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Appraisal of changes in bulk density and nitrogen 

content of a vertisol as affected by land use 

practices and depth 
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Abstract 

Field study was conducted at Borlaug Institute for South Asia (BISA) Research Farm, Lakhnwara, 

Jabalpur to evaluate the changes in bulk density and nitrogen (available and total) contents of a Vertisol 

as affected by land use practices and depth of soil after harvest of kharif and rabi seasons of 2015-16. 

Soil samples were collected with the help of core auger from the fields practiced with different land uses 

[L1: Uncultivated, L2: rice-wheat system with conventional agriculture (CS), L3: rice-wheat system with 

conservation agriculture (CA), L4: soybean-wheat system with CS, L5: soybean-wheat system with CA, 

L6: maize -wheat system with CS and L7: maize-wheat system with CA] at 0-5 cm, 5-15 cm and 15-30 

cm depths. For statistical analysis of data in split plot design land use practices were considered as main 

plot and depth (0-5 cm, 5-15 cm and 15-30 cm) as sub-plot treatments with three replications. It was 

found that bulk density was significantly affected by land use practices over soil depths with highest 

(1.51 and 1.49 Mg m-3) under uncultivated (L1) and lowest in maize -wheat system with CS (L6) 

treatments, respectively for kharif and rabi season. Bulk density of soil in 5-15 cm depth was lowest 

(1.36 Mg m-3) during both the seasons as compared those in 0-5 cm and 15-30 cm soil depths. 

 

Keywords: Land use practices, soil depth, bulk density, available nitrogen, total nitrogen, conservation 

agriculture, conventional agriculture 

 

Introduction 

Land use practices in any agricultural system primarily regulate the sustainability production 

system and soil quality. Bulk density is one of the key physical properties of soil and has direct 

impact on crop emergence, root respiration and availability of nutrients and water. Changes in 

land use practices have shown significant impact on soil carbon and nitrogen cycling and bulk 

density (Cao et al., 2009; Jiao et al., 2012) [4, 13]. There is substantial concern about change in 

land use practise could alter soil carbon (Houghton, 1999) [11] and nitrogen (Potter et al., 1996) 

[21] cycles. Agricultural practices which enhance organic carbon and N contents in soil play a 

crucial role in sustaining soil health, crop production and environmental quality (Bauer and 

Black, 1994; Robinson et al., 1994) [2, 23]. Conservation agriculture is one of such practices 

which promote buildup of organic carbon in soil and improve soil physical, chemical and 

biological properties in long term (Sainju and Kalisz, 1990) [24]. C: N ratio is often influenced 

by many factors such as soil conditions (Yamashita et al., 2006) [27], vegetation types (Puget 

and Lal, 2005) [22] and agricultural management practices (Zhang et al., 2009; Parras-Alcantara 

et al., 2013) [28, 18]. It is important to maintain soil aggregate stability to promote soil 

efficiency, productivity, and to minimize soil losses (Peng et al., 2015) [19]. Loss of soil organic 

carbon under cultivation is connected to the destruction of macro-aggregates, pore size 

distribution and connectivity together with bulk density (Elliott, 1986 and Cerda, 1996) [8, 5]. In 

view of the above facts, the present study was undertaken to evaluate the changes in bulk 

density and nitrogen content in a Vertisol as influenced by land use practices and depth of soil 

during kharif and rabi seasons. 

 

Materials and Methods 
Study was carried out during kharif and rabi seasons of 2015-16 after harvest of each season 

crops at BISA Research Farm, Jabalpur (230 33' N latitude, 800 04' E longitudes and at an 

altitude of 407.0 metre above mean sea level) having swell-shrink type of soil with dark 

grayish brown colour and classified as fine, smectitic, hyperthermic family of Typic 

Haplusterts (Vertisols). Study was initiated with seven land use practices [L1: Uncultivated, 

L2: rice-wheat system with conventional agriculture (CS), L3: rice-wheat system with 

conservation agriculture (CA), L4: soybean-wheat system with CS, L5: soybean-wheat system 

with CA, L6: maize -wheat system with CS and L7: maize-wheat system with CA] as main 
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plots and three depths (0-5 cm, 5-15 cm and 15-30 cm) of soil 

as sub plots which were replicated thrice in split plot design. 

Soil samples were collected as per the treatments with the 

help of core auger to determine the bulk density of soil 

following standard procedure. Soil samples were air dried in 

shade then ground by wooden pastle and mortar, passed 

through 2.0 mm sieve and analysed for available and total 

nitrogen contents in soil. Available nitrogen in soil was 

determined by the alkaline permanganate method (Subbiah 

and Asija, 1956) [25] and total nitrogen was determined by 

Kjeldahl method using KEL PLUS as described by (Piper, 

1950) [20]. The data obtained on different parameters were 

analyzed for test of significance using standard statistical 

procedure given by Gomez and Gomez, (1984) [10]. 
 

Results and Discussion 

Bulk density of soil 

Data pertaining to the effect of land use practices and soil 

depths on bulk density after harvest of kharif and rabi season 

crops in 2015-16 has been presented in Table 1. It was found 

that bulk density of soil was significantly affected by land use 

practices and highest (1.51 and 1.49 Mg m-3) values have 

been recorded under L1: uncultivated land and lowest (1.32 

and 1.32 Mg m-3) in L6: maize -wheat system with 

conventional agriculture for both the respective season. The 

data further revealed that bulk density of soil at 5-15 cm was 

lowest (1.36 and 1.36 Mg m-3) as compared to those recorded 

for 0-5 cm (1.37 and 1.37 Mg m-3) and 15-30 cm (1.38 and 

1.40 Mg m-3) soil depths after harvest of kharif and rabi 

season crops, respectively. Similar finding have also been 

reported by Mengistu et al., (2017); Neris, (2012) and Brady 

and Weil, (2008) [15, 17, 3] which revealed that pore spaces and 

organic matter in soils have been inversely related to bulk 

density and directly affected due to land use practices. Higher 

bulk density at lower soil depth under conventional tillage 

was might be due to the formation of a traffic pan (Jat et al., 

2017) [12]. The interactive effect of land use practices and soil 

depth on bulk density was found non-significant. 
 

Available nitrogen  

The data on available N content in soil after harvest of the 

kharif and rabi season crops of 2015-16 (Table-2) exhibited 

significant variation due to land use practices and different 

depths. It is evident from the data that available N content 

under conservation agriculture (CA) was higher than 

conventional system (CS) in respective of cropping system 

but significant difference exist only for rice-wheat system. 

Highest available N content (166.8 kg ha-1) was recorded 

under L3: rice-wheat system with CA and lowest (130.8 kg N 

ha-1) under the L1: Uncultivated in after harvest of kharif crop. 

However, after harvest of rabi season crops, available N 

content was recorded highest (199.3 kg ha-1) under L5: 

soybean-wheat system with CA and lowest (160 kg N ha-1) 

under the L6: maize -wheat system with CS. It was also found 

that available N content was significantly affected by soil 

depth after both the seasons and surface soil (0-5 and 5-15 

cm) had higher content of available N as compared to sub-

surface (15-30 cm) soil. It was also found that available N 

content in soil after harvest of rabi season crops was higher 

than those of kharif season crops at every depth. Similar 

findings were also reported by Jat et al., (2017) [12] and Kaur 

and Bhat, (2017) [14] which reflected that available N was 

significantly influenced by different CA based practices at 

both the surface and sub-surface soil depths. Available N 

concentration decreased with increase in soil depth. CA-based 

practices are reported to cause greater accumulation of 

nutrients in surface layer as compared to conventional tillage. 

The interactive effect of land use practices and soil depth was 

also found significant.  
 

Total nitrogen  
Land use practices and soil depth significantly affected the 

total nitrogen content in soil but interactive effect was not 

significant after harvest of kharif rabi crops during 2015-16 

(Table-2). Highest total N content (0.129% and 0.137%) was 

obtained under L3 (rice-wheat system with CA) followed by 

L5 (soybean-wheat system with CA) and lowest (0.102% and 

0.105%) under the L1 (Uncultivated) followed by L6 (maize-

wheat system with CS) treatments. Higher quantity of residue 

additions and their slow decomposition due to less soil 

disturbance might have caused higher total N concentrations 

in CA system (Du et al., 2010 and Dikgwatlhe et al., 2014) [7, 

6]. Total N content in upper soil layer (0-5 cm) was 

significantly higher than those in 5-15 cm and 15-30 cm soil 

depth. Maximum total N (0.150 and 0.147%) content was 

found in 0-5 cm depth and minimum (0.091 and 0.099%) in 

15-30 cm soil depth, respectively during both the seasons. 

The result of the present study agrees with the findings of 

Adugna and Abegaz, (2015) and Gbadegesin et al., (2012) [1, 9] 

who attributed the decrease in total nitrogen with increasing 

depth to declining humus with depth. In consent with the 

trends found in this study, various studies reported lower total 

nitrogen content in soils of cultivated lands as compared to 

soils of natural forest lands or without tillage practices and N 

mineralization levels were also higher in NT than under 

conventional tillage by Nahusenay and Kibebew (2016) and 

Taye, (2011) [16, 26]. The interaction effect of land use practices 

and depths on total N was found to be statistically non-

significant.  
 

Conclusion 

Findings of the present study revealed that bulk density of soil 

under uncultivated land was significantly higher than 

cropping systems under conservation or conventional 

practices. Different cropping systems under conservation 

agriculture practice improved bulk density and nitrogen 

(available and total) content of soil. Available and total 

nitrogen content in surface soil increased under conservation 

agriculture practice irrespective of cropping systems. It has 

been concluded that land use practices reflects significant 

impact on soil properties (bulk density and nitrogen content at 

different depth of soil.  
 

Table 1: Effect of land use practices on bulk density of soil in 

different depths 
 

Main Plot 

(Land use practices) 

Bulk density (Mg m-3) 

After harvest of 

kharif crops 

After harvest of 

rabi crops 

L1:Uncultivated 1.51 1.49 

L2:R-W system-CT 1.40 1.41 

L3:R-W system-CA 1.36 1.36 

L4:S-W system-CT 1.35 1.34 

L5:S-W system-CA 1.33 1.34 

L6:M-W system-CT 1.32 1.32 

L7:M-W system-CA 1.34 1.36 

SEm ± 0.010 0.032 

C.D. (p=0.05) 0.032 0.097 

Sub-Plot (Soil depth) 

D1: 0-5 cm 1.37 1.37 

D2: 5-15 cm 1.36 1.36 

D3: 15-30 cm 1.38 1.40 

SEm ± 0.006 0.016 

C.D. (p=0.05) 0.019 0.046 
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Table 2: Effect of land use practices on available nitrogen and total nitrogen content of soil in different depths 

 

Main Plot (Land uses 

practices) 

Available nitrogen (kg N ha-1) Total nitrogen (%) 

After harvest of 

kharif crops 

After harvest of 

rabi crops 

After harvest of 

kharif crops 

After harvest of 

Rabi crops 

L1:Uncultivated 130.8 172.0 0.102 0.105 

L2:R-W system-CT 147.0 168.3 0.106 0.106 

L3:R-W system-CA 166.8 194.7 0.129 0.137 

L4:S-W system-CT 155.7 185.0 0.114 0.114 

L5:S-W system-CA 163.1 199.3 0.126 0.129 

L6:M-W system-CT 146.8 160.0 0.111 0.111 

L7:M-W system-CA 150.3 174.7 0.124 0.125 

SEm ± 4.97 7.8 0.0054 0.0050 

C.D. (p=0.05) 15.33 24.2 0.0161 0.0154 

Sub-Plot (Soil depth) 

D1: 0-5 cm 88.7 121.3 0.150 0.147 

D2: 5-15 cm 151.0 160.6 0.108 0.109 

D3: 15-30 cm 214.8 255.6 0.091 0.099 

SEm ± 3.33 4.70 0.0042 0.003 

C.D. (p=0.05) 9.66 13.6 0.0122 0.009 

Main x Sub treatment 

SEm± 8.82 12.4 0.0111 0.0079 

CD(p=0.05) 25.57 35.9 NS NS 
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