analysis of tourism sustainability can also be done by calculating the Sustainability Tourism Index 

(Mitrică et al., 2021). Thus, to calculate this indicator, the indicators of tourism sustainability can be used, 

such as: anthropic tourist resources, tourist intensity, the population employed in tourism, occupancy rate 

in accommodation units, the length of the drinking water supply network, the length of the gas supply 
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network, the population density, the number of elderly people compared to the number of young people, 

road accessibility and percentage of protected areas (Mitrică et al., 2021, p. 6). Based on previous list, it is 

observed that the indicators of tourism sustainability are very diverse having a tourist and social character.  

 

Tourists and sustainable development 

 

Tourists visiting Romania consider it necessary to implement the principles of sustainable development in 

society and in the field of tourism, taking into account the following reasons: conservation of resources, 

reducing the effects of pollution, finding solutions for activities that are not friendly to the environment, 

ensuring prosperity for future generations (Madar and Neacșu, 2020). In other words, tourists are aware 

that tourism also has disadvantages, and that sustainable development is the solution to eradicate these 

disadvantages.  

 

In relation to sustainable development, tourists can be influenced by the extent to which tourism service 

providers direct their efforts towards sustainable development. Dabija and Băbuț (2013) showed that the 

biggest influence on tourist satisfaction has the economic dimension of sustainable development, put into 

practice by hotels. More precisely, the tourist’s satisfaction is influenced by the financial situation of the 

accommodation unit, its investments and its financial stability. Not only the economic dimension, but also 

the social dimension of sustainable development influences the satisfaction of tourists depending on their 

type, for example, the satisfaction of cultural tourists, as shown by Asmelash and Kumar (2018). Tourists 

can relate to some elements of sustainable development depending on the values they believe in. Adongo, 

Taale and Adam (2018) showed that tourists who believe that man is the center of the universe show an 

empathic attitude towards nature conservation, and tourists who support economic growth through tourism 

activities show an empathic attitude towards other tourists and towards the development of the local 

community. These things reinforce the fact that tourists are aware of the impact that their actions can have 

on nature, on other tourists and on the local community. Thus, it is necessary for tourists to be followers of 

sustainable practices.  

 

The importance of tourists is not only revealed by their number but also by the fact that they, through their 

behavior, can positively or negatively affect the destination they visit. Tourists can acquire 

environmentally friendly behavior, the environment being the ‘’key element of the concept of sustainable 

development’’ (Dabija and Băbuț, 2013, p.627) insofar as they have knowledge of the environment show 

an empathic attitude and are aware of their impact on the environment. This goal can be achieved through 

informal education (Meschini et al., 2021). At the same time, personal norms are very important in 

determining the behavior of tourists, for example, regarding the reduction of the amount of waste at the 

destinations they visit (Wang et al., 2021). Personal norms also positively affect the behavioral intention 

of tourists to practice a civilized tourism (Liu, An and Jang (Shwan), 2020). Usually, the foundations of 

these personal norms are laid in the family environment. Further, Szromek, Hysa and Karasek (2019, 

p.11) showed that tourist of all generations (Baby Boom, X, Y and Z) agree that the adoption of a civilized 

behavior does not depend on the destination and must be the same both at home and at the destination 

visited. In some regions of the globe, such as the Arctic, “tourists have the most positive attitude towards 

sustainable development practices, compared to residents or companies operating in the field of tourism’’ 

(Chen, 2015, p.229). In conclusion, tourists through their behavior are a key factor in implementing 

sustainable development at the destinations they visit.  

 

Based on the above considerations, it is justified to study the relationship between tourism demand and 

sustainable development indicators.  
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Results and Discussions 
 

Due to the fact that the data series used are time series, it is imperative that non-stationary data series be 

stationary. For this, the ADF - Augumented Dickey-Fuller Test - was applied (Codirlașu, Moinescu and 

Chidesciuc, 2010, p.24). Thus, the series of the average gross monthly salary and the harvested wood are 

stationary series as such, and the series of local public passenger transport, the natural increase of the 

population, the number of unemployed, the population connected to the wastewater depletion stations, the 

drinking water production capacity, the tourist accommodation capacity and the number of tourists 

arriving in Calarasi County are stationary series at the first difference. By estimating the regression model 

between stationary data series, using the ls (least squares) function, an invalid regression model was 

obtained since the probability of the F-test (0.12) is more than 5%. Moreover, due to the fact that only the 

probability of the coefficient related to the series the number of unemployed (0.04) is less than 5%, all the 

variables whose coefficients have a probability of more than 15% have been eliminated. Thus, the analysis 

still included the number of tourists arriving in Calarasi County, the tourist accommodation capacity, the 

number of unemployed and the natural increase of the population. Estimating the regression model again, 

using the ls function, a valid multifactorial regression model was obtained since the probability of the F-

test (0.02) is less than 5%. Thus, the model takes the following form: 

 

Y = b0 + b1X2 +b2X3 + b3X6 + ei                (1) 

Where: 

b0 - the free term of multifactorial regression model 

b1 - coefficient for the X2 data series (natural increase of population) 

b2 - coefficient for the X3 data series (number of unemployed persons) 

b3 - coefficient for the X6 data series (tourist accommodation capacity) 

ei - model errors. 

 

Additionally, the regression between the number of tourists arriving in Calarasi County, as a dependent 

variable and the natural increase of the population, the number of unemployed and the tourist 

accommodation capacity, as independent variables, is not false because Durbin Watson statistic (2.55) is 

higher than R-squared (0.61). Given that there is no false regression, and the estimated model is valid, it 

was possible to test the hypotheses of the estimated model.  

 

The VIF - Variance Inflation Factors - method was used to test the multicollinearity hypothesis 

(Anghelache et al., 2012, p.228). For the data series the tourist accommodation capacity and the natural 

increase of population, VIF was equal to 1.09, and for the data series the number of unemployed, VIF was 

equal to 1.07. Since the VIF took values lower than 6, it is admitted that there is no multicollinearity. 

Therefore, it is not necessary to correct the estimated regression model.  

 

The Breusch-Godfrey test was used to test the hypothesis of lack of autocorrelation of errors (Codirlașu, 

Moinescu and Chidesciuc, 2010, p.51). Although the probability of the Chi-square statistic (0.02) is less 

than 5%, the probability of F test (0.055) is higher than 5%. Thus, it is accepted that the errors in the 

estimated model are self-correlated. Therefore, it is necessary to correct the estimated regression model. 

The White test was used to test the homoskedasticity hypothesis (Anghelache et al., 2012, p.228). Since 

the Chi-square statistic and the F test have probabilities higher than 5%, respectively 0.66 and 0.74, it is 

admitted that the errors are homoscedastic. Therefore, it is not necessary to correct the estimated 

regression model. The Jarque-Bera test was used to test the hypothesis of normality of errors (Codirlașu, 

Moinescu and Chidesciuc, 2010, p.30). Since the probability of the Jarque-Bera test (0.65) is higher than 

5%, it is accepted that the errors are normally distributed. Therefore, it is not necessary to correct the 

estimated regression model.  
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Since the errors are self-correlated, it is necessary to correct the estimated regression model. The 

Cochrane-Orcutt procedure was used to correct the autocorrelation of the errors and, implicitly, of the 

estimated regression model (Pagliacci et al., 2015, p.76). Following the Cochrane-Orcutt procedure, the 

output was obtained as shown in table 4. 

 

Table 4: Estimated model after application of the Cochrane-Orcutt procedure 

Dependent variable: D Number of tourists in Calarasi County 

Method: ARMA Conditional Least Squares (Gauss-Newton / Marquardt steps) 

Date: 08/12/21 Time: 11:37 

Sample(adjusted): 2008 2019 

Included observations: 12 after adjustments 

Convergence achieved after 6 iterations 

Coefficient covariance computed using outer product of gradients 

Variable Coefficient Std. Error t-Statistic Prob. 

D Tourist 

accommodation capacity 

16.60287 5.695190 2.915244 0.0225 

D Unemployed -0.859818 0.183990 -5.673175 0.0023 

D Natural increase of the 

population 

9.130743 2.515679 3.629534 0.0084 

C 974.3540 330.6832 2.946488 0.0215 

AR(1) -0.750100 0.265992 -2.820009 0.0258 

R-squared 0.837548 Mean dependent var 1,128.750 

Adjusted R-squared 0.744719 S.D dependent var 2,830.368 

S.E. of regression 1,430.054 Akaike info criterion 17.66315 

Sum squared resid 14,315,389 Schwarz criterion 17.86519 

Log likelihood -100.9789 Hannan-Quinn criter. 17.58835 

F-statistic 9.022424 Durbin-Watson stat 1.422200 

Prob (F-statistic) 0.006793 

Inverted AR Roots -75 

 

Based on the data in table 4, it is observed that the probability of F test (0.006) is less than 5%. 

Furthermore, the probabilities are given the tourist accommodation capacity (0.02), the number of 

unemployed (0.002) and the natural increase of the population (0.008) are less than 5%, which means that 

the coefficients are statistically significant and that the estimated regression model is valid and can be 

written as: Y = 974.35 +(16.60 x X6)+(-0.85 x X3)+ (9.13 x X2) + ei           (2) 
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Because the number of values in the data series is relatively small, the model cannot be used to make 

forecasts, but summarizes as a whole, the link between tourism demand in Calarasi County and indicators 

of sustainable development at the territorial level. These results can be interpreted as follows: 

▪ At an increase of the existing accommodation capacity with 1 accommodation place, the number 

of tourists arriving in Calarasi County will increase by 16.60 tourists; 

▪ At an increase of the number of unemployed with 1 unemployed person, the number of tourists 

arriving in Calarasi County will decrease by 0.85 tourists; this can also be explained by the fact 

that by increasing the number of unemployed there is a possibility that the providers of basic 

tourist services will be unable to provide service; 

▪ At an increase of the natural increase of the population with 1 person, the number of tourists 

arriving in Calarasi County will increase by 9.13 tourists; this prediction can be explained by the 

fact that, with the increase in the number of family members, household expenses increase and the 

family is forced to consolidate their income and a solution would be to open business in tourism, 

and more specifically for Calarasi County would be agrotourism; 

▪ Because R-squared (coefficient of determination) has the value 0.83, it can be admitted that the 

variation of the number of tourists arriving in Calarasi County is explained in proportion of 83% 

by the variation of the accommodation capacity, the number of unemployed and the natural 

increase of the population. 

 

The proposed prediction model could take the following form:  

number of tourists = intercept + (natural increase of the population x coefficient of natural 

increase of the population) + (number of unemployed x coefficient of the number of unemployed) 

+ (tourist accommodation capacity x coefficient of tourist accommodation capacity) + errors. (3) 

 

The values of the coefficients related to the data series demonstrate that the greatest impact on the number 

of tourists arriving in Calarasi County is held by the variable entitled existing accommodation capacity, so 

of an anthropogenic resource. This is followed by the variable entitled natural increase of the population 

and finally by the variable entitled number of unemployed. 

 

Conclusion and Recommendations 
 

Based on the fact that the statistics of the number of tourists and other economic indicators differ among 

the 12 counties that make up the Romanian trajectory of the Danube River, it is not excluded that the 

relationship between the number of tourists and the indicators of sustainable development will differ from 

one county to another. The statement found in the literature, according to which tourism has the ability to 

reduce unemployment is also valid for Calarasi County, because an increase in the number of unemployed 

by 1 unemployed person, the number of tourists will decrease by 0.85 tourists, which means that a 

decrease in the number of unemployed, the number of tourists will increase. In other words, if the number 

of tourists visiting the county increase, the number of unemployed in the county will decrease. So, a small 

number of unemployed people stimulates the increase of the number of tourists arriving in the county. At 

the same time, this interpretation may or may not be valid for the other counties that make up the 

Romanian trajectory of the Danube River. 

 

Moreover, Romania is not a developed country, but is a developing country. In this sense, the statement 

that an increase in the number of populations generates an increase in the number of tourists is also valid 

for Calarasi County, because an increase in natural increase of the population by 1 person, the number of 

tourists visiting Calarasi County will increase by 9.13 tourists. This interpretation may also be valid or not 

for the other Danube counties. If the number of unemployed and the natural increase of the population are 
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two indicators with social values, existing accommodation capacity is an indicator specific to tourism and 

it turned out that, for Calarasi County, this indicator influences more the number of tourists than the first 

two indicators mentioned above. Existing accommodation capacity generates an increase in the number of 

tourists visiting Calarasi County by 16.60 tourists. This interpretation may or may not be suitable for the 

other Danubian counties. 

 

With the exception of unemployment, it turned out that the natural increase of the population and existing 

accommodation capacity have positive influence on the number of tourists arriving in Calarasi County, 

and overall, the influence of the three indicators of sustainable development on the number of tourists is 

83%. Thus, in order to increase the number of tourists visiting Calarasi County, solutions must be found 

and stimulated to increase the population and the existing accommodation capacity, but also solutions to 

reduce unemployment, one of them being to increase the number of tourists, within the sustainability 

limits of the region concerned. Referring to the themes from which the indicators come, solutions must be 

found to support and strengthen social cohesion (Kamble and Bouchon, 2016) and public health at local 

level (Spiegel et al., 2007). 
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Abstract 
This study was conducted at Malaysia Agriculture Research and 

Development Institute (MARDI), Seberang Perai, Penang 

(Malaysia), that aims to examine the impacts of the application of 

Azolla pinnata on the growth and performance of rice of the MR 297 

variety. The experiment consisted of five treatments: PK + Azolla 

(T1); NP + Azolla (T2); NK + Azolla (T3); NPK-Control (T4), and 

Azolla only (T5). Each treatment had four replicates. The 

experimental design used was a complete randomized block design 

(RCBD), and all data collected were analyzed using one-way 

ANOVA with a statistically significant 0.05% test. For the average 

soil analysis between the beginning and end, all soil analyses showed 

decreased soil properties except total N and organic carbon. There is 

a significant effect on the tiller, panicles, yields, plant height, and 

SPAD value in crop growth performance. There was no significant 

effect observed on N and P among plant nutrients. In contrast, there 

was a significant treatment effect on K. This study concluded that the 

soil treated with NK + Azolla showed a comparable result with soil 

treated with inorganic fertilizer only for the total yield. 
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Introduction 
 

Rice (Oryza sativa) is an essential food for more than 3 billion people worldwide, especially in Asia 

(Muthayya et al., 2014). Besides the rice as a source of nutrient intake, it could also help in income and 

employment sources (Herman, Murchie and Warsi, 2015). However, continuous usage of N fertilizers 

affects soil organic matter reserves, creating further N deficiency (Smithson and Giller, 2002). Long-term 

use of inorganic fertilizers in conventional agricultural systems would lead to soil acidification, nutrient 

imbalance, and loss of organic matter (Miao, Stewart and Zhang, 2011). Hence, this caused disturbances in 

organic nutrient's chemical and biological balance in soil (Amanullah and Hidayatullah, 2016). The balance 

of organic nutrients in the soil could provide nutrients required for plants to grow and give a good soil 

structure for roots with good aeration (Ball et al., 2005). 

 

Azolla pinatta has a historical role in agriculture. It has been recognized as a useful plant in Southern China 

and Northern Vietnam (Hove and Lejeune, 1996). According to Hove and Lejeune (1996), it has been used 

as biofertilizer and green manure for the rice crop due to its N-fixing abilities. Besides that, Azolla also has 

been recognized as poultry feed (Gouri et al., 2012). Azolla is a substitute for urea (Agustina, 2011). Based 

on chemical composition, Azolla is very effective as organic fertilizer to maintain soil fertility; each hectare 

requires 20 tons of Azolla in dry conditions (Haryanto and Sisworo, 2008). If Azolla is applied every planting 

season, the use of artificial fertilizers decreases considerably. This is because the first quarter of the Azolla 

elements are directly utilized by the soil (Maftuchah et al., 1998). This quarter is equivalent to 65 kg of urea 

fertilizer. In the second and third growing seasons, Azolla substitutes a quarter to one-third of the fertilizer 

dose. Azolla is used as a fertilizer in fresh and dry form. 

 

The nitrogen can be added to soil or plants by applying organic matter in the form of manure and or by 

application of Azolla. The ability of Azolla is to fix N by 1.4 kg N/ha/day (Utami, Purwanti and Putra,  

2013). In an experiment, 50% (100 kg/ha) of nitrogen fertilizer and 1.13 tons/ha of Azolla gave good results 

in terms of plant height (2-6 Day After Transplanting (DAT)) and the number of tillers (2-7 DAT) 

(Nurmayulis et al., 2011). According to Haryanto and Sisworo (2008), fertilization with artificial fertilizers 

combined with Azolla can increase production by about 10-30% compared to fertilizing with urea fertilizer 

at the recommended dosage. Sisworo et al. (2011) added that Azolla could save inorganic nitrogen fertilizer 

by 25-50%. According to Rahmatika (2009), application of 25% N Azolla + 75% N urea, 50% N Azolla + 

50% N urea and 75% N Azolla + 25% N urea gives results rice plant is better than 100% N Azolla and 

100% N urea treatment. 

 

Application of organic matter can increase leaf area and plants' dry weight (Ying et al., 1998). Along with 

the increase in leaf area, the biomass produced is also high (Singh, Misra and Singh, 1984). The Azolla layer 

on the surface of paddy fields can save 50 kg ha-1 urea, and if the development of Azolla is very high, it can 

save the use of urea fertilizer to 100 kg ha-1 (Gunawan et al., 2014). Furthermore, applying Azolla compost 

at a dose of 6 tons/ha gives the best yield of 12.05 tons ha-1 of paddy or it increases grain production weight 

by 21.03% (Gunawan et al., 2014). The highest number of tillers at 6 weeks of age was also achieved when 

Azolla was applied by 400 g pot-1. While the highest dry weight of stover was also observed when Azolla 

was applied by 400 g pot-1 (62.93 grams) (Gunawan et al., 2014). 

 

Interestingly, Azolla has several unquestionable agronomic qualities that can help fixing atmospheric 

nitrogen. It has very high productivity in the right environment, a high protein content, a herbicidal effect, 

and it decreases N-fertilizer volatilization (Kamalasanana, Premalatha and Rajamony, 2002). For those 

reasons, Azolla started to attract attention again in the late 1990s. It is a component of integrated farming, 

such as rice-fish-Azolla, rice-duck-Azolla, rice-duck-fish-Azolla or pig-fish-Azolla systems (Cagauan, 

Branckaert and van Hove,, 2000). 
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There is still a lack of knowledge on rice growth and yield performances under Azolla incorporating local 

cultivation. Basic knowledge is important before new technology or recommendation is suggested for 

farmer practices. Therefore, the objective was to study the effect of Azolla on the growth and yield 

performances of the MR 297 rice variety. 

 

Methodology 
 

Location and Planting Materials 

 

This 4-month research was conducted in the plant house at Malaysia Agriculture Research and Development 

Institute (MARDI), Seberang Perai, Pulau Pinang (5°32'29.0" N, 100°28'00.3" E). This site was selected to 

provide the rice plants with a protected environment from heavy rains, to protect rice crops from strong 

winds and intense weather, affecting the plant growth.  

 

Treatment and Experimental Design 

 

The plastic pot was filled with 11 kg of homogenized soil. After that, the soil was submerged with water. 

The water level was maintained at approximately 2 cm above the soil surface from planting time until 14 

days before harvest. Only one rice plant for each pot. This experiment consisted of 5 treatments with 4 

replications arranged in Randomized Completely Block Design (RCBD). The treatments used for this study 

are shown in Table 1. The recommendations for fertilizer application in Malaysia are based on the 

sustainable fertilizer package1 (Azmi et al., 2008). Table 2 shows the treatments, and it is based on the 

sustainable fertilizer package of 121.63 kg N ha-1, 69.01 kg P2O5 ha-1 and 122.20 kg K20 ha-1 using Urea, 

Triple Super Phosphate (TSP) and Muriate of Potash (MOP), respectively. The fertilizers were applied on 

7, 25, 45 and 65 days after transplanting (DAT) (Table 3). 50 g of Azolla was placed in the experimental 

pots 5 days after transplanting. 

 

Table 1: Treatments of Azolla in combination with and/or without inorganic fertilizers 

Symbol Treatments 

T1 PK + Azolla 

T2 NP + Azolla 

T3 NK + Azolla 

T4 Control (Standard fertilizer rate) 

T5 Azolla  

 

Rice Cultivation and Agronomic Practice 

 

The rice seedlings have been raised in a germination tray for the nursery stage during the soil preparation. 

The rice seedlings of MR 297 were transplanted into the pot after 18 days of seed germination. The rice 

growth was observed from the seedling stage until the harvesting stage. 

 

Plant Growth 

 

Plant height was monitored and recorded at 10 days intervals from planting until harvesting. The tiller's 

height with the longest leaf would be the height of the plant (Constantino et al., 2015). The number of tillers 

 
1 Sustainable Fertilizer Package is the recommended rate use by the farmers locally. 
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was monitored and recorded at 10 days intervals from planting until harvesting. Soil Plant Analysis 

Development (SPAD) value on rice leaf was measured by using meter. Soil Plant Analysis Development 

(SPAD) SPAD meter has been introduced as a popular, fast, and cheap technique to estimate N levels from 

leaf transmittance measurement (Wayayok et al., 2017). 

 

Rice Yield Component Measurement  

 

The panicle number was determined by counting all the panicles from each plot sampling unit. The 

percentage of filled grain was determined by the number of filled spikelets over the total number of spikelets. 

The dry weight of filled grains was determined by using electronic balance. The moisture content of grains 

was determined by using a moisture meter. According to Klomklao, Kuntinugunetanon and Wongkokua. 

(2017), the measurement results have a standard uncertainty of 1.23% moisture content in the range of 14% 

to 20%. 

 

Table 2: Fertilizer rate table according to subsidized fertilization package 

Treatments 7 DAT 25 DAT 45 DAT 65 DAT 

g pot-1 

Urea TSP MOP Ure

a 

TSP MOP Urea TSP MOP Urea TSP MOP 

T1 PK + Azolla 0 0.83 0.98 0 0 0 0 0.34 0.48 0 0.03 0.17 

T2 NP + Azolla 0.43 0.83 0 0.64 0 0 0.78 0.34 0 0.27 0.03 0 

T3 NK + Azolla 0.43 0 0.98 0.64 0 0 0.78 0 0.48 0.27 0 0.17 

T4 NPK 0.43 0.83 0.98 0.64 0 0 0.78 0.34 0.48 0.27 0.03 0.17 

T5 Azolla 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table 3: Fertilization schedule according to plant age. Source: MARDI Brochure (MARDI Sebernas 307) 

Variety Padi Baharu 

Age (Day After Transplant) N P2O5 K2O 

7 24.50 47.92 74.00 

25 36.80   

45 44.93 19.59 35.70 

65 15.40 1.50 12.50 

Total 121.63 69.01 122.20 

 

Soil Analysis 

 

The soil samples were dried in an oven at 60oC, ground to a fine size 2 mm before soil analysis. Soil samples 

were taken two times before planting and after harvesting.  

 

Soil pH 

 

Firstly, a A ratio of 1:2.5 (soil/distilled water) was prepared in a 100 mL beaker. The mixture was then 

placed on a mechanical shaker to be shaken for 30 minutes at 150 rpm. After that, each beaker was left to 

stand for 1 hour before measuring soil pH using an electrode pH meter. Before reading, the pH meter was 

calibrated with buffer solutions (pH 4 and 7). It was ensured that the electrode was immersed only in the 

suspension and not allowed it to touch the soil surface to prevent breaking. 
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Available Phosphorus 

 

5 g of soil samples and a 20 mL double acid mixture (0.05 M HCl + 0.025 M H2SO4) were added into a 

plastic vial. The plastic vial was then shaken for 10 minutes at 180 rpm. The solution was filtered using 

filter paper Whatman no. 2 and percolate was collected in another plastic vial. Then, reagent A containing 

6 g ammonium molybdate, 74 mL sulphuric acid and 0.1454 g potassium antimonyl was prepared in a 1-

litre volumetric flask. Reagent B that contained 1.32 g ascorbic acid was mixed with 250 mL reagent A in 

a 250 mL volumetric flask. Next, 10 mL of sample percolate and 8 mL of reagent B was pipetted into a 50 

mL volumetric flask. The solution was marked up with distilled water and shaked for a few seconds. The 

sample was then analyzed using a spectrometer at 882 nm wavelength.  

 

Total Nitrogen 

 

Total nitrogen was determined by using a CHN analyzer. 0.15 g of soil samples were weighed and packed 

with tin foil. The soil samples in the tin foil were then analyzed using the CHN analyzer, determining the 

soil samples' nitrogen and carbon content (%). 

 

Exchangeable Potash  

 

A 1.5 g of soil sample was placed into a 50-ml Erlenmeyer flask and 15 ml of extracting solution (1 N 

NH4OAc, pH 7.0) was added by constant suction pipette. After that, the suspension was shaked on an 

oscillating shaker for 15 minutes and filtered through Whatman No. 2 filter paper into 15-ml funnel tubes. 

Acid washed filter papers were used for Na extraction. K in the filtered extract was determined using AA 

spectrophotometry (Thomas, 1982).  

 

Cations Exchangeable Capacity (CEC) 

 

Firstly, 100 mL of 1-N ammonium acetate was poured into a leaching tube containing 10 g of the soil 

sample, and the percolate was discarded. Then, 100 mL 95% ethanol was used to wash the remaining 

residues of ammonium acetate, and the percolate was also discarded. Next, 100 mL of 0.05 M K2SO4 was 

poured into the leaching tube, and the percolate was collected into a 100 mL volumetric flask. The leachate 

was marked up with 0.05 M K2SO4. Next, 10 mL of the solution was pipetted and mixed with 10 mL of 

40% NaOH into a distillation apparatus. The distillate was collected in a 50 mL conical flask containing 10 

mL of 2% boric acid. Then, the solution was titrated with 0.01 M HCl until the solution in the conical flask 

had changed from green to orange  (Houba et al., 1988).  

 

Organic Carbon 

 

The moisture content of the air-dry soil ground was determined to pass a 0.42 mm sieve. Enough soil was 

weighed accurately to contain between 10 mg and 20 mg of carbon into a dry tared 250 mL conical flask 

(between 0.5 g and 1 g for topsoil, and 2 g and 4 g for subsoil). Then, 10 mL 1-N K2Cr 2 O7 was accurately 

added, and the flask was gently swirled to disperse the solution's soil. 20 mL concentrated H2 SO4 added, 

directing the stream into the suspension. The flask was immediately swirled until the soil and the reagent 

were mixed. A 200°C thermometer was inserted, and it was heat while swirling the flask until the 

temperature reached 135°C (for approximately ½ minute). After that, it was set aside to cool slowly on an 

asbestos sheet in a fume cupboard. Two blanks (without soil) were run in the same way to standardize the 

FeSO4 solution. When cooled (for 20–30 minutes), it was diluted to 200 mL with deionized water and 

proceeded with the FeSO4 titration using either the "ferroin" indicator or potentiometrically with an 

expanding scale pH/mV meter or auto titrator. 
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Statistical Analysis  

 

For the research of Azolla in context of paddy growth and yield, all the collected data were tabulated and 

statistically analyzed by the Analysis of Variance (ANOVA) and Duncan's Multiple Range (DMRT) in SAS 

version 9.2. 

 

Results 
 

Effect of Treatments on the Soil’s Chemical Characteristics 

 

Table 4 shows the selected chemical properties of the soil used for the experiment. The soil pH was 5.2. 

Total N, available P and exchangeable K were 0.16%, 66.6 mg/kg and 0.75 cmol(+) kg-1, respectively. Table 

5 shows the effect of treatments on the soil pH, CEC, total nitrogen, organic carbon, available P and 

exchangeable K at the time of harvest. No significant effect was observed on the soil chemical characteristics 

between the treatments. 

 

Table 4: Initial chemical soil characteristics  

Characteristics Value 

Initial 

Soil pH (pH) 5.2 

Total N (%)             0.16 

CEC (cmol(+) kg-1) 19.7 

Organic carbon (%) 1.8 

Available P (mg kg-1) 66.6 

Exchangeable K (cmol(+) kg-1) 0.75 

 

Table 5: Mean soil analysis at harvest between treatments.  

Characteristic Treatments 

PK + Azolla NP + Azolla NK + Azolla NPK Azolla 

Soil pH  5.2a 5.0a 5.2a 5.2a 5.2a 

CEC (cmol(+) kg-1) 16.6a 18.3a 17.8a 17.6a 17.7a 

Total Nitrogen (%) 0.16a 0.17a 0.19a 0.19a 0.17a 

Organic carbon (%) 1.52a 1.70a 1.81a 2.02a 2.03a 

Avail. P (mg kg-1) 67.8a 55.9a 59.6a 55.8a 54.7a 

Exc. K (cmol(+) kg-1) 0.24a 0.23a 0.24a 0.25a 0.26a 

Note: Means followed by the same letter in the same row are not significantly different (LSD’s tests P> 0.05) 

 

Effect of Treatments on Rice Yield and Rice Yield Components 

 

There was a significant effect of treatments on tiller number, panicle number and yield per pot. There was 

no significant effect of treatment on spikelet per panicle (Figure 1), percentage of filled grain (Figure 2), 

and 1000-grain weight (Figure 3). The highest means value for spikelet per panicle, filled grain (%), and 

1000-grain weight (g) was 126 (PK + Azolla), 78.62 % (NPK Control) and 25.16 g (NPK Control), 

respectively. 
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Figure 1: Response of different treatments on spikelet per panicle. Means followed by the same letter are 

not significantly different (LSD’s tests P> 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 : Response of different treatments on filled grain (%). Means followed by the same letter are not 

significantly different (LSD’s tests P> 0.05) 
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Figure 3: Response of different treatments on 1000-grain weight (g). Means followed by the same letter 

are not significantly different (LSD’s tests P> 0.05) 

 

In this study, the application of NPK showed the highest tiller number (33.8), and no significant difference 

from applying NK+ Azolla and NP+ Azolla that were yielded 33.3 tillers and 30.8 tillers, respectively. Soil 

treated with Azolla alone and PK+ Azolla produced the lowest tiller number (Figure 4). NK+ Rice plants 

treated to Azolla showed the highest number of panicles (35). However, it had no difference from plants 

treated with NP+ Azolla (30) and NPK (32). Other than that, PK+ Azolla and Azolla produced the lowest 

number of panicles in rice plants (Figure 5).  In this study, the application of NPK showed the highest grain 

yield (85.7 g pot-1). However, not significantly different from NK + Azolla (73.8 g pot-1) treatment. The 

yield difference was 16.1%. Results showed that PK+ Azolla (49.5 g pot-1) produced the lowest grain yield 

(Figure 6).   

 

 

 
Figure 4: Response of different treatments on number of tillers. Means followed by the same letter are not 

significantly different (LSD’s tests P> 0.05) 
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Figure 5: Response of different treatments on number of panicles. Means followed by the same letter are 

significantly different (LSD’s tests P> 0.05) 

 

 
Figure 6: Response of different treatments on grain yield (yield/pot). Means followed by the same letter 

are significantly different (LSD’s tests P> 0.05) 
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Figure 7: Response of different treatments on plant height over time (days after planting) 

 

 
Figure 8: Response of different treatments on SPAD value over time (days after planting) 

 

 
Figure 9: Response of different treatment on N content in leaf. Means followed by the same letter are not 

significantly different (LSD’s tests P> 0.05). 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

10 30 40 50 60 70 80 90

P
la

n
t 

h
ei

g
h
t 

(c
m

)

Days after transplanting

PK+Azolla NP+Azolla NK+Azolla

NPK Azolla

0

10

20

30

40

50

10 30 40 50 60 70 80 90

S
P

A
D

Days after transplanting

PK+Azolla NP+Azolla NK+Azolla

NPK Azolla

a

a

a
a

a

0.00

0.10

0.20

0.30

0.40

0.50

0.60

PK+ Azolla NP+ AzollaNK+ Azolla NPK Azolla

N
 c

o
n

te
n

t 
in

 l
ea

f 
(%

)

Treatments



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.59-75   |   ISSN 2581-6853 | CODEN GJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040405    

 

 

 

 

69 Mohamad Izdzuan bin Mohamad Khair, Elisa Azura Azman, Roslan Ismail, Muhammad Naim Fadzli Abdul Rani 

 
Figure 10: Response of different treatment on P content in leaf. Means followed by the same letter are not 

significantly different (LSD’s tests P> 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Response of different treatment on K content in leaf. Means followed by the same letter are 

significantly different (LSD’s tests P> 0.05). 

 

Plant Nutrient Composition 

 

Figure 9 and Figure 10 show there were no significant effect of treatment on nitrogen and phosphorus 

content in leaf, respectively. On the other hand, there was a significant effect of treatment on K content in 

the leaf (Figure 11). The highest value for N and P content in leaf were 0.44 % (NP + Azolla) and 0.28 % 

(Azolla only), respectively. The result showed that PK + Azolla produced the highest K content in the leaf 

and NP + Azolla produced the lowest K content in the leaf (Figure 11).  

 

Discussion 
 

According to Manickam et al. ( 2020), pH value ≥ 5.0 is suitable for rice cultivation, which is not required 

for liming. In addition, total N (%), which is 0.1 – 0.25%, is considered moderately low. In intensive rice 

cultivation, the nitrogen (N) in soils is insufficient, and N fertilization is required. The optimum total N for 
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rice cultivation is 0.2 – 0.3% in soils (Dobermann and Fairhurst, 2000). Addition of Azolla increases total 

N from the initial value of 0.16%. Total N is at the sufficient level as required by rice plant. However, Azolla 

may be a management practice to maintain N sources for crop growth for long-term management. Cation 

exchange capacity (CEC) is a soil chemical property that measures soil ability to hold nutrients. Soils with 

high CEC (≥20 meq/100 g) can hold more nutrients and benefits to rice plants (Manickam et al., 2020). In 

this study, CEC decreased at harvest stage compared to the initial stage. CEC is soil pH-depend, which 

means the CEC increases with increasing soil pH (Edmeades, 1982). Thus, a low pH will result in lower 

CEC. The present study showed that available P and exchangeable K had also been reduced. According to 

Rawanake et al. (2013), the beneficial effect of the Azolla is after its decomposition, when humus is formed, 

increasing the soil's water-holding capacity and promoting aeration drainage, thus improving the physical 

and chemical properties of the soil fixing nitrogen. This is also mentioned by Taha and El-Shahat (2017) 

that incorporation of Azolla increased the soil organic matter significantly upon its decomposition by the 

soil microorganisms that later released nutrients into the soil. These results suggest that incorporating Azolla 

most probably is not fully decomposed, hence the soil chemical properties had shown no improvement. 

 

In this study, a high number of tillers could be achieved by incorporating Azolla either with NK or NP as 

both showed comparable result to NPK. This could suggest that Azolla could be an alternative to P and K 

fertilizers. However, without N, the number of tillers is significantly lower. This is in line with the 

observations of Razavipour et al. (2018), who reported that Azolla's application resulted in a more 

significant tiller number. According to the authors, high tillering capacity is a desirable rice production trait, 

given that tiller number per plant is closely related to the production of rice plants' panicles. A similar result 

was found in some panicles. A high number of panicles significantly is contributed by NPK application 

followed by Azolla either in combination of NK or NP. Incorporating Azolla alone into rice cultivation had 

no improvement on the number of the panicles. Besides, Shen and Tung (1985) also reported that Azolla 

alone did not influence the panicle's number. This is because the decomposition of Azolla in moist and 

flooded soil showed that the maximum amount of ammonium-N released had stabilized after about 45 days 

after incorporating into the rice cultivation, indicating the N is not available for rice plants at the early 

growth stage (Shen and Tung, 1985). It is common for modern rice varieties to develop rice tillering as early 

as 40 – 45 days after planting. 

 

In this study, the number of spikelets/panicles, percentage of filled grain, and 1000-grain weight were not 

affected by the treatments. According to Yoshida (1973), spikelet number is influenced by temperatures 

rather than nutrients’ application. Spikelet number increases in the conditions of the temperature drop from 

31°C to 25°C. Jagadish, Craufurd, and Wheeler (2007) reported that spikelet numbers declined as the 

temperature increased from 29.6°C to 36.2°C. Besides, Yoshida (1981) mentioned that the 1000-grain 

weight is a constant characteristic because the hull's size controls grain size. Thus, the grain cannot grow 

more significantly than hull regardless of the rice plant's nutrient supply. Oyange et al. (2020) supported 

this, who reported the spikelet number, filled grain (%) and 1000-grain weight depend on temperature. They 

observed a significant effect of Azolla at a temperature between 22.1°C – 23.5°C at the reproductive stage.  

 

In the present study, incorporating NK + Azolla showed a slightly lower yield but comparable to NPK 

fertilizer. The improved nutrient uptake efficiency under Azolla was attributed to the enhanced N uptake in 

rice plants and improved rice grain yield (Yao et al., 2018). However, according to Hou et al. (2019), N and 

K are more important elements in improving rice grain yield compared to P. The effects of N on grain yield 

were interactively influenced by K application. Ye et al. (2019) reported that N's effects were stronger than 

P and K fertilizers for rice growth and development where rice was sensitive to N supply. This could suggest 

that comparable grain yield between treatment NK + Azolla and NPK is not necessary contributed by Azolla.   

 

The rice plant height increased with the advancement of growth stages. In this study, plant height differed 

at the vegetative stage (10 – 30 DAT) for all treatments. However, rice plants treated with NPK 
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outperformed other vegetative to ripening stages (90 DAT). According to Kavitha and Subramaniam (2007), 

the increase in plant height might be due to enhanced nutrient levels in fertilizer, which leads to the 

continuous availability of nutrients in the available form to the rice plants. This could suggest that complete 

NPK fertilizer provides all essential nutrients for plant growth, while incorporating Azolla may not provide 

sufficient nutrients to promote greater plant height.   

 

SPAD values decrease overgrowth stages (over time), especially at the ripening stage as the leaves turned 

yellow and the leaves' nitrogen was utilized for grain growth (Putri et al., 2016).  This is in line with the 

present study; the SPAD value decreased for all treatments towards maturity.  

 

According to  Hou et al. (2020), N concentrations decline sharply with increased K rates due to the 

antagonistic relationship between K+ and NH4. Further, they explained that it was also probable that the 

increase in K promoted the growth of leaves and diluted N concentrations in rice leaves. This could explain 

the high K concentration in rice leaves with PK + Azolla due to insufficient N. This could be true as NP + 

Azolla showed the lowest K concentration.  

 

Conclusion 
 

Comparable grain yields on applications of NK + Azolla and NPK are not necessarily contributed by Azolla, 

but sufficient N and K could contribute to sustainable rice grain yield. Therefore, it can be concluded that 

Azolla can be used as a biofertilizer for rice planting. It can reduce the inorganic fertilizer inputs, thus is 

able to reducing the cost of the inorganic fertilizers. 
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Abstract 
This article describes the evolution of the regulatory framework for 

sustainable development in Ukraine based on ratified international 

treaties and supports the formation of an appropriate legal 

framework and State policy. The formation of regulatory 

mechanisms for sustainable developmental goals in Ukraine are 

aimed at strengthening and ensuring the fair implementation of the 

citizen’ rights as guaranteed by the Constitution of Ukraine. It also 

relates to the property rights of the Ukrainian people to land, its 

bowels, atmospheric air, water and other natural resources within 

the territory, the natural resources of the continental shelf and the 

exclusive (marine) economic zone, if the rural areas exist in coastal 

zones. Since the local officials play a key role in implementing 

sustainable practices in forestry, fisheries, water management, 

agriculture and tourism, they can execute capacity building, address 

the needs of various sectors, promote locally produced sustainable 

produce, implement incentive schemes, and enforce the regulations 

and management practices. They can also promote and propagate 

the economic benefits from the conserved resources to rural 

constituencies. The local governments can also better manage and 

mitigate the disasters through maintaining and restoring the 

ecosystems.  
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Introduction 
 

The developed countries widely use sustainable development policy as a tool to national and regional 

development in order to increase competitiveness and innovation potential of the national economies. The 

achievements of mankind emphasize the degree of human dependence, despite all its significance and 

greatness, on the nature and natural resources. Therefore, the interaction of human society with nature 

came to the fore in the list of problems without which the continued existence and development of life on 

Earth is impossible. This is the result of the steady increase of human impact on nature resulting in the 

active developmental interventions causing degradation of standalone natural complexes and depletion of 

natural resources of the planet as a whole with deterioration of quality of all environmental parameters. 

 

Therefore, use of natural resource in rural areas in a sustainable way is of crucial importance for 

agricultural development and rural poverty alleviation. Considering the newly introduced decentralization 

of local governance in Ukraine, efforts aimed at promoting sustainable resource use will be confronted 

with a number of major challenges in the near future. The sustainable development policy integrating use 

of natural resources in rural areas in Ukraine is at the initial stage of formation. This paper aims to explore 

how these natural resources could serve as mean for sustainable development of rural areas in the future. 

This aim further guides the purpose and, direction of the study, and the research methodology. So, 

strategic discussion on development of Ukraine (conforming the European Union’s directives) emphasizes 

the urgency of integrating/mainstreaming sustainable developmental into the use and management of 

natural resources in rural areas.  

 

Methodology 
 

This study is based on the literature encompassing the use of natural resources. Analytical methods of 

research including system analysis and synthesis for theoretical analysis of the natural resource 

management in rural areas were used. For the analysis of existing approaches of functional practice 

organizations and understanding the formation of sustainable natural resource in the regions, structural-

logical method was used.  

 

The authors have used philosophical, general and special research methods: historical and monographic 

analysis focusing the organizational and legal foundations of sustainable development in context of natural 

resources in rural areas, the state rural development policy, and the natural resource potential in rural 

areas. A comparative analysis was also done comparing the regulation of sustainable development in the 

member States of the European Union with that in highly developed countries with the possibility of its 

implementation in Ukraine. The systematic, structural and functional method was explored with the 

purpose of understanding the purpose, goals, objectives, principles and functions of the sustainable use of 

natural resources in rural areas of Ukraine. Different indicators on which assessment was based included 

organizational form of sustainable development, induction and deduction, the conceptual institutional 

approach and dialectical method.  

 

Results and Discussion 
 

Evolution of Regulatory Framework for Sustainable Development in Ukraine 

 

The experience of many countries shows that the governments need to play crucial role in regulating the 

interactions between society and the nature; yet it is not adequately ensured to solvw issues of 

environmental protection, sustainable development, and rational use of natural resources. 
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For the first time in Ukrainian legislation, the term "sustainable development" was mentioned in the Resolution 

of the Verkhovna Rada of Ukraine adopted in 1998 "On the Main Directions of Ukraine's State Policy in the 

Field of Environmental Protection, Use of Natural Resources and Environmental Safety".1 Through this 

Resolution, it was planned to create a system of State management of the use of natural resources, and 

regulation of anthropogenic impact on the environment. In addition, one of the main tasks was to establish 

proper coordination for the rational use of natural resources while taking into account the environmental 

factors2. State Strategy for Regional Development 20203 determined that sustainable development is the 

provision of inexhaustible, economical and efficient use of energy, material, natural and other resources to meet 

the needs of the current generation when taking into account the interests of future generations. 

 

At the same time, it is noted that the main principles of State environmental policy are (1) maintaining the 

climatenot posing risks to human health and enabling well-being of the environment; (2) achieving the 

Sustainable Development Goals (SDGs) being proposed by the United Nations Summit on Sustainable 

Development 2015; (3) promoting balanced (sustainable) development by balancing the development 

(economic, environmental, social) in accordance with the principles of balanced (sustainable) 

development. It is expected that by 2030 Ukraine should implement a system of effective governance to 

ensure the balanced use of natural resources, taking into account the need to provide them to future 

generations.4 Through the Decree of the President of Ukraine (2019), the Ukrainian state supported the 

United Nations resolution and demonstrated the unwavering determination to work for the achievement of 

the Millennium Development Goals.5 

 

At the present, as against the set objectives, opportunities to ensure sustainable development, the sustainable 

use of natural resources in rural areas, and the improvement of living standards of residents are not enough. 

This is a systematic failure to implement target programs having large number of goals, objectives, and 

measures at times conflicting with each other. Such program documents create virtually the entire range of 

problems in the realization of set goals that cannot be solved in 5 to 10 years owing to the socio-economic 

situation in the country. When developing such programs, the principle of focus should be followed. It 

means there should be key directions coupled with sufficient financing for proposed activities. 

 

Rethinking development in sustainability terms also means linking the global and local use of natural 

resources. Where many households are using natural resources in an unsustainable way, the associated 

costs and externalities can spill over to the neighboring villages and towns, downstream dwellers, or to 

distant continents through airborn pollutants or through the movement of water. Sustainable development 

is one of the optimization models for the response of the governance systems to external challenges. In 

view of this, the adoption of the principles of sustainable development is one of the objective needs of 

modern societies, and, therefore, a priority of government agencies. In order to achieve sustainable 

development, States must eliminate or modify all principles and measures that do not promote sustainable 

development. With this in mind, the latest concepts and technologies for achieving the goals of a 

sustainable society should be developed. That is why the new criterion for the governance in the context 

of sustainable rural development should be developed to promote the sustainable use and management of 

natural resources. 

 
1 Verkhovna Rada of Ukraine (2019). The Law of Ukraine "About the Basic principles (strategy) of the state ecological policy of 

Ukraine for the period till 2030", Vidomosti Verkhovnoi Rady Ukrainy, vol. 16, art. 70.ol. 38—39, art. 248.  
2 Ibid. 
3 Cabinet of Ministers of Ukraine (2014). Resolution "State strategy of regional development for the period up to 2020", 

Government courier, 03.09.2014, 160. 
4 Verkhovna Rada of Ukraine (2019). The Law of Ukraine "About the Basic principles (strategy) of the state ecological policy of 

Ukraine for the period till 2030", Vidomosti Verkhovnoi Rady Ukrainy, vol. 16, art. 70. 
5 Decree of the President of Ukraine (2019), "About the Goals of sustainable development of Ukraine for the period up to 2030", 

[Online], available at: https: https://www.president.gov.ua/documents/7222019-29825. 
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Table 1: Green growth indicators for Ukraine  

Indicator 2010 2015 2018 2019 2020 

Land resources* 

Land area of the country (x 103 ha) 60,354.8 60,354.9 60,354.9 60,354.9 60,354.9 

Area of agricultural land 41,596.4 41,511.7 41,489.3 41,329.0 41,310.9 

Arable land area 32,478.4 32,531.1 32,544.2 32,698.5 32,757.3 

Area of hayfields and pastures 7,899.5 7,848.3 7,820.9 7,577.0 7,534.2 

Area of forests and other wooded areas 10,591.9  10,630.3 10,674.9 10,685.6 10,686.8 

 Water resources** 

Volume of water intake, million m3 14,846 9,699 11,296 11,111 9,952 

including freshwater 13,916 9,109 10,705 10,596 9,459 

Volume of water intake per person, m3 323.6 226.4 267.2 264.4 238.4 

including freshwater 303.4 212.6 253.3 252.1 226.6 

Consumption, million m3 9,817 7,125 7,363 7,318 7,238 

percent by 2010 100.0  72.6 75.0 74.5 73.7 

Sources: State Service of Ukraine on Geodesy, Cartography and Cadastre; State Agency of Water 

Resources of Ukraine 

 

In accordance with the principles and indicators of sustainable development, the key content points 

embedded on the interface of management entities and the systemic foundation for implementing 

sustainable development of natural resources in rural areas are identified taking the form of a logical-

structural matrix6 of management functions. While summarizing modern research approaches and 

concepts evolved by the world community, it is assumed that the balanced (sustainable) development of 

natural resources in rural areas should be understood as rural development, which ensures the rational use 

and reproduction of its natural replenishment potential. As a result, there has to be a reshaping and 

development of the quality of human resources, full and productive deployment of the able-bodied rural 

population, improving the quality of life in rural areas; and diversification and efficiency of the rural 

economy. The fundamental difference between the concept of sustainable development and traditional 

views and practices of management is an integrated approach to development as a holistic process applied 

in sustainable development. Therefore, it is basically a concept integrating the development and use of 

natural resources in rural areas. 

 

Food and Agriculture Organization (FAO) and Sustainable Development 

 

One of the FAO’s three global goals is the sustainable management and utilization of natural resources to 

benefit present and future generations. National institutions and development organizations can play a 

major role in promoting sustainability and resource conservation strategies. In particular, proper 

education, training, and orientation of, and effective information dissemination to the stakeholders are 

essential on the environment and sustainable development. This will form the critical foundation for 

perception, attitude and behavior of rural households towards nature and its significance to mankind for 

the attainment of the national development goals of the country (FAO, 1992). 

 

FAO defines agricultural development as the management and conservation of the natural resource base. 

New technology is used to achieve continued satisfaction of human needs for present and future 

generations. Sustainable agriculture conserves land, water, and plant and animal genetic resources, and is 

 
6 Sustainable Development Goal indicators website. URL:  https://unstats.un.org/sdgs/iaeg-sdgs/tier-classification/. 

 



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.76-84  |  ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040406 

 

 

 

 

80 Tetiana Hohol, Ulyana Nedilska 

 

environmentally non-degrading, technically appropriate, economically viable and socially acceptable. This 

will contribute to all four pillars of food security in a sustainable way (FAO, 1996; Guiné et al., 2021). 

 

Since 2012, FAO has been revived by cutting bureaucracy and enhancing transparency and reorganized to 

pursue more effectively its main goal of ending world hunger. In 2012, FAO launched the strategic 

thinking process giving rise to new framework that defines FAO’s work in 5 trans-sectoral Strategic 

Objectives (SOs)7 and 2 cross-cutting themes (gender and governance). These represent the renewed 

ambition and purpose of FAO to help member countries make the transition towards sustainable food and 

agriculture ensuring world food security while promoting the sustainable use, conservation and 

management of natural resources and ecosystem services (FAO, 2014). These 5 Strategic Objectives 

provide a holistic vision of agriculture and natural resources and the synergies, which ensure food security 

and make agriculture part of the solution to achieve sustainable development. Although the synergies 

among these 5 strategic objectives are important, Strategic Objective 2 (“Increase and improve provision 

of goods and services from agriculture, forestry and fisheries in a sustainable manner”) and Strategic 

Objective 5 (“Increase the resilience of livelihoods to threats and crises”) are more closely linked to 

addressing the environmental, natural resources and climate change challenges. 

 

Natural Resource Management in Rural Areas 

  

However, many issues can and should be addressed at the local level. The principle of harmonious 

balanced sustainable development is most objectively implemented through local authorities, and the 

policy of environmental protection, ensuring sustainable development, and maintaining natural resources, 

is implemented through the system of local management. That is why local authorities are given priority 

as a managerial mechanism for the interaction of society and nature. Based on the actual values of 

regional indicators and its comparison with the values of the relevant national indicators, an analysis was 

made with the outcome of identified current areas of regional development [locally known as ‘Sustainable 

Development Goal of Ukraine8 – 2020’]. 

 

Table 2: Share of energy produced from renewable sources to the total final energy consumption, % 

Target value set for 2020 = 11.0% 

2015 2016 2017 2018 2019 

5.0 5.9 6.7 7.0 8.1 

 

Table 3: Energy intensity of GDP (primary energy consumption per unit of GDP) in kg of oil equivalent 

per USD 1 by PPP (purchasing power parity)9 2011 

Target value set for 2020 = 0.200 

2015 2016 2017 2018 2019 

0.187 0.192 0.177 0.179 0.165 

 

Table 4: Resource intensity of GDP (ratio of consumed volumes of natural resources, waste generated and 

pollutant emissions to GDP), % to 2015 level 

Target value set for 2020 = 90.0 

Resource intensity of GDP: 2015 2016 2017 2018 

GDP energy intensity 100.0 102.3 94.7 95.3 

 
7 The Director-General’s Medium-Term Plan 2018-21 and Programme of Work and Budget 2018-19 (2017). FAO. Available 

online: https://www.fao.org/3/ms278e/ms278e.pdf. 
8 Sustainable Development Goal Ukraine – 2020: Monitoring report, available online at: https://www.ukrstat.gov.ua/ 
9 GDP for the PPP is published for the data of the World Bank, which repaired from 2019 by the publication of the tribute for the 

prices of the PPP in the international dollars of 2017.  Afterward, the relevant data for previous years have been reviewed. 
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GDP material intensity 100.0 100.0 98.2 97.2  

GDP carbon intensity 100.0 105.8 85.1 83.8 

GDP water intensity 100.0 98.2 91.6 95.2 

GDP waste intensity 100.0 92.5 111.6 104.0 

 

Table 5: Area of land used for organic production, in 103 hectares 

Target value set for 2020 = 500.0 

2015 2016 2017 2018 2019 

410.55 381.2 289.0 309.1 468.0 

 

Table 6: Area of agricultural land of extensive use (hayfields, pastures), in 103 hectares 

Target value set for 2020 = 8.389.3 

2015 2016 2017 2018 2019 

7,848.3 7,840.5 7,833.8 7,820.8 7,534.2 

 

Table 7. Area of the nature reserve fund in mountainous regions, thousands of hectares 

Target value set for 2020 – 905.30 

2015 2016 2017 2018 2019 

656.72 657.15 658.80 659.24 683.80 

 

An assessment of the progress of achieving the Sustainable Development Goals in each of the regions of 

Ukraine (UNDP, 2019) reveal that not all 17 global and national sustainable development goals will be 

equally relevant at the regional level. Specific priorities for sustainable development of regions and 

territorial communities should be determined based on the current issues within the four components of 

sustainable development - economic, social, environmental and institutional-political. 

 

Various institutions play a key role in both natural resource degradation, and sustainable use and 

preservation of resources. Local governments, local self-governance bodies, non-governmental 

organizations, and other actors at the local level have can encourage sustainable practices by:   

-  Providing advisory services: Farmers may not be aware of land-use alternatives. Agricultural 

extension services can help create awareness and access to alternatives to develop the land 

management practices. 

-  Creating incentives for maintaining ecosystem services across scales. Where public benefits 

are local, such as local climate regulation, recreation and health, there is a rationale for local 

governments to invest in providing these services. Where the benefits accrue at macro level, 

policy makers have a role to play as intermediaries by supporting farmers in negotiations with 

distant stakeholders. 

-  Enhancing coordination: Improving ecosystem services often requires collective action. 

Farmers can support biodiversity conservation by limiting agricultural land use or providing 

wildlife corridors. Europe has implemented payment schemes based on keeping land in ‘good 

agricultural and environmental condition’. 

 

Recognising the multiple values of wetlands is critical to its maintenance and sustainable management. A 

further attractive option is the support to community forestry. While not always a success story in many 

regions of the world, this management option has enabled securing benefits for local communities together 

with conserving forests and biodiversity. Moreover, tourism can be developed by different departments of 

policy, planning and management with the active involvement of local people. Recognizing and capturing 

the value of nature’s ecosystem services present opportunities for both local development and the 

enhancement of quality of life. Because the ecosystems play a key role in people’s lives and livelihoods, it 
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is important to integrate ecosystem services in decision making. Process (Singh et. al., 2012). 

 

Trends of Practice Organizations 

 

It is worth mentioning the research on the role of natural resources in sustainable rural livelihoods 

conducted in the western Balkans by the Norwegian Institute for Nature Research (NINA). That results 

show that migration of people from rural to urban areas has been the outcome of a collapse of basic 

services in rural areas, an increase in the age of the population, and increasing social, political and 

economic marginalization, unemployment and widespread poverty. The most important issue is no access 

of local people to their local resources and their no control over resources. The research also emphasized 

passive or dubious role played by various institutions (both formal and informal) in regulating people’s 

access to the resources. These natural resources could serve as a platform for sustainable development of 

rural resources in the future. 

 

European Parliament’s November II plenary session in Strasbourg determined that EU would spend its 

budget on the common agricultural policy (CAP). Following a joint debate, EU Members adopted (after 

lengthy negotiations between the co-legislators) three agreements to reform EU farm policy during 

budgetary period of 2021‑2027 multi-annual financial framework (MFF). Given the fact that time was 

consumed to reach these agreements, the new reforms should come into effect since 1 January 2023, with 

a temporary extension currently in place for 2021 and 2022 spending. The first file relates to the new 

requirement for each EU Member State to draw up a CAP strategic plan, setting out exactly how they will 

use the CAP to support farmers, agricultural market and rural development. This new delivery model 

should provide greater flexibility and subsidiarity, and is expected to better align CAP spending with EU 

environmental and climate priorities. Members then adopted an agreement on the CAP horizontal 

regulation focusing financing, management and monitoring rules that reflect Parliament's proposal to 

create a stronger crisis reserve and to create clarity of tasks in the governance system. Finally, Members 

agreed a reform proposal of the common market organisation in agriculture, which can govern production 

of and trade in agricultural products. European Parliament has ensured that the reform leads to a more 

agile agricultural market and protects our natural resources.10  

 

Research by the World Resources Institute (1992) has described how urban populations use natural 

resources to sustain their livelihoods. Critical connections are obvious in following five areas: 

• employment and income; Within the informal sector, natural resource-related activities are 

important. Even in formal-sector employment, natural resources are important because the 

economies of the poorest African, Caribbean and Pacific (ACP) countries are much dependent 

on agriculture, forestry and fisheries to provide raw material to their small industrial base. 

• migration, remittances and investments; Rapid urbanization in ACP countries is due largely to 

rural-urban migration, meaning that many people living in developing country cities retain close 

links with rural areas. 

• consumption and expenditure; 

• environment, energy and pollution; There is also a significant relationship between the physical 

environment and health indicators. 

• politics and institutions (Gordon et.al., 2000). 

 

  

 
10 European Parliamentary Research Service, available at: https://epthinktank.eu. 
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Conclusion 
 

Sustainable natural resource use in rural areas is of crucial importance for agricultural development and 

rural poverty alleviation. Sustainable natural resource management systems improve agricultural 

productivity, conservation of ecosystem functions and enhance the livelihoods of rural families.  

Sustainable and equitable use of natural resources facilitate transformation of crop, livestock and irrigation 

sectors into efficiently managed, highly productive systems that sustainably reduce rural poverty by 

combining livelihood development with natural resources management and biodiversity conservation. It 

also includes promotion ofthe integrated watershed management and desertification control by means of 

participatory forest, land and water management planning based on sustainable land use principles in 

agriculture, forestry and land management. Thus, the efficient use and management of natural resources in 

rural areas contributes to sustainable development. One of the important dimensions of sustainable 

development policy is the involvement of of local authorities and local-self governance institutions. Local 

governance plays a key role in implementing sustainable practices in rural areas.  
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Abstract 
Aquilaria is an evergreen non-timber agarwood obtained from the 

15 species of Aquilaria belonging to the family Thymelecea. There 

are two species endemic to Northeast India, A. malaccensis and A. 

khasiana.  A. malaccensis generate a high-grade degree of resin as 

compared to the other Aquilaria species, and it contributes to the 

economy of the Northeast states of India and the country as a 

whole. Due to its profoundly valuable sources, it is overexploited, 

which impacted its availability in genetic environments. The 

cultivation of the tree is challenging due to some environmental 

factors like the sensitivity of the seeds to desiccation, high light 

intensity, low shelf life, slow growth rate, and the effect of insects 

and microorganisms. Therefore, conservation and proliferation are 

urgently required for environmental sustainability and prevention 

from the stage of extinction. The objective of this paper is to 

compile the major research works on the conservation, production 

of the secondary metabolite from callus of A. malaccensis and 

updated information on its development and approaches that are 

rapidly taking place in recent years so that further novel research 

can be envisaged.  

Keywords 
Aquilaria malaccensis; Conservation and propagation; Callus; 

Secondary metabolite production 
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Introduction 
 

Aquilaria malaccenis is one of the precarious non-timber woods obtained from 15 species of 

genera Gyrinorops and Aquilaria, belonging to the family Thymelecea, which produces a high-grade 

quality of agarwood. Aquilaria is commonly known as agarwood, aloeswood, eaglewood, Sashi, or Agaru 

(Saikia and Khan, 2014). Agarwood is referred to as ‘the wood of God’ because of its religious uses. It is a 

great scented medicinal and fragrance tree of Southeast Asia and is mostly grown in the evergreen 

rainforest. It is a dominant species, chiefly distributed over several countries including India, Bangladesh, 

Malaysia, Myanmar, China, Singapore, Bhutan, Vietnam, Indonesia, and Thailand (Oldfield, Lusty and 

MacKinven, 1998). In India, there are three endemic species viz. Aquilaria khasiana Hallier, A. 

macrophylla Miq. and A. malaccenis. A. khasiana is found only in the East Khasi Hills of Meghalaya, 

and A. macrophylla is found only in the Nicobar Islands. A. malaccensis naturally grows at an altitude of 

1,000 meters above sea level in the foothills of Assam, Meghalaya, Manipur, Nagaland, Mizoram, 

Tripura, Arunachal Pradesh, and West Bengal (Borpuzari and Kachari, 2018a). In upper Assam, Northeast 

India Sashi (A. malaccensis) is comprehensively planted in the home garden for propagation and 

production of agarwood and exceptionally boost the economy of the states (Saikia and Khan, 2011). Sashi 

farming was initiated in the 1970s in Assam followed by Thailand and Cambodia in the 1980s (Elias, 

Ibrahim and Mahamod, 2017). Development of new leaves and branches occurs during the pre-monsoon 

(March-April) and persists up to an actual monsoon season (July-August). A. malaccensis flowers at the 

onset of monsoon (April-June) and yields fruits during the following months till September (Plate 1). The 

actual reproductive phase of the plant stays for 5 months only (April to September), which is facilitated by 

monsoon. A. malaccensis organs development is significantly affected by temperature and rainfall 

(Borogayary, Das and Nath, 2018). Therefore, it favors a mean annual rainfall of 1,500 to 6,500 mm, the 

maximum temperature in the range of 22oC – 28o C and minimum temperature in the range of 14oC-21oC 

(Beniwal, 1989). The height of the tree is 18-20 m with 1.5-2 m in diameter. Aquilaria species are well 

acclimatized in diverse habitats including rocky, sandy, well-drained slopes, ridges, and swamps (Akter 

and Neelam, 2008). 

  

The tree produces a unique fragrance oil and compound, which causes the demand in the international 

trade for cosmetics, pharmaceuticals, religious practices scents, and perfume production. Overexploitation 

lessens its availability in the natural habitat and also has a great impact on the biodiversity. Therefore, for 

mass production of scent, the tree is overexploited and put on the verge of extinction. All 

the Aqualaria species that produce agarwood were registered in Appendix I and II of CITES in 2004 

(CITES, 2004). Therefore, urgent need to improvise the conservation and production of agarwood trees, 

biological techniques are applied to protect from extinction, and hence to improve the 

economy. Therefore, the present review compiles and analyzes the existing research data on the 

propagation of A. malaccensis, and recommends further extensive and instant efforts to be employed to 

cultivate the plants using biotechnology. 

 

Scientific Classification of Agarwood (Ibrahim et al, 2019) 

Kingdom: Plantae 

Phylum: Tracheophyta 

Class: Angiosperm  

Order: Malvales 

Family: Thymelaeacea 

Genus: Aquilaria  

Species: malaccensis. 
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Plate 1: Aquilaria malaccenis (A) Tree, (B) Flowers (C) Fruits, (D) Immature and mature seeds 

 

Economical Values of Agarwood 
 

The principal uses of Sashi are exceedingly demanded under three categories of products i.e., perfume 

products, incense sticks, and pharmaceuticals. 

 

Perfume  

 

Agarwood perfume has a unique smell obtained from fragrant essential oil and aromatic compound. 

Agarwood is existing as a scent for a thousand years, whereas modern perfumery began in the 19th 

century. Traditionally in the Middle East, agarwood smoke and oil are used as a scent (Chakrabarty, 

Kumar and Menon, 1994), and Minyak attar (water-based) is a distilled agarwood used by the Muslims on 

clothes (Yaacob, 1999). Agarwood fragrance is also being employed as an aromatic gradient in detergent, 

viz soap, and shampoo (Kadir et al., 1997). Several researchers tried to synthesize agarwood aromatic 

compounds by copying the chemical structure of the ordinary oil, but they could do it having low quality 

(Beek and Philips, 1999).  

 

Incense sticks 

 

Agarwood incense has an important role in prayers and religious rituals, or as an insect repellent. The 

aromatic compounds are the main chemical components in agarwood smoke and create an atmosphere of 

peace and serenity. It scents heavenly, woody nuance, balsamic and warm aura of bittersweet when the 

chromones break into low molecular weight at high temperature. In Taiwan, the agarwood stick is used in 

traditional festivals or ceremonies to bring safety and good luck to the believer. The agarwood incense 

stick is used in the bathroom as a customary sense, and in the paddy field to chase the local spirits by the 

Malay tribe in Malaysia (Chakrabarty, Kumar and Menon, 1994), and Puja celebration by the Hindus. The 

quality of Indian and Chinese agarwood incense sticks has to drop down, as reported the agarwood oil 

concentration is less or is replaced by synthetic oil (Chakrabarty, Kumar and Menon, 1994). The use of 

agarwood incense sticks has reduced these days because of the hike in the cost.  

 



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.85-94  |  ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040407 

 

 

 

 

88 

 
Suklang Kharnaior, Shiny Chakkiath Thomas 

 

Pharmaceutical use  

 

Agarwood plays a vital role in the field of medicine, as it contains various chemical components, 

including alkaloids, terpenoids, phenolic acid, fatty acids, flavonoids, etc. having medicinal properties to 

include anti-cancer, anti-inflammatory, antioxidant, antibacterial, antifungal, antidiabetic, and other 

properties. Traditionally, agarwood is prescribed to treat pleurisy1 by the Sahih Muslim (Islamic religious 

sect), to relieve from pain, and to arrest vomiting and asthma (Anon, 1995). The high-grade quality 

agarwood is utilized in Chinese drugs for treating various diseases and producing pharmaceutical tinctures 

(Yaacob, 1999; Beek and Philip, 1999). The uninfected wood is used for the treatment of jaundice and 

body pain (Chakrabarty, Kumar and Menon, 1994). A. malaccensis products are an essential source in the 

field of Ayurveda for treating various diseases while acting as appetizer, analgesic, antipyretic, 

antihistaminic, styptic, carminative, cytotoxic, insecticidal, general tonic, etc. (Sarma et al., 2015).  

 

Propagation of A. malaccensis 
 

Propagation is a technique to clone the species to ensure its availability in natural habits. The principal 

techniques of propagation are described as below. 

 

Traditional method  

 

The traditional practice of the techniques is supplemented based on the kind of the environment. Mass 

production of Aquilaria can be undertaken by grafting, stem cutting, and seedling (Figure 1) because of 

the short life span of the seed viability, low germination rate. The insect attack is the principal impediment 

to the propagation of plants and agarwood production. A seed viability test showed that heavier seeds 

having higher viability demonstrate greater germination rate and seedling growth rate compared to the 

lighter seeds (Shankar, 2012). The seed is recalcitrant, and its shelf life ranges from 15 to 40 days at room 

temperature (Shankar, 2012; Tabin and Srivastava, 2014). Therefore, propagation and conservation are 

needed urgently to avoid extinction (Saikia and Khan, 2013). To enhance the traditional method of stem 

cutting was developed by treating the injured stems with various concentrations of Indole Butyric Acid 

(IBA) (Figure 2) (Borpuzari and Kachari, 2018b). Cryopreservation is a recently developed method to 

understand its viability and reliable method for the long-term storage of A. malaccensis recalcitrant seeds 

(Devi, Kumaria and Das, 2019). Further studies can be done to understand the viability of the seed using 

the tetrazolium test2, and using culture of the seeds in sterile soil to check the effect of growth hormones. 

 

Biotechnological technique to improve the traditional method 

 

The applied technique is cost-effective and helps maintain/conserve the endangered species and the 

commercial lucrative enterprise based on it. It is a rapid, aseptic, and environmentally controlled technique to 

improve plant growth, germplasm conservation, and secondary metabolite production. Therefore, this 

technique meets the demand of A. malaccensis conservation, propagation, and agarwood production. The 

Sashi trees meet an extensive economic demand for both national and international trade. Hence, to uplift the 

economy and maintain its availability, cloning is urgently needed. Saikia, Shrivastava and Singh (2012) 

experimented and produced an efficient callus from the leaf tissues of A. malaccensis in Murashige and 

Skoog (MS) medium3 supplemented with 6-Benzylaminopurine (BAP) 0.5 mg/l + Naphthalene acetic acid 

 
1 Pleurisy is inflammation of the tissues that line the lungs and chest cavity. 
2 Tetrazolium test is a rapid test method to evaluate the seed viability. The living cells stain red in color, dark red color indicates 

deteriorate cells and no color indicates death cells. 
3 MS medium is an artificial medium used in the laboratory for culturing’s all types of plant species. 
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(NAA) 3mg/l and 4% of sucrose, after 45-60 days of incubation. Saikia et al., (2013) also reported that the 

MS medium is more appropriate for callus induction and maintenance rather than Woody Plant Medium 

(WPM)4 supplemented with different concentrations of 2, 4-dichlorophenoxyacetic acid kinetin. According 

to Jayaraman, Hazwani-Daud and Mohamed (2014), the auxin hormones (NAA at 1.1 µM) produce a 

compact callus, whereas the combination of auxin (NAA 1.1 µM), cytokinin (BAP 2.2 µM), and sucrose 15 

g/l at pH 5.7 produces friable callus with the highest biomass rate. Salam, Awal and Abdullah (2019) 

obtained a high rate of embryogenic callus from leaves of A. malaccenis and A. subintegra that was observed 

in the MS medium having 2.0 mg/l BAP and 0.5 mg/l 2, 4-D.  

 

 
Figure 1: Schematic diagram of A. malaccensis propagation using traditional methods and enhancement of 

traditional methods by using plant growth regulators. 

 

Noordin et al. (2010) reported an optimal shoot production obtained from shoot tip and lateral bud in 

modified MS media containing 0.5 mg/l BAP and 0.25 mg/l TDZ (Thidizuron), and roots development 

was observed in a ½ strength MS supplemented with IBA 1 mg/l. Direct organogenesis (Figure 3) was 

determined from the leaf at a high concentration of cytokinin (BAP 2 mg/l) and a low concentration of 

auxin (0.1 mg/l NAA) root development was observed best in a ½ strength MS medium supplemented 

with 1 mg/l NAA (Saikia and Shrivastava, 2015). Esyanti et al. (2019) developed a method to improve 

shoot multiplication using a bubble column reactor and the immersion time on the temporary immersion 

system (TIS)-RITA. The shoot was first cultured, propagated, and maintained in MS medium before 

performing the bioreactor cultivation. They observed that the immersion gives a better insight compared to 

the bubble column reactor for A. malaccensis shoot propagation. The finest shoot regeneration was 

procured from the stem with one node in MS medium containing 0.5 mg/l BAP, 0.5 mg/l NAA and 20 

mg/l glutamine without callus production. The roots are well developed in media obtaining 1.5 mg/l of 

IBA (Figure 3) (Borpuzari and Kachari, 2018a). 

 

Synthetic seed is a new applicable method in the field of biotechnology for seed storage of Aquilaria spp. 

and other plants. Devi et al. (2018) reported that an artificial seed of A. malaccenis was synthesized using 

nodal bud as the explants. The optimum regeneration was obtained at 2.5% sodium alginate and 100 mM 

calcium chloride, about 83.3% and 75.0% from encapsulated bud stored at 4oC and 23 ± 2°C, respectively, 

 
4 WP medium is the formulation of this medium is for culturing woody plant species. 
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for 10 days. Storage was possible for 60 days at 4°C and 50 days at 23 ± 2°C with an average regeneration 

rate of 8.3% and 16.7%, respectively (Figure 2).  

 
Figure 2: Schematic diagram of A. malaccensis propagation using the biotechnological technique for 

organogenesis, callus induction, shoot induction, and synthetic seed production using various explants. 

 

Secondary metabolite production  

 

A. malaccensis is an attractive species for the production of aromatic metabolites rather than biologically 

active compounds. The callus induction technique assists in the production of the unique secondary 

compound by modifying the culturing media and understanding the plant and insect or microbes’ 

interaction of Aquilaria species. Okudera and Ito (2009) observed the production of the two major 

compounds of Aquilaria spp., sesquiterpenoids and chromone. The study shows that sesquiterpenoids are 

produced in living cells and chromones might generate from the debris of dead cells. Siah, Parameswari 

and Mohamed (2016) reveal that the genes obtained from senescence callus actuate the identical response 

in the form of aromatic compound synthesis and defense response pathways, which are essential pathways 

to understand the compound formation. Sen et al. (2017) conducted a study to enhance the mechanism of 

plant and microbes interacting on three levels, viz., callus, juvenile plants, and resinous wood chips 

infected by Fusarium. They observed the callus-fungus communication, producing essential aromatic 

compounds pentatriacontane {fold change (log2FC) =3.47)}, 17-pentatriacontene (log2FC=2.95), 

tetradecane, 2-methyl- (log2FC=1.10). The fungal interaction in juvenile plants and resinous wood chips 

signal the development of terpenoid precursors (e.g., farnesol, geranylgeraniol acetate) and agarwood 

sesquiterpenes (e.g., agarospirol, γ-eudesmol). The discovery of the unknown aromatic compound to 

agarwood is a spotlight for further research. Hamdan et al. (2020) reported an innovative method to study 

the embryogenic formation of callus by using SEM (Scan Electron Microscope), and the genes (SERK, 

BBM, LEC1, and WOX) associated with somatic embryogenesis were studied and the data were used for 

primer designing. Gene amplification is a radical step for genetic conservation associated to somatic 

embryogenesis research. 

 

Conclusion  
 

The current review on propagation summarizes the traditional method and new in-vitro based studies. The 

in-vitro techniques determine an alternative source for agarwood production from mast cell/callus 

of Aquilaria species. Although the callus induction using leaf, nodal, and shoot explants are reported by 
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various researchers, other parts from the vegetative and reproductive phases might be the best explants. 

No work has been reported so far for the production of plantlets from the callus. Further research is highly 

recommended to improve the in vitro and in vivo methods for the mass production of callus to meet the 

demands of agarwood in world trade and plantlet production to meet the demand of nature as well. As 

reported by various researchers, callus impersonates a significant character in the production of unique 

secondary metabolites. It is also important to study the communication in plant and microbe relationship, 

as it is more efficient and more specific in contrast to direct tree artificial infection. For further studies, a 

comparative study could be done for the isolation, identification, and classification of microorganisms and 

compounds obtained between post and pre-artificial infection on the tree and callus, which might give a 

better understanding of various microbes and plant. 
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Abstract 
The constant biotic and abiotic interventions on the Qinghai Tibet Plateau 

(QTP) are seriously degrading the grasslands and, at the same time, 

restricting the active ecosystem function and grassland vegetation 

distribution on the plateau. This research analyses the dynamics of 

grassland vegetation composition across three land uses and counties. The 

degree of grassland degradation was divided into four land-use types based, 

i.e., healthy grassland (HG), restored grassland (RG), moderately degraded 

(MD) grassland, and severely degraded (SD) grassland. About 32 plant 

species were recorded in Tiebujia county, 28 in Maqin county, and 18 in 

Maduo county. Results showed Poa crymophila, Polygonum sibiricum, 

Leontopodium nanum and Oxytropis falcatabunge as the most abundant 

grassland species in all land-uses and counties. The richness of species 

ranged from 8 to 12 species per land-use, suggesting low richness and 

diversity in restored and degraded grassland. A positive non-significantly 

mean change (p<0.05) was detected for richness and evenness indices 

while a negative mean change (p<0.05) was detected for Simpson and 

Shannon indices in the alpine meadow and steppe in both Maqin and 

Maduo county. The results imply that degradation affects grassland 

vegetation, health, and distribution across the QTP. Plant total cover for the 

healthy grassland covered far more areas than other land-uses. Urgent 

mitigation measures to halt grassland degradation and decline in plant 

vegetation composition on the plateau should be adopted.  

Keywords 
Grassland; Land-use; Species; Vegetation; Qinghai-Tibet-Plateau 
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Introduction 
 

Ecologists and other environmentalists have described the Qinghai Tibet Plateau as the roof of the earth, 

hot pole, third pole, species differentiation and formation center, highest plateau on earth, and head water 

station for Asia (Mipam et al., 2019; Wang et al., 2014; Fayiah et al., 2019; Cao et al., 2019; Dong et al., 

2019; Liu et al., 2018; Dong et al., 2020; Yang et al., 2013; Xiong et al., 2019). Chinese scholars have 

referred to the plateau as the center of species formation and differential globally (Zhang et al. 2002). The 

complex biodiversity characteristics of the QTP made some schools of thought to refer to it as a “natural 

laboratory or the natural museum of floristic evolution” (Hedberg, 1975; Sun, 2002; Sun et al., 2014). The 

QTP is one of the world’s richest biomes with 59.13% of grassland vegetation accounting for 17 grassland 

types (Weih and Glynn, 2019). Two major types of grassland exist on the QTP; in the north-west, the 

alpine steppe is the dominant vegetation with Stipa (Poaceae family) being the dominant plant species, 

while in the south-east the alpine meadow vegetation covers the verse majority of the territory with 

Kobresia species (Cyperaceae family) dominating (Mipam et al., 2019; Zhang et al., 2007). The alpine 

meadow and steppe grasslands account for 44.64% and 28.75%, respectively (Fayiah et al., 2020; Li et al., 

2013). Based on Zhang et al. (2002) survey of 12,000 plant species belonging to 1,500 genera, 300 rare 

and endemic species, and 5,000 epiphyte species were found on the QTP (Wu et al., 2008). Sun et al. 

(2014) listed Meconopsis vig, Pedicularis l, Anaphalis DC, Cremanthodium benth, Primula l, Corydalis 

DC, etc. genera of great importance of evolution on the QTP. Based on theoretical evidence, species 

richness, growth, and diversity vary greatly across the QTP (Sun et al., 2014; Yang et al., 2013; Tang et 

al., 2006; Fayiah et al., 2019). However, the variation in grassland vegetation and richness is highly 

connected with the biotic and abiotic processes constantly unveiled on the QTP. Abiotic factors such as 

climate change, temperature, sunshine duration, precipitation, winter period, drought, flooding, and so on 

have negatively influenced grassland vegetation on the QTP (Xiong et al., 2019; Fayiah et al., 2019; Wei 

and Glynn, 2019; Sun et al., 2014; Dong et al., 2019; Dong et al., 2020; Yang et al., 2013; Cao et al., 

2019; Mu et al., 2017; Xu et al., 2018; Sun et al., 2019). The biotic activities such as overgrazing, 

population increase, urbanization and industrialization, crops cultivation and traditional practices, among 

others, have contributed to the decline in grassland vegetation on the QTP (Wang, 2009; Sun, Cheng and 

Li, 2013; Fayiah et al., 2020; Wang et al., 2000; Zhang et al., 2019). Scientific evidence has proven that 

the QTP has richer biodiversity than any other biome across Asia (Sun et al., 2014) and beyond. The 

scholarly ecologist has confirmed that the plateau host more than 12,000 vascular plant species, 210 

mammal species, 5,000 epiphytes species, 115 species of fish, and 532 bird species (Zhang et al., 2002). 

The complex ecosystem interface on the QTP supports the formation of new species, maintains older 

species, and provides a safe haven for succession (Zhang et al., 2002).  

 

Globally, the biodiversity/vegetation conservation concept has emerged as the central topic for the 

sustainable development goals (SDGs) linked with ecosystem sustainability and, by extension, 

globalization.  In this regard, investigating grassland vegetation along land use on the QTP is essential to 

keep track of vegetation changes occurring due to biotic and abiotic occurrences. Secondly, such 

investigations should be undertaken constantly because the terrestrial ecosystem on the QTP is very 

sensitive to environmental and other social disturbances. Many studies have been conducted across the 

QTP on biodiversity composition and distribution. Still, very little attention is being given to biodiversity 

in different land-use ecologies. This research intends to bridge this gap and throw light on the vegetation 

composition and distribution across different land uses on the QTP.  
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Materials and Method 
 

Study Location  

 

The study was conducted in three Counties on the QTP, namely Tiebujia, Gonghe County (37° 06´82´'N, 

99° 55´93´´E), Maqin county (34° 42´48´´N, 100°32´65´´E) and Maduo county (34°84.89´´N 98° 

28´92´´E) (Fig.1). The average elevations for these three sites were 3,227 m, 3,803 m and 4,172 m for 

Tiebujia, Maqin county and Maduo county, respectively. The average annual temperature of the three 

locations ranges from -0.6 to -24 in January and 18°C in July (Zhao et al., 2017; Dong et al., 2012). As 

per Ma et al. (2002), the alpine grassland of the study areas is separated into (1) “degraded grasslands”, 

(2) “healthy grassland”, (3) “restored grassland”, and (4) “severely degraded grassland. Tiebujia County is 

dominated by alpine steppe, Maqin County by alpine meadow, and Maduo County by alpine steppe. In 

Maduo County, the soil type of the study location is loamy with 40% silt, 40% sand, and 20% clay (Dong 

et al., 2012). The soil type in Maqin County is classified as subalpine meadow soil (Li et al., 2016), or 

loam with 40% sand, 20% clay, and 40% silt (Wang et al., 2015; Dong et al., 2012), while Tiebujia 

County’s soil type was described as mostly loam-clay (Zhao et al., 2016). 
 

Table 1: Environmental parameters of the study area 

Environmental 

conditions  

Environmental indicators  Study Location 

Tiebujia  Maqin Maduo 

Vegetation type Grassland  Alpine steppe Alpine 

meadow 

Alpine Steppe 

Land use type  HG, RG, MD, SD Four (4) Four (4) Four (4) 

Geographical features  Latitude (N°) 

Longitude (E°) 

Altitude (M) 

37.06-37.03 

99.55-99.32 

3,227-3,264 

34.42-34.49 

100.32-100.22 

3,803-3,820 

34.84-34.53 

98.28-98.12 

4,172-4,193 

Climatic parameters  Annual precipitation (mm) 

Annual mean temperature  

377 (mm) 

0 °C 

538.17 

0.77°C 

358.49 

–2.48°C 

Notes: Healthy grassland, HG; Restored grassland, RG; Moderately degraded grassland MD; and Severely 

degraded, SD.  

 

Sampling Method  

 

Biodiversity parameters, such as species names, abundance, frequency, height, and coverage in a 1 m × 1 

m quadrat, were recorded as per Ren’s (1998) and Li et al.’s (2014) approaches. Proper scientific 

classification was done either in the field or in the laboratory by a knowledgeable plant taxonomist. In 

total, 36 replicated quadrats (1 m × 1 m) were enumerated with a distance of at least 30 m from each other. 

A thorough biodiversity assessment was done and compared among the four land-use grassland types.  

 

Land Use Selection Criteria 

 

Land use categorization was done as per Ma et al. (2002) and Wang et al. (2015, 2019) classification 

methods alongside grazing intensity, fencing, and rodent disturbance. This article incorporated their 

approach and that of grazing status (freely or moderately grazed), disturbance level, and rodent burrowing 

activities. The degree of grassland degradation in this study was divided into four land-use types based on 

the above criteria (Cao et al., 2019), i.e., healthy grassland (HG), restored grassland/cultivated (RG), 

moderately degraded grassland (MD) and severely degraded grassland (SD). 
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Figure 1: Map showing the study area 

  

Table 2: Land use selection and partition 

Degree of Degradation Coverage (%) Edible plants proportion (%) Plant height in (cm) 

HG 70-100 90-100 10-40 

RG 50-70 70-90 10-37 

MD 50-60 40-70 8-14 

SD 30-50 0-40 2-4 

 

Statistical Analysis  

 

All statistical analyses were done using the R software package and IBM-SPSS v.23 Software for 

Windows. The multi-biodiversity indices like the Simpson diversity index, Shannon-Weiner index, 

Species richness, and Pielou evenness (Shannon and Weiner, 1963; Gaines Woodard and Carlson, 1999; 

Kent and Coker, 1992) and soil chemicals parameters were reported as a mean standard error in tables.  

 

Shannon Diversity Index 

𝐻′ = − ∑ 𝑃𝑖  ln 𝑃𝑖

𝑆

𝑖=1

 

Evenness Index   

𝐽 = 𝐻′/ln𝑆 

Simpson Diversity Index  

𝐷 = 1 − ∑ 𝑃𝑖
2

𝑠

𝑖=1

 

Where N = the number of all plants in the sample community, ni = the specific number of species I, S = 

the number of plants in the community, and pi = the specific number of species I in proportion to the 
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aggregate number of plants in the community. The given species number of a particular community is 

referred to as species richness. 

 

Results  
 

The actual number of plant species enumerated in the three grassland types varied greatly. A change in 

diversity was observed among the different land-use patterns with healthy grassland being the baseline of 

comparison. For example, 32 plant species were recorded in Tiebujia county, 28 in Maqin county, and 18 in 

Maduo county (Figure 2). The most abundant plant species across these three study locations were Poa 

crymophila, Polygonum sibiricum, Leontopodium nanum and Oxytropis falcatabunge (Table 3). However, 

the abundance of these species varied across grassland types and land-use in the three counties. The species 

richness in the different land-use ranged from 5 to 12 species accordingly (Appendix 2). The alpine steppe of 

Maduo County recorded the lowest plant species richness. The richness of species ranged from 8 to 12 

species per land-use with the healthy grassland having higher species richness (Table 3). The species with 

the most Importance Value Index (IVI) were Poa crymophyila (85) for Tiebujia county, Leontopodium 

nanum (75) in Maduo county, and Poa crymophila (49) in Maqin county (see Appendix 3, 4 &5).   

 

Table 3: Dominant species, richness and altitude in the three study areas 

Type Tiebujia Alpine Steppe Maqin Alpine Meadow Maduo Alpine Steppe 

LU Dominant 

species  

Richness Alt (m) Dominant 

species  

Richness Alt (m) Dominant 

species  

Richness Alt (m) 

HG Poa 

crymophila 

10 3,239 Poa 

crymophila 

11 3,728 Leontopodium 

nanum 

11 4,183 

RG Poa 

crymophila 

10 3,230  Oxytropis 

falcatabunge 

11 3,806 Poa 

crymophila 

5 4,176 

MD Poa 

pratensis 

11 3,241 Leontopodium 

nanum  

12 3,796 Polygonum 

sibiricum    

7 4,173 

SD Astragalus 

propinquus 

8 3,234 Oxytropis 

falcatabunge 

10 3,810 Leontopodium 

nanum 

5 4,179 

Notes: LU = Land Use; HG = Healthy Grassland; RG = Restored Grassland; MD = moderately degraded 

grassland; SD = Severely degraded grassland, and Alt = Altitude (m) 

 

Plant Height and Total Cover across the Four Land-Uses 

 

Plant height for the four land uses varied, but the restored grassland and healthy grassland dominated in 

terms of height, especially in Maqin meadow and Maduo alpine steppe (Figure 3). The severely degraded 

grassland recorded the least height, followed by the moderately degraded grassland. Maduo alpine steppe 

recorded the least height (p<0.05) of plants across all land-uses, especially in the severely degraded 

grassland (Figure 3). Plant total cover in the healthy grassland was more than other land-uses (Figure 4). 

The alpine meadows in Margin healthy and restored grassland have more plant total cover than other land-

uses in Tiebujia and Maduo county. This was followed by the alpine steppe in Tiebujia and the alpine 

steppe in Maduo respectively (Figure 4). In particular, the severely degraded grassland reported less plant 

total coverage followed by the moderately degraded grassland. However, the alpine steppe in Maduo 

reported the least total coverage area, especially with severely degraded grasslands (Figure 4). 
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Figure 2: Species abundance according to grassland type 
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Most plant species in (Figure 2) were detected in all the three counties and their land-uses, while some 

were only found at particular locations and in land-uses. About 21 plant species were found in Tiebujia 

county, while 14 and 5 plant species were found in Margin and Maduo County, respectively. 

 

 

 
Figure 3: Average plant heights in the four land-uses.  The significant differences among diverse land-use 

are depicted by different alphabetical letters (p < 0.05) 

 

 

 
Figure 4: Total plant coverage across four land use. The significant differences among different land use 

are depicted by different alphabetical letters (p < 0.05) 
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Mean Change of Multi-Diversity Indices across the Three Grassland Types and Land-Uses  

 

The healthy grassland was used as the baseline to compare the mean change percentage of plant diversity 

indices across the different grassland types and land use (Figure 5). A significantly positive mean change 

in the moderately degraded grassland (p<0.05) was observed for all plant diversity indices in the alpine 

steppe in Tiebujia County. In contrast, a positive non-significantly mean change percentage was detected 

for richness and evenness indices for the alpine meadow in Maqin county and the alpine steppe in Maduo 

county. In Maqin and Maduo county, the Simpson diversity index and Shannon Weiner indices showed a 

negative mean change (p<0.05) in the moderately degraded grassland. 

 

 
Figure 5: Mean change percentage of plant diversity indices in MD; RG and SD base of comparison with 

HG on the QTP 

 

  



Grassroots Journal of Natural Resources, Vol.4, No.4 (December 2021), p.85-114  |  ISSN2581-6853 | CODENGJNRA9 

Doi: https://doi.org/10.33002/nr2581.6853.040408 

 

 

 

 

103 

 
Moses Fayiah, ShiKui Dong, Roberto Xavier Supe Tulcan, Sanjay Singh, Muthu Rajkumar, Sallay Saccoh, Rebecca Bockarie 

 

Table 4: Standard error of multi-biodiversity indices, plant coverage and height 

Land use HG RG MD SD 

Grassland Type Location Indicators Mean Std 

Error 

Mean Std 

Error 

Mean Std 

Error 

Mean Std 

Error 

Tiebujia Alpine Steppe Shannon 1.449 0.482 1.621 0.040 1.969 0.034 1.864 0.154 

 Simpson 0.603 0.198 0.749 0.010 0.823 0.007 0.816 0.024 

 Evenness 0.605 0.174 0.697 0.010 0.823 0.026 0.893 0.017 

 Richness 10.333 2.028 10.333 0.882 11.000 0.577 8.333 1.453 

 Plant height 27.167 7.539 33.754 1.741 13.881 2.256 5.116 1.082 

 Plant Cover 86.667 3.333 71.667 6.009 65.000 2.887 76.667 3.333 

Maqin Alpine Meadow  Shannon 1.893 0.044 1.978 0.193 1.426 0.318 1.671 0.022 

 Simpson 0.802 0.006 0.823 0.038 0.594 0.127 0.754 0.012 

 Evenness 0.766 0.022 0.835 0.059 0.569 0.083 0.764 0.033 

 Richness 12.000 1.155 10.667 0.882 12.333 3.180 9.000 0.577 

 Plant height 10.804 0.513 10.647 3.911 7.197 1.226 4.963 0.493 

 Plant Cover 94.333 0.667 78.333 9.280 70.000 5.774 46.667 3.333 

Maduo Alpine Meadow Shannon 1.646 0.106 1.310 0.054 1.646 0.106 1.064 0.156 

 Simpson 0.769 0.028 0.693 0.023 0.769 0.028 0.553 0.085 

 Evenness 0.828 0.015 0.854 0.009 0.828 0.015 0.638 0.100 

 Richness 7.333 0.667 4.667 0.333 7.333 0.667 5.333 0.333 

 Plant height 4.313 0.814 3.636 0.332 3.209 0.159 1.440 0.131 

 Plant Cover 58.333 1.667 55.000 8.660 50.000 2.887 34.333 3.480 

Notes: Std = Standard, Er = Error, SD = Severely degraded grassland, HG = healthy grassland, MD = 

moderately degraded, RG = restored grassland. The mean standard error was given for HG, RG, MD and 

SD grassland across the three counties and their land-uses. 

 

Discussion  
 

The QTP is known to host and harbor greater plant biodiversity (Wu, 2008) as compared to surrounding 

lowland ecologies and is considered an ideal ecology for studying plant species composition, adaptation 

and abundance under harsh environments under climate change impacts (Sun et al., 2014). Understanding 

grassland vegetation composition and abundance on different grassland ecologies is fundamental in 

protecting degraded grassland ecosystems and plant vegetation composition. The relationships that exist 

between plant diversity and plant abundance, productivity, etc. in degraded ecosystems such as QTP 

grasslands, have attracted rigorous debate among scholarly ecologists in recent years (Li et al., 2018; 

Chen et al., 2019; Fraser et al., 2015; Oba, Vetaas and Stenseth 2001; Maron et al., 2011; Fox, 2003). The 

natural grassland biomes on the QTP are experiencing diverse environmental conditions like temperature, 

wind, precipitation, and soil nutrients (Zhu, Lin and Yangjian, 2016). These adverse conditions affect 

plant vegetation composition and its distribution pattern across different land-use in three counties on the 

QTP. Plant species enumerated across the three grassland types showed variation and change with healthy 

grassland being used as a comparison baseline for other land uses. Sun et al. (2014) concluded that QTP is 

rich in plant diversity and composition, and hosts nearly 12,000 species of 1,500 genera (Wu, 2008). 

Across the three study counties, Tiebujia county recorded 32 plant species, while Maqin and Maduo 

counties recorded 28 and 18 plant species, respectively. The most abundant plant species across the three 

study locations were Poa crymophila, Polygonum sibiricum, Leontopodium nanum and Oxytropis 

falcatabunge (Table 3). The variation in plant species could be connected with elevation, land-use 

practices, and the degradation level of county grassland ecologies. Grazing and rainfall intensity could 

also be factors determining the plant vegetation composition of each land-use. Another reason may be 
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ascribed to the outcome of the environmental gradient being less diverse due to intense grazing by 

livestock. Other factors that may affect grassland vegetation composition and distribution across the QTP 

are light, temperature, topography, climate change, fire, fertilizer application, and grazing (Guo, 2008). 

Based on Cao et al.’s (2019) review, small mammals, climate change, overgrazing, harsh environmental 

conditions, privatization, and fragile soil may be the sources of degradation and, by extension, affects 

plant vegetation composition. However, overgrazing on the QTP is the main culprit causing the decline of 

plant diversity, vegetation composition, total coverage, above- and below-ground biomass, soil nutrient, 

and richness resulting in degradation (Chai et al., 2017; Schleuss et al., 2015; Zhang et al., 2016). 

Alternately, Harris (2015) noted that plant species in most land-use on the QTP have developed tolerance 

mechanisms to withstand periodic and intensity grazing consequences on plant species composition. 

Similarly, Sun et al. (2014) and Bertness and Callaway (1994) suggest that plant-plant interaction strongly 

impacts plant vegetation composition and the dynamics of plant vegetation composition on the QTP.  

 

Plant species coverage and height vary greatly along different land-use on the QTP. Degraded land use 

recorded fewer plant species and lesser plant coverage area than restored and healthy grassland. The 

alpine steppe in Maduo county recorded fewer plant species and was the most degraded grassland across 

all land-uses. This may be attributed to the harsh environmental conditions coupled with grazing and 

climate change impacts (Cao et al., 2019).  Similarly, the total plant coverage varies across counties and 

land-uses and the variation could be attributed to harsh environmental conditions. The alpine meadow of 

Maqin county covered more areas in the healthy, restored, moderate, and severely degraded land-use than 

those in Tiebujia and Maduo counties combined. This difference in vegetation coverage among the 

different counties may be attributed to human disturbance, population growth, climate change, and 

elevation (Sun et al., 2014). The higher plant species coverage and height in Maqin county could be 

attributed to higher nitrogen availability in the soil (Wang et al., 2015).   

 

The mean change percentage of plant diversity indices of the different land-uses and grassland types with 

the healthy grassland used as the baseline was investigated. Both significantly positive and negative mean 

change at (P<0.05) was detected across the different land-uses across the three counties. A positive mean 

change was detected for richness and evenness indices. In contrast, a negative trend was seen for Simpson 

and Shannon Weiner indices in the alpine meadow and alpine steppe in Maqin and Maduo county, 

respectively. The reason for this difference in plant diversity could be due to the long fallow period and 

livestock exclusion practice that is in place at the three study sites. The possible explanation for the mean 

change decline in species richness and evenness in both restored grassland and moderately degraded 

grassland of alpine meadow and steppe in Maqin and Maduo counties could be attributed to human and 

natural factors (Cai et al., 2015; Liu et al., 2018; Sun, Cheng and Li., 2013; Yang et al., 2006; Wang et 

al., 2000) interplay on the plateau. Andrade et al. (2015) observed that livestock grazing and land-use 

change, among others, contribute to biodiversity decline on grasslands. The soil pH, high elevation, 

extreme temperature, grazing, and nutrient level may also be essential factors responsible for reduced 

species richness in the counties. A negative trend in the severely degraded grassland was detected for plant 

diversity, evenness, and species richness. This might be attributed to the very nature of our land-use 

selection criteria.  

 

Conclusion 
 

The QTP terrestrial ecosystem is extremely fragile, complex and is sensitive to biotic and abiotic 

interventions. Based on this, the plateau has experienced enormous changes in its environmental 

conditions and plant vegetation composition. Plant biodiversity and plant coverage are two crucial 

indicators in determining ecosystem function and vegetation distribution on grasslands. This study proved 

that plant diversity indices, cover, abundance, and height are being influenced by harsh environmental 
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uncertainties like climate change, extreme temperature, and drought, among others.  There was a 

statistically significant alteration between land-use and Counties and variables such as richness, evenness, 

Simpson index, plant height, and plant total coverage. Land-use changes on the QTP have affected the 

plateau’s potential vegetation composition and services provision ability. The HG displays satisfactory 

plant diversity, plant total cover, and height indicators across the three counties. However, the SD, MD 

and RG grasslands lag in displaying these indicators meaning land-uses affect plant vegetation distribution 

and composition. Across all land-uses, SD land use was associated with poor vegetation composition. For 

example, the plant biodiversity indices values were low on the SD grassland compared to other forms of 

land uses.  The average species richness species in the SD grassland was 8, 10 and 5, respectively, for 

Tiebujia, Maqin and Maduo Counties grasslands. Similarly, restored grasslands accounted for a lower 

species richness as compared to HG and MD grasslands. The constant biotic and abiotic interventions on 

the QTP seriously degrade the grasslands while halting the active ecosystem function and plant vegetation 

distribution on the plateau. The alpine steppe in Maduo County is the most affected grassland type among 

the three counties studied. Critical mitigation actions to reduce/stop grassland degradation and 

deterioration of plant composition and vegetation on the plateau should be enforced. 
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Appendix 1: Pairwise beta diversity (Whittaker) 

Land  1HG 1MD 1RG 1SD 2HG 2MD 2RG 2SD 3HG 3MD 3RG 3SD 

1HG 0.00 
           

1MD 0.28 0.00 
          

1RG 0.36 0.58 0.00 
         

1SD 0.36 0.37 0.50 0.00 
        

2HG 0.67 0.63 0.75 0.67 0.00 
       

2MD 0.58 0.60 0.85 0.70 0.37 0.00 
      

2RG 0.53 0.56 0.83 0.67 0.38 0.14 0.00 
     

2SD 0.55 0.43 0.84 0.68 0.58 0.33 0.27 0.00 
    

3HG 0.69 0.79 0.77 0.77 0.71 0.78 0.71 0.77 0.00 
   

3MD 0.71 0.84 0.73 0.73 0.73 0.82 0.73 0.81 0.31 0.00 
  

3RG 0.79 0.85 0.83 0.74 0.87 0.88 0.87 0.81 0.39 0.38 0.00 
 

3SD 0.77 0.91 0.80 0.80 0.71 0.74 0.64 0.79 0.67 0.69 0.85 0.00 

 

 

Appendix 2: Bray-curtis distance between communities 

Land  1HG 1MD 1RG 1SD 2HG 2MD 2RG 2SD 3HG 3MD 3RG 3SD 

1HG 1.00                       

1MD 0.51 1.00                     

1RG 0.53 0.29 1.00                   

1SD 0.58 0.26 0.49 1.00                 

2HG 0.61 0.41 0.86 0.55 1.00               

2MD 0.49 0.20 0.64 0.75 0.53 1.00             

2RG 0.59 0.28 0.63 0.38 0.45 0.43 1.00           

2SD 0.23 0.63 0.16 0.09 0.28 0.17 0.44 1.00         

3HG 0.37 0.21 0.43 0.28 0.51 0.26 0.35 0.08 1.00       

3MD 0.39 0.94 0.67 0.85 0.60 0.38 0.32 0.27 0.52 1.00     

3RG 0.61 0.43 0.78 0.41 0.77 0.14 0.30 0.13 0.59 0.68 1.00   

3SD 0.75 0.30 0.44 0.55 0.35 0.29 0.50 0.50 0.48 0.49 0.18 1.00 
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Appendix 3: Importance Value Index for plant species  

Tiebujia Q1 Q2 Q3 QT Dens Freq Abun RD RF RA IVI 

Aster tataricus 143 26   169 56 67 85 6 6 7 19 

Astragalus 

membranaceus 

76     76 25 33 76 3 3 6 12 

Comastoma 

pulrnonarium 

12     12 4 33 12 0 3 1 5 

Dracocephalum 

heterophyllum 

2 75 2 79 26 100 26 3 10 2 15 

Elymus nutans   28 62 90 30 67 45 3 6 4 13 

Gentiana scabra    19   19 6 33 19 1 3 2 5 

Kobresia capillfolia 56 64   120 40 67 60 4 6 5 16 

Koleria cristata 27 21   48 16 67 24 2 6 2 10 

Lancea tibettica  104     104 35 33 104 4 3 8 15 

Leymus secalinus     11 11 4 33 11 0 3 1 5 

Poa annua     14 14 5 33 14 1 3 1 5 

Poa crymophila 30 244 900 1174 391 100 391 44 10 31 85 

Poa pratensis 327 155   482 161 67 241 18 6 19 44 

Potentilla bifurca 151   3 154 51 67 77 6 6 6 18 

Potentilla multifida 15 13 22 50 17 100 17 2 10 1 13 

Radix bupleuri 47     47 16 33 47 2 3 4 9 

Radix euphorbiae 2     2 1 33 2 0 3 0 3 

Stipa capillata 13 7   20 7 67 10 1 6 1 8 

 1005 652 1014 2671 890 1033 1261 100 100 100 300 

 

Appendix 4: Importance Value Index for plant species  

Maqin (HG)  Q1  Q2  Q3  QT Dens  Freq Abun RD RF RA IVI 

Aconitum pendulum 12 9   21 7 67 11 1 6 1 8 

Ajuga lupulina   22 38 60 20 67 30 3 6 3 12 

Carex myosuroides  150 121   271 90 67 136 13 6 15 33 

Elymus dahuricus   60   60 20 33 60 3 3 7 12 

Elymus nutans 142   79 221 74 67 111 10 6 12 28 

Koleria cristata 4 8 246 258 86 100 86 12 9 10 30 

Ligularia virgaurea 4     4 1 33 4 0 3 0 3 

Oxytropis falcatabunge 57 56 29 142 47 100 47 7 9 5 20 

Pedicularis alaschanica   25   25 8 33 25 1 3 3 7 

Plantago depressa 4 10 175 189 63 100 63 9 9 7 24 

Poa annua 12 7 50 69 23 100 23 3 9 3 14 

Poa crymophila 227 226 34 487 162 100 162 23 9 18 49 

Potentilla multifida 134 117 18 269 90 100 90 12 9 10 31 

Silene himalayensis 22 3   25 8 67 13 1 6 1 8 

Taraxacum mongolicum 6 14 16 36 12 100 12 2 9 1 12 

Thermopsis alpina     22 22 7 33 22 1 3 2 6 

Total  774 678 707 2159 720 1167 893 100 100 100 300 
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Appendix 5: Importance Value Index for plant species  

Maduo  Q1  Q2  Q3  QT Dens  Freq Abun RD RF RA IVI 

Artemisia capillaries 48 26 22 96 32 100 32 5 9 4 19 

Aster tataricus 7     7 2 33 7 0 3 1 4 

Carex myosuroides  22 19   41 14 67 21 2 6 3 11 

Gentiana spuarrosa 5 12   17 6 67 9 1 6 1 8 

Koleria cristata 17 37   54 18 67 27 3 6 4 13 

Leontopodium nanum 166 292 190 648 216 100 216 35 9 30 75 

Oxytropis falcatabunge 27 36 19 82 27 100 27 4 9 4 18 

Poa annua   62 7 69 23 67 35 4 6 5 15 

Poa crymophila 42 85 161 288 96 100 96 16 9 13 38 

Polygonum sibiricum 4   205 209 70 67 105 11 6 15 32 

Potentilla multifida      19 19 6 33 19 1 3 3 7 

Przewalskia  tangutica 23 56   79 26 67 40 4 6 6 16 

Stipa capillata 71 47 62 180 60 100 60 10 9 8 28 

Thalictrum 

aquilegifolium 

23 23 16 62 21 100 21 3 9 3 16 

Total  455 695 701 
 

617 1067 713 100 100 100 300 
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Abstract 
Bangladesh relies mainly on groundwater for irrigation and 

drinking purposes. Groundwater, however, continuously polluted, is 

a major obstacle. Nowadays, Bangladesh is moving towards 

industrial revolution in a considerable speed. As part of this paper's 

attempt to analyze the groundwater pollution scenario in 

Bangladesh, specifically in the past two decades, about 100 articles, 

conference papers, and reports published in national and 

international journals and books were reviewed, as well as issues 

concerning pollution sources, health impact assessment, and future 

perspectives were discussed. The groundwater is contaminated by 

different contaminants, such as physico-chemicals, trace metals, 

and microbes. Human health is at great risk from arsenic (As) 

contamination; it is one of the biggest threats. The cancer risk and 

non-cancer risk of ingesting water are increased. On the other hand, 

a large number of peoples were affected due to waterborne diseases 

governed by microbial contamination. Geophysical and 

anthropogenic sources, the depth of wells, and geographical factors 

may influence groundwater pollution. It is recommended that policy 

makers should address the issue immediately and precautions 

should be taken wherever necessary.  

Keywords 
Groundwater pollution; Physico-chemical; Trace metals; 

Bacteriological contamination; Pesticides; Health risk; Bangladesh.  
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Introduction 
 

Human metabolic systems and other life sustaining activities require water (Dkhar et al., 2014). A natural 

and renewable asset that is essential to life, water experiences natural and continuous processes within the 

hydrological cycle (Iscen et al., 2008). Life on earth began with water (Moe and Rheingans, 2006), 

however, groundwater is perhaps the most valuable resource, which has been misused (Arumugam and 

Elangovan, 2009; Chaudhary and Satheesh kumar, 2018). Globally, groundwater sources supply 43% and 

40% of total water used for irrigation and drinking purposes, respectively (Salman et al., 2018). Over the 

last few decades, water demand has increased rapidly with the development of energy, industry, 

urbanization, agriculture, improvements in living standards, and construction of environmentally friendly 

homes (Ravikumar and Somashekar, 2017). Besides, lack of water is a major issue in many countries 

because of the disparity in rainfall caused by global warming (Mahaqi et al., 2018). Practically, 1.8 billion 

individuals around the globe, may face absolute water shortages by 2025 (UNESCO, 2012).  

 

In Bangladesh, amount of withdrawn groundwater is approximately 32 km3 per year where 90% of water 

is used for irrigation and rest 10% is utilized for industrial and domestic purposes, which is equivalent to 

4% of the world’s withdrawal of groundwater (Shamsudduha et al., 2019). Bangladesh has between 6 and 

11 million tube wells, and 98% of population use groundwater as their main source of drinking water 

(Islam et al., 2020a; Gaus et al., 2003). During 1970s, Department of Public Health Engineering (DPHE) 

of Bangladesh and the United Nations Children ’s Fund (UNICEF) worked together to establish hand-

pumped tube wells for providing fresh drinking water among the rural population in Bangladesh to 

prevent waterborne diseases (Haque, 2018); nevertheless, the number of deaths caused by waterborne 

diseases is still 8.5% (UN-Water, 2013). Bangladesh's biggest challenge is to preserve its groundwater 

sustainably (Saha et al., 2020). Water quality and quantity in Bangladesh are affected by several factors, 

either directly or indirectly (Islam et al., 2020a). The groundwater pollution by arsenic in Bangladesh has 

been associated with health issues (Mukherjee and Bhattacharya, 2001). Arsenic contamination occurs in 

groundwater in 61 districts of Bangladesh, and 20 million people drink this water with levels exceeding 

the national standard limit for arsenic (Ghosh et al., 2020). Lead (Pb), cadmium (Cd), chromium (Cr), 

copper (Cu), iron (Fe) and zinc (Zn) are other common metals that contribute to groundwater 

contamination in Bangladesh (Zakir et al., 2020). Additionally, bacteria and pesticides play a significant 

role in groundwater pollution (Anwar and Yunus, 2013; Sarker et al., 2020). According to BNDWQS 

(Bangladesh National Drinking Water Survey), As concentrations exceeded Bangladesh standard in 8% of 

sampled water samples and WHO standards in 18% of cases (BNDWQS, 2009). They reported that 97.8% 

of Bangladesh's population used safe drinking water. Nevertheless, many studies in recent decades have 

indicated the hazard of drinking groundwater over the long term, including cancer-causing and non-cancer 

risks which actually drove us to review the groundwater pollution in Bangladesh. 

 

To the best of our knowledge, very few review articles have been published on surface water and a review 

on surface plus groundwater in Bangladesh (Arefin and Mallik, 2017; Hasan et al., 2019a; Sarkar et al., 

2019). On the other hand, others have reviewed on groundwater while emphasizing on arsenic only 

(Hossain, 2006; Raessler, 2018; Safiuddin et al., 2011). Therefore, for the first time, this review 

demonstrates a comprehensive report on groundwater pollution in Bangladesh. 

 

Methodology 

 

Recent data (especially from the last two decades) on groundwater pollution in Bangladesh were collected 

for this review. After the comprehensive and systematic collection of data from journal articles, conference 

proceedings, reports published by renowned organizations, and books, the metadata were organized, 

analyzed and presented in a systematic manner. Additionally, many details are provided regarding the 

sources of groundwater pollution, and the impact of it on the health of Bangladeshi population. 
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Figure 1: Map of Bangladesh (Map, 2021) 

 

Results and Discussion 
 

Physico-chemical properties 

 

This review examined temperature, total dissolved solids (TDS), electrical conductivity (EC), salinity, 

total hardness (TH), pH, and turbidity (Table 1). Different chemical reactions may be controlled by the 

water temperature under certain conditions (Patil et al., 2012). The recommended water temperature range 

is 20-30°C (Islam et al., 2017a) and all studies recorded groundwater temperatures in the appropriate 

range (Table 1). TDS represents the amount of inorganic and organic substances in water (Solangi et al., 

2019). Water can be categorized as excellent and good if the TDS values of water are <300 mg/L and 300-

600 mg/L, respectively, but >1000 mg/L concentration makes the water unsuitable for drinking (WHO, 

2004). Multiple studies have reported high concentrations of TDS in Gopalganj, Noakhali, Khulna, 

Satkhira, Barisal, and Patuakhali, where Satkhira has the highest value (3,691.0 ±1,648.52 mg/L) (Table 
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1). In addition to measuring mineralization, EC determination can be used to tell if water quality is 

changing in natural and wastewater quickly (Arulbalaji and Gurugnanam, 2017). Permissible limit of EC 

value is 500 µS/cm based on WHO and Bangladesh standard and testing institution (BSTI) standards. 

There have been 25 studies reporting above the acceptable limit (Table 1). In Satkhira district, for 

example, EC levels were reported to be too high (7,135.67    ±3,433.58 µS/cm) (Rakib et al., 2020). 

Besides, BSTI and WHO do not specify a range of salinity for drinking water. As a result of field 

sampling from 113 different locations in Bangladesh, Shahid et al., (2006) found that 8.31% of the 

groundwater had high salinity levels (Shahid et al., 2006). According to a study, groundwater in Faridpur, 

Netrokona, Madaripur, Khulna, Shatkhira, Barguna, Patuakhali and Chittagong is highly salinized (Akter 

et al., 2016). Water hardness has no known adverse effects; but some evidences denote its role in heart 

diseases, kidney problems, unpleasant taste and decreases the ability of soap to make lather (Ali and Ali, 

2018). For drinking, the WHO recommends a limit of 300 mg/L and only few study areas have exceeded 

the limit. Kushtia has the highest concentration (432.85 mg/L), while Dinajpur has the lowest 

concentration (22.74    ±20.44 mg/L). pH can indicate the acidity or alkalinity of the water and the strength 

of the H+ ions in that water (Tiwari et al., 2017). pH range 6.5-8.5 indicated the water as safe for drinking. 

Except for Khagrachari, Rangamati, and Satkhira, most studies reported pH values within the range that is 

suitable (Table 1). Besides, less than 6.5 (6.26 ±0.11 and 6.36 ±0.33 during winter and summer, 

respectively) pH value is observed in Chittagong (Rifat et al., 2021). Acidic water may damage the 

mucous membrane cell and cause of irritation in eyes and skins as well as metal corrosion (WHO, 1986, 

Popoola et al., 2019). The turbidity of water is measured by the presence of tiny-sized suspended particles, 

which tint and cloud the water (Solangi et al., 2019) and has potential health risk when it is consumed 

(WHO, 1996). BSTI determines turbidity at 10 Nephelometric turbidity unit (NTU), whereas WHO 

specifies 5 NTU. The standard limit for turbidity has exceeded only in Chittagong, Noakhali, and Dinajpur 

districts (Table 1). 

 

Ion characteristics 

 

Table 2 summarizes the major cations and anions in the groundwater in different regions of Bangladesh. 

Despite its essential role in human function, excessive levels of sodium (Na) may result high blood 

pressure and kidney failure in the body (Ameen, 2019). WHO and BSTI established 200 mg/L of Na in 

drinking water as the prescribed limit. Only Gopalganj, Satkhira, Jessore, and Barisal districts have 

exceeded the recommended level (Table 2). In human and animal tissues, potassium (K) is essential to 

life; it is especially abundant in plant cells (Meride and Ayenew, 2016). However, excess potassium may 

cause some health issues like nausea, vomiting, diarrhea, hyperkalaemia, shortness of breath, and heart 

failure (WHO, 2009). In every study except Satkhira, Jessore, Barisal and Sunamgonj districts, potassium 

concentrations were less than 12 mg/L (Table 2). Humans need calcium (Ca) for strong bones and for a 

healthy nervous system, but too much calcium causes kidney stones and digestive problems (WHO, 2009; 

Verma et al., 2020), forms scale in pipeline (Saraswat et al., 2019). Two studies have found levels above 

the WHO standard for calcium concentrations in drinking water (200 mg/L); however, many areas have 

exceeded the BSTI standard (75 mg/L) (Table 2). The body requires magnesium for over 300 biochemical 

reactions (Jamal et al., 2020) and also helps maintain normal nerve and muscle function, and supports a 

healthy immune system (Solangi et al., 2019; Verma et al., 2020). Magnesium (Mg) concentrations were 

predominantly below the permissible limit (30-35 mg/L) compared to BSTI standards in the majority of 

the studied areas. On the other hand, Satkhira and Jessore districts reported excess magnesium based on 

WHO standards (150 mg/L) (Table 2). Chloride makes a salty taste in water and higher consumption may 

cause hypertension, stroke risk, renal stones, left ventricular hypertension and asthma in human body 

(McCarty, 2004). Water should have a chloride concentration of no more than 250 mg/L and 150-600 

mg/L according to WHO and BSTI, respectively. In Satkhira district, 2,940.78 ±1,563.53 mg/L chloride 

ion concentrations were recorded. Besides, excess content of chloride ion was reported in Gopalganj, 

Noakhali and Barisal (Table 2). Naturally, no more than 10 mg/L of nitrates are present in water, but 
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anything greater indicates man-made pollution (Rao and Rao, 2010) and may be associated with different 

diseases, such as methemoglobinemia or blue baby syndrome, thyroid disease, gastric cancer and diabetes 

specially in pregnant women and bottle-fed children (Asamoah and Amorin, 2018; Kumar et al., 2015; 

Kumar and Puri, 2012). 

 

Table 1: Summary of physico-chemical parameters within Bangladesh. Mean values with standard 

deviations were displayed 

Sl. 

No. 

Sample Location Temp 

(˚C) 

TDS 

(mg/L) 

EC 

(μS/cm) 

Turbidity 

(NTU) 

pH TH 

(mg/L) 

Salinity 

(mg/L) 

References 

 Dhaka Division         

01 Dhaka - 72.22 ± 

43.15 

- - 7.32 ± 

0.43 

- - Bodrud-Doza et 

al. (2019a) 

02 Faridpur - 748.61±19

8.28 

788.77 ± 

242.83 

- 7.53 ± 

0.77 

394.52 - Islam et al. 

(2017b) 

03 Tangail - 194.0 ± 

15.77 

0.496 ± 

0.32 

- 7.180 ± 

0.19 

- - Sultana et al. 

(2015) 

04 Gopalganj (pre-

monsoon) 

27.41 ± 

0.37 

1,635.04 ± 

1,463.33 

3,206.95 ± 

2,870.97 

- 7.53 ± 

0.17 

- 170.0 ± 

161.0 

Rahman et al. 

(2018a) 

Gopalganj (post-

monsoon) 

27.16 ± 

1.28 

1,643.49 ± 

1,455.83 

3,218.47 ± 

2,902.74 

- 8.43 ± 

1.59 

- 169.0 ± 

158.0 

Rahman et al. 

(2018a) 

05 Manikganj - - - -  - -  Rahman et al. 

(2016a) 

06 Munshiganj 26.29 ± 

0.55 

- 968.31 ± 

388.67 

- 7.05 ± 

0.103 

- - Halim et al. 

(2009) 

07 Narayanganj - 554.5 ± 

222.51 

1,350.0 ± 

584.45 

5.95 ± 

7.46 

8.06 ± 

0.51 

- - Rahman et al. 

(2020a) 

 Chittagong 

Division 

        

08 Chittagong 24.81± 

0.94 

218.7 ± 

6.4 

437.27 ± 

3.0 

18.2 ± 

1.77 

7.37 ± 

0.53 

84.13 ± 

0.79 

0.05 Chowdhury and 

Ahmed (2019) 

9 Lakshmipur - - 1,135.09 ± 

954.72 

- 7.03 ± 

0.24 

- - Bhuiyan et al. 

(2016) 

10 Noakhali - 1,575.81 884.04 18.53 7.40 - 129.0 Sarker et al. 

(2020) 

11 Khagrachari 26.63 102.88 205.38 - 5.86 60.0 - Ahmed et al. 

(2010a) 

12 Rangamati 25.72 53.80 107.60 - 6.26 39.50 - Ahmed et al. 

(2010a) 

13 Cox’s Bazar - 844.0 1,322.0 - - - - Fatema et al. 

(2018) 

14 Bandarban 26.85 266.93 534.50 - 6.55 60.0 - Ahmed et al. 

(2010a) 

15 Chandpur 26.50 - 1341.0 - 6.94 - - Bibi et al. 

(2008) 

16 Brahmanbaria - 233.0 ± 

52.79 

327.50 ± 

69.11 

- 7.18 - - Mahmud et al. 

(2007) 

17 Comilla 24.0 392.75 935.1 - 6.69 337.0 - Ahmed et al. 

(2010b) 

 Rangpur Division         

18 Rangpur 26.53 ± 

0.77 

242.25 ± 

192.91 

361.58 ± 

287.93 

- 6.63 ± 

0.33 

62.63 - Saha et al. 

(2019a) 

19 Dinajpur - 103.9 ± 

74.05 

147.2 ± 

113.65 

10.74 ± 

10.69 

7.49 ± 

0.71 

22.74 ± 

20.44 

- Howladar et al. 

(2018) 
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Sl. 

No. 

Sample Location Temp 

(˚C) 

TDS 

(mg/L) 

EC 

(μS/cm) 

Turbidity 

(NTU) 

pH TH 

(mg/L) 

Salinity 

(mg/L) 

References 

20 Thakurgaon - 166.0 203.5 - 7.53 67.82 - Bhuiyan et al. 

(2015) 

21 Gaibandha - 650.75 935.38 - 8.06 - - Rahman et al. 

(2005) 

22 Panchagarh - 53.5 117.2 - 6.5 65.4 - Saha et al. 

(2017) 

23 Kurigram 26.0 78.8 123.0 - 7.9 - - Moni et al. 

(2019) 

 Rajshahi Division         

24 Rajshahi (pre-

monsoon) 

- 477.39 - - 6.96 163.47 - Rahaman et al. 

(2020a) 

Rajshahi (Post-

monsoon) 

- 516.26 - - 6.89 163.71 - Rahaman et al. 

(2020a) 

25 Joypurhat - 270.48 ± 

104.78 

422.63 ± 

163.73 

- 7.94 ± 

0.46 

- - Islam et al. 

(2018) 

26 Bogra 20.0 ± 

1.41 

335. 70 ± 

83.23 

549.5 ± 

164.40 

- 7.22 ± 

0.37 

- - (Islam et al. 

2009) 

27 Chapai-

Nawabganj 

- 222.6 ± 

54.76 

348.2 ± 

86.11 

- 7.89 ± 

0.46 

- - Islam et al. 

(2017c) 

28 Pabna 20.7 ± 

0.94 

328.25 ± 

61.95 

522.8 ± 

109.63 

- 7 ± 0.622 - - Haque (2017) 

29 Naogaon - 291.9 441.4 - 8.21 - - Rahman et al. 

(2005) 

30 Sirajganj - 170.0 ± 

0.468 

402.95 ± 

521.4 

- 6.94 ± 

0.342 

- - Uddin et al. 

(2019) 

 Khulna Division         

31 Khulna - 1,188.70 1,650.0 - 7.3 52.03 - Mahmud et al. 

(2020) 

32 Jhenaidah - 598.55 618.89 - 7.39 - - Kundu et al. 

(2018) 

33 Magura - 601.2 873.9 - 8.4 284 - Rahman et al. 

(2015) 

34 Chuadanga - - 686.10 ± 

180.99 

- 6.47 ± 

0.15 

- - Bodrud-Doza et 

al. (2019b) 

35 Satkhira 28.32 ± 

28.32 

3,691.0 ± 

1,648.52 

7,135.67 ± 

3,433.58 

- 6.03 ± 

0.61 

- - Rakib et al. 

(2020) 

36 Kushtia - 578.68 841.09 - 7.66 432.85 - Rahman and 

Rahaman 

(2018b) 

37 Jessore - 819.0 ± 

1,692.19 

1,170.0 ± 

2,417.4 

- 7.34 ± 

0.67 

178.17 ± 

137.24 

- Ahmed et al. 

(2020a) 

 Barisal Division         

38 Barisal 28.25 2,190.38 4,263.38 - 7.58 - 2.31 Goswami et al. 

(2017) 

39 Patuakhali 23.39 842.0 1,165.67 - 7.89 - 81.0 Islam et al. 

(2017a) 

 

40 

Barguna (Dry 

Season) 

- - 1,068.57 ± 

429.17 

- 8.0 ± 

0.26 

- - Akter et al. 

(2019) 

Barguna (Wet 

Season) 

- - 210.95 ± 

75.13 

- 7.32 ± 

0.26 

- - Akter et al. 

(2019) 
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Sl. 

No. 

Sample Location Temp 

(˚C) 

TDS 

(mg/L) 

EC 

(μS/cm) 

Turbidity 

(NTU) 

pH TH 

(mg/L) 

Salinity 

(mg/L) 

References 

41 Pirojpur - 542.0 - - 6.97 - - Amin and 

Hasan (2011) 

 Mymeningh 

Division 

        

42 Mymensingh - - 369.62 - 7.08 - - Ahmed et al. 

(2010c) 

43 Sherpur - 240.33 351.0 - 8.05 - - Rahman et al. 

(2005) 

44 Jamalpur - 162.16 ± 

54.42 

270.50 ± 

105.69 

- 6.87 ± 

0.25 

- - Zakir et al. 

(2018) 

 Sylhet Division         

45 Sylhet - 120.40 ± 

50.25 

200.65 ± 

83.66 

- 7.11 ± 

0.43 

- - Hasan et al. 

(2020) 

46 Sunamganj - - - - 7.13 ± 

0.07 

- - Chowdhury et 

al. (2012) 

47 BSTI standard 20-30 1000 500 10 6.5-8.5 500 -  

48 WHO standard 20-30 1000 500 5 6.5-8.5 300 -  

 
Table 2: Summary of major cations and anions within Bangladesh. Mean values with standard deviations 

were represented  
Sl. No. Sample 

Location 

Na+ 

(mg/L) 

K+ 

(mg/L) 

Ca2+ 

(mg/L) 

Mg2+ 

(mg/L) 

HCO3
- 

(mg/L) 

Cl- 

(mg/L) 

NO3
- 

(mg/L) 

SO4
2- 

(mg/L) 

References 

Dhaka Division          

01 Dhaka - - - - - 28.04 ± 

2.24 

- - Hassan et al. 

(2016) 

02 Faridpur 35.35 ± 

38.00 

5.01 ± 

1.37 

103.75 ± 

36.23 

32.92 ± 

10.39 

542.37 ± 

130.71 

23.96 ± 

36.64 

- 5.27 ± 

2.40 

Islam et al. 

(2017b) 

03 Tangail 21.0 6.0 12.8 15.0 - 30.0 - 1.2 Islam et al. 

(2015) 

04 Gopalganj 

(pre-monsoon) 

547.26 ± 

582.31 

8.14 ± 

6.30 

106.45 ± 

90.46 

80.47 ± 

71.61 

263.48 ± 

97.36 

847.34 ± 

979.69 

9.95 ± 

9.12 

- Rahman et al. 

(2018a) 

Gopalganj 

(post-

monsoon) 

639.24 ± 

555.16 

8.53 ± 

6.60 

90.50 ± 

69.78 

76.56 ± 

72.42 

266.76 ± 

148.70 

874.75 ± 

1049.29 

9.42 ± 

9.98 

- Rahman et al. 

(2018a) 

05 Manikganj 88.80 4.14 195.98 49.43 - - 253.18 - Rahman et al. 

(2016a) 

06 Munshiganj 64.75± 

73.63 

10.11 ± 

5.22 

87.49 ± 

41.44 

44.34 ± 

24.64 

478.23 ± 

181.08 

- 3.93 ± 

6.93 

5.23 ± 

2.31 

Halim et al. 

(2009) 

07 Narayanganj 22.74 3.58 67.99 16.0 272.55 35.46 0.08 1.54 Bhattacharya 

et al. (2009) 

Chittagong Division          

08 Chittagong - - - - - 10.88 ± 

0.76 

0.36 ± 

0.03 

18.6 ± 

1.39 

Chowdhury 

and Ahmed 

(2019) 

09 Lakshmipur 159.78 ± 

225.63 

10.89 ± 

7.75 

55.76 ± 

34.72 

46.14 ± 

31.55 

430.18 ± 

217.53 

227.19 ± 

364.67 

- 16.14 

± 

45.05 

Bhuiyan et al. 

(2016) 

10 Noakhali - 0.04 - - - 681.99  29.68 Sarker et al. 

(2020) 

11 Khagrachari - - - - - 15.79 ND 3.63 Ahmed et al. 

(2010b) 
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Sl. No. Sample 

Location 

Na+ 

(mg/L) 

K+ 

(mg/L) 

Ca2+ 

(mg/L) 

Mg2+ 

(mg/L) 

HCO3
- 

(mg/L) 

Cl- 

(mg/L) 

NO3
- 

(mg/L) 

SO4
2- 

(mg/L) 

References 

12 Rangamati - - - - - 12.55 0.534 1.41 Ahmed et al. 

(2010b) 

13 Cox’s Bazar 167.0 - - - - 227.0 - - Fatema et al. 

(2018) 

14 Bandarban - - -  - 35.41 0.11 6.40 Ahmed et al. 

(2010b) 

15 Chandpur 79.71 6.04 32.36 17.41 - 146.07 7.9 31.88 Reza et al. 

(2010) 

16 Brahmanbaria 29.0 ± 

11.0 

8.0 ± 

4.0 

52.0 ± 

19.0 

53.0 ± 

26.0 

1.69 ± 

0.51 

1.60 ± 

0.30 

0.25 ± 

0.08 

0.21± 

0.10 

Mahmud et 

al. (2007) 

17 Comilla 77.5 7.8 31.0 33.7 291.0 98.8 0.55 4.7 Saha and 

Rahman 

(2020) 

Rangpur Division          

18 Rangpur 39.1 ± 

24.16 

6.51 ± 

6.26 

12.63 ± 

8.97 

7.546 ± 

4.122 

95.5 ± 

39.8 

78.64 ± 

54.94 

- 7.93 ± 

8.15 

Saha et al. 

(2019a) 

19 Dinajpur 14.34 ± 

10.58 

3.1 ± 

2.53 

15.06 ± 

14.01 

10.56 ± 

10.16 

28.31 ± 

20.94 

9.79 ± 

14.4 

0.35 ± 

0.16 

0.86 ± 

1.86 

Howladar et 

al. (2018) 

20 Thakurgaon 1.9 0.5 21.0 1.9 93.0 4.6 1.49 6.8 Bhuiyan et al. 

(2015) 

21 Gaibandha 2.93 0.39 2.45 4.91 4.43 3.61 10.27 26.5 Rahman et al. 

(2005) 

22 Panchagarh 0.13 0.01 0.52 0.79 0.02 0.10 - - Saha et al. 

(2017) 

23 Kurigram 12.8 6.38 21.9 1.69 127.6 8.39 8.69 0.34 Moni et al. 

(2019) 

Rajshahi Division          

24 Rajshahi (pre-

monsoon) 

30.57 1.89 127.85 37.45 319.89 74.99 1.24 31.77 Rahaman et 

al. (2020a) 

Rajshahi 

(Post-

monsoon) 

25.23 1.72 135.84 27.62 333.33 72.32 2.18 36.59 Rahaman et 

al. (2020a) 

25 Joypurhat 12.17 ± 

2.10 

0.30 ± 

0.09 

54.71 ± 

4.39 

4.04 ± 

1.28 

136.97 ± 

20.34 

17.19 ± 

7.35 

- 1.51 ± 

0.24 

Islam et al. 

(2018) 

26 Bogra 41.3 5.2 47.5 10.0 - 19.0 - 1.0 Islam et al. 

(2015) 

27 Chapai-

Nawabganj 

21.6 ± 

9.91 

8.14 ± 

3.18 

108.2 ± 

27.81 

28.22 ± 

8.05 

378.5 ± 

70.79 

27.08 ± 

14.01 

3.02 ± 

2.25 

9.86 ± 

12.1 

Islam et al. 

(2017c) 

28 Pabna (dry 

season) 

29.50 7.01 65.03 41.53 386.86 74.66 1.39 2.95 Hossain et al. 

(2010) 

Pabna (Wet 

season) 

29.94 7.24 70.15 42.64 396.86 75.85 1.97 3.19 Hossain et al. 

(2010) 

29 Pabna - - - - 151.6 ± 

36.8 

63.2 ± 

31.6 

- - Haque (2017) 

30 Naogaon 0.65 0.03 1.11 2.44 3.03 0.89 2.28 3.22 Rahman et al. 

(2005) 

31 Sirajganj 12.74 ± 

0.62 

3.12 ± 

0.02 

64.53 ± 

1.43 

18.25 ± 

1.077 

0.83 ± 

0.01 

0.58 ± 

3.01 

- 4.89 ± 

0.74 

Uddin et al. 

(2019) 

Khulna Division          

32 Khulna - - - - - 414.6 0.03 - Mahmud et 

al. (2020) 
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Sl. No. Sample 

Location 

Na+ 

(mg/L) 

K+ 

(mg/L) 

Ca2+ 

(mg/L) 

Mg2+ 

(mg/L) 

HCO3
- 

(mg/L) 

Cl- 

(mg/L) 

NO3
- 

(mg/L) 

SO4
2- 

(mg/L) 

References 

33 Jhenaidah 24.62 2.95 60.34 28.39 370.42 35.36 - 0.92 Kundu et al. 

(2018) 

34 Magura - - - - - 111.6 - - Rahman et al. 

(2015) 

35 Satkhira 1569.51 

± 

1728.42 

28.54 ± 

34.78 

289.5 ± 

221.22 

340.51 ± 

312.48 

- 2940.78 

± 

1563.53 

54.44 ± 

80.11 

181.61 

± 

392.8 

Rakib et al. 

(2020) 

36 Kushtia 26.87 ±  

6.60 

4.73 ± 

1.65 

88.81 ± 

21.56 

33.54 ± 

14.90 

388.48 ± 

68.34 

64.09 ± 

13.29 

- 3.19 ± 

1.52 

Hossain et al. 

(2013) 

37 Jessore 342.84 ± 

263.12 

40.92 ± 

25.64 

302.72 ± 

277.32 

262.35±

218.98 

- 535.13± 

797.49 

2.76± 

2.91 

21.55 

± 

40.69 

Ahmed et al. 

(2020a) 

Barisal Division          

38 Barisal 710.97 19.46 31.84 73.79 369.81 1313.75 4.23 46.85 Goswami et 

al. (2017) 

39 Patuakhali 78.99 3.80 12.47 9.34 391.02 298.13 11.57 12.5 Islam et al. 

(2017a) 

40 Barguna ( Dry 

Season) 

55.30 ± 

6.49 

7.45 ±  

2.18 

- - - - - 1.99 ± 

0.525 

Akter et al. 

(2019) 

Barguna ( Wet 

Season) 

11.67 ± 

2.68 

9.68 ± 

3.87 

- - - - - 3.96 ± 

1.55 

Akter et al. 

(2019) 

41 Pirojpur  - - - - 0 13.5 22.0 Amin and 

Hasan (2011) 

Mymensingh Division          

42 Mymensingh - - 37.92 - - - - - Ahmed et al. 

(2010c) 

43 Sherpur 0.72 0.05 1.32 1.33 2.43 0.72 0.19 ND Rahman et al. 

(2005) 

44 Jamalpur 30.8 ± 

12.0 

2.4 ± 

2.0 

86.8 ± 

29.6 

43.6 ± 

24.4 

134.8 ± 

67.6 

18.0 ± 

10.4 

- 9.18± 

16.97 

Zakir et al. 

(2018) 

Sylhet Division          

45 Sylhet 11.45 ± 

6.37 

1.36± 

0.53 

8.4 7± 

2.60 

28.43 ± 

6.62 

87.70 ± 

33.34 

37.20 ± 

12.74 

0.95 ± 

0.69 

1.80 

±2.73 

Hasan et al. 

(2020) 

46 Sunamganj 90.4 ± 

27.7 

3.27 ± 

1.82 

26.66 ± 

10.85 

9.55 ± 

3.9 

- - - - Chowdhury et 

al. (2012) 

47 BSTI standard 200 12 75 30-35 - 150-600 10 400  

48 WHO standard 200 12 200 150 - 250 45 250  

 
In Manikganj, the nitrate concentration was 253.18 mg/L, 25 times the permissible limit (Rahman et al., 

2016a); however, nitrate concentration was below the standard limit in most of the areas (Table 2). Sulfate 

is formed by the oxidation of the ore and hydrogen sulfide (H2S) by a variety of bacteria including 

Rhodothiobacteria, Chlorothiobacteria, etc. (Mkadmi et al., 2018), whereas extra sulphate may cause 

diarrhea and gastro-intestinal irritation (Bashir et al., 2012; Marghade et al., 2012). All studies have 

recorded sulphate concentrations below WHO (250 mg/L) and BSTI (400 mg/L) standards. Another 

dominant ion is bicarbonate, however, no recommended intake level for it has been established (Hasan et 

al., 2019a). There is lowest bicarbonate concentration in Panchagarh district (0.02 mg/L), highest in 

Faridpur district (542.37 ±130.71 mg/L) (Table 2). 
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Trace metals 

 

Table 3 summarizes the trace metals in different parts of Bangladesh. Arsenic (As) is the 20th most 

abundant element in the earth's crust (Huq et al., 2020). For As, there are generally 4 oxidation forms: −3, 

0, +3, and +5. As (III) and As (V) is the most durable form among those (Zhao et al., 2010). Groundwater 

may become contaminated by arsenic through industrial and natural processes (Safiuddin and Karim, 

2001). Tolerable limit of As in Bangladesh is 0.05 mg/L and WHO established this value as 0.01 mg/L. 

Many study areas exceeded the BSTI standard, and at almost all study sites the As value exceeded the 

WHO standard. Das et al., (2009) collected groundwater samples from 50,515 tube-wells in 64 districts of 

Bangladesh. According to his report, As was found above 0.01 mg/L in 60 districts and above 0.05 mg/L 

in 50 districts (Das et al., 2009). Furthermore, Chakraborti (2010) and his group published a report on As 

after their 14 year survey in 338 Upazilla (sub-district) where 52,202 groundwater samples were analyzed. 

In 197 Upazillas (sub-districts), concentrations were greater than 0.05 mg/L. 15.8% samples were crossed 

the WHO standard and 7.1, 12.4, 4.3, 1.8, 1.0 and 0.6 percent samples fell in 0.05-0.1, 0.1-0.29, 0.3-0.49, 

0.5-0.69, 0.7-1.0 and >1.0 mg/L ranges respectively (Chakraborti et al., 2010). In another study 

Chakraborti and his group survey, As concentration in four major geomorphological regions (Tableland, 

Flood Plain, Deltaic Region including Coastal region and Hill Tract) in Bangladesh (Chakraborti et al., 

2015). In Flood Plain and Deltaic (including Coastal) regions, As value crossed in 10,085 and 6,932 

samples out of 19,845; and 12,128 and 7,255 samples out of 22,113 based on WHO and BSTI standard, 

respectively, whereas in Tableland region, maximum samples and, in hill tract region, all the samples were 

below tolerable limit (Chakraborti et al., 2015). As affects the circulatory system, gastrointestinal tract, 

liver, kidneys, skin, nervous system and heart and results even death. Moreover, inorganic arsenic 

increases the cancer risk in human body (Ahmad et al., 2018; Smith et al., 2000; Tchounwou et al., 1999). 

Inhalation of hexavalent chromium (Cr-VI) can cause cancer of lung and stomach in human body (Smith 

and Steinmaus, 2009). Only one study reported excess chromium (>0.05 mg/L) in Narayanganj district 

(0.071    ±0.03 mg/L) (Table 3). Iron (Fe) is an essential element in human nutrition, and is also important 

to good health because it transports oxygen in the blood (Kumar et al., 2010). Safe limit of Fe in drinking 

water is prescribed as 0.3 mg/L and 1.0 mg/L according to WHO and BSTI, respectively. It was reported 

that Fe concentrations were above the permissible limit in most study areas in the country, where 

Kurigram observed the highest concentration (16.6 mg/L) (Table 3). Of note, Fe can make oxidized taste 

in water and lead to stain clothes, discolor plumbing fixtures. In human body, excess Fe may lead to heart 

disease, liver problems, diabetes and organ dysfunction (Kohgo et al., 2008). 

 

Manganese (Mn) occurs naturally in ores and rocks (Popoola et al., 2019). Maximum allowable limit of Mn 

in drinking water is 0.1 mg/L. Except for Dhaka, Panchagarh, Kushtia, and Patuakhali, all other locations (30 

study sites) had Mn concentrations above the standard limit (Table 3). Excess amount of Mn affects nervous 

system, heart, liver and may cause cancer and pancreatic damage (Mukanyandwi et al., 2019). Humans 

require copper (Cu) and zinc (Zn) as essential nutrients like iron and manganese. But excess amount of these 

elements can also cause adverse health effects (Akoto and Adiyah, 2007; Javaid et al., 2008; Zahra et al., 

2015). Permissible range of Cu and Zn are 1 mg/L and 5 mg/L, respectively; however, unfortunately content 

of Cu and Zn were observed in all places below acceptable limit (Table 3). Excess lead (Pb) can damage the 

brain, nerves, and kidneys of children. Pregnant women, infants and children are more susceptible to the 

toxic effect of Pb (Barua et al., 2016; Javaid et al., 2008). Tolerable limit of Pb in drinking water is 0.05 and 

0.01 mg/L based on BSTI and WHO, respectively. Maximum Pb concentration was observed in Tangail 

(0.307   ±0.15 mg/L). In terms of long-term environmental effects, cadmium (Cd) is another concern 

(Fernández-Luqueño et al., 2013). Cd can cause headaches, nausea, cough and vomiting even in a little dose 

intake (Burke et al., 2016). In addition, Cd may cause cardiovascular diseases, cancer, liver and kidney 

failure. Fortunately, most of the study sites in Bangladesh have recorded below the permissible limit of Cd 

based on WHO (0.001 mg/L) and BSTI (0.005 mg/L) standards. Surprisingly, only one report in Chuadanga 

district contains the highest Cd concentration (0.33   ±0.14 mg/L) (Table 3). 
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Bacteriological contamination 

 

Waterborne diseases are primarily caused by microbial contamination. In Bangladesh, it is undoubtedly 

shocking to see a high percentage of pathogenic microorganisms in groundwater that can lead to disease 

(Datta et al., 2014). Total coliform bacteria are very common in nature and a large group of bacteria are 

found. With some exceptions, most of them are harmless (USEPA, 2013). Bacteria known as faecal 

coliforms (FC) reside in the faeces, while Escherichia coli belong to FC (Karim et al., 2016). Escherichia 

coli and Fecal coliforms (FC) bacteria are important indicators detecting the level of health risk and 

potential water borne diseases in drinking water (Saha et al., 2019b). Presence of these microorganisms in 

water may cause several diseases like diarrhea, cholera, dysentery, gastroenteritis, typhoid fever, nausea, 

vomiting, headaches and fatigue (Okullo et al., 2017). Most study areas contained coliform bacteria and 

Escherichia coli was detected in Khulna, Barguna, Jessore and Narayangonj districts (Table 4). Islam et 

al., (2001) found the existence of microbial contamination in the deep way back at Chandpur district 

(Table 4). Also noteworthy, other groups reported bacterial presence in Jamalpur, Tangail, Netrokona, and 

Kishoreganj in 2018 as well as Rajshahi in 2020 and Narayunganj, Chittagong, Noakhali and Patuakhali in 

2021(Table4). 

 

Pesticide pollution 

 

Throughout the world, pesticides are needed to control undesirable organisms like weeds, fungi, insects as 

well as to increase the yield of crops (Shammi et al., 2020). Due to the indiscriminate application of 

pesticides on land, groundwater can easily become contaminated by rain or runoff (Hasanuzzaman et al., 

2017). The availability of data on pesticide contamination of groundwater in Bangladesh is very limited. 

This could be attributed to a lack of facilities (funding and laboratory) in the country (Hasan et al., 2019a). 

Malathion was detected at extreme concentration which was 78 times greater than permissible limit in 

Rangpur. Fortunately, other pesticides such as DDT, DDE, DDD, Diazinon and Chloropyrifos were not 

detected at all (Ara et al., 2014). Like Rangpur, malathion was detected in Dhaka but below the acceptable 

range (Hasanuzzaman et al., 2017). However, in 1997, 0.0015 mg/L DDT was observed in Nayarhat, 

Dhaka and that was the breakthrough in the groundwater of Bangladesh and the value is slightly higher 

than tolerable limit (0.001 mg/L) (Rahman, 1997). Next year (1998), trace amounts of DDT were found at 

the same location (Matin et al., 1998). Matin et al., (1998) collected 144 groundwater samples and found 

DDT concentrations ranging from 0.051 to 1.653 g/L and heptachlor concentrations between 0.025 and 

0.789 g/L. As for DDT, all samples were lower than the permissible limit, and as for heptachlor except 

only one sample all were above the limit (Matin et al., 1998). Matin and his group concluded that the 

groundwater was not contaminated by pesticides (Matin et al., 1998). 

 

Table 3: Summary of trace metals within Bangladesh. (Mean values with standard deviations were 

represented) 
Sl. 

No. 

Sample Location As 

(mg/L) 

Cr 

(mg/L) 

Cu 

(mg/L) 

Pb 

(mg/L) 

Fe 

(mg/L) 

Mn 

(mg/L) 

Cd 

(mg/L) 

Zn 

(mg/L) 

References 

Dhaka Division          

01 Dhaka - - - - 0.21 ± 

0.21 

0.06 ± 

0.05 

- 0.02 ± 

0.04 

Bodrud-Doza et 

al. (2019a) 

02 Faridpur 0.088 - - - 3.29 - - - Saha and Ali 

(2007) 

03 Tangail 0.0071 ± 

0.005 

- - 0.307± 

0.15 

0.255 ± 

0.09 

 - - Sultana et al. 

(2015) 

04 Gopalganj (pre-

monsoon) 

0.05 ± 

0.04 

- - - 5.12 ± 

5.27 

0.20 ± 

0.10 

- - Rahman et al. 

(2018a) 

Gopalganj (post-

monsoon) 

0.04 ± 

0.03 

- - - 3.31 ± 

3.31 

0.19 ± 

0.18 

- - Rahman et al. 

(2018a) 
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Sl. 

No. 

Sample Location As 

(mg/L) 

Cr 

(mg/L) 

Cu 

(mg/L) 

Pb 

(mg/L) 

Fe 

(mg/L) 

Mn 

(mg/L) 

Cd 

(mg/L) 

Zn 

(mg/L) 

References 

05 Manikganj 0.02 - - - 0.81 0.46 0.002 - Rahman et al. 

(2016a) 

06 Munshiganj 0.106 ± 

0.119 

- - - 2.122 ± 

1.358 

0.421 ± 

0.357 

- - Halim et al. 

(2009) 

07 Narayanganj - 0.071 ± 

0.03 

- 0.182 ± 

0.10 

- - 0.007 - Rahman et al. 

(2020a) 

Chittagong Division          

08 Chittagong 0.037 ± 

0.01 

0.006 ± 

0.001 

0.003 ± 

0.001 

0.002 ± 

0.001 

0.325 ± 

0.01 

0.232 ± 

0.04 

0.001± 

0.0 

0.016 ± 

0.001 

Chowdhury and 

Ahmed (2019) 

09 Lakshmipur 0.09 ± 

0.09 

- - 0.004 ± 

0.001 

3.23 ± 

3.89 

0.65 ± 

0.58 

- 0.02 ± 

0.01 

Bhuiyan et al. 

(2016) 

10 Noakhali <.05 <0.005 - <0.01 - - <0.001 - Miah et al. 

(2017) 

11 Khagrachari 0.100 BDL BDL 0.050 4.28 0.61 BDL BDL Ahmed et al. 

(2010a) 

12 Rangamati BDL BDL BDL 0.053 0.41 0.11 BDL BDL Ahmed et al. 

(2010a) 

13 Cox’s Bazar BDL BDL BDL 0.045 2.80 0.52 BDL BDL Ahmed et al. 

(2010a) 

14 Bandarban BDL BDL BDL 0.047 5.21 1.27 BDL BDL Ahmed et al. 

(2010a) 

15 Chandpur 0.347 - - - 7.8 - - - Bibi et al. 

(2008) 

16 Brahmanbaria 0.160 ± 

0.142 

- 0 - 0.665±  

0.75 

0.270± 

0.513 

- 0.037 ± 

0.026 

Mahmud et al. 

(2007) 

17 Comilla 0.26 0.008 0.010 0.05 3.94 1.97 <0 0.01 Ahmed et al. 

(2010b) 

Rangpur Division          

18 Rangpur 0.9 ± 

0.01 

- - - 7.73 ± 

6.56 

0.68 ± 

0.75 

- 0.03 ± 

0.04 

Islam et al. 

(2017d) 

19 Dinajpur 0.001± 

0.001 

0.002 ± 

0.003 

 - 0.34 ± 

0.23 

 0.002 ± 

0.001 

0.15 ± 

0.06 

Howladar et al. 

(2018) 

20 Thakurgaon - - - - 0.49 0.2 - - Bhuiyan et al. 

(2015) 

21 Gaibandha - - - - 0.51 0.15 - - Rahman et al. 

(2005) 

22 Panchagarh - - 0.026 - 0.017 0.008 - 0.003 Saha et al. 

(2017) 

23 Kurigram 0.077 - - - 16.6 1.69 - - Moni et al. 

(2019) 

Rajshahi Division          

24 Rajshahi (pre-

monsoon) 

- - - - 0.59 0.43 - - Rahaman et al. 

(2020a) 

Rajshahi (Post-

monsoon) 

- - - - 0.54 0.34 - - Rahaman et al. 

(2020a) 

25 Joypurhat - - - - 0.793 ± 

0.445 

 - - Islam et al. 

(2018) 

26 Bogra <1 - - - 0.045 - - - Saha and Ali 

(2007) 

27 Chapai-

Nawabganj 

0.07 ± 

0.04 

- - - 0.18 ± 

0.09 

0.17 ± 

0.11 

- - Islam et al. 

(2017c) 
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Sl. 

No. 

Sample Location As 

(mg/L) 

Cr 

(mg/L) 

Cu 

(mg/L) 

Pb 

(mg/L) 

Fe 

(mg/L) 

Mn 

(mg/L) 

Cd 

(mg/L) 

Zn 

(mg/L) 

References 

28 Pabna 0.071 - - - 0.2 0.67 0.021 - Islam et al. 

(2013) 

29 Naogaon - - - - 0.28 0.17 - - Rahman et al. 

(2005) 

30 Sirajganj - - - - 5.29 ± 

0.01 

1.58 ± 

0.02 

- - Uddin et al. 

(2019) 

Khulna Division          

31 Khulna - - - - 1.21± 

0.72 

 - - Adhikary et al. 

(2012) 

32 Magura 0.004 - - - 1.25 0.144 - - Rahman et al. 

(2015) 

33 Chuadanga - - 0.334 ±  

0.35 

- 1.3 ±  

0.64 

0.28 ± 

0.18 

0.33 ± 

0.14 

0.08 ± 

0.067 

Bodrud-Doza et 

al. (2019b) 

34 Satkhira 0.02 ± 

0.030 

- - 0.034± 

0.040 

4.9 ± 

4.76 

- - 0.42 ±  

0.26 

Rakib et al. 

(2020) 

35 Kushtia 0.37 ± 

0.43 

- - - 0.97 ± 

0.63 

0.53 ± 

0.33 

- - Hossain et al. 

(2013) 

36 Jessore - - - - 0.56 ± 

2.07 

- - 0.024 ± 

0.11 

Ahmed et al. 

(2020a) 

Barisal Division          

37 Barisal 0.009 - - - 4.42 - - - Goswami et al. 

(2017) 

38 Patuakhali 0.007 - - ND - 0.004 ND - Islam et al. 

(2017a) 

39 Barguna and 

Patuakhali (pre-

monsoon) 

- - - - 5.57 ± 

5.95 

0.50 ± 

0.65 

- - Islam et al. 

(2017e) 

Barguna and 

Patuakhali (post-

monsoon) 

- - - - 5.84 ± 

5.26 

0.66 ± 

0.94 

- - Islam et al. 

(2017e) 

40 Pirojpur - 0.003 - 0.001 - - 0 - Amin and 

Hasan (2011) 

Mymensingh Division          

41 Sherpur - - - - 0.29 0.29 - - Rahman et al. 

(2005) 

42 Jamalpur - 0.006 ± 

0.003 

0.008 ± 

0.006 

0.016 ± 

0.011 

0.363 ± 

1.486 

1.075 ± 

1.221 

0.008 ± 

0.005 

0.020 ± 

0.032 

Zakir et al. 

(2018) 

43 Netrokona 0.031 ± 

0.053 

- - - 1.1 ± 1.7 0.3 ± 

0.3 

- - Akter et al. 

(2016) 

Sylhet Division          

44 Sylhet - - - - 0.64 ± 

0.21 

- - - Begum et al. 

(2019) 

45 Sunamganj 0.56 ± 

0.21 

- - - 0.0043 ± 

0.007 

0.14 ± 

0.08 

- - Chowdhury et 

al. (2012) 

46 Moulovibazar - - - - 5.0 ± 6.2 0.4 ± 

0.3 

- - Akter et al. 

(2016) 

47 BSTI standard 0.05 0.05 1.0 0.05 0.3-1.0 0.1 0.005 5.0  

48 WHO standard 0.01 0.05 1.0 0.01 0.3 0.1 0.001 3.0  
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Table 4: Summary of microbiological data within Bangladesh. (Mean values with standard deviations 

were represented) 
Sl. 

No. 

Sample Location TVC (cfu/ml) TFC (MPN/100 

ml) 

TCC (MPN/100 

ml) 

E. coli 

(MPN/100 ml) 

References 

Dhaka Division      

01 Tangail 2.7x107 - 6.4 - Champa and 

Kabir (2018) 

02 Kishoreganj 2.4x107 - 7.2 - Champa and 

Kabir (2018) 

03 Narayanganj 2.68 x106 Nil - 58.0 Islam et al. 

(2020b) 

Chittagong Division      

04 Chittagong  1 x102 3.73 x102  Datta et al. (2014) 

05 Chittagong (Winter) 7.68 x101 0 0  Rifat et al. (2021) 

Chittagong (Summer) 2.56 x102 5.4 8.6 - Rifat et al. (2021) 

06 Chandpur 3.86x102 4.0 6.0 - Islam et al. (2001) 

07 Noakhali 2.25 x102 6.25 120.0 - Sarker et al. 

(2020) 

Rajshahi Division      

08 Rajshahi - 5.0 ± 11.0 57.0 ± 101.0 - Basak (2021) 

09 Pabna - 24.74±59.42 - - Uddin et al. 

(2017) 

Khulna Division      

10 Khulna - 1058.0 ± 2015.0 3495.0 ± 6814.0 40.0 ± 95.0 Ahmed et al. 

(2020b) 

11 Jessore - - 59.0 19.0 Karim et al. 

(2016) 

12 Kushtia - 4.09 16.88 - Rahman et al. 

(2017) 

13 Kushtia  4.0 14.0  Rahman and 

Rahaman (2018b) 

14 Magura - 2.25 15.32 - Rahman et al. 

(2015) 

Barisal Division      

15 Barguna - - 142.33 39.22 Kormoker et al. 

(2017) 

16 Patuakhali - 2.29 ± 3.33 9.71 ± 14.52 - Kormoker et al. 

(2020) 

Mymensingh Division      

17 Jamalpur 4.2x107 - 6.4 - Champa and 

Kabir (2018) 

18 Netrokona 4.4x107 - 9.8 - Champa and 

Kabir (2018) 

19 BSTI standard 0 0 0 0  

20 WHO standard 1x103 0 0 0  

 
Human health risk assessment of trace metals in groundwater 

 

When significant amounts of metals containing water are ingested, it may cause health effects ranging 

from cancer to non-cancer (Karim, 2011; Kavcar et al., 2009). Several villages in Pabna, Kushtia, 

Chuadanga, Meherpur, and Jessore districts were surveyed by Chakraborti et al., (2015) presented in table 

6. During 1996-1999, some people with arsenical skin lesions and drinking highly arsenic contaminated 
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water from local hand tube wells were selected. In 2009, they observed that 15.66, 15.0, 27.40, 17.51 and 

15.77 percent of their registered patients died in respective districts (Pabna, Kushtia, Chuadanga, 

Meherpur, and Jessore). In another study, 70 spontaneous abortions, 48 stillbirths, and 67 neonatal deaths 

per 1000 live births were observed (Milton et al., 2005). Yunus and his team published a review on the 

impact of As on health in Bangladesh that reported cancer-causing and non-cancer effects (Yunus et al., 

2016). Both carcinogenic and non-carcinogenic effects of As were observed in Satkhira district (Rahman 

et al., 2019). Rangpur and Gopalganj districts have carcinogenic effects for As and non-carcinogenic 

effects for Mn, As, Fe, barium (Ba), Zn, and aluminium (Al); and for As, Fe, Mn, and boron (B), 

respectively (Rahman et al., 2018a; Islam et al., 2019). The Haripur gas blowout area of Sylhet district 

presents a cancer risk for Pb, Cd, and nickel (Ni) (Howladar et al., 2021). In addition, another study was 

conducted in Sylhet district, where 11 Upazilla were considered under Surma basin, and carcinogenic 

health risk was determined for As. Non-carcinogenic effect was also observed due to As, Mn, Fe and 

nitrate (NO3
-) (Bodrud-Doza et al., 2019b). The presence of cadmium and manganese in the groundwater 

did not lead to cancer risk in Chuadanga District, where Pb was the only carcinogen (Bodrud-Doza et al., 

2019b). Furthermore, in Dhaka city, non-carcinogenic health effects were found for metals (Fe, Mn and 

Zn) and anions (F and NO3
-) (Bodrud-Doza et al., 2020). In Khulna and Jessore districts, Fe and Mn 

played a key role in non-carcinogenic health risks (Ghosh et al., 2020; Hossain and Hassan, 2020). 

 

Effect of different factors on groundwater pollution 

 

Geogenic and anthropogenic factors 

 

Groundwater contamination sources are represented in a scheme (Figure 2). There are typically two 

factors that contribute to groundwater contamination: geological and anthropogenic (Islam et al., 2020a). 

Various natural or geogenic processes such as evaporation, mineral dissolution, precipitation of secondary 

minerals, cation and anion exchange, redox reactions, microbial processes, erosion, ore formation, 

weathering of rocks and mixing of waters influence groundwater quality (Bodrud-Doza et al., 2019a; 

Bodrud-Doza et al., 2019b; Wu et al., 2016). The contamination of groundwater is exacerbated by 

anthropogenic sources, including raw sewage, urban waste, medical waste, mining, smelting, wastewater 

treatment, industrial effluent, and agricultural activity (Bodrud-Doza et al., 2020; Bodrud-Doza et al., 

2019b; Hasan et al., 2019b; Saha and Rahman, 2020). In terms of bacterial contamination, nearby latrines 

and septic tanks may be responsible for infiltrating wastewater into the tube well. Moreover, seepage of 

polluted surface water through leaky tube well seals is a risk factor. Drinking water also becomes 

contaminated by secondary microbial organisms at the time of collection, handling, and storage in 

households (Dey et al., 2017; Rahman et al., 2019b). Several researchers used principal component 

analysis (PCA) and cluster analysis (CA) to identify pollution sources in Bangladesh that are both 

geogenic and anthropogenic in origin (Bhuiyan et al., 2016; Bodrud-Doza et al., 2016; Bodrud-Doza et 

al., 2019b; Bodrud-Doza et al., 2020; Rahman et al., 2018a; Rifat et al., 2021; Islam et al., 2017b).  

 

Geographical factors 

 

Geographically, Bangladesh is located between 20o34'N and 26o38'N; and 88o01'E and 92o41'E (Shahid et 

al., 2006). The Bengal Delta Plain (BDP) is one of the largest deltas in the world, formed by sediment 

deposition carried by the Ganges, Meghna and Brahmaputra (GMB) rivers (Mukherjee and Bhattacharya, 

2001). There are two different mechanisms of contamination by arsenic (As) in the Ganges delta plain: (i) 

The lowering of the water table allows arsenic-rich pyrite to oxidize and enter the groundwater (ii) 

Sedimentary geology reduces iron oxyhydroxide by organic matter (Anawar et al., 2003). Arsenic was 

also detected in Bangladesh due to its fluvial-sedimentary history (Tareq et al., 2003). Fe and Mn are also 

naturally generating metals found in minerals and rocks in an insoluble form. The occurrence of Fe in 

water is due to the weathering of iron-rich rocks or the interaction of rock with water (Islam et al., 2017d). 
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Moreover, southern part of the Bangladesh is located on the bank of the Bay of Bengal (Mukherjee and 

Bhattacharya, 2001). Due to the infiltration of seawater into the coastal area, it has a high potential of 

contaminating groundwater (Rahman et al., 2011), which was observed in different individual studies 

(Naus et al., 2019). Furthermore, as the ship breaking industries were located close to the sea, wastes 

release from ship breaking industries severely threaten for water contamination in southern part of 

Bangladesh (Kutub et al., 2017; Patwary and Bartlett, 2019). Polluted groundwater has been observed in 

Chittagong's ship breaking industrial area (Hasan et al., 2013). 

 

 
Figure 2: Sources of groundwater contamination (Adapted from Bodrud-Doza et al., 2016) 

 

Industrialization 

 

Industrialization can also affect groundwater quality by discharging toxic effluents (Hossain et al., 2020). 

Dhaka, Chittagong, Gazipur, Khulna, Sylhetand Narsingdi are the main industrial city of Bangladesh. 

Noticeably, industries are normally established on the bank of river or sea; therefore, industrial effluents 

are easily released into the river or sea. For instance, a survey showed that river water around Dhaka is 

highly contaminated and 60% of that contamination occurred due to industrial effluent (Ahsan, 2019). 

Polluted seawater and river water can infiltrate into the groundwater of industrial areas (Arefin and 

Mallik, 2017). 

 

Depth of groundwater level 

 

The BNDWQS 2009 survey covered both shallow (<150 m) and deep (>150 m) tubes wells, and it found 

that metal concentrations of deep tubes wells were lower than shallow tubes wells. According to BGS and 

DPHE (2001), shallow wells had higher Mn concentrations than deep wells. Deep wells are also relatively 

free of arsenic pollution (Hasan and Ali, 2010). 
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Table 5: Summarized data of pesticides content within Bangladesh (Mean values were represented) 

 

Table 6: Arsenic (As) contamination effect in different districts (Chakraborti et al., 2015) 

Sl. No. Location Registration year Number of patients registered Died before 2009 % of death 

01 Pabna 1996 83 13 15.66 

02 Kushtia 1999 160 24 15.0 

03 Chuadanga 1997 73 20 27.40 

04 Meherpur 1996-1999 177 31 17.51 

05 Jessore 1997 298 47 15.77 

 

According to Mukherjee and Bhattacharya (2001), the concentration of arsenic decreases with depth 

(Mukherjee and Bhattacharya, 2001; Tareq et al., 2003). A low amount of arsenic was detected in shallow 

wells, while a high amount of arsenic (>450 m, 0.25 mg/L, and >375 m, 0.37 mg/L) was detected in deep 

wells (Tareq et al., 2003). Fluvial-sedimentary history may have caused it (Tareq et al., 2003). To add, a 

study by Parvez and his co-authors found coliform bacteria in 81.2% of tube well samples (<140 feet) and 

0% of deep tube well samples (>300 feet) from 37 Bangladeshi districts (Parvez et al., 2016). 

 

Synthesis of the existing scenario and future recommendation 

 

There are several physical, chemical, and even trace-metal pollutants in groundwater in coastal areas. 

High salinity is observed in coastal districts (Akter et al., 2016; Islam et al., 2017a; Rahman et al. 2018a; 

Sarker et al., 2020). TDS and EC were found to be proportional to salinity (Mahmud et al., 2020). 

Moreover, the groundwater surrounding ship dismantling and industrial areas was found to be 

contaminated by trace metals (Chowdhury and Ahmed, 2019; Hasan et al., 2013; Hiroshiro et al., 2009; 

Rahman et al., 2020b; Islam et al., 2017d). As a result, this review suggests policy makers and the 

relevant authorities should focus on the coastal zone and industrial zone for sustainable management. The 

most common trace metal contamination problem in Bangladesh is arsenic (As). Iron has a correlation 

with arsenic, where iron concentrations increase with an increase in arsenic levels (Ahmed et al., 2010a; 

Bhuiyan et al., 2016; Bibi et al., 2008; Halim et al., 2009; Islam et al., 2017d). Most of the study areas 

had excessive concentrations of Fe and Mn. Conversely, vital nutrients such as Cu and Zn remained below 

the prescribed levels throughout the country. Several studies found bacterial contamination in very few 

locations and found it to be alarming. However, extensive investigations on microbial contamination were 

missing. Because the investigations of pesticides in groundwater are very limited, concluding remarks are 

impossible. There have been no reports of residues of pesticides in groundwater in the past few years 

except for Rangpur (Ara et al., 2014) and Dhaka (Hasanuzzaman et al., 2017). Despite being banned, 

Sl. 

No. 

Location DDT 

(mg/L) 

DDE 

(mg/L) 

DDD 

(mg/L) 

Malathion 

(mg/L) 

Diazinon 

(mg/L) 

Chloropyrifos 

(mg/L) 

References 

01 Taragang, 

Rangpur 

ND ND ND 15.0 ND ND Ara et al. 

(2014) 

02 Dyamrai, 

Dhaka 

- - - 0.043 ND - Hasanuzzaman 

et al. (2017) 

03 Nayarhat, 

Dhaka 

0.0015 0 - - - - Rahman 

(1997) 

04 Nayarhat, 

Dhaka 

Trace ND - - - - Matin et al. 

(1998) 

 WHO 

standard 

0.001 0.001 0.001 0.19 0.02 0.03  
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DDT is still available illegally in the market in Bangladesh (Rahman et al., 2019a; Shammi et al., 2017). 

The health risks were also assessed, but only at a few places. 

 

On the whole, the quality of groundwater has been assessed in 55 districts out of 64 in Bangladesh. Major 

concern is that most studies looked at the contents of physico-chemicals parameters or trace metals only or 

both of them. There would be a need for background investigations in Gazipur, Madaripur, Narshingdi, 

Kishoreganj, Feni, Lalmonirhat, Meherpur, Jhalokati, Habiganj districts. Importantly, future studies 

should analyze the detection of microorganisms and pesticides against the water height. An assessment of 

health risks from groundwater is warranted, especially in the untouched area. This review suggests 

comprehensive research on another untouched area: exposure to mixed metals/metaloids in residents 

(urine/blood) living in an industrial zone in Bangladesh. Further, the regions in which ingestion of water 

caused cancer risk such as (Satkhira, Sylhet, Gopalganj, Rangpur and Chuadanga districts) to the residents 

should be re-evaluated by comparing the metal content in the groundwater to the bio-fluids. Finally, 

contaminants of emerging concern (CESs) such as bisphenol A (BPA), nonylphenol (NP), benzophenones 

(BPs), and benzotriazole (BT); disinfectant by products (DBP), pharmaceuticals, pe-and polyfluoroalkyl 

substances (PFAS) need to be addressed in future study for sustainable management of groundwater. 

 

Conclusion 
 

This paper on Bangladeshi groundwater pollution is the first ever to focus on this topic. There are various 

contaminants polluting the groundwater in most parts of Bangladesh. Coastal as well as industrial zone of 

Bangladesh is worrying. Among the trace metals, As content shows alarming situation throughout the 

country. Besides, Fe and Mn also observed in most of the areas. Moreover, Pb, Cd and Cr were found in 

few studies only and Cu, Mn and Zn were detected below the acceptable limit. Major cations and anions 

were found below permissible limit throughout the country. Carcinogenic and non-carcinogenic effects 

were observed at Dhaka, Gopalganj, Rangpur, Sylhet, Chuadanga, Jessore, Satkhira and Khulna districts. 

Geogenesis, anthropogenic activities, changes in water height, unplanned industrialization, and geography 

all influence groundwater pollution. We recommend that policy makers and appropriate authorities should 

take proper measures to protect groundwater, i.e., monitoring groundwater pollution and implementing 

laws-using adequate human resources, installing modern treatment and supply systems, educating the 

public about water usage and safety. 
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Abstract 
The agricultural crop is a backbone in Ethiopia since the country's 

economy is mainly dependent on agriculture, which is dominated 

by subsistence smallholder farmers who are partially integrated into 

the market. The objective of this study was to identify the 

determinants of crop productivity among smallholder farmers in 

Haramaya distinct, Eastern Ethiopia. A two-stage random sampling 

procedure was employed to detect a sample containing 260 

smallholder households in the study area. Data was collected 

through semi-structured questionnaire schedules administered to the 

selected household farmers. The features of smallholder farmers 

were analyzed through descriptive statistics and multiple linear 

regression models. The results indicated that the length of farming 

experience of the household head, number of economically active 

members in family, amount of organic fertilizer applied, irrigated 

land area, and soil fertility status of farmland were the significant 

determinants of agricultural crop productivity. To increase the 

production and productivity of smallholder farms, the farmers were 

provided with land irrigation. Based on these findings, the study 

recommends the provision of organic fertilizer to farmers. Policies 

should also target supplying improved technology and improved 

seed to enhance agricultural crop production in Ethiopia.  
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Introduction 
 

Ethiopia is an agrarian country where the economy mainly depends on agriculture, which is dominated by 

subsistence smallholder farmers who are partially integrated into the market (Mohammed et al., 2018). In 

less developed countries, in general, and Sub-Saharan Africa, in particular, economic policy is highly 

dependent on agriculture. Poverty reduction and income growth can mainly be achieved by agricultural 

growth (Takele and Negese, 2020). Agriculture, in general, and crop production, in particular, are the 

backbone of the Ethiopian economy. It contributes a greater share to the country's GDP as well as 

employment creation (Tessema, 2015; Kakar, Kiani and Baig, 2016; Beriso, 2018). Ethiopia's crops are 

complex, comprising significant variation in crops grown across the country's different regions and 

environmental conditions. Cereal crops were grown on 73.4% of the total area cultivated by a total of 11.2 

million farmers. Together, these farmers produce on an average 12 million tons of cereals/year, which is 

68% of total agricultural production (Alemayehu, Paul and Sinafikeh, 2011). Ethiopian agriculture 

provided commodities for exports, domestic food supply, industries output and encourage the market for 

domestic manufacturers (MoFED, 2012; Admassie, Berhanu and Admasie, 2016; Zewdie, 2020). 

 

As reported by United Nations Development Programme, the agricultural sector in Ethiopia employs 85% 

of the population, contributes 44% to the country's GDP, and 85% of the country's export earnings. The 

country's aspiration for achieving overall economic growth largely depends on the performance of the 

agriculture sector (Aynalem, Nand and Seema, 2018). The sector account for about 50% of gross domestic 

product (GDP), 90% of the total export revenue, 85% of employment of the country's labor force and 

accounts 70% of raw materials requirement of the country's industries, which is very important for the 

countries sustainable development (MoFED, 2012). The agriculture sector, in Ethiopia, consists of 

different sub-sectors. But the crop sub-sectors account for the lion's share of agricultural output. Even 

though agriculture is a crucial sector in the national economy, its production and productivity are not 

sufficient. So, an important way to increase crop productivity is to reduce the constraints of agriculture. 

These constraints were reduced through the diffusion of improved seed, land management practice, and 

training of farmers (CSA, 2000). Many studies have been conducted focusing on the different dimensions 

of smallholder farm households in Ethiopia (Shujie, 1996; Alelign et al., 2016; Takele and Negese, 2020). 

However, most of these studies were limited to a specific area and production aspects. Systematic and 

adequate information on the determinants of crop production and productivity were not well identified and 

determined. Furthermore, in the study area, there is no empirical study conducted on the determinant of 

crop productivity of smallholder farm households. Therefore, this study was conducted to assess and 

identify determinants of crop productivity among smallholder farmer households in Haramaya distinct, 

Eastern Ethiopia.  

 

This study has shown that agricultural crop productivity can be influenced by different factors. The study 

conducted by Samuel et al. (2020) in Kenya showed that land size under sorghum, labor farm’s gate price, 

and sorghum seed varieties had a significant effect on the overall sorghum productivity. An empirical 

study using a two-stage least squares (2SLS) regression model carried out by Alelign et al. (2016) showed 

that commercial orientation strongly and positively influenced the crop productivity of smallholder farm 

households. The study conducted by Justin (2015) concludes that the household head's education level 

was relevant to the commercialization of maize production, meaning that the education level was 

positively related to higher maize yields. The study conducted by Shujie (1996) in Ethiopia reveals that 

chemical fertilizers have a statistically significant impact on cereal crop productivity. The study done in 

Nigeria confirmed that the age, education, labor, non-labor input cost, and type of season were positively 

related to the total output, whereas the farm size, years of experience, and gender of respondents were 

inversely related to the total output (Fasoranti, 2008).  
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Material and Methods 
 

Description of Study Area  

 

The study was conducted in Haramaya Woreda, Eastern Hararge Zone, Oromia Regional State, Ethiopia. 

Haramaya Woreda is located in the Eastern Hararge Zone, Oromia Regional State, in the Eastern part of 

Ethiopia about a distance of 525 km from the capital city Addis Ababa. Haramaya district has a total 

population of 271,394 of which 138,376 are males and 133,018 are females, 50,032 or 18.46% of its 

population was urban dwellers (CSA, 2011). 

 

Sampling Techniques and Sample Size 

 

A two-stage sampling procedure was performed to select sample households. In the first stage, 

considering the resources available, from 35 agricultural crop-producing rural kebeles (communes) of 

Haramaya Woreda, 2 kebeles (Damota and Xinniqe) were selected based on its agroecological conditions. 

The remaining kebeles of the Haramaya Woreda were selected through lottery method using simple 

random sampling. In the second stage, 260 respondents were drawn from sampled kebeles using a 

systematic sampling procedure. The sample size was determined based on the simplified formula given by 

Yamane (1967). The population is homogeneous in terms of crop production in the sampled kebeles. 

Based on this, the required sample size was determined as under:  
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e ], e = The degree of accuracy = 0.03 for continuous variable,  = The 

number of standard deviations that would include all possible values in the range = 4 for continuous 

variable, t = t-value for the selected alpha level or confidence level at 95% =1.96 (Anokye, 2020). 

 

Sources of Data and Methods of Data Collection 

 

The data for the study was collected from both primary and secondary sources. Cross-sectional data were 

collected from the survey of randomly selected smallholder farm households. For the primary data 

collection specifically, a semi-structured questionnaire was employed based on the objective of the study. 

Both quantitative and qualitative information was collected. The data collection included households’ 

demographic, socio-economic and environmental factors (age of household head, household’s farming 

experience, number of plots owned by household, number of economically active members, use of organic 

fertilizer, irrigated land, number of plows before sowing, number of weeding for seasonal crops, access to 

market information, participation in farmers’ training, and soil fertility status of farmland. The secondary 

data were collected from relevant sources such as published and unpublished documents from the internet, 

administration offices of the district, and other relevant institutions for a general description. The filed 

work was carried out in August 2020. 

 

Method of Data Analysis  

 

The study employed both descriptive and econometric methods for data analysis. Accordingly, descriptive 

statistics were used to provide an overview of the overall data. The ordinary least square (OLS) estimation 

technique was applied to identify the determinants of agricultural crop productivity (Peprah and Mensah, 

2017). The most common cereal crops in the study area namely, sorghum, maize, and wheat were 

considered. The agricultural crop productivity model includes the following explanatory variables in the 
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form of multiple linear regression function: 
(2)                                                        )sfpft,accm,wsc,plbs,iirl,ofer,ecam,nplot,F(fexp,ACP =                                                                                                                                                                 

i109876543210i UsfsβpftβacmiβnwscβnplbsβiirlβoferβnecamβnplotβfexpββACP +++++++++++=  (3)   

Where, ACP is agricultural crop productivity, fexp is a household farming experience in years, nplot is a 

number of plots owned by household, necam is a number of economically active members, ofer is the use 

of organic fertilizer in kg, irrl is irrigated land area in hectare, nplbs is a number of plow before sowing, 

nwsc is a number of weeding for seasonal crops, acmi is access to market information, pft is participation 

in farmers training and sfs is soil fertility status of farmland and Ui is error term (residual term). 

 

Result and Discussion  
 

Descriptive Statistics and Characteristics of the Respondents 

 

Table 1 indicates that the minimum and maximum year of household farming experience were 3 and 58 

years, respectively, whereas the average year of farming experience of household head was 23.68 year. 

The minimum and the maximum number of plots owned by households were 1 and 5 plots of land while 

the average number of plots owned by households was 2.25. The average number of economically active 

members of household head was 3, whereas the minimum and maximum economically active persons of 

household head were 1 and 6, respectively. The results also showed that the average amount of organic 

fertilizer that the household head used was 582.5 kg, and the minimum and maximum organic fertilizer 

applied were 0.01 kg and 2,000 kg, respectively. The minimum and maximum irrigated areas of land 

ownership by household head were 0 and 1.125 hectares, respectively, whereas the average irrigated area 

of land was 0.19 hectares. The average number of plows before sowing by household was 1.51, while the 

minimum and maximum plows before sowing were 0 and 3, respectively. The minimum and the 

maximum number of weeding for seasonal crops were 2 and 4 times, respectively, whereas the average 

number of seasonal crop weeding was 2.63. The higher variation has occurred in the age of household 

head and the lower variation among household head was presented in the land irrigated area of the 

household head.  

 

Table 1: Descriptive statistics for continuous variables 

Variables  Minimum Maximum Mean Std. Deviation 

Farming experience of the household head 3 58 23.68 10.164 

Number of plots owned by household 1 5 2.25 1.087 

Number of Economically active members 1 6 3 1.00779 

Organic fertilizer applied in kg 0.01 2,000 582.5 5.1127 

Irrigable land area in hectors 0.000 1.125 0.19531 0.14505 

Number of plows before sowing 0 3 1.51 0.680 

Number of weeding for seasonal crops 2 4 2.63 0.496 

  

As presented in table 2, from all sampled household heads 62% had participated in farmers' trainings 

because participating in farmers' training was important for sharing knowledge and experience. Out of the 

total sampled household heads 63.5% had experienced soil fertility of the land, and from overall sampled 

households 36.2% had access to market information since access to market information was the central 

determinant of agricultural crop productivity and profitability.  

 

The Determinant of Agricultural Crop Productivity  

 

According to the estimation results (Table 3), out of all variables included in the model, year of farming 

experience of household head, number of economically active members, amount of organic fertilizer 
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applied, irrigated land, and soil fertility status of farmland became statistically significant effects on 

agricultural crop productivity of smallholder farm households at 0.05 probability level of significance. On 

the other hand, the number of plots owned by the household head, number of plows before sowing, 

number of weeding for seasonal crops, access to market information, household participation in farmers’ 

training were statistically insignificant at 0.05 significance level.  

 

Table 2: Frequency table for categorical variables  

Variables  Variable category  Number of respondents %  

Participation on 

Training 

Not participated 76 38 

Participated  124 62 

Soil Fertility Not fertile  73 36.5 

Fertile  127 63.5 

Access to Market  No  127 63.8 

Yes 73 36.2 

 

As shown in table 3, the farming experience of the household head had negative and significant effects on 

agricultural crop productivity. The negative sign of the year of experience showing an inverse relationship 

with crop production is unexpected. This might be because farmers with long years of farming experience 

used traditional materials, traditional seeds, and outdated methods of farming that do not accrue high 

production. This was confirmed by Fasoranti (2008), and Alelign et al. (2017). The results (Table 3) show 

that the economically active members of the household harmed agricultural crop productivity. 

Accordingly, when the number of economically active members of household increased by 1, the 

agricultural crop productivity decreased by 141.621 kg when other factors were constant. The inverse 

relationship between output and economically active members (labor) is unexpected. This could be due to 

poor labor management by households.   

 

Furthermore, the results indicated that the amount of organic fertilizer applied by household heads had a 

positive impact on agricultural crop production. Hence, as the farmer used 1 kg of organic fertilizer, the 

crop productivity of the household increased by 73.328 kg, while retaining other factors constant. Thus, 

the more the amount of organic fertilizer applied, the higher agricultural crop productivity was achieved. 

This result was consistent with the findings of Alelign et al. (2017) and Takele and Negese (2020). The 

result in table 3 also show that the irrigated land has a positive and significant impact on agricultural crop 

productivity. As the area of irrigated land increased by 1 hectare, the crop productivity of farmers 

increased by 5,294.709 kg, when keeping other factors constant.  

 

Table 3: Coefficients of an estimation regression model 

Variables Unstandardized Coefficients t-stat Sig. 

B Std. Error 

(Constant) 2,271.595 1,363.140 1.666 0.097 

Farming experience of household in a year -11.689 39.497 -0.296 0.008 

Number of plots own by household 5.973 167.459 0.036 0.972 

Number of economically active members  -141.621 187.567 -0.755 0.001 

Organic fertilizer applied in kg 73.328 43.255 1.695 0.002 

Irrigable land area used in hectors 5,294.709 1,212.590 4.366 0.000 

Number of plows before sowing -218.387 320.549 -0.681 0.497 

Number of weeding for seasonal crops  -222.800 369.511 -0.603 0.547 

Access to market -471.536 489.108 -0.964 0.336 

Participation in farmers training 285.834 416.604 0.686 0.493 

Soil fertility status of farmland 19.729 440.831 0.045 0.004 
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Consequently, the irrigated land was very important for the farmers in the study area. It implied that the 

farmers were familiar with the irrigated land use for increasing productivity and profitability. Moreover, 

the soil fertility status of the farmer had positive impacts on agricultural productivity, thereby, as the soil 

of the household head became fertile, the agricultural crop productivity increased by 19.729 kg, retaining 

other variables constant.  

 

Conclusion 
 

Agricultural productivity needs improvement through increasing crop production and productivity to 

improve the life of household farmers and reduce rural poverty through refining food security. The current 

study is designed to identify and determine the determinants of agricultural crop productivity in Haramaya 

District, Eastern Ethiopia. Data was collected and organized from both primary and secondary sources. A 

multiple linear regression model was employed to analyze the variables under study. The results of the 

analysis show that year of farming experience of the household head, the number of economically active 

members, amount of organic fertilizer applied, size of irrigated land, and soil fertility status of farmland 

were the most potent determinant of agricultural crop productivity.  

 

The results also indicate that the use of irrigation had a positive impact on agricultural crop productivity. 

Accordingly, the irrigated agriculture was a significant factor for the farmers in the study area to increase 

production and productivity, and the farmers are expected to use irrigation. Generally, the crop 

productivity of smallholder farmers is a big concern for changing the overall life of farmers. The study 

recommended smallholder households to use organic fertilizers, improved technology, and optimal 

irrigation that support land productivity.  
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Abstract 
Toxic metals like Cd and Pb pose the greatest ecological threat to 

ecosystems, especially in and around the industrial cities. Four farms 

located around Kharkiv industrial city were chosen for scientific 

experiments carried out on cows feeding specially developed antidote 

(mineral-vitamin premix "MP-A") and subcutaneous injection of 

biologically active preparation "BP-9". These novelty products 

enhanced the urinary excretion of heavy metals Cd, Pb, Cu and Zn 

while ensuring the production of high quality environmentally safe 

milk. The toxicants are absorbed from the gastrointestinal tract into 

the blood, travel across the body, accumulate in organs and tissues, 

and pass through urine and milk. The accumulation of Cd in the 

blood of tested cows in control group was, on average, from 77.94 to 

101.20 nmol/L, and of Pb from 4.63 to 8.32 μmol/L. The transfer of 

Cd from blood to urine was, on average, 1.7%-2.0%, and of Pb 5.4-

7.3%. The antidote substances contributed to the exacerbation of 

heavy metal extermination from the body of animals and the 

restoration of its homeostasis. The transfer of Cd from blood to urine 

averaged 3.9% to 9.5% and of Pb 37.7% to 103.5% in second 

experimental group of cows. The same for Cd was 7.1% to 12.7% 

and for Pb was 70.7% to 144.1% in third experimental group. The 

mineral-vitamin premix and biopreparation BP-9 blocked absorption 

of the pollutants into the gastrointestinal tract, strengthened the 

protective effects on organs, and facilitated the elimination of heavy 

metals through urine. Dairy productivity of animals also increased in 

cows of the second and third experimental groups by 17-22 kg per 

day compared to the control group having 14 kg per day (P<0.01).  

Keywords 
Remix; Biopreparation; Medicinal plants; Heavy metals; 

Contaminated feeds; Antidote substances; Animal productivity 
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Introduction 
 

Agroecosystem is a natural-anthropogenic system. It is an artificially maneuvered system of plant and 

animal groups having a weakly expressed self-regulation mechanism. The productivity of an 

agroecosystem is regulated by direct and indirect energy investments, after the termination or critical 

reduction of which the system degrades (Blancard and Martin, 2014; Gnatiuk, 2018). The degradation of 

agroecosystems also enhances the anthropogenic impact of excessive use of agrochemicals: mineral 

fertilizers and pesticides, and around industrial cities, along with emissions from industries, which 

generate pollutants and xenobiotics, among which heavy metals are the most dangerous. As a result, 

negative effects occur on the health of productive animals, especially dairy cows. The products like milk 

may contain excess quantities of cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn) and other heavy metals 

to be environmentally hazardous (Song et al., 2004; Al Sidawi et al., 2021; Calogero et al., 2020). 

 

Heavy metals are among the priority environmental pollutants. The term "heavy metals" characterizes a wide 

group of substances, which have recently become widespread. In various scientific and applied scientific 

works, the scientists interpret the meaning of ‘heavy metals’ differently (Fersman, 1934-1937; Tsvetkova 

and Gunko, 2015). Numerous characteristics of heavy metals are used as criteria for its nomenclature: 

atomic mass, density, toxicity, prevalence in the environment, degree of involvement in natural and man-

made cycles. In works highlighting the environmental pollution and environmental monitoring, heavy metals 

include more than 40 microelements with an atomic mass of over 40 atomic units. At the same time, 

indicators that play an important role in the classification of heavy metals are their high toxicity to living 

organisms at relatively low concentrations, the ability to bioaccumulate, and biomagnification (Adriano, 

2001; Brygadyrenko and Ivanyshyn, 2015; Tsvetkova and Gunko, 2015). According to the Fersman (1934-

1937) classification, metals with a density of more than 8 g/cm³ should be considered heavy. Formally, a 

large number of elements correspond to the definition; however, according to scientists’ observations, the 

combination of these elements is far from being equivalent to pollutants.  

 

The excretion of heavy metals from the body of animals through faeces and urine leads to an increased 

content of them in organic fertilizers (manure and compost), which already contain a significant amount of 

heavy metals (Gutyj et al., 2016). As a result of the application of such organic fertilizers into the soil, the 

concentration of heavy metals such as cadmium, lead, copper, zinc, iron, and manganese increases 

(Brygadyrenko and Ivanyshyn, 2015). 

 

Studies have reported bulk and mobile forms of heavy metals in polluted soils (Bigalke et al., 2017; Borah 

et al., 2018; Gunko, Tsvetkova and Neposhivaylenko, 2018). Heavy metals, especially cadmium and lead, 

accumulate in the soil in significant concentrations, which often exceed the established maximum 

permissible levels and, under appropriate environmental conditions, migrate to plants that are fed as a feed 

by farm animals. Then they get into milk and other products (for example, dry milk, where heavy metals 

are much more concentrated than in liquid milk) (Jolly et al., 2017), thereby, worsening its quality and 

environmental safety (Mamenko, Portjannyk and Yvanov, 2010; Ren-ju et al., 2015; Tahir et al., 2017). 

Due to intoxication by toxic elements, the milk productivity of cows decreases. Milk production in 

agricultural ecosystems around developed industrial cities can be significantly impacted by such 

environmental pollution. Agricultural milk producers strive not only to produce ecologically safe, 

biologically complete and high-quality milk, but also to achieve the maximum productivity of cows 

(Mamenko and Portiannyk, 2020). 

 

Pollution of heavy metals Cd, Pb, Cu and Zn has a negative effect on the body of dairy cows, leading to 

the production of milk of poor quality and safety. In the event of increased migration of heavy metals Cd, 

Pb, Ni and Cu from the soil, a decrease in the mobile forms of essential mineral elements, such as Ca, P, 

Co, etc., is observed leading to its low content in the ration feed. As a consequent deficiency in the blood, 
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cows have shown symptoms of osteodystrophy, deformation of the spine and hoof, partial lysis of the last 

pair of ribs, deformation of the last 2-3 caudal vertebrae (Slivinska et al., 2018). On the other hand, mixed 

complexes of zinc, manganese and cobalt eliminate the deficiency of essential mineral elements in cows, 

and improve mineral metabolism, thereby, contributing to the growth of milk productivity (Bomko et al., 

2018). The use of natural detoxicants of heavy metals, dry apple and dry beet pulp, in the diets of pigs 

helped reduce the accumulation of Cd in muscle tissues and animal products (Dyachenko et al., 2017). 

Therefore, a study on intoxication of dairy cows by heavy metals, and its excretion from the body by using 

special antidote substances (vitamin premix and biological product) was conducted by Mamenko, 

Portjannyk and Yvanov (2010) to produce safer and more milk. 

 

Intakes of Cd and Pb are associated with environmental risks to the animal body because of cumulative 

toxicity and negative effects on internal organs and systems (Canty et al., 2014; Hashemi, 2018; 

Roggeman et al., 2013). As a consequence, the growth and productivity of animals decrease. The 

accumulation of such heavy metals in agroecosystem increases the risk of its intake into the body of cows 

and, thereby, poses a threat to human and animal health (Fischer et al., 2011; Rezza et al., 2018; Rahimi, 

2013). As a result of chronic cadmium intoxication, (nephrotoxicity, hepatotoxicity, immunotoxicity, 

osteotoxicity), oxidative stress of liver and kidney cells occurs damaging them and its DNA leading to 

carcinogenesis and oncological diseases (Liu, Qu and Kadiiska, 2009). 

 

The toxic environmental milieu negatively affects the efficiency of the livestock industry and, in 

particular, dairy farming. That is why an in-depth study is performed to demonstrate how the elimination 

of heavy metals from the body of animals using special anti-toxic vitamin premixes and biological 

products. The use of premises and bioproduct not only enhances the renal excretion of heavy metals, but 

also ensures an improvement in the health of cows, increases their productivity, and increases the safety of 

milk. The aim of this research is the quantitative assessment of the process of eliminating toxic and 

essential heavy metals through urine of dairy cows. Such intoxication of the animal body by Cd, Pb, Cu, 

Zn is reduced by feeding a specially developed mineral-flax-vitamin premix (MP-A) and subcutaneous 

injection of a biological product ‘BP-9’.  

 

Materials and Methods  
 

On the farms located near the industrial city of Kharkiv in Ukraine, scientific experiments were carried out 

on the dairy cows of Ukrainian black and red-and-white dairy breeds. For the experiments, 126 cows were 

selected feeding the silage-hay-concentrate type of feed. Of them, 63 fed on the silo-silage type feed, 36 

fed on the silage-root crops, and 195 fed on the silage-haylage type of feed. The experimental population 

of cows was divided into three groups: the first as a control, and the second and third as treated groups. 

Cows of all groups were fed the feed having the heavy metals Cd, Pb, Cu and Zn under maximum 

permissible concentrations. Animals of the second experimental group were given an additional special 

antitoxic mineral-vitamin premix ‘MP-A’, and the third group was treated with a mineral-vitamin premix 

and subcutaneous injection of the biological product BP-9, which includes an extract of nine medicinal 

plants. The average live weight of cows was 500-545 kg; the average daily milk yield was 14.0-14.8 kg 

having per lactation average of 4,270-4,514 kg of milk. The comparison period was 42 days. The cows 

selected by the method of analogs in terms of live weight and productivity were kept in the same 

conditions of feeding and upkeeping. The experiment period lasted 120 days. 

 

Mineral-vitamin premix and biologically active preparation "BP-9" were developed according to the 

methods invented by Portjannyk (2002a, 2002b). Biological product "BP-9" is an extract from 9 medicinal 

plants. 100 ml of the preparation contains Schisandra chinensis (15 ml), Chamomile (pharmacy, peeled) (3 

ml), Eleutherococcus senticosus (15 ml), medicinal sage (pharmacy) (Salvia officinalis) (17 ml), common 

barberry (Berberis) (12 ml), alfalfa (Alfalfa) (5 ml), kidney tea (Orthosiphon stamineus) (15 ml), sea 
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buckthorn (Hippophae rhamnoides) (15 ml), and Verbena officinalis (3 ml). Subcutaneous injection of 

"BP-9" was applied with the dose of 20 ml/day divided into two sub-doses: 10 ml each in the morning and 

in the evening (at intervals of 12 hours). The frequency of administration of the BP-9 preparation was 5 

times a month, with administration on an interval of 6 days. The BP-9 preparation was injected in 42 cows 

of the third research group feeding on silage-silage-concentrate.  

 

The biological product BP-9 was manufactured under sterile conditions in a laboratory in accordance with 

the method suggested by Hmel'nic'kij, Homenko and Kanjuka (1994) and Sokolov, Andreeva and Nozdrin 

(2002). In the second and third research groups, the rations developed to feed dairy cows were 

additionally balanced and adapted to the actual daily ration with a special antitoxic mineral-vitamin 

premix "MP-A". The premixes were developed taking into account the synergistic and antagonistic action 

of macro- and micro-elements, particularly cadmium, lead, copper and zinc, in the concentration of per 1 

kg of dry matter. It allowed to develop a methodological approach to rationing the content of heavy metals 

in the diet and the corresponding essential macro- and micro-elements. The partial deficiency of these 

elements was observed in the diets of cows in the control groups. The composition of the mineral-vitamin 

premix "MP-A" included the following mineral elements: P, Ca, Mg, S, Fe, Mn, Co, J, Se, etc.; vitamins: 

A, D, E, B2, B3 (niacin, PP), B4, B6, C, H (Biotin); and one sulfur-containing amino acid. 1% of the 

premix was introduced into the diet (Podobed et al., 1996) of animals. The diet consisted of silage-root 

crops and silage-hay with the rate of 250 g per head per day, silage-hay-concentrate at the rate of 290 g 

per day, silage-hay at the rate of 255 g per day. The premix "MP-A" was fed to 24 dairy cows of the 

second and third experimental groups feeding silage-root type of feed at the rate of 720 kg (250 g per head 

per day × 24 heads × 120 days of experience), silage-hay 3900 kg by 130 heads, silage-haylage 1285.2 kg 

by 42 heads, and –silage-haylage-concentrate 2923.2 kg by 84 heads. There is a large number of regional 

firms in the market that, according to the appropriate diet and recipe, can manufacture and sell such a 

premix to an agricultural enterprise. It is made quite convenient to use, which was a factor considered at 

the time of conducting experiments.  

 

The recipes (formula) of preparing the "MP-A" premix and the "BP-9" were adapted from the 

methodologies developed by the authors themselves. Biochemical analysis of samples of plant and animal 

origin (feed, blood, internal organs and tissues, urine and milk for the content of macro- and micro-

elements, including heavy metals, etc.) was carried out by using atomic absorption spectrophotometry 

(spectrophotometer AAS-30) (Praice, 1972). The results obtained were compared with physiological 

standards for blood (Skukovsky, 1987), for urine (Levchenko et al., 2002). Control of the quality and 

environmental safety of the milk was carried out in accordance with GOST 3662-97 standards (Mamenko 

et al., 1997), as well as taking into account the requirements of international quality standards (especially 

EU Regulation No. 853/2004 and No. 1881/2006). 

 

Together with the determination of the absolute concentrations of metals in bio-substrates, their relative 

indicators were calculated according to the method given by Stus, Biletska and Golovkova, 2010). This 

method is considered as the index of renal migration (IRM). In this research, this indicator was calculated 

not in arbitrary units, but simply in percentage in relation to the concentration of metal in the blood as an 

integral internal environment of the animal organism and a leading source from which migration of heavy 

metals starts. The indicator allows revealing more deeply the corresponding links of the mechanism of 

removal of heavy metals from the body and to carry out a comparative assessment of the eliminated 

quantities of toxicants and micro-elements when using the antidote substances (i.e., a premix MP-A and a 

biological product BP-9). 
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All experiments with animals were carried out in accordance with the European Convention for the 

Protection of Vertebrate Animals Used for Experimental and Scientific Purposes.1 The ARRIVE2 (Animal 

Research Reporting of In Vivo Experiments) norms were complied with for conducting these experiments 

on the animals. The ARRIVE checklist is appended in Annex.  

 

The analysis of the data was carried out considering the peculiarities of the results obtained in the study: 

the size of the sample and the type of distribution of the data, the nature of the variances. For each sample, 

the mean value of the characteristic in the sample (M) and the standard deviation (SD) were calculated: M 

± SD. Disagreements between mean values were considered statistically significant at P <0.05. The 

calculation was carried out using the STATISTICA software package version 10.0 for the Windows 7 

operating system. 

 

Results 
 

Air pollution from industrial enterprises of the city and a gas condensate station (CNG filling station) with 

the simultaneous use of mineral fertilizers and pesticides led to soil acidification in agroecosystems, which 

caused an increased migration of heavy metals from soil into the plants, and then, into feed of the cows of 

all experimental groups. The feed was found having cadmium, lead, copper and zinc in exceeded 

concentration from the maximum permissible limits. The content of heavy metals in the feed of cows with 

silage-root crops type of feeding exceeded the maximum permissible concentrations: Cd 2.1-3.2 times, Pb 

2.4-5.7 times, Cu 1.4-2.3 times and Zn 1.2-2.4 times. The excess concentration over the maximum 

permissible limits for Cd and Pb was found in cereal-legume hay (3.2 and 5.7 times, respectively), for Cu 

in maize residue (2.3 times), and Zn in wheat straw (2.4 times). The concentration of heavy metals in the 

feed of cows fluctuated due to the varying concentrations of mobile forms of toxicants in the soil and the 

location of plants being grown, and the distance to industrial center, highways, CNG filling station, etc. 

Therefore, in the feed of cows with a silage-hay type of feeding, the highest content of Cd, Pb, Cu, Zn was 

found in fodder beets, respectively, exceeding 2.5, 3.4, 3.8, and 4.1 times over the maximum permissible 

limits. It is generally known that plants accumulate heavy metals in the root system to a greater extent. In 

fact, below-ground parts of the plants absorb fewer heavy metals; therefore, it was the fodder beets having 

highest level of contamination. In the feed grown on agricultural land, where cows are fed a silage-

haylage-type diet, a high content of zinc (average 6.3-6.8 times) was also found in oats and peas. Among 

other feeds, pea bran had the highest content of cadmium and lead. Similarly, cereal-legume hay had the 

highest content of copper (3.9 times). 

 

Thus, in accordance with the level of contamination of feed rations of cows, the feeds are arranged in 

descending order: Cd contamination - silage-root crops → silage-haylage → silage-hay → silage-haylage-

concentrate; Pb contamination - silage-haylage-concentrate → silage-root crops → silage-haylage → 

silage-hay; Cu contamination - silage-haylage-concentrate → silage-haylage → silage-hay → silage-root 

crops; Zn contamination - silage-haylage-concentrate → silage-haylage→ silage-hay → silage-root crops. 

The average concentrations of heavy metals in blood, urine and their transition (from blood to urine) are 

given in table 1 and table 2. 

 

Following the law of "normal" distribution (Gaussian), the Shapiro-Wilk's W test was applied. This test is 

considered the most powerful, especially in case of small samples (n <50) of independent groups. The 

concentration of cadmium in the blood and urine of cows eating silage-root crops type of feed is not 

 
1European Convention for the Protection of Vertebrate Animals Used for Research and Other Scientific Purposes. Council of 

Europe Convention, International document of March 18, 1986. Verkhovna Rada of Ukraine. URL: 

https://zakon.rada.gov.ua/laws/show/994_137#Text 
2https://www.nc3rs.org.uk/arrive-guidelines  

https://www.nc3rs.org.uk/arrive-guidelines
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subject to the law of normal distribution. The Shapiro-Wilk's W test made it possible to determine the 

appropriate method for further analysis of the different samples. Considering that the sample size is 

insignificant, the most effective method was the non-parametric analysis of variance (or H-test) (Kruskal-

Wallis ANOVA). The value of the error P for the null hypothesis indicates that the extent of Cd in the 

blood and urine of cows in different experimental groups does not differ. In the case of P <0.05, the 

studied samples were statistically and significantly different from each other. 

 

Table 1: The concentration of metals in biological media and the amount of their transition from blood to 

urine (M ± SD) 
Animal 

Feeding 

Type 

Heavy Metal Actual Concentration 

Blood Urine Transition, % 

Control Experi-

ment 

Experi-

ment 

Control Experi-

ment 

Experi-

ment 

Control Experi-

ment 

Experi-

ment 

S
il

ag
e-

ro
o

t 
cr

o
p

s 

Cd, (blood – 

nmol/l); (urine – 

μmol/l) 

98.34 ± 

1.03 

79.11 ± 

2.90 ** 

49.19 ± 

2.41 ** 

1.90 ± 

0.17 

3.05 ± 

0.22 ** 

3.48 ± 

0.40 ** 

1.9 3.9 7.1 

Pb, μmol/l 8.32 ± 

1.65 

3.02 ± 

0.99 ** 

1.98 ± 

0.16 ** 

0.46 ± 

0.15 

1.27 ± 

0.14 ** 

1.40 ± 

0.07 ** 

5.5 42.1 70.7 

Cu, μmol/l 28.93 ± 

1.28 

18.04 ± 

0.68 ** 

18.89 ± 

0.83 ** 

0.98 ± 

0.19 

1.84 ± 

0.12 ** 

1.97 ± 

0.17 ** 

3.4 10.2 10.4 

Zn, μmol/l 29.85 ± 

1.11 

22.81 ± 

1.32 ** 

21.19 ± 

1.45 ** 

1.05 ± 

0.15 

2.39 ± 

0.40 ** 

2.61 ± 

0.42 ** 

3.5 10.5 12.3 

S
il

ag
e-

h
ay

 

Cd, (blood – 

nmol/l); (urine – 

μmol/l) 

101.20 ± 

3.17 

54.29 ± 

2.64 ** 

40.72 ± 

1.98 ** 

1.73 ± 

0.33 

3.57 ± 

0.41 * 

3.82 ± 

0.33 * 

1.7 6.6 9.4 

Pb, μmol/l 6.54 ± 

0.45 

4.01 ± 

0.64 ** 

1.38 ± 

0.28 ** 

0.36 ± 

0.10 

1.51 ± 

0.19 ** 

1.57 ± 

0.16 ** 

5.5 37.7 113.8 

Cu, μmol/l 30.62 ± 

1.24 

17.07 ± 

0.54 ** 

16.07 ± 

0.98 ** 

0.91 ± 

0.15 

2.34 

±0.42 ** 

2.69 ± 

0.37 ** 

3.0 13.7 16.7 

Zn, μmol/l 17.06 ± 

0.40 

10.04 ± 

0.23 ** 

9.82 ± 

0.24 ** 

0.90 ± 

0.07 

3.46 ± 

0.28 ** 

3.51 ± 

0.33 ** 

5.3 34.5 35.7 

S
il

ag
e-

h
ay

la
g

e 

Cd, (blood – 

nmol/l); (urine – 

μmol/l) 

81.17 ± 

0.60 

48.19 ± 

0.73 ** 

41.61 ± 

1.05 ** 

1.63 ± 

0.30  

3.54 ± 

0.50 ** 

3.96 ± 

0.24 ** 

2.0 7.3 9.5 

Pb, μmol/l 5.74 ± 

0.32 

2.07 ± 

0.16 ** 

1.87 ± 

0.09 ** 

0.31 ± 

0.04 

1.69 ± 

0.19 ** 

1.76 ± 

0.09 ** 

5.4 81.6 94.1 

Cu, μmol/l 27.62 ± 

0.44 

16.07 ± 

0.37 ** 

17.13 ± 

0.30 ** 

0.89 ± 

0.11 

2.63 ± 

0.23 * 

2.84 ± 

0.23 * 

3.2 16.4 16.6 

Zn, μmol/l 26.52 ± 

0.53 

18.53 ± 

0.44 ** 

17.11 ± 

0.39 ** 

1.01 ± 

0.13 

4.60 ± 

0.25 ** 

4.75 ± 

0.25 ** 

3.8 24.8 27.8 

S
il

ag
e-

h
ay

la
g

e-

co
n

ce
n

tr
at

e 

Cd, (blood – 

nmol/l); (urine – 

μmol/l) 

77.94 ± 

0.99 

40.64 ± 

0.54 ** 

32.14 ± 

0.55 ** 

1.40 ± 

0.16 

3.86 ± 

0.30 ** 

4.07 ± 

0.23 ** 

1.8 9.5 12.7 

Pb, μmol/l 4.63 ± 

0.37 

1.72 ± 

0.17 ** 

1.27 ± 

0.22 ** 

0.34 ± 

0.12 

1.78 ± 

0.21 ** 

1.83 ± 

0.30 ** 

7.3 103.5 144.1 

Cu, μmol/l 25.16 ± 

0.59 

16.03 ± 

0.40 ** 

14.16 ± 

0.62 ** 

0.91 ± 

0.15 

3.34 ± 

0.26 * 

3.57 ± 

0.35 * 

3.6 20.8 25.2 

Zn, μmol/l 28.94 ± 

1.60 

18.12 ± 

0.96 ** 

16.41 ± 

0.65 ** 

1.11 ± 

0.14 

4.61 ± 

0.64 ** 

4.82 ± 

0.32 ** 

3.8 25.4 29.4 

Note: The degree of reliability in comparison with the data of the control group *Р<0.05; **Р<0.01; n=5; 

Permissible limit (Levchenko et al., 2002) for urine: cadmium 0.89 μmol/l, lead 0.22 μmol/l, copper 0.79 

μmol/l, zinc 0.86 μmol/l, and for blood: cadmium 20-50 μmol/l, lead 2.00 μmol/l, copper 12.6-18.9 

μmol/l, zinc 15.4-23.0 μmol/l. 
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Table 2: Standard concentrations of metals in biological media and the amount of their transition from 

blood to urine 

Metal 
Standard concentrations 

Blood Urine Transition, % 

Cd, (blood – nmol/l); (urine – 

μmol/l) 
20-50 0.89 1.8-4.5 

Pb, μmol/l up to 2 0.22 11 

Cu, μmol/l 12.6-18.9 0.79 4.2-6.3 

Zn, μmol/l 15.4-23.0 0.86 3.7-5.6 

 

The statistical analysis of the indicators studied in three experimental groups of cows feeding the silage-

root type of feed is described as follows. The quantity of Cd in blood (nmol/l) (Valid N = 5; Valid obs. = 

33.3%) of first (control) group cows had arithmetic mean M (Mean), median (Median), standard deviation 

(SD), Lower Quartile, Upper Quartile, and the minimum value, and maximum value of 98.34, 98.76, 1.03, 

97.74, 98.82, 96.89, and 99.51, respectively; the same in second (treatment) group were 79.11, 78.71, 

2.90, 77.52, 79.80, 75.91, and 83.6, respectively; and in third (treatment) group were 49.19, 49.26, 2.41, 

48.21, 50.73, 45.74, and 52.01, respectively. Similarly, in the urine (μmol/l) of first (control) group, the 

Cd quantities had arithmetic mean M (Mean), median (Median), standard deviation (SD), Lower Quartile, 

Upper Quartile, and the minimum value, and maximum value of 1.90, 1.82, 0.17, 1.81, 2.01, 1.73, and 

2.15, respectively; while second (treatment) group had 3.05, 3.15, 0.22, 2.94, 3.20, 2.72, and 3.25, 

respectively; and third (treatment) group had 3.48, 3.51, 0.40, 3.26, 3.63, 2.98, and 4.04, respectively. The 

data obtained during the experiments do not obey the law of normal distribution. Both the arithmetic mean 

values of the studied indicators by groups and the median with the lower and upper quartiles are depicted 

in figure 1 and figure 2. A small difference between the mean values of the indicators and their median is 

insignificant and there is no significant impact on the results of research in this experiment. 

 

The cadmium in the blood of cows of control group feeding the silage-haylage-concentrate type of feed was 

determined to be 77.94 ± 0.99 nmol/l. The cadmium concentration of 101.20 ± 3.17 nmol/l was found in 

cows feeding the silage-hay type of feed. Similarly, the lead concentration was recorded 4.63 ± 0.37 μmol/l 

in cows feeding a silage-haylage-concentrate type of feed, and 8.32 ± 1.65 μmol/l in cows feeding a silage-

root crops ration. At the same time, the process of accumulation of heavy metals in the body of dairy cows 

was observed. Cows feeding on the feeds having high concentration of pollutants confirmed in their blood a 

high concentration of Cd, Pb Cu and Zn. In particular, the concentration of Cd in the blood of dairy cows of 

the control group feeding on silage-root type of feed exceeded the permissible limit of Cd by 1.97 times. The 

same Cd concentration was 2.02 times to the permissible limit in cows feeding on silage-hay, 1.62 times in 

cows feeding on silage-haylage, and 1.56 times in cows feeding on silage-haylage-concentrate type feed. 

Likewise, Pb concentration in the blood was recorded 4.16 times, 3.27 times, 2.87 times and 2.32 times, 

respectively, to the permissible limit in the cows feeding on silage-root type, silage-hay, silage-haylage, and 

silage-haylage-concentrate feeds. These laboratory blood tests clearly indicate that the bodies of cows were 

experiencing a toxic shock as result of high concentrations of toxic heavy metals. 

 

The concentration of cadmium in the urine of cows of the control group ranged from 1.4 μmol/l among cows 

feeding silage-haylage-concentrate type of feed to 1.9 μmol/l among the cows feeding on silage-root crop. 

These concentrations of Cd exceed permissible limit by 2.13 times among cows feeding on silage-root crop 

type of feed, by 1.94 times among cows feeding on silage-hay feed, by 1.83 times among cows feeding on 

silage-haylage, and by 1.57 times among cows feeding on silage-haylage-concentrate. In the same fashion, the 

concentration of Pb in the urine of cows exceeded the permissible limit by 2.09 times among the cows feeding 

on silage-root crop type of feed, by 1.64 times among the cows feeding on silage-hay feed, by 1.41 times 

among the cows feeding on silage-haylage feed, and by 1.55 times among the cows feeding on silage-haylage-
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concentrate. The Cd transferred from blood to urine averaged from 1.7% to 2.0%, and Pb from 5.4% to 7.3%. 

It means the removal of heavy metals from the cows’ body through the urine is negligible. The likelihood of 

the removal of heavy metals through the urine without the use of specific antidote substance was unlikely. 

Therefore, distributed throughout the body of cows, the pollutants accumulate in various organs and tissues, in 

particular, the liver, kidneys, spleen, muscles and bone tissues. These pollutants excrete through the milk. 

Similarly, other elements like Cu and Zn are recorded. Thus, chronic intoxication of animals was observed 

as confirmed by the results of the experiments. The analysis of Cd, Pb, Cu and Zn showed that not only 

the milk is contaminated by these heavy metals, but also the muscle tissues and internal organs have 

deposits. The process of neutralization and elimination of heavy metals goes on in these tissues and 

organs. The highest accumulation of heavy metals was observed (in descending order) in kidneys, 

muscles, liver, lungs, spleen, heart and bones. 

 

Table 3: Mineral elements and heavy metals in milk of cows at the end of the research period (M ± SD) 

Animal feeding 

type 

Mineral elements 

(mg) per kg of milk 

Cow groups 

1st control 2nd experiment 3rd experiment 

Silage-root Copper, mg/kg 2.47 ± 0.38 0.31 ± 0.14 0.29 ± 0.09 

Zinc, mg/kg 7.06 ± 0.32 6.01 ± 0.27 4.32 ± 0.84 

Cadmium, mg/kg 0.087 ± 0.008 0.031 ± 0.005 0.018 ± 0.002  

Lead, mg/kg 1.835 ± 0.093  0.614 ± 0.085 0.014 ± 0.003 

Silage-hay Copper, mg/kg 2.54 ± 0.42  0.57 ± 0.26  0.32 ± 0.06  

Zinc, mg/kg 9.93 ± 0.72  6.14 ± 0.56  4.17 ± 0.62 

Cadmium, mg/kg 0.09 ± 0.085  0.031 ± 0.008 0.011 ± 0.003 

Lead, mg/kg 1.641 ± 0.253  0.515 ± 0.064 0.027 ± 0.012 

Silage-haylage Copper, mg/kg 2.36 ± 0.39 0.28 ± 0.09 0.27 ± 0.15 

Zinc, mg/kg 7.93 ± 0.23 4.02 ± 0.16 3.51 ± 0.39 

Cadmium, mg/kg 0.068 ± 0.017  0.017 ± 0.004 0.012 ± 0.002 

Lead, mg/kg 1.734 ± 0.148 0.016 ± 0.004 0.014 ± 0.004  

Silage-

haylage-

concentrate 

Copper, mg/kg 2.63 ± 0.42 0.34 ± 0.12 0.35 ± 0.17  

Zinc, mg/kg 8.74 ± 0.40  4.97 ± 0.30 3.87 ± 0.20  

Cadmium, mg/kg 0.053 ± 0.019 0.024 ± 0.009 0.014 ± 0.004 

Lead, mg/kg 1.794 ± 0.165 0.331 ± 0.064 0.032 ± 0.008  

Note: The degree of reliability in comparison with the data of the control group is P <0.01; n = 5. Physiological 

permissible limit, according to Mamenko et al. (1997) and Levchenko et al. (2002), for cadmium is 0.03 

mg/kg, for lead is 0.1 mg/kg, for copper is 0.26-0.25 to 1 mg/kg, and for zinc is 3.0-5.0 mg/kg. 

 

The premixes developed by the authors are adapted to the actual diets of the cows. During the balancing of 

rations, deficit in essential macro- and micro-elements in the forages of the main diet of cows was investigated 

in all four experiments. At the same time, the content of heavy metals Cd, Pb, Cu, Zn in some feeds included in 

the diet exceeded the maximum permissible limits. Based on this, all diets are maximally balanced in terms of 

the composition of macro- and micro-elements, considering the mechanism of absorption and the movement of 

heavy metals, especially Cd and Pb, in the body of animals. In the premixes, antagonists of the ecotoxicants 

were included in an amount sufficient to block its absorption by the gastrointestinal tract. The introduction of 

vitamins into the premix helped restore the homeostasis of the cows and improve the functioning of organs and 

systems affected by the oligodynamic action of heavy metals. As a result, things were managed to achieve a 

positive effect and to reduce the content of heavy metals in milk of cows in all the farms for optimal milk 

quality and animal productivity. The decrease in the Cd content in milk of dairy cows feeding silage-haylage-

concentrate was 0.053 ± 0.019 mg/kg in the control group, 0.024 ± 0.009 mg/kg in the second experimental 

group, and 0.014 ± 0.004 mg/kg in the third experimental group; and, likewise, Pb was 1.794 ± 0.165 mg/kg, 

0.331 ± 0.064, and 0.032 ± 0.008 mg/kg, respectively (p <0.01), in control group, second group and third group 
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of cows (Table 3). At the same time, the maximum permissible concentration of cadmium content, according to 

the DSTU 3662-97 standard, is set at 0.03 mg/kg, and that of lead at 0.1 mg/kg. EU Regulation No. 1881/2006 

fixed maximum permissible limit at 0.02 mg/kg for Cd, at 0.26-0.35 for copper, and at 3-5 mg/kg for zinc. 

Table 3 also shows the total content of mineral elements, including heavy metals, in the milk of experimental 

cows feeding different types of animal feeds. 

 

a 

 
b 

  
Figure 1: Diagram of mean values (a) and quartile diagram (b) of Cd quantities in blood (nmol/l) of cows 

of three experimental groups feeding on silage-root crops type of feed 
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a 

 
b 

  
Figure 2: Diagram of mean values (a) and quartile diagram (b) of Cd content in urine (μmol/l) of cows of 

three experimental groups feeding silage-root crops type of feed 

 

Table 4 shows the average daily milk yields of experimental cows kept in agroecosystems located around 

the industrial city of Kharkiv. 
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The antidote mineral-vitamin premix MP-A in the feeds of cows in the second experimental group 

contributed to a slight increase in milk productivity - on average by 1.3–1.7 times. It was most effective 

among the cows feeding on silage-hay type of feed, where milk productivity increased 1.6 times compared 

to the first control group (P <0.001). Increase in dairy productivity of cows after feeding the foods having 

mineral-vitamin premix can be, in ascending order, as follows: silage-root (1.3 times), silage-hay-

concentrate (1.3 times), silage-hay (1.4 times), silage-hay (1.6 times). The main feeding rations of animals 

were expected to produce at least 4,500 kg per lactation, the average daily output of 14 kg. Productivity of 

cows less than 4,500 kg per lactation is simply unprofitable. Supplementation of the main diet with a 

specially developed antidote mineral-vitamin premix MP-A contributed to a remarkable increase in milk 

production from 3,477 kg to 4,426 kg per lactation in the first (control) group, from 5,444 kg to 5,999 kg 

in the second experimental group of cows. Subcutaneous injection of the BP-9 (a biological product) 

significantly enhanced the antitoxic effect of the mineral-vitamin premix on toxic metals in the animal 

body in the third experimental group, wherein milk productivity increased by an average of 1.3–1.7 times. 

The most effective complex application of the premix and biological product (BP-9) was noticed among 

the cows of the third experimental group feeding on silage-hay type of feed. Milk productivity increased 

by 1.7 times in third experimental group compared to the first (control) group (P <0.001). After the 

complex application of the mineral-vitamin premix MP-A and biological product (BP-9), the milk 

productivity of animals by type of feeding can be presented as follows (in ascending order): silage-root 

(1.3 times) → silage-haylage (1.5 times) → silage-haylage-concentrate (1.6 times) → silage-hay (1.7 

times). The applied technological method contributed to the increase of milk production to an average of 

5,697–6,899 kg per lactation in the third experimental group. 

  

Table 4: Productivity of cows during research (М ± SD) 

Indicators Feeding type 

Silage-root Silage-hay Silage-haylage Silage-haylage-

concentrate 

1st 

control 

2nd 

exper-

iment  

3rd 

exper-

iment 

1st 

control 

2nd 

exper-

iment  

3rd 

exper-

iment 

1st 

control 

2nd 

exper-

iment  

3rd 

exper-

iment 

1st 

control 

2nd 

exper-

iment  

3rd 

exper-

iment 

Average 

daily milk 

yield, kg 

per head 

14.31 

± 0.74 

17.85 

± 0.89 

18.68 

± 1,03 

11.40 

± 0.61 

18.41 

± 0.70 

19.62 

± 1.11 

14.04 ± 

0.61 

19.67 

± 0.84 

21.65 

± 0.73 

14.51 ± 

0.67 

19.33 

± 0.92 

22.62 ± 

0.70 

 

Thus, by using mineral-vitamin premix BP-A and biological product (BP-9) together, it is possible to 

significantly increase the excretion of heavy metals from the body of dairy cows in the second and third 

experimental groups in all farms having different types of animal feeding. The rate of transition of Cd 

from blood to urine averaged in the second experimental group from 3.9% to 9.5% and Pb from 37.7% to 

103.5%. Similarly, in the third experiment group, this conversion of Cd and Pb were from 7.1% to 12.7% 

and from 70.7% to 144.1%, respectively. Thus, the combined effect of the mineral-vitamin premix and 

biological product gave a better result enhancing the excretion of heavy metals from the animal body than 

the effect of the mineral-vitamin premix alone. The transition of toxic metals from blood to urine (Table 

2) is 1.8-4.5% for Cd and 11% for Pb. Increased renal excretion of cadmium and lead may be an evidence 

of increased metal content in animals due to its unprecedented intake with dietary food, and rapid 

absorption into the bloodstream through the gastrointestinal tract. Increased milk productivity of cows, 

i.e., 6,000-7,000 kg per lactation, due to supplementation of feeding rations with a special mineral-vitamin 

premix MP-A partially succeeded. However, additional subcutaneous injection of biological product (BP-

9) in the third experimental group enhanced the antitoxic effect of the mineral-vitamin premix, which 

ultimately affected animal productivity. However, it was not possible to increase the productivity of cows 

to 
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7,000-9,000 kg per lactation, which obviously requires the use of additional zootechnical measures. The 

use of mineral-vitamin premix and BP-9 injection are the factors that not only determined the productivity 

of animals, but during the experiment, it also became possible to significantly increase the excretion of 

toxic metals from cows, and, at the same time, produce environmentally friendly high-quality milk, 

meeting domestic and international quality standards (Table 3).  

 

Discussion 
 

Anthropogenic impact on agroecosystems surrounding industrial cities, including from the intensification 

of conventional farming (using excessively the pesticides, mineral fertilizers), unfortunately, is increasing 

in different countries of the world (Bigalke et al., 2017). The ingress of heavy metals into the soil can lead 

to the accumulation of its undesirable concentrations in agricultural land. It endangers soil fertility. These 

pollutants, such as cadmium and lead, are transferred from the soil to the plants used for animal feed. In 

this way, the heavy metals are included in the diet comprising any type of feed and complicating the 

production of high acid milk. An increased concentration of cadmium and uranium was observed in the 

upper fertile soil layer of agricultural land after applying the phosphorus fertilizers and sludge from the 

wastewater (Bigalke et al., 2017). Bigalke et al. (2017) investigated more than 216 agricultural land plots 

in different regions of Switzerland, where mineral fertilizers became the dominant source of heavy metal 

pollution influenced by atmospheric precipitation (Bigalke et al., 2017). 

 

Heavy metals are divided into three categories: toxic (e.g., lead and cadmium), conventionally non-essential 

(e.g., nickel) and essential (e.g., copper, zinc and chromium). Today, out of 92 elements found in the nature, 

81 are found in the human body. At the same time, 15 (Fe, I, Cu, Zn, Co, Cr, Mo, Ni, V, Se, Mn, As, F, Si 

and Li) are recognized as vital, that is, essential or non-essential. However, they can have a negative effect 

on plants, animals and humans if the concentration of their available forms exceeds the permissible limits. 

Cd, Pb, Sn, Rb are considered conditionally necessary, because, most likely, these elements are not very 

important for plants and animals and are hazardous to human health even at relatively low concentrations 

(Lu et al., 2013). There are number of biogeochemical studies on trace elements exhibiting the toxicity in 

animals and plants. For example, Gribovsky (2000) analyzed the nickel’s toxicity in animals in the regions 

polluted by industrial emissions and discharges. It was found that excessive intake of nickel into the body of 

animals leads to the damage to the gastrointestinal tract, liver, heart, blood vessels, brain, retina, etc. Nickel 

has been insufficiently studied from an ecological and physiological point of view. Similarly, cadmium’s 

range of tolerance by animal body is not known. Much of the studies are devoted to the pathogenic effect of 

this heavy metal, like many others, primarily as a feed contaminant. However, due to the rapid development 

of industry and global technogenic pollution of the environment, diseases caused by heavy metals of 

industrial origin began to attract the attention. Already, in many regions of the world, the environment is 

becoming more and more chemically "aggressive". In recent decades, the main orientation of ecological 

research has been on the territories of industrial cities and the adjacent lands (Patra et al., 2008; Lu et al., 

2013), which is in tune with the present research. Many scientists have found that the influence of heavy 

metals is quite diverse and depends on their concentration in the environment and the degree of its necessity 

for microorganisms, plants, animals and humans.  

 

Cadmium exhibits toxic effects on a number of organs and systems, including the cardiovascular, 

reproductive, excretory (especially kidneys, liver), respiratory, musculoskeletal system (causing 

osteodystrophy), hematopoiesis, etc. (Gutyj et al., 2016). The most toxic effects include the carcinogenic 

and mutagenic effects of Cd (Gutyj et al., 2016). There is a large amount of literature on the effect of acute 

and chronic forms of cadmium toxicosis in humans and experimental animals (Gutyj et al., 2016; Salvatori 

et al., 2004). The results of many studies indicate significant differences in the metabolic effects of one-

time high doses and long-term exposure to low doses of cadmium. The intoxication of the animal body 

with cadmium compounds causes anemia, disruption of the immune system and other disorders including 
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hematopoiesis (Gutyj et al., 2016). According to Neathery and Miller (1975), up to 50% of the cadmium, 

lead and mercury accumulate in the kidneys and liver of animals. This research has found 38% of the 

cadmium precisely accumulated in the kidneys and liver. 

 

It is worth noting that the acute form of cadmium toxicosis, sometimes with a fatal outcome, rarely occurs 

today, but the syndrome of the chronic form of toxicosis is observed more often. Gutyj et al. (2016) have 

reported this in their works. Clinical signs of chronic animal poisoning are accompanied by a sharp 

decrease in feed intake, a decrease in body weight, a slowdown in animal growth, impaired renal function, 

proteinuria, liver dysfunction, anemia, and an increase in neonatal mortality. 

 

By developing and introducing antidote vitamin premix ‘MP-A’ substances, the objective was not only to 

achieve an increase in the excretion of toxic heavy metals, such as cadmium and lead, from the body of 

dairy cows but also to test the effectiveness of the premix preparation in homeostasis of animals through 

the scientific experiments. Biopreparation "BP-9" is an extract from a bunch of medicinal plants with 

biologically active substances that are safe for the body, in contrast to the long-known synthetic 

preparations such as unithiol. To produce the biological product "BP-9", nine medicinal plants were used, 

viz. Chinese magnolia vine, medicinal chamomile (pharmacy, peeled), Eleutherococcus prickly, medicinal 

sage (pharmacy), common barberry, alfalfa, kidney tea, sea buckthorn, and buckthorn. 

 

Most of the medicinal substances can penetrate cell membranes through passive transport or through 

active special transport systems. Fat-soluble substances penetrate the membranes through passive 

diffusion. The transport intensity is directly proportional to the concentration of the substance in the 

membrane and the fat-water distribution coefficient. Non-polar and polar substances, poorly soluble in 

lipids, penetrate through water pores (filtration) due to the existence of a hydrostatic and osmotic potential 

difference on both sides of the membrane. 

 

Each medicinal plant e.g., Chinese magnolia vine or common barberry, which was included in the 

composition of the biological product, has its own biological role. Chinese magnolia vine extract protects 

the liver, kidneys, spleen, heart and lungs from the toxic effects of heavy metals, in addition, it reduces the 

negative carcinogenic processes in the mammary gland associated with the migration of cadmium and 

lead into the blood and milk. It also prevents the oxidation of lipids in liver. Similarly, the 

Eleutherococcus extract helps protect the animal body from hazardous influence of heavy metals, 

including Cd, Cu, Pb and Zn, which is also confirmed from the results of this research. It activates the 

intensity of the removal of pollutants (Cd, Pb, Cu, Zn) from blood, milk, internal organs and body 

systems. It normalizes blood pressure, immuno-stimulating action, resistance to stress and a stimulating 

effect on the adrenal glands. It contributes to the restoration of the metabolism of mineral substances in 

the body, simultaneously, increasing the body's resistance to various diseases, including of viral origin. 

The extract of kidney tea helped increase the excretion of cadmium, lead, copper and zinc, as confirmed 

by these experiments. It effectively counteracted the development of proteinuria, the restoration of the 

functioning of the renal tubules and glomeruli of nephron in the kidneys, prevented degenerative changes 

in this important organ during intoxication. The common barberry was 12% of the total composition of 

biological product, which contained high ratio of vitamins C and E, carotene, malic and citric acids, which 

support the normal functioning of the Krebs cycle. According to Embaby and Afifi (2016), ascorbic acid 

is one of the water-soluble antioxidants and has a protective function against Cd-induced histological 

changes (cytotoxicity) in the liver, kidneys, lungs, and bone marrow. Fat-soluble vitamin E is one of the 

most important ingredients having antioxidant factors. Vitamin E protects the tissues from oxidative 

stress, performs various physiological functions, including a free radical scavenger. It prevents lipid 

peroxidation, hepatoprotector of the liver from biochemical disorders, histological changes because of 

exposure to heavy metals (Al-Attar, 2011). It acts as anticarcinogenic and anti-thyroid remedy. Choleretic 

and diuretic properties strengthen the antidote effect of the preparation "BP-9".   
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The renal pathway for the elimination of heavy metals from the body is rather complex and dynamic 

process. An increase in the content of toxic metals in urine in most of the cases causes biochemical and 

clinical changes. At the same time, the excretion of elements is a regulating mechanism to maintain 

constant concentration in the body. This study has shown that, with prolonged chronic intake of heavy 

metals into the body, their content in biological substrates increases. That is, over time, the pathological 

effect of heavy metals on cellular metabolism increases, which causes damage to the morpho-functional 

structure of the kidneys and, if appropriate measures are not taken, then over time, this will lead to 

pathological conditions and kidney diseases. 

 

If, in accordance with the results of this research, these metals are placed in a row of elimination activity 

with urine output conforming the value of the transition index. Considering the action of the mineral-

vitamin premix and the biopreparation, the form obtained in the second and third research groups is Pb → 

Cu → Zn → Cd. It means that the magnitude of the transition is different for metals having different 

biological activity, and it characterizes the body as a self-regulating system, upon entering which the toxic 

metals are intensively excreted. It is observed that enhancing the excretion of the most dangerous element 

of cadmium through the urine was not successful. However, other metals, especially lead, were 

successfully removed. Lead is no less dangerous toxicant. Most intensively, Cd passed 9.5% and 12.7%, 

respectively, from blood to urine in the cows of the second and third experimental groups feeding silage-

haylage-concentrate type. The same Cd conversion was 7.3% and 9.5%, respectively, among the cows of 

second and third experiments feeding on silage-haylage, and 6.6% and 9.4%, respectively, feeding on 

silage-hay. Those feeding on silage-root crops had this Cd conversion to 3.9% and 7.1%, respectively. On 

average, this Cd conversion ranged from 3.9% to 12.7%, which is a significant result for such an adverse 

ecological state of agroecosystems. It ultimately leads to clean production of environmentally friendly 

milk. A significant transition of Pb occurs from blood to urine in cows of the second and third 

experimental groups. It is 103.5% and 144.1%, respectively, among the cows feeding the silage-hay-

concentrate type feed. The same was greater among the animals feeding silage-hay, and was 37.7% and 

113.8 %, respectively, for second and third experimental groups. The conversion of lead among cows 

feeding silage-haylage was 81.6% and 94.1%, respectively, in second and third experimental groups. 

Again, the Pb conversion for animals feeding the silage-root type of feed was 42.1% and 70.7%, 

respectively, in second and third experimental groups. On average, the Pb transition ranged from 42.1% to 

144.1%, which is a typical result for agroecosystems where the level of Pb contamination is much higher 

than that of Cd. Among all farms, the cows feeding the silage-haylage-concentrate type of feed ate fodder 

with 7.3 times higher lead content. In the absolute terms, the transfer of Pb from blood to urine was 

actually 10 times higher than that of Cd (3.9% Cd versus 42.1% Pb in second experimental group, and 

12.7% Cd versus 144.1% pb in third experimental group). At the same time, remarkably high-quality 

(ecologically safe) and biologically complete milk is produced. It corresponds to GOST 3662-973, and in 

terms of lead content, bacterial contamination, and the somatic cell count4, it conforms the EU Regulation 

No. 853/2004 and No. 1881/2006. 

 

In addition, the elements such as copper and zinc reduce renal excretion. In cows of the control group, the 

transition of Zn from blood to urine averaged 3.5%-5.3%, and in animals of the second and third 

experimental groups, on average, it was from 10.5% to 35.7%, having average of 7-30.4%. So, the 

mineral-vitamin premix and the biopreparation perform their protective function, including to increase the 

excretion of this essential element from the body through the urine (P <0.01) when it is consumed 

excessively with the feed. The biological product used in the third experimental group of cows feeding 

 
3GOST refers to a set of technical standards maintained by the Euro-Asian Council for Standardization, Metrology and 

Certification (EASC), a regional standards organization operating under the auspices of the Commonwealth of Independent States 

(CIS). For further information, see https://en.wikipedia.org/wiki/GOST  
4https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/somatic-cell-count  
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silage-hay type of ration did not actually affect the transfer of Zn from blood to urine compared to the 

second experiment group where only the mineral-vitamin premix was used. The transition of Zn was 

34.5% in the second experiment group and 35.7% in the third experimental group, with the insignificant 

difference of 1.2%. A similar situation occurred for Cu. Its transition from blood to urine averaged 3.0%-

3.6% in cows of the first control group, and in animals of the second and third experimental groups it was 

10.2% and 25.2%, respectively. Likewise, in cows feeding silage-hay type of feed, the injection of the 

biological product "BP-9" did not significantly affect the increase in the transition of Cu from blood to 

urine. In the second experimental group, the transition was 16.4%, and in the third experimental group, it 

was 16.6 %, with difference of 0.2% only. The protective properties of the applied antidote substances 

protect the animal body from excess of Cu, which is confirmed by the results obtained in the second and 

third experimental groups where the Cu transition was 16.4% and 16.6%, respectively, compared to the 

control group having 3.2% transition, on an average of 13% with a high probability of excretion of the 

element through the urine (P <0.01). 

 

The test cows feeding on the silage-root ration ate the feed having highest level of Cd contamination. In 

the experiment, a stable tendency was achieved to increase the excretion of this mineral element in the 

urine (P <0.01), thereby reducing its accumulation in the body of animals. Feeding the mineral-vitamin 

premix and subcutaneous injection of the biological product ensured the transition of Cd from blood to 

urine at a low level among all four experiments. It is amounted to 3.9% in the second experimental group 

and 7.1% in the third experimental group, which requires further analysis or the development of new and 

more effective antidotes. In general, the result obtained is an important scientific achievement. 

 

The high concentration of heavy metals in the feeds migrate rapidly into the milk output. As a result, milk 

produced in the breast has an increased content of Cd, Pb, Cu and Zn, which are accumulated in the 

alveoli, ducts and cisterns (Mamenko and Portiannyk, 2020). At the same time, the capacity of the udder, 

which depends on these cavities, is important. From the upper alveolar parts, the milk passes into the tank 

due to the contraction or relaxation of the muscle fibers. This process is controlled by the nervous system. 

The process of milk production is significantly influenced by excessive loading of cows with heavy 

metals, especially Cd and Pb (Mamenko et al., 2010; Portjannik, 2002; Portjannik et al., 2003). These 

elements are able to block the normal functioning of the body's nervous system. The accumulation of 

pollutants in the internal organs and muscle tissues can subsequently adversely affect the formation of 

milk, its secretion, and, consequently, the milk productivity of animals. Important for the formation of 

milk in the breast is the diet and set of feeds. A balanced diet with a high content of succulent foods 

contributes to the intensive accumulation of milk in the breast, which reflexively affects the cavities of the 

alveoli, ducts and cisterns. By relaxing the walls of the udder cavities, its capacity increases, and thus the 

ability to hold more milk. Double milking, which was used in all experimental farms before the animals 

were tested, did not promote the development of the capacitive function of the udder of cows, which is 

disrupted by toxic metal intoxication reducing subsequently the animal productivity. From the beginning 

of the experiment, all animals were transferred to triple milking, which contributed to the intensification of 

the milk production process. This process is uneven. In the first hours after milking, the milk synthesis 

was more intense; and with increasing time from the last milking, the milk production declined. Ivanov 

and Obuhov (1985) show that cows of black-spotted dairy breed are characterized by more intensive milk 

production. In the first 6 hours after pre-milking from the beginning of lactation, 1-1.2 liter of milk was 

formed per hour, and after 10-12 hours only 0.61-0.65 liter per hour was formed. On the attenuation of 

lactation, visible milk production almost stops at 10 hours after pre-milking. In some cows having milk 

yield of more than 5,000 kg of milk per lactation, during their transfer from triple milking to double 

milking, the yield decreased by 40%; while returning to the previous triple milking regime, it was 

restored. Several scientists (Bucjak, 2002; Bucjak, Kravcіv and Bucjak, 2005; Bucjak, Cherevko and 

Suhors'ka, 2010; Gribovsky, 2000; Gutyj et al., 2016; Neathery and Miller, 1975; Savchenko, Savchuk 

and Savchenko, 2013; Savchenko, 2011; Zasekin, 2000) proved the negative impact of heavy metals on 
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various organs: liver, kidneys, spleen, lymphatic system, nervous system, enzymatic production, hormonal 

system and circulatory systems. Heavy metals affect the secretion of the oxytocin hormone, as the nervous 

irritation of the peritoneal area causes the transmission of nerve impulses to the spinal cord. So, one part 

of the signals is sent to the brain and the other to the breast. In response to these signals, the back of the 

pituitary gland secretes this hormone, which appears in the blood after 20-30 seconds and reaches the 

breast with the flow of blood helping to contract the muscle cells that surround the alveoli and small 

tubules. Such reflex actions can be partially blocked by exposure to excessive concentrations of Cd and Pb 

in the body, which is confirmed by the presence of these elements in milk (Table 3). Transfer of oxytocin 

from the blood to the udder is inhibited. Morpho-biochemical analysis of blood showed an excess of 

heavy metals, as well as several other negative physiological changes in the body of dairy animals. In 

case, this system fails, the alveoli are compressed weakly, the tubules contract slowly, and their cavity 

does not increase. Thus, there are no favorable conditions for milk to enter the ducts of the gland.  

 

Since the trace elements like iron, selenium, molybdenum, boron, calcium, chromium, fluorine, sodium, 

lithium, iodine, silicon, manganese, copper, zinc, nickel, vanadium, bromine, cobalt, cadmium and lead, 

and vitamins (A, C, B, PP, E, K, F) are essential, with the help of the injection of the biological product 

"BP-9" it was managed to enhance the anti-toxic effect of the mineral-vitamin premix "MP-A" in the 

tissues, organs and systems of intoxicated cows. The composition of mineral-vitamin premix and 

biological product is described already. Included in the "MP-A" premix, selenium performed an important 

function. Being a part of amino acids (selenomethionine and selenocysteine), proteins and enzymes 

(glutathione peroxidase), it prevents the toxic effects of peroxide radicals on cells. Glutathione peroxidase 

destroys not only hydrogen peroxide, but also peroxide compounds formed as a result of the oxidation of 

unsaturated fatty acids. This process is disrupted by Cd and Pb leading to an increase in the amount of 

under-oxidized products. The key role of selenium and zinc in the prevention of cadmium neurotoxicity 

has been proven (Branca et al., 2018). 

 

Subcutaneous injection of the biological product "BP-9" developed by authors, made from an aqueous 

extract of 9 medicinal plants, with a daily dose of 20 ml per head per day applied in all four experiments, 

positively influenced the urinary excretion of ecotoxicants Cd and Pb. The bioproduct maximized 

preservation in the body of dairy cows of essential macro- and micro-elements, including Cu and Zn, with 

varied animal feeds. Anti-inflammatory and antitumor properties of the biopreparation, decreased 

neurotoxicity of cadmium and lead, and hepatoprotective effect actually increased the excretion of heavy 

metals through the urine, thereby, reducing the contents of toxicants in the liver, kidneys, spleen, and other 

internal organs and tissues, including muscle tissues (P <0.01). The usage of extracts of medicinal plants has 

been proven by the studies of scientists. For example, the leaf extract of the perennial evergreen betel nut 

(Piper betie) was studied by Prabu, Muthumani and Shagirtha (2012). The extract showed a good protective 

effect against cadmium-induced oxidative liver damage in experimental rats. There are also known methods 

for removing cadmium from the body of experimental animals using betulinic acid, a natural pentacyclic 

triterpenoids found in the bark of some plant species, in particular, birch (Betula pubescens). Betulinic acid 

has anti-inflammatory and antitumor properties. It increases the excretion of cadmium from the liver and 

kidneys (Fan et al., 2018). A positive result on Cd and Pb intoxication was shown by an aqueous solution of 

tannic acid, which contains an extract of many plants (Winiarska-Mieczan, 2013), and an extract from 

mangosteen (an evergreen tree Garcinia Mangostana) relieves lead-induced neurotoxicity (Phyu and 

Tangpong, 2014). The hepatoprotective properties of royal jelly neutralizing cadmium intoxication in rats 

were studied preventing oxidative stress, inflammation and liver damage (Almeer et al., 2018). Bilberry 

(Vaccinium corymbosum L.) extract and anthocyanins isolates also have a protective, therapeutic effect 

against Cd intoxication at the level of metal-chelating complexes (Gong et al., 2014). 

 

Physalis peruvian or cape gooseberry of the Solanaceae family was used in experiments that completely 

changed the histopathological state of liver and kidney tissues. Its good hepatorenal protective role was 
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proved with lipid peroxidation decreased (Dkhil et al., 2014). In the organs and tissues of cows of the 

second experiment group, where the biological product was not used, and of the first control group, the 

highest content of the heavy metals was recorded. It proves the accumulating effect of pollutants. On the 

other hand, the extent of elements in the organs and tissues of animals of the second experiment group 

tended to gradually decrease due to the mineral-vitamin premix "MP-A" (P <0.01) having blocking effect 

on toxicants in the gastrointestinal tract. The organs of increased contamination of heavy metals were 

kidneys and liver (P <0.01). Ukrainian scientists carried out research on feeding various feed additives 

into the diet, which played the role of a kind of adsorbent of heavy metals (Kurlyak, 2011; Savchenko, 

Savchuk and Savchenko, 2013; Papaioannou et al., 2005). They blocked the absorption of elements at the 

level of the gastrointestinal tract. In particular, they fed dairy cows of the black-and-white breed with the 

natural zeolite mineral from the Sokyrnytsia deposit, which has absorption, ion-exchange, catalytic and 

other unique properties when existing as pollutant in agroecosystems. It positively affects the 

physiological state, productivity of animals with 14.6% increase of yield, and the production of 

environmentally friendly milk free from lead content (Kurljak, 2011). Feeding animals with diet having a 

pectin preparation made from waste of the wine industry ensures the removal of mercury from the sheep's 

body. The same pectin preparation together with fodder beets given to fattening pigs helps reduce the 

negative effect of cadmium on the productivity of animals and its transformation into muscle tissue. In 

order to increase the elimination of lead, copper, zinc and iron, it is recommended to feed the cows daily 

for 45 days 500 ml of decoction of licorice root (Kurlyak, 2011; Savchenko, Savchuk and Savchenko, 

2013; Papaioannou et al., 2005). Moreover, the intensity of the transition of heavy metals into livestock 

products is reduced by the introduction of additives into the diet of animals that adsorb and inhibit their 

absorption in the gastrointestinal tract reaching the blood. For example, saponite, glauconites, trapels, 

complex additives and heterosorbents (such as Belosorb – a polymer of natural origin made of cellulose) 

bind heavy metals, thereby, weakening their toxic effect on the body of animals, while positively affecting 

metabolic processes in the microbial ecosystem of the rumen. It has been experimentally proven that the 

use of zeolite in the diet of dairy cows helps reduce lead in milk by 56.8%, cadmium by 22.6%, and 

mercury by 50%, and, simultaneously, having a positive effect on productivity (Kurlyak, 2011; 

Savchenko, Savchuk and Savchenko, 2013; Papaioannou et al., 2005). The most promising means of 

preventing the migration of heavy metals in the trophic chain are complex compounds and enterosorbents, 

which do not exhibit toxic effects on the body and, significantly, limit the absorption of heavy metals in 

the gastrointestinal tract (Papaioannou et al., 2005; Savchenko, Savchuk and Savchenko, 2013).  

 

Side by side, methodology for the development of special anti-toxic mineral and vitamin premixes "MP-A" 

was tested, adapted to the actual feeding ration, introduced into the daily ration of dairy cows. Such mineral-

vitamin premixes are sold by a large number of enterprises in the market. Sometimes agricultural enterprises 

themselves have their own workshop for producing feed additives used by them. The anti-toxic effect of the 

premix is determined by the composition of mineral elements in an appropriate ratio. The vitamin group is 

aimed at maximizing the normalization of the physiological functions of animals intoxicated with heavy 

metals (especially Cd and Pb), and the added sulfur-containing amino acid acts as a chelating complex 

neutralizing the heavy metals. Along with the quality improvement, an increase in the milk productivity of 

animals (P <0.01) has been recorded, which averaged 17-22 kg per day in cows of the second and third 

experimental groups compared to the control group having 14 kg per day (P <0.01). The antidote mineral-

vitamin premix MP-A and injection of biological product BP-9 with triple milking contributed to improved 

milk production. The secretory activity of mammary glands has also increased on average by 1.6 times, 

which allowed to achieve milk production of 5,697-6,899 kg per lactation (P <0.001). 

 

Conclusions 
 

The excretion of heavy metals from the urine of dairy cows indicates its load on the animal body. Heavy 

metals are consumed with feed exceeding the maximum permissible concentrations of the toxic elements. 
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The health of dairy cows has been recovered by using a special antitoxic mineral and vitamin premix used 

along with an injection of a biologically active preparation. These two antidote products were tested on 

dairy cows exposed to heavy metals having contaminated the agroecosystems near industrial city of 

Kharkiv. The antidotes enhanced the elimination of heavy metals (Pb, Cu, Zn and Cd) through the urine 

from intoxicated animals. The antidote effect of the mineral-vitamin premix and the biological product 

cumulatively had a positive effect on the renal excretion of Cu and Zn from the body without sacrificing 

the health of cows, while restoring its homeostasis, improving the quality and environmental safety of 

milk produced, and enhancing milk productivity of animals to 6,899 kg per lactation. 

 

Further research is aimed at developing antidote substances that can contribute to the increased excretion 

of dangerous heavy metals, such as Cd and Pb, from the body of animals through the urine., It needs also 

to maximize the retention of essential elements in accordance with the physiological requirements, to 

contribute to the improvement of milk yield to 7,000-9,000 kg per lactation. 
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	Study design - 1a: a. The experimental population was divided into three groups: the first control and the second and third research groups. The results obtained in the second and third experimental groups were compared with the results of the first control group of animals.
	Study design - 1b: b.Cows of all groups were fed feed with the content of heavy metals Cd, Pb, Cu, Zn above the established maximum permissible concentrations. Animals of the second experimental group received an additional special antitoxic mineral-vitamin premix "MP-A", and the third – a premix and subcutaneous injection of the biological product "BP-9", which includes an extract of nine medicinal plants. The experiments were conducted in four farms that specialize in the production of cow's milk.
	Sample size - 2a: a. For the first experiment, 126 cows with silage-hay-concentrate type of feeding were selected, ie 42 animals in each group; the second - 63 animals with silage-haylage - in each group of 21 cows, the third - 36 heads with silage-root - in each group of 12 heads and in the fourth - 195 with silage-hay type of feeding, where in each group there were 65 goals respectively. A total of 420 dairy cows were used for the experiments. 
	Sample size - 2b: b. The sample size of animals for each experiment was determined by the kept livestock in agricultural enterprises to which the method of analogues by age, live weight, milk productivity, lactation period could be applied. Since the animals were selected for the experiment by the method of analogues, for laboratory tests of blood, urine, milk for the content of the studied pollutants were randomly selected from each group of 5 cows.
	Inclusion and exclusion criteria - 3a: a. Criteria for selection of dairy cows in the group for scientific and economic experiment were the same age, lactation period (4), live weight (500-545 kg); dairy productivity. 
	Inclusion and exclusion criteria - 3b: b. The groups did not include animals that had a high difference in live weight, cows that had significantly higher milk productivity, which could affect the results in terms of the effect of pollutants and antidotes on the average daily milk yield. Animals with the first, second and third lactation periods were not included. Sick animals were also not selected. All animals were examined by a veterinarian. Only healthy animals were involved in the experiment. 
	Inclusion and exclusion criteria - 3c: c. Since the animals were selected for the experiment by the method of analogues, for laboratory tests of blood, urine, milk for the content of the studied pollutants were randomly selected from each group of 5 cows. 
	Randomisation - 4a: a. All animals on the dairy farm, especially those involved in the experiment, were constantly under the control of a veterinarian and in case of changes in health associated with premix feeding or biopreparation, intoxication, etc., cows would be removed from the experiment, and the experiment is stopped. No such facts were established during the 120 days of the experiment. 
	Randomisation - 4b: b. Specialists and workers of the respective dairy farm were constantly involved in order to avoid obstacles, failures in experiments and to achieve the maximum "purity" of the experiment for sampling blood, urine, milk, carrying out decadal control milkings, weighing animals, etc. In particular, a veterinary paramedic, a zootechnician, milkmaids, and other pastoralists. 
	Blinding - 5: Regional and district heads of the veterinary medicine department, respectively the management and engineering and technical workers of the farms where scientific and economic experiments were conducted knew about the staging and conducting of the experiments. Management of the Kharkiv State Veterinary Academy, Head of the Department of Applied Ecology named after O.A. Kolesova Professor Mamenko O.M. 
	Outcome measures - 6a: a. No significant changes in the health of the experimental animals and their behavior during the experiment were detected. According to the external appearance, the animals of the second and third experimental groups had the best condition. Animals of these same groups were more lively, lively. 
	Outcome measures - 6b: b. To establish the correspondence of the obtained data to the law of "normal" distribution (Gaussian), we applied the Shapiro-Wilk's W test, which is considered the most powerful, especially in small samples (n <50) of independent groups. 
	Statistical methods - 7a: a. The analysis of the data was carried out taking into account the peculiarities of the results obtained in the study: the size of the sample and the type of distribution of the data, the nature of the variances. For each sample, the mean value of the characteristic in the sample (M) and the standard deviation (SD) were calculated, the estimate is given as M ± SD. Disagreements between mean values were considered statistically significant at P <0.05. The calculation was carried out using the STATISTICA software package version 10.0 for the Windows 7 operating system.
	Statistical methods - 7b: b. The Shapiro-Wilk's W test made it possible to determine the appropriate method for further analysis of the comparison of samples. Considering that the sample size is insignificant, the most effective way to apply the nonparametric analysis of variance Kruskal-Wallis (or H-test) (Kruskal-Wallis ANOVA).
	Experimental animals - 8b: b. Experiments were carried out on dairy cows of Ukrainian black and red-and-white dairy breeds.
	Experimental animals - 8a: a. The experiment was performed on cattle, in particular, dairy cows with 4 lactation periods, live weight 500-545 kg, average daily milk yield 14-15 kg. 
	Experimental procedures - 9a: a. Cows of all groups were fed feed with the content of heavy metals Cd, Pb, Cu, Zn above the established maximum permissible concentrations. Animals of the second experimental group received an additional special antitoxic mineral-vitamin premix "MP-A", and the third – a premix and subcutaneous injection of the biological product "BP-9", which includes an extract of nine medicinal plants. In the second and third research groups, the rations for feeding dairy cows developed by us were additionally balanced, adapted to the actual daily ration, with a special antitoxic mineral-vitamin Premix "MP-A". 
	Experimental procedures - 9b: b. The dose of administration of the preparation "BP-9" – 20 ml/day with the division of this norm into two, 10 ml each in the morning and at intervals of 12 hours in the evening. The frequency of administration of the preparation is 5 times a month, with an interval of administration – once every 6 days. The composition of the mineral-vitamin premix "MP-A" included the following mineral elements: P, Ca, Mg, S, Fe, Mn, Co, J, Se, etc.; vitamins: A, D, E, B2, B3 (niacin, PP), B4, B6, C, H (Biotin) and one of the sulfur-containing amino acids. Feeding the premix based on the introduction of 1% into the diet  was: for cows with silage-root crops and silage-hay type of feeding 250 g per head per day, silage-hay-concentrate - 290 g, silage- Hay - 255 g, respectively. 
	Experimental procedures - 9c: c. The experiment was conducted around the industrial city of Lubny in Poltava region during the stall period.  
	Experimental procedures - 9d: d. The experiment was conducted based on the results of ecological monitoring of agro-ecosystem pollution by heavy metals and the need to develop new effective environmentally friendly technological methods for the production of environmentally friendly high-quality cow's milk. 
	Results - 10b: b. The complexity of the experiment, the financial costs of laboratory tests, etc., as well as the general difficult economic situation in the field of dairy farming in Ukraine did not contribute to the re-conduct of a similar scientific and economic experiment in a particular region. experiments. 
	Results - 10a: a. The accumulation of Cd in the blood of test cows in control groups was on average from 77.94 to 101.20 nmol / L, Pb - from 4.63 to 8.32 μmol / L. The transfer of Cd from blood to urine was on average 1.7 to 2.0 %, Pb - 5.4-7.3 %. Elimination of heavy metal data from the body through the kidneys with urine is negligible and without the use of additional agents is unlikely. There was a chronic form of toxicosis. The applied antidote substances contributed to the exacerbation of heavy metal extermination from the body of animals and the restoration of its homeostasis. In other experimental groups of cows, the transfer of Cd from blood to urine averaged 3.9 to 9.5 %, Pb - 37.7-103.5 %, respectively, in the third - from 7.1 to 12.7 % Cd and 70.7-144.1 % Pb. The combined effect of the antitoxin premix and the biopreparation in the third experimental group of cows gave a better result of the removal of toxic elements from the body. 


