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ABSTRACT 
 

An Assessment of Physico-chemical properties of soil from different departments of NAI, SHUATS, 
Prayagraj carried out 2022-23. The prime objectives of this study were to carry out the physico-
chemical properties of soil at different depths of various department research farms to determine 
the availability of macronutrients and micronutrients in soil of these soil sample provide the 
assessment 6 sampling locations were selected. Soil samples were collected with depth of 0-15 
and 15-30 cm respectively. The soil colour dry condition varied from light yellowish brown, pale 
olive, light olive brown, yellowish brown, olive yellow, dark brown and in wet condition varied from 
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olive brown, dark brown, olive yellow and dark yellowish. The sand, silt and clay varied from 53 to 
65 %, 19 to 27 % and 15 to 20 % respectively, soil texture was dominantly sandy loam in every 

site. The bulk density ranged from 1.20 to 1.34 Mg m⁻
3
. The practical density ranged from 2.68 to 

2.94 Mg m⁻
3
. The pore space ranged from 43.25 to 49.50 %. The water holding capacity ranged 

from 41.75 to 48.25 %. The soil pH ranged from 7.37 to 7.71. The electrical conductivity ranged 
from 0.21 to 0.48 dS m

-1
. The soil organic carbon ranged from 0.32 to 0.45 %. The available 

nitrogen ranged from 235.17 to 261.12 kg ha
-1

. The available phosphorous ranged from 19.66 to 
25.50 kg ha

-1
. The available potassium ranged from 152.00 to 214.00 kg ha

-1
. The available 

Sulphur ranged from 8.80 to 14.42 mg kg
-1

. The available zinc ranged from 0.58 to 0.93 mg kg
-1

. 
The available boron ranged from 0.58 to 1.10 mg kg

-1
. The available iron ranged from 5.92 to 8.70 

mg kg
-1

. The available manganese ranged from 3.21 to 3.61 mg kg
-1

. The available copper ranged 
from 2.00 to 2.94 mg kg

-1
. There is an including awareness of the need to pay greater attention in 

the role of macronutrients enhancement in the soil for good soil health and proper nutrition of plant 
so as to attain optimum economic yield and soil is suitable for all major tropical and sub-tropical 
crops. 
 

 
Keywords: Physico-chemical properties; nutrients distribution; soil health. 

 

1. INTRODUCTION 
 
“Soil and land, though related, are two different 
entities; Land is two-dimensional entity 
representing geographical area and landscapes, 
while soil is a three-dimensional body with 
length, breadth and depth and is hidden below 
the land surface. It is largely hidden from the 
outside world until it is lost and goes out of the 
site” Kanwar [1]. Soil quality is highly dependent 
on soil management practices, and it influences 
crop production. Assessing soil properties under 
different long-term cropping patterns is essential 
to preserving soil quality since soil plays an 
essential role in the ecosystem, linking soil 
nutrients, water availability, and crop growth 
[2,3]. “Naturally, soil is a slowly renewable 
resource with a high degree of degradation and 
very low rate of regeneration” Chen et al. [4]. 
“Intensive agriculture leads to soil erosion, 
depletion of organic matter and other nutrients, 
which results in permanent soil degradation and 
significant productivity losses” Coonan et al. [5]. 
“Soil organic matter undergoes mineralization 
and releases substantial quantities of nitrogen, 
phosphorus, sulphur and smaller amount of 
micronutrients” Rahman et al. [6]. “In most 
cases, the rapid loss of soil organic matter during 
the years immediately following the conversion 
was replaced by slower, but continuing declines 
due to inappropriate agronomic practices. Long-
term records show soil nitrogen content falling by 
25–70 % over periods ranging from 30 to 90 
years; these records also show soil carbon 
declining by up to 50% over similar time spans” 
Bahadur et al. [7]. “The use of microbial 
inoculants while developing sustainable 
agriculture techniques in chemical- based 

farming is one of the most promising alternatives 
these days Mącik et al. [8]. Input of exogenous 
organic matter, such as straw or livestock 
manure, can enrich soil with the necessary 
elements and prevent soil organic matter (SOM) 
decomposition” Hammad et al. [9]. “Soil quality 
parameters can be determined analyzing soil 
chemical, biological, and physical properties 
together” Coonan et al. [5]. Soil testing makes 
complete nutrient control possibility Fertilizer 
experiments are being patterned to determine 
economically optimum rates of nutrients 
application high yields with low production costs 
per unit area must in modern farming. Farmers of 
today are different in the failure is more certain 
and sooner unless they are obtaining reasonably 
high yields, improved drainage, many improved 
Cultural practices, disease have helped to set 
the stage for high yields. Soil provides food, fuel 
and fodder for meeting the needs of human and 
animal. 
 

2. MATERIALS AND METHODS 
 
Analysis of the soil samples were under the 
methods: Soil textural class was determined by 
using hydrometer Bouyoucos [10]. Bulk density, 
particle density, water holding capacity was 
determined by using graduated measuring 
cylinder method Muthuaval et al. (1992). pH was 
estimated with the help of digital pH meter after 
making 1:2.5 soil water suspension Jackson 
(1958). Electrical conductivity was estimated with 
the help of digital conductivity meter Wilcox, [11]. 
Percent organic carbon was estimated by wet 
oxidation method Walkley and Black [12]. 
Available nitrogen was estimated by alkaline 
potassium permanganate method, using kjeldahl 
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apparatus Subbiah and Asija [13]. Available 
phosphorus was estimated by photoelectric 
colorimeter method Olsen’s et al. (1945). 
Available potassium was estimated by neutral 
normal ammonium acetate extraction followed by 
flame photometric method Toth and Prince [14]. 
Available Sulphur was estimated by reduction 
method Johnson and Nishita (1952). Available 
boron estimation by Kmiecik et al. (2016) and 
copper, iron, manganese, zinc estimated by 
Lindsay and Novell [15,16-20]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Physical Properties 
 
The soil colour dry condition varied from light 
yellowish brown, pale olive, light olive brown, 
yellowish brown, olive yellow, dark brown and in 
wet condition varied from olive brown, dark 
brown, olive yellow and dark yellowish. The soil 
textural classes identified as sandy loam. The 
sand, silt and clay varied from 53 to 65 % sand, 
19 to 27 % silt and 15 to 20 % clay in Sandy 
Loam. Minimum bulk density was recorded 1.20 
Mg m

-3
 in D4- horticulture at 0-15 cm, and 

maximum 1.34 Mg m
-3 

in D6- agro forestry at 15-
30 cm. Minimum particle density was recorded 
2.68 Mg m

-3
 in D4- horticulture at 0-15 cm, and 

maximum 2.94 Mg m
-3 

in D6- agro forestry at 15-
30 cm. Minimum pore space was recorded 43.25 
% in D1- soil science and agricultural chemistry 
at 15-30 cm and maximum 49.50 %

 
in D5- plant 

protection at 0-15 cm. Minimum water holding 

capacity was recorded 41.75 % in D1- soil 
science and agricultural chemistry at 15-30 cm 
and maximum 48.25 %

 
in D4- horticulture at 0-15 

cm, respectively (Table 1). 
 

3.2 Chemical Properties 
 
Minimum pH was recorded 7.37 in D2- agronomy 
at 0-15 cm and maximum 7.71

 
in D6- agro 

forestry at 0-15 cm. Minimum EC was recorded 
0.21 dS m

-1
 in D6- agro forestry at 0-15 cm, and 

maximum 0.48 dS m
-1 

in D2- agronomy at 15-30 
cm. Minimum organic carbon was recorded 0.32 
% in D1- soil science and agricultural chemistry 
at 15-30 cm and maximum 0.45%

 
in D4- 

horticulture at 0-15 cm, respectively                
(Table 2). 
 

3.3 Macronutrients 
 
Minimum nitrogen was recorded 261.12 kg ha

-1
 

in D4- horticulture at 0-15 cm, and maximum 
235.17 kg ha

-1 
in D1- soil science and agricultural 

chemistry at 15-30 cm. Minimum phosphorus 
was recorded 25.50 kg ha

-1
 in D4- horticulture at 

0-15 cm, and maximum 19.66 kg ha
-1 

in D1- soil 
science and agricultural chemistry at 15-30 cm. 
Minimum potassium was recorded 214.00 kg ha

-1
 

in D5- plant protection at 0-15 cm, and maximum 
152.00 kg ha

-1 
in D3- genetic and plant breeding 

at 15-30 cm. Minimum Sulphur was recorded 
14.42 mg kg

-1
 in D2- agronomy at 0-15 cm, and 

maximum 8.80 mg ka
-1 

in D5- plant protection at 
15-30 cm, respectively (Table 3). 

 
Table 1. Evaluation of bulk density, particle density, water holding capacity and pore space in 

various depths at different research farm of NAI, SHUATS, Prayagraj 
 

Department Bulk density   
(Mg m

-3
) 

Particle density 
(Mg m

-3
) 

Pore space (%) Water holding 
capacity (%) 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

D1-Soil Science 1.28 1.32 2.90 2.92 47.25 43.25 45.75 41.75 

D2-Agronomy 1.20 1.22 2.75 2.80 49.25 46.75 47.75 45.25 

D3- GPB 1.32 1.36 2.88 2.92 48.75 46.25 47.25 45.25 

D4- Horticulture 1.20 1.22 2.68 2.74 49.25 48.25 48.25 46.25 

D5-Plant Protection 1.26 1.34 2.72 2.91 49.50 48.00 47.75 46.75 

D6- Agro-Forestry 1.30 1.38 2.86 2.94 48.25 43.75 46.75 42.25 

 Depth Site Depth Site Depth Site Depth Site 

S. Em. (±) 0.084 0.018 0.116 0.039 2.059 0.882 2.070 0.858 

C.D. at 5% 0.179 0.037 0.246 0.083 4.364 1.870 4.388 1.819 

F-test S S S S S S S S 
S. Em.( ±): Standard Error of mean, C.D. at 5%: Critical Difference, S (for F-test): significant 
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Table 2. Estimation of pH, electrical conductivity and organic carbon in various depths at 
different research farm of NAI, SHUATS, Prayagraj 

 

Department pH Electrical conductivity 
(dS m

-1
) 

Organic carbon (%) 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

D1-Soil Science 7.52 7.62 0.37 0.41 0.35 0.32 
D2-Agronomy 7.37 7.53 0.42 0.48 0.38 0.36 
D3- GPB 7.43 7.48 0.28 0.30 0.39 0.36 
D4- Horticulture 7.47 7.53 0.36 0.42 0.45 0.38 
D5-Plant Protection 7.51 7.53 0.38 0.44 0.41 0.37 
D6- Agro-Forestry 7.71 7.82 0.21 0.23 0.39 0.35 

 Depth Site Depth Site Depth Site 

S. Em. (±) 0.166 0.032 0.121 0.013 0.037 0.011 
C.D. at 5% 0.352 0.069 0.258 0.027 0.079 0.024 
F-test S S S S S S 

 

Table 3. Evaluation of nitrogen, phosphorus, potassium and Sulphur in various depths at 
different research farm of NAI, SHUATS, Prayagraj 

 

Department Nitrogen (kg ha
-1

) Phosphorus (kg 
ha

-1
) 

Potassium 
(kg ha

-1
) 

Sulphur 
(mg kg

-1
) 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

D1-Soil Science 242.24 235.17 22.32 19.84 195.00 182.00 12.36 11.90 
D2-Agronomy 253.84 242.37 23.14 20.86 203.00 188.00 14.42 13.96 
D3- GPB 246.85 242.44 24.21 21.18 166.00 152.00 10.36 08.96 
D4- Horticulture 261.12 250.26 25.50 21.82 192.00 177.00 13.26 11.20 
D5-Plant Protection 250.54 245.26 23.28 20.57 214.00 194.00 09.67 08.80 
D6- Agro-Forestry 248.30 241.43 22.86 19.66 171.00 164.00 11.26 09.96 

 Depth Site Depth Site Depth Site Depth Site 

S. Em. (±) 7.893 1.870 1.353 0.331 24.049 2.708 2.632 0.400 
C.D. at 5% 16.732 3.964 2.868 0.701 50.983 5.741 5.581 0.849 
F-test S S S S S S S S 

  

Table 4. Evaluation of zinc, copper, manganese, boron and iron in various depths at different 
research farm of NAI, SHUATS, Prayagraj 

  

Department Zinc (kg ha
-1

) Copper 
(kg ha

-1
) 

Manganese 
(kg ha

-1
) 

Boron  
(kg ha

-1
) 

Iron  
(kg ha

-1
) 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

0-15 
cm 

15-30 
cm 

D1-Soil 
Science 

0.74 0.69 2.20 2.00 3.24 3.21 0.64 0.58 6.10 5.92 

D2-
Agronomy 

0.89 0.78 2.94 2.86 3.28 3.24 1.10 0.94 8.14 8.03 

D3- GPB 0.67 0.58 2.30 2.26 3.61 3.59 0.98 0.78 6.90 6.55 
D4- 
Horticulture 

0.93 0.81 2.08 2.02 3.57 3.54 1.04 0.94 8.70 7.90 

D5-Plant 
Protection 

0.86 0.77 2.24 2.18 3.49 3.46 0.88 0.62 7.70 7.28 

D6-Agro 
Forestry 

0.81 0.62 2.06 2.00 3.54 3.48 0.64 0.60 7.45 7.26 

 Depth Site Depth Site Depth Site Depth Site Depth Site 

S. Em. (±) 0.131 0.030 0.463 0.038 0.222 0.009 0.254 0.055 1.226 0.197 
C.D. at 5% 0.278 0.064 0.981 0.080 0.471 0.019 0.538 0.117 2.599 0.417 
F-test S S S S S S S S S S 
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3.4 Micronutrients  
 
Minimum zinc was recorded 0.62 mg kg

-1
 in D6- 

agro forestry at 15-30 cm, and maximum 0.93 
mg ka

-1 
in D4- horticulture at 0-15 cm. Minimum 

copper was recorded 2.00 mg kg
-1

 in D1- soil 
science and agricultural chemistry at 15-30 cm, 
and maximum 2.94 mg ka

-1 
in D2- agronomy at 0-

15 cm. Minimum manganese was recorded 3.21 
mg kg

-1
 in D1- soil science and agricultural 

chemistry at 15-30 cm, and maximum 3.61 mg 
ka

-1 
in D3- genetic and plant breeding at 0-15 cm. 

Minimum boron was recorded 0.58 mg kg
-1

 in D1- 
soil science and agricultural chemistry at 15-30 
cm, and maximum 1.10 mg ka

-1 
in D5- D2- 

agronomy at 0-15 cm. Minimum iron was 
recorded 5.92 mg kg

-1
 in D1- soil science and 

agricultural chemistry at 15-30 cm, and 
maximum 8.70 mg ka

-1 
in D4- horticulture at 0-15 

cm, respectively (Table 4). 
 

4. CONCLUSION 
 
It concluded that soil of all research farm of Naini 
Agricultural Institute have low level in organic 
carbon and nitrogen but medium in phosphorous 
and potassium content. Thus balance nutrient 
additions through organic manures, inorganic 
and bio-fertilizer sources are essential to 
maintain soil fertility in research farms of Naini 
Agricultural Institute, SHUATS. 
 

ACKNOWLEDGEMENT 
 
I would like to express my sincere thanks to my 
Advisor (Prof.) Dr. Arun Alfred David, department 
of Soil Science and Agricultural Chemistry, Naini 
Agricultural Institute, SHUATS, Prayagraj, for his 
diligent guidance and constructive suggestion sat 
every step during my work. I thank him for his 
creative criticism and valuable suggestions for 
improving the quality of this work. I also extend 
my gratitude to all the teaching and non-teaching 
staff of our department because without them I 
would not be able to complete my work. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Kanwar JS. Introduction, Fundamental of 

soil science Indian Society of Soil Science, 
(ISBN 81-901470-0-5), 2002l;1-4. 

2. Trivedi P, Singh BP, Singh BK. Soil 
carbon: introduction, importance, status, 
threat, and mitigation. InSoil carbon 
storage Academic Press. 2018;1-28. 

3. Gikonyo FN, Dong X, Mosongo PS, Guo K, 
Liu X. Long-term impacts of different 
cropping patterns on soil physico-chemical 
properties and enzyme activities in the low 
land plain of North China. Agronomy. 
2022;12(2):471. 

4. Chen R, Senbayram M, Blagodatsky S, 
Myachina O, Dittert K, Lin X, 
Blagodatskaya E, Kuzyakov Y. Soil C and 
N. Availability Determine the Priming 
Effect: Microbial N Mining and 
Stoichiometric Decomposition Theories. 
Glob. Chang. Biol. 2014;20:2356-2367. 

5. Coonan EC, Kirkby CA, Kirkegaard JA, 
Amidy MR, Strong CL, Richardson AE. 
Microorganisms and Nutrient Stoichiometry 
as Mediators of Soil Organic Matter 
Dynamics. Nutr. Cycl. Agroecosyst. 
2020;117:273-298.  

6. Rahman MH, Islam MR, Jahiruddin M, 
Puteh AB, Mondal MMA. Influence of 
Organic Matter on Nitrogen Mineralization 
Pattern in Soils under Different Moisture 
Regimes. International Journal of 
Agriculture and Biology. 2013;15:55-61.  

7. Bahadur  Indra, Sonkar VK, Kumar Sanjay,  
Dixit Jyoti and Singh Abhishek Pratap. 
Crop Residue Management for improving 
Soil Quality and Crop Productivity in India. 
Indian Journal of Agriculture and Allied 
Sciences. 2015;1(1):2395-1109. 

8. Mącik M, Gryta A, Frąc M. Biofertilizers in 
agriculture: An overview on concepts, 
strategies and effects on soil 
microorganisms. Adv. Agron. 2020;162: 
31-87. 

9. Hammad HM, Khaliq A, Abbas F, Farhad 
W, Fahad S, Aslam M, Shah GM, Nasim 
W, Mubeen M, Bakhat HF. Comparative 
Effects of Organic and Inorganic Fertilizers 
on Soil Organic Carbon and Wheat 
Productivity under Arid Region. Commun. 
Soil Sci. Plant Anal. 2020;51:1406-1422 

10. Bouyoucos GJ. The Hydrometer as a               
new method for the mechanical            
analysis of soils, Soil Science. 1927;23: 
343-353. 

11. Wilcox LV. Electrical conductivity, Amer. 
Water Works Assoc. J. 1950;42:775-776. 

12. Walkley A. Critical Examination of rapid 
method for determining organic carbon in 
soils, Soil Sci. 1947;632:251. 



 
 
 
 

Jat et al.; Int. J. Plant Soil Sci., vol. 35, no. 15, pp. 311-316, 2023; Article no.IJPSS.101444 
 

 

 
316 

 

13. Subbiah BV, Asija CL. A Rapid procedure 
for the estimation of available nitrogen in 
soils. Current Sci. 1956;25:259-260. 

14. Toth SJ, Prince AL. Estimation of 
Potassium content of soil by flame 
photometer technique. Soil Sci. 1949;67: 
439-445. 

15. Lindsay WL, Norvell WA. Development of 
a DPTA soil test for heavy metals. Soil 
Science Society of America Journal. 
1978;42:402-403. 

16. Fisher RA. Statistical Methods and 
Scientific Induction, Journal of the Royal 
Statistical Society Series. 1960;17:69-78.  

17. Jackson ML. Chemical Analysis of Soil pH. 
prentice hall of India Pvt. Ltd., New Delhi; 
1973. 

18. Jenny H. Factors of Soil Formation: A 
System of Quantitative Pedology.                 
Dover Publication, New Yorl. 1994;               
281. 

19. Munsell AH. Munsell Soil Color Charts, 
Munsell Color Company Inc., Baltimore; 
1954. 

20. Riley J. The Indicator explosion: local 
needs and international challenges. 
Agriculture, Ecosystems, and Environment. 
2001;87:119-120. 

_________________________________________________________________________________ 
© 2023 Jat 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/101444 

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

