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ABSTRACT 
 

The most fundamental decision-making tool for sustainable soil nutrient management is the 
assessment of soil fertility in a region. During 2021, a soil fertility status inventory was prepared 
through National Innovations on Climate Resilient Agriculture (NICRA) project in Achyutadaspur 
village of Jagatsinghpur district, Odisha. A total of 125 surface soil samples were randomly 
collected from a depth of 0-15 cm with GPS locations and soil parameters like pH, electrical 
conductivity, organic carbon, available N, P, K, S, Zn, and B were evaluated using standard 
analytical procedures. GIS maps have been prepared using ArcGIS software based on the analysis 
report. The majority of the soil was found acidic around 62.4% area of the village, followed by 
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neutral soil pH in 33.6% area. The organic carbon status of the soil was found low in 79.2% area 
and medium in 20.8% area, available N was found low in 96% area and medium in 4% area, 
available P was found medium in 82.4% area and high in 17.6% area, available K was low in 27.2% 
area, medium in 64% area, and high in 8.8% area, and available S was found low in 37.6% area 
and medium in 62.4% area. Among the available micronutrients, Zn was found low in 79.2% area 
and medium in 20.8% area. Similarly, hot water extractable boron was found low in 92.6% area of 
the region and medium in 7.4% area. By adopting soil map based fertilizer recommendation with 
improved practices in the Achyutadaspur village, 17.92% yield was increased over farmers’ 
practices. The benefit cost ratio (B:C ratio) of rice was found to be 1.89 whereas 1.65 in farmers 
practices. 
 

 

Keywords: Fertility status; fertility maps; rice; yield; coastal area. 
 

1. INTRODUCTION 
 

Soil is critical factor for agriculture and it is the 
cradle for all crops and plants. It is the reservoir 
of nutrients that plays a crucial role for 
agricultural production [1]. In India, the soil 
resources accessible for agriculture are 
decreasing hence, optimized the exploitation of 
these resources is highly required for agricultural 
intensification. As a result, it is necessary to 
assess the fertility status of the soil on a regular 
basis in order to maintain the soil health [2]. 
Nutrient mining is an important threat in Indian 
agriculture since there is a large gap between 
nutrient addition and nutrient removal. In India, 
the nutrient loss rate is 10 million tonnes per year 
[3]. The one of the major reasons for reduced 
production is indiscriminate application of 
fertilizers without knowledge of soil fertility status 
and crop nutrient requirements, which has a 
negative impact on soil and crop in terms of 
nutrient toxicity and inadequacy [4]. Assessing 
the soil fertility status of a region is difficult to 
access and labour intensive due to presence of 
high spatial variability and heterogeneity [5]. 
Jagatsinghpur is coastal district of Odisha 
situated in the East and South Eastern Coastal 
Plain Agro Climatic Zone. Primary, secondary, 
and micronutrient deficiencies have been 
identified intensively in coastal areas. Farmers 
have been impelled to apply high amounts of 
chemical fertilizers due to rising food grain 
demand. Chemical fertilizer overuse is a severe 
danger to the sustainability of agricultural 
production. Soil test-based fertilizer 
recommendation and management is an 
excellent method for enhancing soil productivity. 
Achyutadaspur village is one of the coastal 
villages of Jagatsinghpur having venerability of 
water logging, soil salinity and flood. So, soil 
health management in such area is highly 
essential for sustainable crop production. 

Therefore, this village is selected as adopted 
village under National Innovations on Climate 
Resilient Agriculture (NICRA) project of KVK 
Jagatsinghpur. Keeping this in view, GIS based 
soil nutrient mapping of Achyutadaspur village 
has been carried out and necessary advisory has 
been given to the farmers at each cadastral level. 

 
2. MATERIALS AND METHODS  
 
The study was conducted in NICRA adopted 
village (Achyutadaspur) of Jagatsinghpur district 
of Odisha. The district is situated in East and 
South East Coastal Plain Agro Climatic Zone of 
Odisha between 19°58' to 20°23' North Latitude 
and 86°03' to 86°45' East Longitude and total 
geographical area of district is 1668 square km 
and geographical area of the village is 204 ha, as 
shown in Fig.1. 

 
Total 125 numbers of representative soil samples 
have been collected from the farmers field with 
the help of a soil auger for testing in KVK 
Jagatsinghpur soil testing laboratory. Surface soil 
samples within 0-15 cm depth were collected 
with geo-coordinates of the sampling location. 
The soil samples were mixed thoroughly and 
about 500g of composite soil samples were 
taken for analysis. First the samples were air-
dried, passed through 2 mm and 0.5 mm sieve 
and stored in properly labeled plastic bags for 
physical and chemical analysis. The prepared 
samples were analyzed for using standard 
analytical methods. Soil pH, EC and organic 
carbon were estimated by Jackson method [6] 
[7]. Available nitrogen was determined following 
Subbiah and Asija method [8]. Available 
phosphorus and potassium were determined by 
Bray and Kurtz [9]; Olsen et al. [10]. Available 
sulphur was determined by the procedure 
described by Massoumi and Cornfield [11]. 
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Fig. 1. Location map of study area 
 
Available Zn and B were determined by [12]                
and [13], respectively. The method involved                    
in analyses of soil samples is depicted in            
Table 1. 
 
Based on soil test results, a front line 
demonstration (FLD) was conducted in rice crop 
during kharif-2022 in the selected village 
(Achyutadaspur) of Jagatsinghpur district. The 
farmers’ practice was transplanting the rice 
variety Swarna in local check plot. The complete 
package of practice demonstrated in farmers’ 
field through FLD including improved variety, 
recommended seed rate, seed treatment, sowing 
method, fertilizer dose, weed management               

and plant protection which are presented in 
Table 11. 
 

3. RESULTS AND DISCUSSION  
 

3.1 Soil Reaction (pH)  
 

The soil reaction of the soil samples were 
identified as acidic to neutral in condition with the 
value ranged from 5.50 to 6.50 with 6.08 as a 
mean value. The current findings showed that 
62.4% area of the village is acidic reaction 
whereas 37.6% area is under neutral reaction 
(Table 2 and Fig.2).The results are being in 
conformity with the observations made by Majhi 
et al. [14]. 

 
Table 1. Analytical methodologies for soil analyses 

 

Parameter Methodology References 

pH  1:2.5:: Soil : Water Jackson (1967) [6] 
EC  1:2.5:: Soil : Water Jackson (1967) [6] 
Organic carbon  Wet oxidation method Jackson (1973) [7] 
Available N Hot alkaline KMnO4 Method Subbiah and Asija (1956) [8] 

Available P 0.03 N NH4F + 0.025 N HCL (pH 3.5)  
and 0.5 M NaHCO3 at pH 8.5 

Bray and Kurtz (1945) [9] and 
Olsen et al. (1954) [10] 

Available K Neutral N NH4OAc extraction Jackson (1973) [7] 
Available S Extraction with 0.15% CaCl2 Massoumi and Cornfield, 1963 [11] 
Available Zn DTPA extractant Lindsay and Norvel, 1978 [12] 
Available B Hot water extraction Berger and Truog (1939)  [13] 
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Table 2. pH status of the soil samples 
 

Class Rating % of area 

Acidic <6.50 62.4 
Neutral 6.50-7.50 37.6 
Alkaline >7.50 0 

 

 
 

Fig. 2. Soil pH GIS Map 
 

3.2 Electrical Conductivity 
 
The electrical conductivity of the soil samples 
ranged from 0.86 to 2.68 dSm-1, with a mean 
value 1.49 dSm-1 (Table 3).  The present findings 
observed that 33.6% of area of the village has 
normal salinity (suitable for all crop types) 
whereas 66.4% area of the village has critical EC 
(Fig. 3). Similar findings were also recorded by 
Majhi et. al. [14] and Mishra et al., 2015 [15]. The 
low EC might be due to free drainage conditions 
which favored the removal and release of bases 
by percolating and drainage water [16]. 
 

3.3 Organic Carbon 
 
The organic carbon content of the soil samples 
ranged from 0.25 to 0.75% with a mean value of 
0.47%. Based on the limits prescribed by Nanda 
et al., 2008 [17], it is observed that 79.2% area of 
the village is under low in organic carbon content 

whereas 20.8% area is within the medium carbon 
range (Table 4 and Fig. 4). It may be due to low 
application of FYM and crop residue as well as 
rapid rate of decomposition [18]. 

 
Table 3. Status of electrical conductivity in 

soil of the study area 
 

Class Rating (dSm-1) % of Area 

Low <1.00 33.6 
Medium 1.00-2.00 40.8 
High >2.00 25.6 

 
Table 4. Status of organic carbon in soil of 

the study area 
 

Class Rating (%) % of Area 

Low <0.50 79.2 
Medium 0.50-0.75 20.8 
High >0.75 0 
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Fig. 3. Soil electrical conductivity (dSm-1) GIS Map 
 

 
 

Fig. 4. Soil organic carbon (%) GIS Map 
 

3.4 Available Nitrogen 
 
The soil sample analysis revealed that the 
available nitrogen content ranged from 168 to 
274 kg ha-1, with a mean value of 229.48 kg ha-

1 (Table 5 and Fig. 5). On the basis of prescribed 
limits by Nanda et al., [17], the result showed that 
96% soil of area has low in nitrogen content and 
4% soil has medium available nitrogen status. It 
may be due to the nitrogen lost through various 
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mechanism like ammonia volatilization, 
nitrification, chemical and microbial fixation, 
leaching, runoff and may be due to very low 
content of organic carbon [19]. 
 
Table 5. Status of available nitrogen in soil of 

the study area 
 

Class Rating (kg ha-1) % of Area 

Low <250 96 
Medium 250-500 4 
High >500 0 

 

3.5 Available Phosphorus 
 
The available phosphorus content of the area 
ranged from 9 to 35 kg ha-1, with a mean value 
of 17.57 kg ha-1 (Table 6 and Fig.6). Based on 
the limits prescribed by Nanda et al. [17], the 
present results revealed that 82.4% area of the 
village has medium range of available 
phosphorus whereas 17.6% area has high range 
of available phosphorus. It might be due to 
slightly acidic pH of soil which is making 
available phosphorus immobile [20]. 
 

Table 6. Status of available phosphorus in 
soil of the study area 

 

Class Rating (kg ha-1) % of Area 

Low <9.0 0 
Medium 9.0-22.0 82.4 
High >22.0 17.6 

3.6 Available Potassium 
 
The available soil potassium content varied from 
between 118 to 280 kg ha-1, with a mean value of 
201.36 kg ha-1. Based on the limits prescribed by 
Nanda et al. [17], the present results showed that 
27.2% area of the village has low range of 
potassium whereas 64% and 8.8% area has 
medium and high range of available phosphorus, 
respectively (Table 7 and Fig. 7).  
 
Table 7. Status of available potassium in soil 

of the study area 
 

Class Rating (kg ha-1) % of Area 

Low <118 27.2 
Medium 118-280 64 
High >280 8.8 

  

3.7 Available Sulphur 
 
The available sulphur status of the soil samples 
ranged between 5.18 to 20.00 mg kg-1, with a 
mean value 10.08 mg kg-1 (Table 8 and Fig. 8). 
Results revealed that 62.4% area of the village 
has medium range of available sulphur and 
37.6% area of the village has low range of 
available sulphur content. Deficiency of soil S 
might be due to the presence of variable 
properties of different components of organic 
matter, improper fertilizer and water 
management practices [21]. 

 

 
 

Fig. 5. Soil available N (kg ha-1) GIS Map 
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Fig. 6. Soil available P (kg ha-1) GIS Map 
 

 
 

Fig. 7. Soil available K (kg ha-1) GIS Map 
 

3.8 Available Zinc 
 

The available zinc content of the soil samples 
varied from 0.3 to 1.2 mg kg-1, with a mean 
value 0.46 mg kg-1. Results revealed that 79.2% 
area of the village has low range of available Zn 
whereas 20.8% area has medium range of 
available Zn (Table 9 and Fig. 9). This revealed 

that majority of soil in the village is deficient in 
Zn. 
 

3.9 Available Boron 
 

The hot water extractable B content of the soil 
samples varied from 0.23 to 0.74 mg kg-1, with a 
mean value of 0.40 mg kg-1 (Table 10 and Fig. 
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10). The present results showed that 92.6% area 
of the village has low range of available B 
content whereas 7.4% area of the village has 
medium range of hot water extractable B content. 
 

Table 8. Status of available sulphur in soil of 
the study area 

 

Class Rating (mg kg-1) % of Area 

Low <10 37.6 
Medium 10-20 62.4 
High >20 0 
  

3.10 Yield Performance and Economic 
Analysis of Demonstration and 
Farmers' Practices during Kharif 
Season of 2022  

 
The yield data indicated that due to frontline 
demonstration, rice yield was found 48.78 q ha-1 
in demonstration plot and 41.34 q ha-1 in farmers’ 
practice plot during kharif 2022 (Table 11). The 
demonstration results also revealed that 17.92% 
yield was increased over farmers’ practice in rice 
(Table 11). This result clearly indicated the 

higher yield in demonstration plots over farmers’ 
practice was due to adoption of improved 
package of practices following soil test results of 
the farmer’s field. Similar findings in rice and 
others crops have been reported by Mishra et al. 
[22], Pandey et al. [23] and Phonglosa et al. [24].  

 
Rice cultivation under improved practices has 
shown higher net return of Indian Rupee (INR) 
46,850 ha-1 as compared to farmers’ practices 
with INR 33,434 ha-1 during kharif season of 
2022. The benefit cost ratio (B:C ratio) of rice 
under improved practices was found to be 1.89 
as compared to 1.65 under farmers’ practices 
(Table 12). Based on the cost of production and 
the current input and output prices, the economic 
feasibility of the improved technology over the 
farmers' practice was found superior and was 
proved though higher B:C ratio. The increased 
cost of demonstration was mostly attributed by 
the higher costs of pesticides, fertilizer and 
seeds. These results are also in conformity with 
the findings of Girish et al. [23] and Phonglosa et 
al. [24] [27]. 

 

 
 

Fig. 8. Soil available S (mg kg-1) GIS Map 
 

Table 9. Status of available zinc in soil of the study area 
 

Class Rating (mg kg-1) % of Area 

Low <0.60 79.2 
Medium 0.60-1.20 20.8 
High >1.20 0 
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Table 10. Status available boron in soil of the study area 

 
Class Rating (mg kg-1) % of Area 

Low <0.50 92.6 
Medium 0.50-0.75 7.4 
High >0.75 0 

 

 
 

Fig. 9. Soil available Zn (mg kg-1) GIS Map 

 

 
  

Fig. 10. Soil available B (mg kg-1) GIS Map 
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Table 11. Improved practices and farmers practices of rice under frontline demonstrations 
 

Sl. 
No. 

Particulars Improved practices for 
demonstration 

Existing Farmer practices 

1 Variety Swarna sub-1 Pooja, Swarna 

2 Field preparation Ploughing, Harrowing and 
puddling 

Ploughing, Harrowing and 
puddling 

3 Seed rate 50 kg ha-1 70 kg ha-1 

4 Seed treatment Tricyclazole 75WP @ 2g kg-1 of 
seed  

No seed treatment 

5 Nursery management and 
transplanting 

Nursery seeding is done during 
May to June and transplanting is 
done during July 

Nursery seeding is done during 
May to June and transplanting is 
done during July 

6 Sowing method Line transplanting Random transplanting 

7 Fertilizer dose Soil test based NPK @ 
100:40:40 kg ha-1 + Zn @ 5 kg 
ha-1 + B @ 1 kg kg ha-1 + well 
decomposed FYM @ 5 t ha-1 

Imbalance use of fertilizer 

8 Weed management Bispyribac Sodium 10% + 
Clomazone 48%@ 0.25 litre ha-1 

Butachlor @ 2.0 litre ha-1 

9 Plant protection Need based plant protection 
measures 

Injudicious use of plant 
protection chemicals 

 

Table 12. Yield performance of demonstration and farmers' practices during Kharif season of 
2022 

 

Name of crop and variety Improved yield   
(q ha-1) 

Farmers practice  
(q ha-1) 

Yield increase over FP 
(%) 

Rice, Swarna Sub-1 48.75 41.34 17.92 
 

Table 13. Economic analysis of demonstration and farmers' practices during Kharif season of 
2022 

 

Improved practice Farmers Practice 

Cost of 
cultivation 
(INR ha-1) 

Gross 
Return 
(INR ha-1) 

Net Income 
(INR ha-1) 

B:C 
ratio 

Cost of 
cultivation  
(INR ha-1) 

Gross 
Return 
(INR ha-1) 

Net Income 
(INR ha-1) 

B:C 
ratio 

52600 99450 46850 1.89 50900 84334 33434 1.65 
 INR=Indian Rupee; B:C=Benefit cost ratio 

 

4. CONCLUSION 
 

The collected soil samples on grid basis were 
tested in KVK soil laboratory. Soil pH, EC, OC, 
N, P, K, some secondary nutrient like S and 
micro nutrients like Zn and B were quantified 
using various standard methodologies in the soil 
laboratory. Then the gridded data were 
converted into thematic layers and interpolated 
using Kriging Technique in ArcGIS software to 
develop soil nutrient map of the district. Further, 
the nutrients maps were classified into high, 
medium and low zones to identify the nutrient 
deficient and sufficient zones. In this context, soil 
was found acidic around 62.4% area of the 
village, followed by neutral soil pH in 33.6% area. 
The organic carbon status of soil was found low 

in 79.2% area to medium in 20.8% area, 
available N was found low in 88% area and 
medium in 12% area, available P was found 
medium in 82.4% area and high in 17.6% area, 
available K was low in 27.2% area, medium in 
64% area and high in 8.8% area and available S 
was low in 37.6% area and medium in 62.4% 
area, respectively. Among the micronutrients, 
available Zn was found low in 79.2% area and 
medium in 20.8% area of the village. Likewise 
hot water extractable boron was found low in 
92.6% area and medium in 7.4% area. Using the 
GIS map, cadastral level soil nutrient status was 
estimated easily using GIS which will be much 
helpful for farmers for getting proper fertilizer 
recommendation. Thus, the GIS based soil 
fertilizer recommendation is now specific to a 
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particular farmer not to a group of farmers in a 
patch. It was also observed that production of 
rice in the Achyutadaspur village has been 
enhanced by adopting GIS soil map based 
fertilizer recommendation along with improved 
package of practices. 
 

5. RECOMMENDATION  
 
The soil spatial mapping of the village in GIS 
revealed that the majority of the soil in the village 
is acidic, so farmers are recommended to do 
various improved management practices like 
green manuaring, lime and other soil 
amendments application to neutralize the soil pH. 
Around 25.6% area in the village is now affected 
by soil salinity, hence ponding of fresh rain water 
in bonded lands are recommended for leaching 
the salt from root zone. In addition saline tolerant 
local rice varieties i.e., Luna Suvarna, Luna 
Barihal, Lunisri, Luna Ambiki are recommended 
in high saline fields. Organic carbon is low in 
most of the area which is associated with low 
available nitrogen. Hence, farmers are 
recommended to apply FYM and vermi-compost 
along with 25% higher dose of nitrogen above 
the recommended dose. In majority of area 
available phosphorus and potassium is medium, 
hence recommended fertilizer dose should be 
adopted in those patches. The secondary 
nutrient sulphur is medium in majority of the area 
and low in around 38% area. In low sulphur area 
farmers are advised to apply organic manure 
along with sulphur based fertilizers and 
amendments. Among the micro-nutrients, the 
majority of the land is deficient with zinc and 
boron. Khaira disease in rice due to zinc 
deficiency is observed in the village and fruit 
cracking is observed in areca nut, coconut, water 
melon etc. due to boron deficiency. Therefore, 
farmers are advised to apply zinc and boron 
based fertilizer in soil or as foliar spray as per soil 
test based recommendations.      
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Sahu DK, Samadhiya VK, Chandrakar T, 
Netam S, Sahu M, Homeshvari. Macro and 
micro nutrient status of research farm, 
college of agriculture and research station, 

Kurud, district Dhamtari, Chhattisgarh. The 
Pharma Innovation International Journal. 
2021;8(10):32-35.  

2. Sashikala G, Naidu MVS, Ramana KV, 
Nagamadhuri KV, Reddy A, Kumar P, 
Sudhakar P, Krishna T. Giridhara. Mapping 
of nutrients status in Tatrakallu village of 
Anantapuramu district of Andhra Pradesh 
using geographic information system. 
Journal of the Indian Society of Soil 
Science; 2021 69(2):133-141.  

3. Ramakrishna PVR, Munawery A. 
Sustainable soils nutrient management. 
Journal of the Indian Institute of Science. 
2012;92:1-8.  

4. Ray PK, Jana AK, Maitra DN, Saha MN, 
Chaudhury J, Saha S, Saha AR. Fertilizer 
prescriptions on soil test basis for jute, rice 
and wheat in Typic Ustochrept. Journal of 
the Indian Society of Soil 
Science.2000;48:79-84.  

5. Singh RP, Mishra SK. Available macro 
nutrients (N, P, K and S) in the soils of 
Chiraigaon block of district Varanasi (U.P.) 
in relation to soil characteristics. Indian 
Journal Science Research. 2012;3(1): 97-
100.  

6. Jackson ML. Soil Chemical Analysis, 
Prentice Hall of India Pvt. Ltd., 1967 New 
Delhi. 1967;205.  

7. Jackson ML. Soil Chemical Analysis. 
Prentice Hall Inc. Englewood Cliffs, 1973 
New Jersey, USA; 1973.  

8. Subbiah BV, Asija CL. A rapid procedure 
for the determination of available nitrogen 
in soils. Current Science. 1956;25:259-
262. 

9. Bray RH, Kurtz LT. Determinations of total, 
organic and available forms of phosphorus 
in soils. Soil Science. 1945;59:39-45.  

10. Olsen SR, Cole CV, Watanable FS, Dean 
LA. Estimation of available phosphorus in 
soils by extraction with sodium bicarbonate 
USDA Cric. 1954;939. 

11. Massoumi A and Cornfield AH. A rapid 
method for determining sulphate in water 
extracts of 
soils. Analyst. 1963;88(1045):321-322. 

12. Lindsay WL, Norvell WA. Development of 
a DTPA soil test for zinc, Iron, Manganese, 
and Copper. Soil Science Society of 
America Journal. 1978;42:421-428. 

13. Berger KC, Truog E. Boron determination 
in soils and plants using the quinalizarin 



 
 
 
 

Majhi et al.; Int. J. Plant Soil Sci., vol. 35, no. 23 pp. 368-379, 2023; Article no.IJPSS.110265 
 
 

 
379 

 

 

reaction. Indus. Eng. Chem. 1939;11:540–
545. 

14. Majhi P, Phonglosa A., Mohanty SK, Roul 
PK. Soil Fertility Status of Different Blocks 
of Puri District of Coastal Odisha. 
International Journal of Agriculture 
Sciences. 2018;21(10):7445-7447. 

15. Mishra A, Das D, Saren S, and Dey P. 
GPS, GIS Based Soil Fertility Maps of Puri 
District of Coastal Odisha. Indian Society 
of Coastal Agricultural Research. 
2015;33(2):7-11. 

16. Seema, Ghosh AK. Characterization and 
classification of alluvium derived soils 
under different land uses in Varanasi 
district of Uttar Pradesh. Journal of the 
Indian Society of Soil Science. 2019;67(3): 
360-364. 

17. Nanda SK, Mishra A, Pradhan NK, 
Muralidharudu Y. Soil testing and fertilizer 
recommendation in Orissa, STCR 
technical bulletin, OUAT, Bhubaneswar; 
2008. 

18. Sathish A, Ramachandrappa BK, Devaraja 
K, Savitha MS, Gowda MN, Prashanth 
K.M. Assessment of spatial variability in 
fertility status and nutrient recommendation 
in Alanatha Cluster Villages, Ramanagara 
District Karnataka using GIS. Journal of 
the Indian Society of Soil Science. 
2017;66(2):149-157. 

19. Vaisnow B, Sengar SS, Jatav GK, Patel T, 
Bhagat RK. Soil fertility status of major 
nutrient in vertisol of Dhamtari block. 
Journal of Plant Development Sciences. 
2014;6(4):587-591. 

20. Krishna Bal, Sahu KK, Tedia K, Singh CB, 
Kumar R. Evaluation of Soil Fertility          
Status of Palari Block under Baloda        
Bazar District of Chhattisgarh. Journal of 
Pharmacognosy and Phytochemistry. 
2018;SP2:243-246. 

21. Sutar RK, Pujar AM, Kumar BNA, Hebsur 
NS. Sulphur nutrition in maize- A critical 
review. International Journal of Pure & 

Applied Bioscience. 2017; 5(6): 1582-
1596. 

22. Mishra PK, Singh VP, Singh SN, Kumar P, 
Pandey MK. Impact of frontline 
demonstration inadoption extent and 
horizontal spread of tomato (Lycopersicon 
esculentum Mill.) cultivation in Tarai region 
of Siddharthnagar district, Uttar Pradesh, 
India. Journalof pharmacognosy and 
Phytochemistry. 2019;8(3):4024-4028.  

23. Pandey SK, Tiwari DK, Singh S, Singh P. 
Promotion of long duration rice variety 
Swarna sub-1 through frontline 
demonstration in Chandauli district of Uttar 
Pradesh, India. International Journal of 
Current Microbiology and Applied 
Sciences. 2018;7(5):2870-2874.  

24. Phonglosa A,  Sahoo HK, Mishra P, 
Sangramsingh SP, Patra B. Performance 
of Submergence Tolerant Shallow Lowland 
Rice Variety Swarna sub-1 under Frontline 
Demonstrations in East and South Eastern 
Coastal Plain Zone of Odisha, India. 
International Journal of Plant & Soil 
Science. 2022;34(20):17-23. 

25. Girish R, Bharath Kumar TP, Shruthi HR, 
Shivakumar L, Praveen KM. Frontline 
demonstration on paddy variety KPR 1 by 
KVK in Chikkamagaluru district of 
Karnataka, India: An impact study. Journal 
of Pharmacognosy and Phytochemistry. 
2020;9(2):303- 305.  

26. Priyadarshini PR, Saren S, Mishra A, 
Acharya BP. Soil fertility status of some 
villages under North-Eastern Coastal Plain 
Agro climatic Zone of Odisha. Journal of 
Indian Society of Coastal Agricultural 
Research. 2017;35(2):42-47. 

27. Phonglosa A, Dalei BB, Murmu P, Behera 
B, Sinha B, Saren S, Nayak L, Meena MK. 
Integrated nutrient management in rainfed 
maize (Zea mays L.) under Eastern Ghat 
High Land Zone of Odisha. International 
Journal of Plant & Soil Science. 
2022;34(6):102-108. 

  ________________________________________________________________________________ 
© 2023 Majhi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/110265 

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

