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Abstract

Several studies on carbon status have considered current land management practices and land use systems. There however is

a need for meta-analysis study to understand the status of carbon over long periods and ways to boost its storage in soils the

current scenario to ensure sustainability for securing food by improving soil health. In this context over 1786 pairs dataset

from several studies were generated during period 1990-2019 had been collected from Indian experiments. The review shows

that carbon status has negative effect on land uses (barren land, cultivated land, grassland, horticultural land and plantation

land) over the forest land. The other land uses can be carbon equivalent to forest land by regaining the carbon stocks by 34,

41, 2, 34 and 48%, respectively. If this can become possible through management practices, a large amount of atmospheric

carbon dioxide can be restored in the soil and problems of climate change can be mitigated. Also, this paper is synthesized

to characterize the human interventions for their effects to sequester carbon in cultivated soils. Integration of organics with

chemical fertilizer in cultivated soil can be one of the better land use management strategies for restoring carbon in the soil.

The effect of carbon and yield was significantly increased in integrated nutrient management by 23.2% and 1.2% (in rice) and

16.2% and 4.5% (in wheat), respectively in comparison to inorganic alone. Therefore, meta-analysis of these data sets provides

information that may help the scientific community to strategically guide and plan future development initiatives.

Introduction

With 1.39 billion populations, India is the world’s second largest populous country and is expected to overtake
China by 2025 (UNDESA, 2019). Currently, India ranks third with the share of 7% of total carbon dioxide
(CO2) emissions in the world (IEA, 2019) but ranks twentieth in the world per capita CO2emissions which
is around 1.94 tonnes, less than half the global average of 4.8 tonnes CO2 (Ritchie and Roser, 2019). The
lower value in per capita emissions of CO2 for India as when compared to the other major contributors of
the world (except China) is due to inverse relationship between population of the contributors to that of per
capita emissions of CO2.

Intergovernmental Panel on Climate Change (IPCC) categorized soil organic carbon (SOC) as one of five
foremost carbon (C) pools that influences land use (LU) and land use change and forestry (LUC&F). SOC
forms the major portion of the terrestrial carbon pool with reserve of about 1.5 x 103 to 2.0 x 103 billion
metric tonnes of C in the global condition (Jobbágy and Jackson, 2000; Lal, 2016; Gaikwad et al ., 2018)
whereas Indian soils stores 24.3 billion metric tonnes of C (Gupta et al ., 1994) representing two to three
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folds more than that of the atmosphere and foliage, respectively (Post et al ., 1990; Nath et al ., 2018).
Forest land (FL) has been documented for amending atmospheric C concentration by behaving means of
C source or sink (Wei et al ., 2015; Nath et al ., 2018). LUC from FL to agriculture/horticulture/ grass
land/barren land/plantation caused soil degradation and soil properties resulted from intensive use, uneven
terrain and changing climatic conditions (Palni et al ., 1998; Kumar et al ., 2017) may behave as C source
(De Blécourt et al ., 2013; Abera and Wolde-Meskel, 2013; Guillaume et al ., 2015; Iqbal and Tiwari, 2016;
Fan et al ., 2016). During the few decades earlier elevated CO2 in the atmosphere that has put forth the
attention of the scientific researchers to the phenomenon of soil carbon storage (SCSt) (Negi & Gupta, 2010)
and effect of LUC (Lal, 2004). LUC from FL to other land uses resulted loss of stored SOC. Stored SOC is
the product of SCSt converted from atmospheric CO2 that is utilized for photosynthesis by plants (Koppad
et al ., 2016).

India is at a very risk to climate change. The melting of Himalayan glaciers and changes in the monsoons are
notable changes observed due to climate change. Agriculture releases around 16% of India’s total greenhouse
gases (GHG) emissions. The climate change and losses of carbon from the soil has affected the soil health
and ultimately crop productivity. To manage the problem of climate change, soil health and ensure food
security, it is essential to sequester more carbon dioxide (CO2) in the soil. Recent years India has worked
to increase the forest cover so that to become a net CO2sink and recent findings report that India has
increased 7% of the global net leaf area in last 17 years during 2000 to 2017. Figure 1 represents the trend
of share of the FL and CL in the total land area during the period 1990 to 2017. The FL has increased
from 21.5% to 23.7% while the CL has decreased from 61.1% to 60.4%. This shows the efforts of the Indian
governments of increasing area under forest and achieving the long-term target to fetch 33% of total area
under FL cover-some 109 m.ha. from 79 m.ha.

Now management practices in the agriculture are shifting toward integrated nutrient management (INM)
from inorganic alone (Sharmaet al ., 2019), conventional agriculture to conservation agriculture (Ladha et
al ., 2009; Gathala et al ., 2013), and monocropping to crop rotation (Marais et al ., 2012) to restore
the soil health and ensuring food security. These practices are integrated and approached through Climate
Smart Agriculture Practices (CSAP) to the farmers. LUC by the appropriate land use managements (LUM)
counteract several problems in the soils and help to obtain higher yields.

Conversion of FL to other LU especially to CL has occurred in want of fulfill the human needs. But past
few years net emissions/removals of CO2by the FL has negative increased during 2000-2017 due to more
absorption of CO2 by the increased FL area whereas net emissions/removal of CO2 of CL and GL remain
constant positive consistently (Figure 2). But still several parts of the India are there where conversion of
LU has changed the soil health adversely. This resulted intensive damage to soil carbon stocks (SCS) caused
impacts on soil health and imbalance in environment.

LUC is identified via conversion of FL to other LU or vice versa (Kaulet al ., 2009). The efforts to accurately
quantify the effects of various LUC on the global SCSt has been carried out large scale (Defrieset al .,
2002; Achard et al ., 2004; Houghton, 2008) but very few integrated approach to understand the impact
of conversion of FL to other LU has been done in Indian context. Through this study the main objective
is to attain a better knowledge of the Indian pattern of SOC changes with different land uses through a
comparative analysis of data sets obtained through compilation of several studies carried out in the different
parts of India in a holistic manner.

The pooled findings from several studies under different ecological variable regions are analyzed through meta-
analysis approach. It is a statistical tool that considers experiments to assess the magnitude and direction
of treatments outcome as well as pattern and sources of heterogeneity (Hedges et al ., 1999; Koricheva et al
., 2013). This study tells about the effect of LUCon SOC changesand nutrient management practice in rice
and wheat crop with a meta-analysis approach to provide a quantitative analysis. In broad, the objective of
this study is to 1). Quantify the effect of LUC on SOC and SCS, 2). Effect of organic matter addition on soil
health and productivity related to LUM and 3). Correlations between SOC and soil properties in different
LU.
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2. Materials and Methods

2.1. Study selections

The papers were searched using specific keywords from the database of different journals and the online
websites. The resulted papers were separated based on requirements keeping several criteria in mind: 1). The
collected papers should have comparative study between minimum any two land uses (barren land (BL);
cultivated land (CL); grassland (GL); horticulture land (HL); plantation land (PL) and forest land (FL) in
Indian context,2). The collected papers should have suitable sets of soil parameters (soil pH, bulk density
(BD), cation exchange capacity (CEC), soil organic carbon (SOC) and soil carbon stock (SCS), 3). Forest
land (FL) was considered as control treatment over the other land uses (BL/CL/GL/HL/PL). 4). The study
paper should represent different regions of India, and 5). The study was not bounded with the particular
parameters like soil types, soil classes, soil taxonomy, and management practices, cropping systems, and
specific trees, grasses, crops.

For comparing SOC and crop yield to show the impact of proper management practice on to bring back
the conditions of soil for restoring soil health and ensuring food security, data from supplementary file of
database from Sharma et al. (2019) was used that involve compared data of integrated nutrient management
(INM) and inorganic alone for rice and wheat crop.

2.2. Land use selection

FL was selected as control treatment and other LU (BL/CL/GL/HL/PL) was taken as other treatments for
this study. FL covered all types of situations existence like open to dense forest, single species tree cover to
several species tree cover, Himalayan to plain forest and low aged to high aged trees. BL was considered with
no vegetations either naturally developed or developed due to anthropogenic activities. CL was considered
for all the type of crops and cropping systems either grown in Himalayan valleys or plain from northern to
southern part and western to eastern part. Natural GL was used with no specific grasses grown in the areas.
HL includes orchards and agroforestry whereas PL includes mainly arecanut plantation, coffee plantation,
mango plantation, oil palm plantation, orange plantation, pine plantation and teak plantation.

2.3. Data compilation

Papers (original articles, review papers and thesis) were collected and reviewed from the period 1990-2019 in
context to the impact of land use change (LUC) on soil organic carbon (SOC), soil carbon stock (SCS) and
other soil properties in different regions of India with an aim of finding the changes in these soil parameters
due to conversion of forest to other LU. After general review, data was critically analyzed and data pertaining
to FL was considered as control to understand the effect of LUC as to BL, CL, GL, HL and PL in India.
Selected 1786 paired data sets from these papers were analysed using Meta-analysis to understand the impact
of LUC in India in various soil depths (0-0.15 m, 0.15-0.30 m and 0.30-0.45m).

Furthermore to understand the effect of LUM through human activities, data from supplementary file of
database from Sharma et al.( 2019) was used. 338 pairs of data set of the file was Meta-analysed to show the
impacts of organic matter addition with chemical fertilizers on crop yields and SOC in the rice and wheat
crops of the India during the period of 1989-2016 and stating that sole dependency on chemical sources of
nutrients alone could not ensure the food security of the 1.39 billion populations of India.

2.4. Meta-Analysis: Method of analysis using diverse datasets

Meta-analysis is a potential statistical approach to analyze the reaction of managements
(BL/CL/GL/HL/PL) to control treatment (FL) from differentdistinct studies evolving a universal
trend. This study has attracted researchers from all over the world for better understanding of all the
variables.

Two stage-based Meta-analyses (MetaWin 2.1) were used to analyse the database and understand the com-
parative changes (Chakraborty et al ., 2017; Rosenberg et al ., 2000). Under this the effect size (ES) was

3
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calculated for individual parameter using the equation as proposed by Hedges et al. (1999):

ES = lnR = ln

[
XT

XC

]
Where,

XT-Average of response variables (SOC, SCS, yield and other parameters) of the treatments (LU),

XC-Average of these variables in FL with control

Since, all studies were from variable conditions was the basis of multiple replications, the standard deviation
calculated were based on the number of observations with simple statistically procedure.

ES from individual studies were then combined using a mixed-effect model to calculate the cumulative effect
size and the 95% confidence intervals (CIs) through bootstrapping with 4999 iterations (Adamset al ., 1997).
The mixed-effect model is a random-effect Meta-analytic model for categorical data (Rosenberg et al .,
2000), assuming random variation among studies within a group and fixed variation between groups. The
cumulative effect was considered significant if the CIs did not pass over zero.

Interpretation of results : Results were back-transformed and presented as change in percent caused by
treatments in relation to control. Significant differences were considered only p value is less than 0.05. The
Meta-analysed value has been presented in graph to clearly show the significant effect of LUC and INM over
the inorganic fertilizer alone.

2.5. Linear model for correlation among soil properties in different land uses

Linear model is used to understand the behavior of complex systems or analyze the experimental data. Linear
regression is a statistical tool used to create a linear model. In this study datasets of LU with respect to
SOC and other soil properties were analyzed. The significant changes among all soil parameters have been
presented in graph to clearly show the effect of SOC on LU. The linear regression equations and R2 has been
presented for individual LU in the graph.

3. Results

3.1 Effect of LU on soil organic carbon

With regard to LU, negative effects of SOC were found for LU like BL, CL, GL, HL and PL as when
compared to FL (Figure 3). The SOC decreased significantly for BL (-27.3%), CL (-31.1%), GL (-36.1%)
and PL (-35.5%) over the FL considered as control for this study but found non-significant changed for HL
(-11.5%) in comparison to FL and this might be due to some data points were found with the positive effects
but the maximum data points of ranges had come in the side of negative effects as the Figure 3 showed the
mean value lied towards the negative effect. These results indicated that conversion of FL towards other
land uses (BL/CL/GL/HL/PL) could readily result into decline in SOC content under most conditions. The
percent negative change of SOC for all the land uses (BL/CL/GL/HL/PL) over the FL was found to be in
greater in range due to variability in vegetation, soil types, climatic conditions, topography, and followed
management practices in the different regions of the India.

On depth-wise the overall SOC showed negative effects for other land uses (BL/CL/GL/HL/PL) over the FL
(Figure 3). In soil depth 0-15 cm, SOC decreased significantly in BL (-25.5%) and GL (-27.5%) over the FL
but found non-significant changed for CL (-21.0%), HL (-17.5%) and PL (-31.1%) in comparison to FL and
this might be due to some data points were found with positive effect but the maximum data points of ranges
had come in the side of negative effect as the Figure 1 showed the mean value lies towards the negative effect.
The majority of management practices are being carried out in soil depth 0-15 cm that could have resulted
in buildup of SOC in few cases during long-term studies for the land uses CL, HL, and PL as compared
to the newly established FL in the different regions of the country. In soil depth 15-30 cm, SOC decreased
significantly in BL (-29.6%), CL (-46.5%), GL (-41.3%) and PL (-40.5%)over the FL but non-significant
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changed for HL (-12.4%) as compared to FL whereas in soil depth 30-45 cm, SOC decreased significantly in
BL (-27.7%), CL (-54.9%), GL (-63.7%) and PL (-36.4%) over the FL and non-significant changed for HL
(1.8%) in comparison to FL (Figure 3). The depth-wise results of SOC were in concurrence to the findings
of overall SOC and similarly indicated that conversion of FL towards other land uses (BL/CL/GL/HL/PL)
could readily result into decline in SOC content.

3.2 Effect of land use on soil carbon stock

Land uses change impacts the SCS in all the regions of the country. In this study, SCS was found significantly
affected due to conversion of FL into other land uses (BL/CL/HL/PL) and non-significantly affected with
respect to GL. The percent reduction of SCS in BL, CL, GL, HL and PL was 34.0, 41.2, 1.47, 33.5, and
47.9, respectively as compared with FL (Figure 4). The decrease in SCS for GL was found towards lower
direction as compared to other land uses (BL/CL/HL/PL) over the GL could be due to minimum human
interference in the region whereas the maximum interference of human exaggerated losses in SCS in CL and
PL. The long-term no vegetation in BL has affected adversely towards SCS.

Depth-wise study of SCS for land use changes accorded the findings of overall result of SCS under most
conditions. In soil depth 0-15 cm, SCS decreased significantly in BL (-31.9%), CL (-38.3%), HL (-38.0%) and
PL (-30.2%) over the FL but found non-significant changed for GL (5.7%) in comparison to FL (Figure 4).
Even though SCS for GL was non-significantly affected as when compared with FL but the positive effects
could be due to long-term vegetation prevalent in some of the regions of GL over the newly established
forest. In soil depth 15-30 cm, SCS decreased significantly in BL (-41.4%), CL (-44.6%), HL (-31.2%) and
PL (-67.1%)over the FL but non-significant decreased for GL (-17.3%) as compared to FL whereas in soil
depth 30-45 cm, SOC decreased significantly in BL (-35.9%), CL (-47.6%), GL (-14.2%) and PL (-67.2%)
over the FL and non-significant increased for HL (-10.3%) in comparison to FL (Figure 4).

3.3 Effect of use of organics on crop yield and SOC

Organics alone can maintain the soil health in a better manner as when compared to inorganic alone and
integrated inorganic and organics but the yield was found comparatively lower. Several studies support that
organics addition to the soil improves its health as well as ensure food security by managing yield as well as
crop quality. Therefore, organics was integrated with inorganic fertilizer termed as INM and was compared
with inorganic alone in rice and wheat crops (Sharma et al ., 2019) and the finding suggests that organics
addition alongwith inorganic fertilizer improves the rice and wheat yield in most of the condition. The wheat
yield was significantly increased in INM treatment over the treatment inorganic alone by 4.5% whereas rice
yield was increased by 1.2% (Figure 5). The change in yields was 50 and 130 kg ha-1, respectively in rice
and wheat crop in INM treatment over the synthetic fertilizer alone. SOC was with positive effects when
INM treatment was applied over the treatment inorganic alone in both rice and wheat crops. The effect of
SOC was significantly increased in treatment INM in rice (23.2%) and in wheat (16.2%) in comparison to
treatment inorganic alone (Figure 5). This result directs towards that organics addition improve SOC and
ultimately enhance soil quality/health. Improvement of soil health sustain better crop yield and ensure food
security.

3.4 Correlation of SOC with soil properties in different land uses

SOC was found significantly correlated with soil properties like BD, pH and CEC in most of the LU at
p<0.001. The negative correlation was observed between SOC and BD (Figure 6) whereas positive correlation
was recorded between SOC and CEC (Figure 7 and 8). While for soil pH, some of the LU was positively
correlated (HL & PL) and some of the LU are negatively correlated (BL, CL, FL & GL). There was no
significant correlation was recorded in other soil properties studied in the papers collected from different
sources.

4. Discussions

4.1 Changes in SOC following LU

5
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The exact quantification of SOC is very important for detecting and predicting the changes in response to
altering global climate (Negi and Gupta, 2010). The present study showed that FL had a negative effect on
SOC over other LU (BL/CL/GL/HL/PL), and the findings of meta-analysis, which is similar to the present
information that LUC from FL to other LU may lead to decrease in SOC (Kolambukattu et al ., 2013).
However, these results were not the universal condition for all the LUC because this test of heterogeneity
showed noteworthy variability among studies. Large annual addition of OM in the form of leaf litter, SOC is
highest in the FL, which exists in the soil due to the non-disturbance of any tillage activities and also slow
decomposition rate due to prevailing low temperature in the forest resulted higher soil carbon values (Haynes,
2005; Baker et al ., 2007; Kolambukattu et al ., 2013) whereas in other LU the SOC was lower as when
compared to FL is due to interference of human activities or tillage practices and higher temperature in these
LU due to direct exposure to radiation increases the rate of mineralization resulted higher decomposition
of organic matter. The decomposed organic matter releases CO2 in the atmosphere and causes loss in SOC
(Ramzan et al ., 2019). Similarly in case of CL, scarce of OM addition, removal of crop residues and rigorous
cultivation activities increase C losses from the soil system (Lal and Kimble, 1997; Yang et al ., 2004; Baker
et al ., 2007; Smith, 2008 and Sharma et al ., 2014). The lost SOC increased the CO2concentration of
atmosphere which further resulted in global warming and climate change.

To manage climate change, it is essential to store SOC in the terrestrial ecosystem. In the terms of quantity,
the change in SOC content due to LUC from FL to other LU if tried to regain can be helpful to sequester
more C in the terrestrial system. The study shows that the scope of improvement of SOC in other LU
(BL/CL/GL/PL/HL) to become C equivalent to FL can be possible by increasing SOC by 27.3% in BL,
31.1% in CL, 36.1% in GL, 35.5% in PL and 11.5% in HL as when compared to FL. This change can be
possible through proper management strategy in other LU.

4.2 Changes in SCS following LU

LUC is one of the influential factors which bring changes in SCS build up. Several studies suggest that the
conversion of LU from FL to other LU led to decrease in the soil quality owing to the reduced SCS. LUC
from FL into other LU may act as a C source (De Blécourt et al ., 2013; Guillaume et al ., 2015; Fan et
al ., 2016; Iqbal and Tiwari, 2016) and concurrently affect soil characteristics (Abera and Wolde-Meskel,
2013). Based on study about 350 m.ha. of FL has been converted to other LU (ITTO, 2002) and leads to
biodiversity loss (Ahrends et al ., 2015) and SCSt losses of 20–40%(De Blécourtet al ., 2013 and Guillaume
et al ., 2015).A Meta-analysis reported that SCS decreased 13% to 42% when native FL was converted to
PL and CL, respectively (Guo and Gifford, 2002). Similarly in this study the negative effect of SCS on other
LU was observed in comparison to FL. The lower SCS for PL and HL was recorded in this study as compare
to FL might be because of the absence of deep rooted trees and fewer canopy covers. The potential for soils
to restore C from the atmosphere is affected by the balance between rate of deposition of the photosynthetic
materials and rate of respiration to decompose the C inputs (Mathieuet al ., 2015). In addition, as root tissue
is recalcitrant for degradation and mineralization than the top soil litters therefore root derived C has long
residence time (Rasse et al ., 2005). More accumulation of organic matter can reduce the leaching (Kenye et
al ., 2019). Also, absence of canopy covers, the exposure of direct solar radiation thereby increases the rate
of mineralization.

The present study shows that the scope of improvement of SCS in other LU (BL/CL/GL/PL/HL) to become
C equivalent to FL can be possible by increasing SCS by 34.0% in BL, 41.2% in CL, 1.47% in GL, 33.5% in
HL and 47.9% in PL as when compared to FL. The changes of SCS can be supported by the study depth-wise
on SCS. However this change is more in depths as compared to surface soil is due to LUC leads to difference
in SCS is more at subsurface soil over the surface soil. Regaining the lost SCS amount under different LU is
a tedious work. If this can become possible through management practices, a large amount of atmospheric
CO2 can be restored in the soil and problems of climate change can be mitigated. Integration of organics
with chemical fertilizer in cultivated soil can be one of the better LUM strategies for restoring C in the soil
and improving the crop productivity and thus managing soil health and ensuring food security.

4.3. Improving SOC through nutrient management strategy

6
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Intensive monocropping system, fertilizer-responsive varieties and continuous imbalanced chemical fertiliza-
tion have caused losses in SOC (Singh et al. , 1999) and soil health (Anwar et al. , 2005; Kumar et al .,
2017 and Kumar et al. , 2018), that leads to unsustainable crop production. Organic matter (OM) addition
usually acts as a “revolving nutrient fund” and as an agent to improve soil structure, maintain tilth and
minimize erosion (www.fao.org) and thus converts the unsustainable to sustainable crop production system.
The OM addition rapidly gaining favor but, owing to the problems related to the lack of supply of a good
quality and quantity of the added materials, the system may not be sufficient to achieve and sustain the
crop production for food security (Kumar et al ., 2018). Therefore, it is essential to maintain quality OM
for good produce.

Balanced and INM can maintain OM levels in the soil have been well established. The INM system improves
soil health through building up SOC and improving soil properties. Integrating organic and inorganic sources
can help in the sustenance of farming for a longer period than chemical fertilizer alone (Sharma et al .,
2019).The present study observed that in case of INM over the inorganic alone, as the SOC status increases
in the soil it helps to improve the yield of rice and wheat crop. The finding directs that SOC improves the
soil physical, chemical and biological quality that provides suitable conditions for crop growth and result
into good crop. Rice and wheat are the major staple food of India and main source of energy. Achieving its
optimum yield level based on soil, climate and atmospheric condition will help to meet out the food security
for ever growing population of India.

4.4. Effects of SOC on soil health and food security

Greenhouse gases (GHG) are the main player to maintain the global energy balance. A small change in their
amount in the atmosphere can affect the climatic conditions on earth. Anthropogenic emissions of CO2 are
likely to increase as in the future human population increases. Human led LUC can result into significant
exchanges of CO2 between the soil and air (Lal, 2000).Therefore, restoration of C in the soil can only be
option to counteract the effect of climate change and the problems created due to climate change. Since OM
plays a multifaceted role in several soil processes (Gregorich et al ., 1994) hence, SOC is the panacea for
sustaining soil health and food security by the maintenance of production system (Anantha et al ., 2018).

The findings suggest SOC is related to different soil properties like BD, CEC and Soil pH. Similar strong
correlations has been reported in several studies of different aspects (Pal and Pawar, 2013; Wang et al ., 2014;
Xu et al ., 2019). The result supports that LUC affect not only SOC but also other soil properties. Some
studies have derived correlations between SOC and total nitrogen (TN) and other parameters suggesting
OM turnover influences these factors (Xu et al ., 2019).

Increasing attention is being focused on the role of managing and carbon storage in the soil. However, it is
a major challenge to maintain or improve low level of SCS due to LUC. Proper management strategies can
be utilized to mitigate this problem.

5. Conclusion

Based on the analysis the following conclusions were drawn: (i) LUC from FL to other LU
(BL/CL/GL/HL/PL) have negative effect on SOC, (ii) SCS decreased minimum by 2% in GL, 42% in
CL and maximum by 48% in PL, (iii) In general, LUC increased SOC and SCS difference on increasing soil
depth, (iv) Organics addition alongwith chemical fertilizers increased crop productivity and SOC could be
one the viable options in LUM for soil health and food security, and (v) A negative correlation between SOC
and BD while positive correlation between SOC and CEC was recorded in different LU.
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