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INTRODUCTION 

Maize (Zea mays L.) is one of the most important cere-

al crops in the world, providing food and feed for mil-

lions of people and livestock. However, the long-term 

effects of maize-based cropping systems on soil organ-

ic carbon (SOC) dynamics have received relatively little 

attention. SOC is essential to soil health and is vital in 

sustaining agricultural productivity (Lal, 2018). The loss 

of SOC can lead to reduced soil fertility, decreased 

crop yields, and increased vulnerability to erosion and 

other environmental stresses (Kumar et al., 2018). 
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Therefore, understanding the long-term effects of maize

-based cropping systems on SOC dynamics is crucial 

for sustainable agriculture and environmental manage-

ment. 

Recent studies have shown that maize-based cropping 

systems can significantly impact SOC dynamics. For 

example, Li et al. (2018) found that the continuous 

maize cropping system significantly decreased SOC 

content compared to the crop rotation system. Similarly, 

a study by Lal (1997) reported that long-term maize 

monoculture reduced SOC content and soil fertility 

compared to crop rotation systems. In contrast, other 

studies have shown that maize-based cropping sys-

tems can promote SOC accumulation. For instance, a 

study by Ding et al. (2014) found that applying crop 

residues and manure increased SOC content in a 

maize-soybean rotation system. Similarly, a study by 

Yadav et al. (2021) reported that conservation tillage 

and residue retention practices can increase SOC con-

tent in maize-based cropping systems. 

Moreover, the effects of management practices such as 

tillage, crop residue management, and fertilizer applica-

tion on SOC dynamics in maize-based cropping sys-

tems have also been studied. For instance, a study by 

Mamta et al. (2023) and Meena et al. (2015) found that 

reduced tillage and improved residue management 

practices increased SOC content in maize-based crop-

ping systems. Similarly, a study by Abid et al. (2020) 

and Sarwar et al. (2021) reported that applying organic 

and inorganic fertilizers increased SOC content in 

maize-based cropping systems. On the other hand, a 

study by Abid et al. (2020) reported that applying miner-

al fertilizers reduced SOC content in maize-based crop-

ping systems due to increased mineralization rates.  

The long-term effects of maize-based cropping systems 

on SOC dynamics are critical for sustainable agriculture 

and environmental management. Recent studies have 

shown that inappropriate management practices can 

lead to decrease SOC content, adversely impacting soil 

fertility and crop productivity (Wairiu, 2017; Wiesmeier 

et al., 2019). Therefore, adopting sustainable manage-

ment practices that promote SOC accumulation in 

maize-based cropping systems is crucial. The main 

objective of this study was to collect and assess the 

existing research on the long-term effects of maize-

based cropping systems on soil organic carbon (SOC) 

changes. The study specifically investigates the im-

pacts of carbon management practices in these sys-

tems. 

MATERIALS AND METHODS 

Soil characteristics 

The soil samples were collected from maize-based 

cropping systems located in the Western zone of Tamil 

Nadu (Fig. 1). The study investigated six different crop-

ping systems, including maize-fallow, maize-blackgram, 

maize-ragi, maize-tomato, maize-turmeric, and maize-

cumbu. These cropping systems have been maintained 

in the area for over 11 years, and they are typically  

cultivated twice per year, except for the maize-fallow 

system. 

The bulk density increased with increasing soil depth, 

ranging from 1.34 to 1.56 g cm-3, and was highest in 

the maize-cumbu cropping system. The sand content 

was highest in the maize-cumbu system at all soil 

depths, while the silt and clay contents were highest in 

the maize-blackgram and maize-cumbu systems, re-

spectively. The pH of the soil was alkaline and ranged 

from 7.13 to 8.85, with the highest value observed in 

the maize-tomato system (Table 1).The availability of 

nutrients varied significantly among the cropping sys-

tems and soil depths.  

The highest available N, P, K, and Zn were observed in 

the topsoil (0-15 cm), with decreasing values in deeper 

soil layers. The maize-fallow and maize-blackgram sys-

tems had the highest available N content, while the 

maize-cumbu system had the highest available P, K, 

and Zn content. Prior to sowing maize seeds, the fields 

were prepared by creating ridges and furrows. Maize 

seeds were then sowed with a spacing of 60 cm × 25 

cm. Recommended doses of NPK, specifically 

135:62.5:50, were applied to the maize in the form of 

urea, single super phosphate, and muriate of potash, 

respectively. Full doses of P (62.5 kg ha-1) and K (50 kg 

ha-1) were applied during land preparation. The applica-

tion of N was divided into three equal splits, with the 

first being applied during land preparation, the second 

on the 25th day after sowing, and the third on the 45th 

day after sowing. The farmers followed all other practic-

es for maize cultivation, such as irrigation and weeding, 

as required. 

After harvesting the maize, the land was prepared for 

sowing the succeeding crop with appropriate spacings, 

except for the maize-fallow cropping system, where the 

land remained empty after the maize harvest until the 

next season. For the succeeding crops, only half of the 

full recommended doses of NPK were applied in the 

form of urea, SSP, and MOP due to the residual effect 

of the maize fertilizer. Apart from fertilization, the farm-

ers followed various other practices for each crop, in-

cluding providing irrigation at field capacity and con-

ducting timely weeding during the critical period of crop

-weed competition. 

 

Soil sampling, sample preparation and analysis of 

soil properties 

The soil samples were dried in ambient temperature 

conditions and then sieved through a 2-mm mesh be-

fore being sent for laboratory analysis. To determine 

soil microbial biomass carbon (SMBC), fresh undis-

turbed sub-samples were collected and stored in 
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sealed plastic bags in a refrigerator until further analy-

sis. Various soil properties were analyzed using the 

following methods: pH was measured in a soil water 

suspension with a ratio of 1:2.5 (Jackson 1973), availa-

ble nitrogen was estimated by alkaline permanganate 

method (Subbiah and Asija 1956), available phospho-

rus was measured using the Modified Olsen's extract-

ant method (Olsen 1954), available potassium was ex-

tracted with neutral normal ammonium acetate and 

analyzed using flame photometry (Stanford and English 

1949), DTPA extractable zinc was determined using 

the method described by Lindsay and Norvell (1978), 

soil separates (sand, silt, and clay) was measured us-

ing the international pipette method (Piper 1966), and 

bulk density was determined using the core sampler 

method (Dakshinamurthi and Gupta 1968). 

 

Carbon pools and carbon stock 

Total organic carbon (TOC) was analyzed using a TOC 

analyzer, while SMBC was determined using the chlo-

roform fumigation extraction method as described by 

Vance et al. (1987). The oxidizable organic carbon was 

determined by the Wet digestion method described by 

Walkley and Black (1934). Carbon stock was estimated 

using the method outlined by Sisti et al. (2004). 

 

Fractions of oxidizable organic carbon  

A modified Walkley and Black method was employed 

to estimate the different fractions of oxidizable organic 

carbon, as outlined by Chan et al. (2001). This ap-

proach used concentrated sulphuric acid (H2SO4) of 

different concentrations (12 N, 18 N, and 24 N), with 5 

ml, 10 ml, and 20 ml, respectively. By comparing the 

amount of SOC determined using 5 ml, 10 ml, and 20 

ml of concentrated H2SO4 with TOC, the TOC was sep-

arated into four different fractions with decreasing oxi-

dizability. 

 

Lability index 

To determine the SOC's lability index (LI), the very la-

bile, labile, and less labile pools of Cf1, Cf2, and Cf3, 

respectively, were assigned weights of 3, 2, and 1. 

Subsequently, their values were transformed into a 

proportional amount of TOC and multiplied by their 

respective weighting factors to obtain an LI for the SOC 

content in the cropping systems under study. The com-

putation of the index followed the method proposed by 

Hazra et al. (2018). 

Lability index = [Cf1/TOC×3+ Cf2/TOC×2+ Cf3/TOC×1]     

Eq.1 

Statistical analysis 

The statistical analysis of the laboratory data was con-

ducted using both Microsoft Excel 2021 and the SPSS 

v. 22 statistical software packages. The mean values 

and standard errors were calculated for each measure-

ment and presented in the analysis. In order to com-

pare the means of the treatments, a one-way analysis 

(one-way ANOVA) was performed. The Duncan's multi-

ple range test (DMRT) was used at a 5% significance 

level to examine the differences between the means.   

RESULTS 

The present study showed that the percent distribution 

of the three fractions of oxidizable organic carbon 

(easily decomposable, moderately labile, and recalci-

trant) varied among the different cropping systems and 

soil depths. In the 0-15 cm soil depth, the easily de-

composable fraction ranged from 14.00% (maize-

fallow) to 21.07% (maize-blackgram), while the moder-

ately labile fraction ranged from 13.19% (maize-fallow) 

to 22.05% (maize-blackgram). The recalcitrant fraction 

ranged from 14.55% (maize-ragi) to 46.62% (maize-

ragi). In the 15-30 cm soil depth, the easily decompos-

able fraction ranged from 12.41% (maize-fallow) to 

19.48% (maize-blackgram), while the moderately labile 

fraction ranged from 12.50% (maize-fallow) to 20.14% 

(maize-blackgram). The recalcitrant fraction ranged 

Fig. 1. Location of the study areas of the Western zone of 

Tamil Nadu 
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from 37.79% (maize-fallow) to 46.46% (maize-ragi). In 

the 30-45 cm soil depth, the easily decomposable frac-

tion ranged from 11.26% (maize-fallow) to 18.47% 

(maize-blackgram), while the moderately labile fraction 

ranged from 11.28% (maize-fallow) to 18.75% (maize-

blackgram). The recalcitrant fraction ranged from 

38.53% (maize-fallow) to 44.76% (maize-ragi) (Fig. 2). 

The results showed that the active carbon pool (Cf1 + 

Cf2) was highest in the Maize-blackgram cropping sys-

tem across all three depth intervals, ranging from 2.51 

to 2.81 g/kg. The lowest active carbon pool was found 

in the Maize-fallow system, ranging from 1.43 to 1.83 g/

kg (Fig. 3). For passive carbon pools (Cf3 + Cf4), the 

Maize-blackgram system also had the highest values 

ranging from 3.62 to 3.94 g/kg, while the Maize-fallow 

system had the lowest values ranging from 2.72 to 3.02 

g/kg. The active and passive carbon pools generally 

decreased with increasing depth, with the highest val-

ues found in the topsoil (0-15 cm) and the lowest val-

ues in the subsoil (30-45 cm) (Fig. 4). 

The present results showed that the cropping system 

significantly impacts SOC levels. Maize-blackgram 

cropping system had the highest TOC levels, ranging 

from 0.67% to 0.87% across all three soil depths, fol-

lowed by maize-tomato system which had TOC levels 

ranging from 0.72% to 0.86% (Table 2). The lowest 

TOC levels were found in the maize-ragi system, with 

values ranging from 0.25% to 0.35%. The highest lev-

els of oxidizable organic carbon were found in the 

maize-fallow system, with values ranging from 0.18% to 

0.35%. Maize-blackgram and maize-tomato systems 

had the second highest oxidizable organic carbon lev-

els, while maize-ragi, maize-turmeric, and maize-

cumbu systems had the lowest levels. Soil microbial 

biomass carbon was highest in the maize-fallow sys-

tem, with values ranging from 0.17 g/kg soil to 0.47 g/

kg soil. Maize-tomato and maize-blackgram systems 

had the second highest levels of microbial biomass 

carbon, while maize-ragi, maize-turmeric, and maize-

cumbu systems had the lowest levels. 

Regarding total organic carbon (TOC), maize-

blackgram reigns supreme, with values ranging from 

0.87% to 0.67% in the top 30 cm of soil. Meanwhile, 

maize-fallow may have the lowest TOC values overall, 

but it still manages to hold on to a respectable 0.38% to 

0.31%. However, when we look at oxidizable organic 

carbon (OC), maize-blackgram falls behind and maize-

tomato takes the lead with values ranging from 0.45% 

to 0.29% (Table 3). Maize-turmeric follows closely be-

hind, showcasing its own unique blend of organic car-

bon pools. The microbial biomass carbon (MBC) tells 

us another intriguing story about the soil microbial com-

munities. Maize-fallow may have low TOC values, but 

its MBC values are anything but low, reaching up to 

0.47 g/kg of soil. On the other hand, maize-tomato 

seems to be the darling of the microbial world, with 

MBC values ranging from 0.62 to 0.25 g/kg of soil 

across the different soil depths. However, when we dive 

deeper into the soil, we uncover even more hidden 

gems - the soil organic carbon pools in the 15-30 cm 

and 30-45 cm soil depths. Maize-blackgram continues 

to shine in the 15-30 cm depth, with the highest Cf2 val-

ues ranging from 1.35 to 1.16 g/kg of soil. Maize-fallow, 

on the other hand, surprises us with its high Cf4 values 

ranging from 1.86 to 2.01 g/kg of soil. In the 30-45 cm 

depth, maize-tomato takes the lead with high Cf3 values 

ranging from 1.07 to 0.89 g/kg of soil, showcasing its 

ability to delve deep into the soil 

Fig. 2. Percentage distribution of diverse oxidizable organ-

ic carbon fractions with varying lability in the different depth 

like (0-15 cm), (15-30) and (30-45) of different maize-

based cropping systems 
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This study showed the effects of different cropping sys-

tems on soil organic carbon (SOC) stocks and lability 

indices (LI) in three soil depths (0-15, 15-30, and 30-45 

cm) (Table 4). The cropping systems evaluated were 

Maize-fallow, Maize-blackgram, Maize-ragi, Maize-

tomato, Maize-turmeric, and Maize-cumbu. Our results 

showed that Maize-blackgram had the highest SOC 

stock in all soil depths, followed by Maize-tomato and 

Maize-cumbu. On the other hand, Maize-fallow had the 

lowest SOC stock in all soil depths. Interestingly, the 

highest LI was observed in Maize-blackgram, which 

suggests that this cropping system has the potential to 

cycle organic matter and improve soil fertility rapidly. 

Regarding soil depth, the highest SOC stock was found 

in the topsoil (0-15 cm), consistent with previous stud-

ies. However, we observed a decrease in SOC stock 

with increasing soil depth, which is likely due to re-

duced plant root biomass and microbial activity in deep-

er soil layers. 

These findings suggest that the choice of cropping sys-

tem can significantly impact SOC stocks and lability 

indices. Therefore, careful consideration should be giv-

Soil Properties 
Soil depth 

(cm) 

Maize-

fallow 

Maize-

blackgram 
Maize-ragi 

Maize-

tomato 

Maize-

turmeric 

Maize-

cumbu 

Bulk density  

(g cm-3) 

0-15 1.34 1.27 1.35 1.34 1.24 1.16 

15-30 1.44 1.36 1.42 1.43 1.36 1.23 

30-45 1.56 1.44 1.51 1.52 1.47 1.46 

Sand (%) 

0-15 47.30 43.65 42.60 43.50 44.50 58.60 

15-30 43.20 41.10 39.20 41.25 43.50 55.60 

30-45 41.10 37.40 37.20 38.64 40.50 54.70 

Silt (%) 
0-15 22.20 27.10 24.60 25.30 22.90 12.70 
15-30 23.10 29.20 25.30 26.40 24.10 13.30 
30-45 25.10 31.70 25.60 27.90 26.20 17.30 

Clay (%) 
0-15 30.10 28.00 32.40 30.20 31.60 28.30 
15-30 32.56 29.20 35.20 32.10 32.30 27.30 
30-45 33.10 30.30 36.40 32.50 33.10 27.20 

pH 
0-15 7.74 8.62 6.48 8.22 8.59 7.13 
15-30 8.14 8.85 6.72 8.65 8.81 7.46 
30-45 8.11 8.73 6.67 8.66 8.78 7.48 

Available N  

(kg ha-1) 

0-15 183.30 243.10 192.20 231.40 220.70 228.70 

15-30 102.20 158.30 115.30 148.60 137.50 129.60 
30-45 68.40 124.30 82.40 112.50 86.30 92.50 

Available P  

(kg ha-1) 

0-15 12.00 26.90 21.80 25.40 21.50 25.70 

15-30 10.50 19.60 15.60 18.70 14.60 22.58 
30-45 9.60 16.50 13.70 16.80 11.50 18.40 

Available K  

(kg ha-1) 

0-15 561.20 753.40 659.50 706.50 673.40 688.30 

15-30 486.40 672.20 558.40 623.40 574.30 602.50 
30-45 442.60 625.80 515.30 584.30 531.40 562.80 

Available Zn  

(mg kg-1) 

0-15 0.62 0.82 0.72 0.76 0.69 0.77 

15-30 0.51 0.68 0.57 0.56 0.48 0.59 
30-45 0.39 0.46 0.43 0.44 0.37 0.41 

Table 1. Variations in soil properties across different soil layers under different maize-based cropping systems 

Fig. 3. Active carbon pools (Cf1 + Cf2) of different depth 

like (0-15), (15-30) and (30-45) of different maize based 

cropping systems 

Fig. 4. Passive carbon pools (Cf3 + Cf4) of different depth 

like (0-15), (15-30) and (30-45) of different maize based 

cropping systems 
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en to selecting cropping systems that promote SOC 

sequestration and cycling, such as Maize-blackgram, to 

maintain soil fertility and productivity. 

 

DISCUSSION 

 The findings of this study provide valuable insights into 

the influence of agricultural practices on soil health and 

carbon sequestration potential in maize-dominated 

cropping systems of Tamil Nadu. The differences in soil 

properties observed in present study are consistent 

with earlier research conducted in a similar agro-

climatic region (Western zone of Tamil Nadu). A previ-

ous study by Hema et al. (2019) has also reported simi-

lar patterns in soil properties, including bulk density, 

texture, and pH, in this specific geographical area. 

These findings highlight how agricultural practices can 

influence the soil’s structure, composition, and nutrient 

availability in the region. Additionally, Meetei et al. 

(2020) found differences in nutrient availability among 

rice-based cropping systems in Manipur. This empha-

sizes the importance of using customized fertilization 

methods and crop rotation to improve how efficiently 

nutrients are used. 

In terms of carbon dynamics, the present study aligns 

with the findings of Prabha et al. (2019), who investigat-

ed different land use systems in a North Eastern zone 

of Tamil Nadu. They observed variations in carbon 

pools across different land use systems and soil 

depths, indicating differences in organic matter inputs, 

decomposition rates, and stabilization mechanisms. 

These observations highlight the significance of carbon 

sequestration and soil organic matter enhancement in 

Cropping  

systems 

Soil organic carbon 

Total organic carbon  

(TOC) (%) 

Oxidizable organic  

carbon (%) 

Soil microbial biomass  

carbon (g/kg soil) 

0-15

(cm) 

15-30 

(cm) 

30-45 

(cm) 

0-15

(cm) 

15-30 

(cm) 

30-45 

(cm) 

0-15 

(cm) 

15-30 

(cm) 

30-45

(cm) 

Maize-fallow 0.38a 0.31b 0.31b 0.35a 0.24a 0.18a 0.47b 0.39b 0.17b 

Maize-

blackgram 
0.87c 0.74d 0.67d 0.54f 0.42d 0.33f 0.65e 0.54d 0.30e 

Maize-ragi 0.35a 0.25a 0.28a 0.43c 0.37c 0.22b 0.43a 0.32a 0.11a 

Maize-tomato 0.86c 0.73d 0.72e 0.45d 0.35b 0.29d 0.62d 0.51c 0.25d 

Maize-turmeric 0.85c 0.63c 0.56c 0.48e 0.41d 0.31e 0.63de 0.49c 0.24d 

Maize-cumbu 0.46b 0.32b 0.30ab 0.41b 0.34b 0.24c 0.53c 0.41b 0.21c 

Mean 0.63 0.50 0.47 0.44 0.36 0.26 0.56 0.44 0.21 

Table 2. Variations in TOC, OC, and MBC content across soil layers of different maize-based cropping systems 

Presence of different letters following the values in the column indicates significant differences between treatments at a significance 

level of 5%, as determined by the Duncan's Multiple Range Test (DMRT) for mean separation 

Cropping 

systems 

Soil organic carbon pools (g kg-1 soil) 

Cf1 Cf2 Cf3 Cf4 

0-15 

(cm) 

15-30 

(cm) 

30-45 

(cm) 

0-15 

(cm) 

15-30 

(cm) 

30-45 

(cm) 

0-15 

(cm) 

15-30 

(cm) 

30-45 

(cm) 

0-15 

(cm) 

15-30 

(cm) 

30-45 

(cm) 

Maize-

fallow 
0.97a 0.86a 0.78a 0.76a 0.72a 0.65a 1.01a 0.97a 0.86a 2.01a 1.94a 1.86a 

Maize-

blackgram 
1.46d 1.35d 1.28d 1.27e 1.16e 1.08e 1.43d 1.34d 1.26d 2.51b 2.47c 2.36b 

Maize-ragi 1.02a 0.91a 0.83ab 0.86b 0.78bc 0.73b 1.08a 0.95a 0.91ab 2.10a 2.01ab 1.86a 

Maize-

tomato 
1.23c 1.14c 1.07c 1.09d 1.02d 0.89d 1.22c 1.18c 1.01c 2.11a 2.17b 1.89a 

Maize-

turmeric 

1.17b

c 
0.96b 0.86b 0.94c 0.83c 0.79c 1.09ab 0.95a 0.86a 2.00a 1.91a 1.83a 

Maize-

cumbu 
1.08b 0.95ab 0.83ab 0.84b 0.76ab 0.71b 1.11b 1.06b 0.96bc 2.10a 2.03ab 1.91a 

Mean 1.16 1.03 0.94 0.96 0.88 0.81 1.16 1.08 0.98 2.14 2.09 1.95 

Table 3. Variations in oxidizable organic carbon pools across soil layers in diverse maize-based cropping systems 

The presence of different letters following the values in the column indicates significant differences between treatments at a significance 

level of 5%, as determined by the Duncan's Multiple Range Test (DMRT) for mean separation. 
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improving soil fertility and climate resilience. 

The study found that the Maize-blackgram cropping 

system has the highest total organic carbon (TOC) lev-

els compared to the other cropping systems studied. 

This matches what previous research has suggested, 

adding root and shoot materials to the soil over a long 

time, along with regular fertilizer use, probably leads to 

higher TOC levels (Merante et al., 2017). The compari-

son between surface soil and sub-surface soil indicated 

that the sub-surface soil has lower soil microbial bio-

mass carbon (SMBC). This finding is in line with previ-

ous research, which has also shown that as soil depth 

increases, the optimal soil characteristics (such as soil 

organic carbon, water holding capacity, and bulk densi-

ty) that influence microbial activities in the soil tend to 

decrease, leading to a decline in SMBC (Choudhary 

and Gill, 2013). 

Furthermore, the Maize-blackgram cropping system 

exhibited the highest levels of soil organic carbon 

(SOC), total organic carbon (TOC), and soil microbial 

biomass carbon (SMBC). This finding aligns with previ-

ous research, which suggests that blackgram, a legu-

minous crop, can  fix nitrogen in the soil (Porpavai et 

al., 2011). Additionally, its taproot nature enables effi-

cient absorption of plant nutrients and water from vari-

ous soil layers (Das et al., 2017 and; Majumder et al., 

2008). These factors contribute to the observed higher 

levels of SOC, TOC, and SMBC in the Maize-

blackgram cropping system. 

In this study, the surface soil exhibited the highest car-

bon fractions Cf1 and Cf2 levels. This finding aligns with 

previous research, which indicates that the surface soil 

receives a higher input of crop residues and fine roots, 

providing more substrate for microbial activity. Conse-

quently, this leads to an increase in both Cf1 and Cf2 in 

the soil (Carpenter-Baggs et al., 2003). On the other 

hand, in the sub-surface soil, the lack of crop residues 

results in decreased microbial activities, leading to a 

reduction in Cf1 and Cf2. However, Cf3 and Cf4 increase 

in the sub-surface soil (Nath et al., 2016). 

The lability index of both surface and subsurface soil 

was found to be highest in the Maize-blackgram crop-

ping system when compared to other cropping systems 

such as Maize-fallow, Maize-ragi, Maize-tomato, Maize-

turmeric, and Maize-cumbu. This outcome aligns with 

previous studies that have demonstrated legumes' ben-

eficial effects due to their low C/N ratio, which contrib-

utes high-quality organic matter to the soil. As a result, 

the microbial activity increases, leading to a higher la-

bility index in cropping systems that include legumes 

(Hazra et al., 2018) 

The present study revealed a decrease in the lability 

index (LI) in the surface soil as the depth of the soil 

layer increased. This finding aligns with previous re-

search that indicates the significant decrease in soil LI 

from the surface soil may be attributed to higher bulk 

density and the non-availability of easily decomposable 

substrate (Jat et al., 2018). Out of all the cropping sys-

tems studied, Maize-blackgram showed the highest 

SOC stock in both surface and subsurface soil com-

pared to others. This matches previous studies that 

found legumes can fix atmospheric nitrogen, reducing 

the need for nitrogen fertilizer and benefiting soil fertility 

(Benbi et al., 2015). 

  Smith et al. (2016) discussed soil carbon sequestra-

tion and biochar as negative emission technologies, 

emphasizing the importance of carbon management 

strategies to mitigate climate change. Lal (2013) high-

lighted the critical role of soil health and carbon man-

agement in global agriculture, stressing the need for 

sustainable practices to enhance soil productivity and 

ecosystem services. Valkama et al. (2020) conducted a 

meta-analysis in Italy, examining the effects of conser-

vation agriculture on soil organic carbon accumulation 

and crop yield, emphasizing the potential of such prac-

tices in enhancing carbon sequestration and maintain-

ing crop productivity. 

Additionally, specific studies focusing on agricultural 

systems and regions provide valuable insights. Pit-

telkow et al. (2015) conducted a study exploring the 

Cropping systems 
Lability index (LI) SOC stock (Mg ha-1) 

0-15 (cm) 15-30 (cm) 30-45(cm) 0-15 (cm) 15-30 (cm) 30-45 (cm) 

Maize-fallow 0.80a 0.79ab 0.77b 7.11a 5.11a 4.08a 

Maize-blackgram 0.96c 0.94d 0.91d 10.85c 9.01e 7.52d 

Maize-ragi 0.82a 0.80b 0.77b 7.13a 6.27b 5.26b 

Maize-tomato 0.88b 0.84c 0.82c 8.61b 7.04c 6.26c 

Maize-turmeric 0.81a 0.76a 0.74a 8.89b 8.36d 7.28d 

Maize-cumbu 0.82a 0.79ab 0.78b 8.64b 7.99d 5.15b 

Mean 0.85 0.82 0.80 8.54 7.30 5.93 

Table 4. Variations in lability index (LI) and soil organic carbon (SOC) stock (Mg ha-1) at different soil depths in distinct 

maize-based cropping systems 

Presence of different letters following the values in the column indicates significant differences between treatments at a significance 

level of 5%, as determined by the Duncan's Multiple Range Test (DMRT) for mean separation 
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boundaries and possibilities of conservation agriculture 

principles, underscoring the significance of sustainable 

techniques in enhancing soil health and crop productivi-

ty. Their findings align with the broader implications of 

this study, emphasizing the importance of sustainable 

practices in agricultural systems. 

Furthermore, Rumpel et al. (2020) examined the topic 

of carbon sequestration in Indian soils, specifically fo-

cusing on the current state and potential for soil carbon 

storage within the framework of agricultural practices in 

India. Their research provides additional context to this 

study, highlighting the relevance of investigating carbon 

fluxes and soil characteristics in maize-dominated crop-

ping systems. 

Additionally, studies focusing on specific manage-

ment practices provide insights into their impact on 

soil characteristics and carbon dynamics. Liu et al. 

(2021) investigated the effects of soil tillage and 

straw incorporation on soil organic carbon, total ni-

trogen, and grain yield in the North China Plain. 

Their findings underscored the role of conservation 

practices in enhancing soil carbon sequestration and 

nutrient cycling. 

Conclusion 

The present study showed variations in soil properties 

among various cropping systems, namely Maize-fallow, 

Maize-blackgram, Maize-ragi, Maize-tomato, Maize-

turmeric, and Maize-cumbu, in the Western zone of 

Tamil Nadu. Moreover, these variations were observed 

across different soil depths. Among these systems, 

bulk density and sand content were highest in the 

maize-cumbu system, while silt and clay contents were 

highest in maize-blackgram and maize-cumbu. Soil pH 

was alkaline, with maize-tomato having the highest 

value. Available nutrient levels varied, with maize-fallow 

and maize-blackgram having the highest nitrogen con-

tent, and maize-cumbu having the highest phosphorus, 

potassium, and zinc content. Carbon fractions and 

pools differed among systems and depths, with maize-

blackgram exhibiting the highest labile and passive 

carbon pools. Total organic carbon and microbial bio-

mass carbon decreased with depth, with maize-

blackgram having the highest values. Based on the 

observed improvements in soil quality and carbon re-

serves, the integration of maize with blackgram 

emerged as a highly recommended cropping system 

for the study area. This combination exhibited the po-

tential to enhance the overall soil quality and carbon 

storage capacity, highlighting its importance for sustain-

able agricultural practices in the region. These findings 

contribute to understanding soil dynamics in maize 

cropping systems, aiding sustainable practices and soil 

management. 
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