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Abstarct
Erosion through ravines causes many problems on bank of Chambal 
River in Madhya Pradesh. It damages rangelands, croplands and 
infra-structures. Plantation of different fruit trees (Moringa oleifera, 
Amblica officinalis, Psidium guaijava, Ziziphuszezuba, Punica 
grantum, Annonasquamosa), forest/medicinal trees (Cenchr sciliaris, 
Azardirechtaindica, Pongamia pinnata, Albizialebbeck, Dalbergiasisso 
and Acacia nilotica) and some grasses (lemon grass, pamarosa, para 
and napier grass) under four management modules viz. M1 - diversified 
cropping system, M2-Agri-horticultural, M3-Horti-pastoral, M4-Silvi-
medicinal and M5-Silvi-pastoral were raised during 2012 at 3x3 m 
spacing. Plants absorb carbon dioxide from the atmosphere by the 
process of photosynthesis and store the carbon (C) as biomass. The 
highest biomass carbon was yielded in Module M3, followed by M2, M5, 
M4 and M1, respectively. The average biomass carbon was found highest 
in grasses followed by fruit and forest trees. The study shows that the 
carbon sequestration in soil (0-15 cm) was found highest in M4 (0.45%) 
followed by M5 (0.44%), M1 (0.36%), M2 (0.35%) and between depth 
15-25 cm the soil sequestration was highest in M1. The percent increase 
in soil carbon from 2012 to 2017 was highest in M1 (0-15 cm), while in 
depth 15-25 cm M4 showed highest increase in soil carbon. Available 
nutrient status showed tremendous changes over initial value whereas 
available phosphorous showed decreasing trend under all modules after 
six years of studies.
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Introduction
In recent centuries, the concentration of atmospheric 
CO2 has increased to 380 ppm, mainly due to 
anthropogenic activities.11 Forestation plays a 
very vital role in reducing CO2 through soil carbon 
sequestration.10 Carbon is found in all living 
organisms and is the main building block for life on 
earth. It is present in the soil organic matter, plants 
and animals, geologic deposits, atmosphere as 
carbon dioxide (CO2) and dissolved in sea water.

There is a need to identify and utilize the different 
types of land use systems in dropping the 
atmospheric CO2 concentration and enhancing 
the carbon storage in the forestry and agroforestry 
systems. The importance of plantation, crops, forests 
(or trees) in carbon cycles is well recognized19 and 
forests a large sink of carbon. There is challenge 
to improve the carbon storage capacity of earthly 
vegetation through utilization of different land-use 
and land cover systems such as renewal of forests, 
silviculture and agroforestry.4 Agroforestry systems 
are very significant in the area currently under 
agriculture. Farmers depend on agricultural lands 
for their source of income, and the requirement for 
linking food production with environmental services.8

While the primal natural ecological systems 
characterize as major vegetation and soil C sinks, 
a substantial extent of this has already been lost 
particularly in underdeveloped and developing 
nations of the world. It is unlikely that these degraded 
areas such as ravines land will be converted to 
natural green cover. The need for transmuting these 
less utilized biomass land uses (such as ravine lands) 
to carbon-rich plantation of horticulture, forestry, 
agroforestry, and medicinal plants through different 
ravine management modules. In recent past major 
emphasis was given to management of agricultural 
systems for mitigating climate change effect through 
carbon sequestration.13 Establishing and handling 
perennial vegetation to increase C sequestration is 
inexpensive compared to most other techniques, and 
these practices have least environmental and health 
risks. Perennial vegetation is more efficient than 
annual vegetation as it allocates a higher percentage 
of C to below-ground and often extends the growing 
season,13 so increasing C sequestration potential of 
systems even in future.15,12

Out of total available lands in India about 3.97 m 
comes under ravine, which is severely degraded 
form of lands. Protection of nearby productive 
lands is necessary from overexploitation and poor 
management. The unavailability of nutrient and 
moisture in the soils of ravine land severely affected 
vegetation of the area. The area experienced 
extreme weather conditions during summer as 
well as in winter with less rainfall, which make 
agriculture non-profitable in the region. Under these 
conditions, efficient nutrient and water management 
technologies required for sustainable production and 
livelihood to the farmers of ravine.

Impacts of different land use help to sequester 
carbon in degraded land, improve the groundwater 
table, land productivity, microclimate and livelihood 
options for farmers. Different land use modules help 
to recover ecological condition of ravine lands of 
Madhya Pradesh.2 Soil fertility, structures and water 
holding capacity of degraded soils will be enhanced 
by soil carbon sequestration which improved 
productivity and profitability. The greening of ravine 
lands also helps in protection of soil and increasing 
the water availability eroded gullies. The present 
study was performed to evaluate the plants biomass 
and carbon sequestration potentials under different 
modules of management of ravine.
 
Materials and Methods
The present study was conducted at university 
experimental site at the village Aisah of Morena 
district of M. P., near to the bank of Chambal river 
and is about 80 Km from university head quarter.  
The location of project area is at Latitude  
26040’40.84” N and Longitude 78006’29.21 E  
with altitude ranges 150 to 240 m above MSL.

The depth of soil varied from 30 cm to > 120 cm with 
sandy clay loam in texture. Physiographic position of 
the Morena District is central high land pathar. The 
slope gradient of the fields was mostly in between 
0.1 to 8.0 per cent (very gently sloping to gently 
sloping). The problem of severe to very severe 
erosion is prominent because the area was mostly 
uncultivated during rainy season. Soil have almost 
medium to low water holding capacity.
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The study conducted to est imate carbon 
sequestration potentials under different land use 
system in ravenous watersheds. The experiment 
was star ted dur ing the year 2011-12. The 
five module M1-Diversified cropping system,  
M2 - Agri-horti module, M3-Horti Pastoral module, 
M4- Silvi-Medicinal Module, M5-Silvi-Pastoral, were 
developed for sustainable management of Chambal 
ravines. The partially land terracing and cleaning 
a layout of the experimental plot was laid down in 
15 blocks of 60 x 70 meter each to accommodate 
five modules in three replications. Total gross area 
of an experimental site was 20.475 ha. Planting 
geometry consist two main plots with area 4200 m2 
with 300 plants per plot. Six species of fruits trees 
(Drumstick, Aonla, Ber, Guava, Custard apple and 
pomegranate ) and ten species of silvi-medicinal 
(Neem, Arjuna, Mahua, Gugul, Karanj, Babool, Teak, 
Siras, Khamer, Seasham) were transplanted in pits 
of 30 x 30 x 45 cm.

The organic carbon content of soil was estimated,21 
and biomass under different five modules was 
estimated with the help of carbon analyzer. Similarly 
available nitrogen,20 available phosphorus,16 
available potassium,14 and percent aggregates 
(> 500µm) of soil were estimated.22 The activity 
involved in measurement of tree parameters from 
different modules to obtain single tree weights, 
quantification of the total standing biomass stock of 
the modules and ultimately estimation of standing 
stock of biomass per ha. The parameters of tree were 
measured including; diameter (dbh), bole height, tree 
height and crown diameter/width.

Estimation of Biomass
It is hardly ever possible to measure all biomass 
of an area by destructive sampling. Some form 
of allometry is used to calculate the biomass  
of separate plants to measurable properties such 
as its stem diameter. The plant having diameter  
at breast height greater than or equal to 2 cm  
DBH would be used for above ground biomass 
estimation of vegetation. 

Biomass Carbon in Plants per Year
The trees, planted in tropical climates, especially 
in agroforestry, help to sequester atmospheric CO2 

approximately @ 50 pounds of CO2 tree-1 year-1. Most 

conditions may affect the rate of carbon sequestration 
in plant, i.e., their growth characteristics, the density 
of the tree's wood, and the conditions for plant 
growth where it planted. Carbon sequestration 
was highest in the early ages, between 20 to 50 
years.1 To calculate the quantity of biomass carbon 
stored in a given plant, the annual biomass carbon 
sequestration rate was obtained by dividing plant 
age. The process consisted determination of:

1. Total (green) weight of the tree. 
2. Dry weight of the tree. 
3. Weight of carbon in the tree. 
4. Weight of carbon dioxide sequestered in the tree 
5. Weight of CO2 sequestered in the tree per year 

Total (green) Weight of the Plant 
To calculate the weight of a plant following formula 
used1

W = weight of the plant (grams), D = Diameter of 
stem (cm), H = Height of the plant (meter).

If D < 11 then,
W = 0.25D2 H   ...(1)

If D >11 then,
W = 0.15D2 H   ...(2)

The given two equations could represent an average 
of all the plant species equations. The coefficient 
(e.g. 0.25) varied, and D2 and H could be raised to 
exponents just above or below depending on plant 
species. The weight of root system about 20% weight 
of tree above ground. Hence, to calculate the total 
green weight of the plant, the above-ground weight 
of the tree multiplied by 120%.

Dry Weight of the Tree19

To determine the dry weight of the tree, the weight 
of the plant multiplied by 72.5%. This is calculating 
by taking all species into account, having average 
tree dry matter 72.5% and moisture 27.5%.

Carbon Weight in the Tree
The tree’s total volume generally contain 50% of 
average carbon.18 Therefore, the weight of carbon in 
the plant is 50 per cent of plants dry weight.
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Weight of CO2 Stored in the Tree
CO2 having one molecule of Carbon and 2 
molecules of Oxygen. The atomic weight of 
Carbon is 12.001115, whereas Oxygen’s atomic 
weight is 15.9994. Hence the estimated weight of 
CO2 is, C+2*O = 43.999915; and CO2: C ratio is 
43.999915/12.001115 = 3.6663.

Hence, the weight of CO2 stored in the plant is 
estimated, by multiplying 3.6663. The weight of CO2 
sequestered in the plant per year = Weight of CO2 
stored in plant/ age of plant.

Results and Discussion
Bio-Mass Carbon in Different Modules
Since the biomass in plants developed with 
increasing age, delaying harvesting to maturity 
may help in development of huge carbon sink. The 
bio-mass carbon of various modules was calculated 
for the year 2012-13, 2013-14, 2014-2015, 2015-16 
and 2016-17. The bio-mass carbon was highest in 
Horti-Pastoral module (M3) followed by Silvi-Pastoral 
Module (M5), Agri-Horti module (M2), Silvi- Medicinal 
Module (M4) and diversified cropping system 
(M1) during 2016-17, while Horti-Pastoral module 
(M3) followed by diversified cropping system (M1),  
Agri-Horti module (M2), Silvi-Pastoral Module 
(M5), and Silvi-Medicinal Module (M4) in 2012-13. 
The highest change in biomass carbon is 89 per 
cent in module M5 followed by 85 per cent in M3,  
84 per cent in M4 and 80 per cent in M2. (Fig.1). A 
mix of agro forestry with crop fields is a promising 
option to enhance C sequestration in soils. The 
tree components in agroforestry systems can be 
important sinks of atmospheric carbon due to their 
fast growth and high productivity.9 

Biomass Carbon in Different Trees / Plants,
Grasses and Crops
The average biomass carbon was highest in Fruit 
trees followed by silvi, medicinal, crops, forest trees 
and grasses plants during 2012-13 to 2016-17 
(Fig.2.). This is basically due to highest growth as 
well as biomass production which increase biomass 
carbon production compare to other plants, crops 
and grasses.7 Noticeable differences were recorded 
under tree plants. The low rate of biomass carbon 
in early ages of plants were recorded. Similarly, 
increase in biomass carbon after 6th year of study 
were observed under all modules may be due to the 
fact that we used diameters at Brest height (DBH) 
for estimation of above ground biomass, given in 
Eq (1). However, out of total 16 trees 10 trees a 
uniform pattern of yearly biomass C-storage and 
lower storage of carbon over time. Drumstick in all 
modules showed a continuous increase in C-storage 
with the age. The data suggested that planting the 
fast-growing species in the degraded land was an 
effective choice in terms of carbon sequestration.5 
The C-storage pattern of Guava, Pomegranate, 
Mahua, Adusa custard apple and guggle exhibiated 
a very slow rate of growth and minimum biomass 
carbon accumulation at the end of study.

Carbon Sequestration in Soil
At the end of sixth years result indicated that there 
was significant enrichment in soil organic carbon 
content given in table 1 under various management 
modules from initial level of organic carbon which 
was just 0.11- 0.12 % now came to the 0.30 to 
0.35% in different management modules in surface 
soil. During first year it was maximum in M1 and M5 

but there was more improvement in silvi-pastoral 

Fig. 1 Biomass Carbon in Different Modules  
of Ravine Management

Fig. 2 Average Biomass Carbon Produced by 
Different Types of Tree, Grasses and Crops
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module (M5) as time is increasing. This value would 
be increasing many folds in coming time due to 
increasing age of trees. The continuous buildup of 
organic carbon under different module may be due 
to the supply of organic matter in the form of plant, 
crop and grass residues through litter fall which 
naturally incorporated in the soil and increase the 
level of organic carbon.17

Soil Properties 
The changes in soil physico-chemical properties 
(Table 2.) were recorded in different modules at 
the end of experiment (2017) over the initial (2012) 
status. Soil is slightly alkaline and do not show much 
variation related to soil pH and EC with time. Slight 
decrease in soil pH and increase in soil EC were 
recorded under all modules at the end of study. 

Markedly buildup of organic carbon was recorded 
under all modules of ravine land experiment over 
initial status (0.09 %) and maximum value (0.38%) 
recorded in diversified cropping system (M1). Soil 
nutrient status showed drastic changes over initial 
status of soil especially in soil available nitrogen. 
The available nitrogen showed increasing trend 
over initial status, similarly available potash showed 
both increase (M1) and decrease (M4) values 
under different modules. Available phosphorus 
decreased with time under all modules. The percent 
aggregates (>500µm) increased under all modules 
due to continuous plantation cover which reduce soil 
erosion and bind soil particles. Closer examination 
of changes in soil properties over time following 
establishment of different modules of tree species 
is necessary to know the mechanisms answerable 

Table 1: Carbon Sequestration in Soil under different modules.

Management   Organic Carbon in Soil (%)
module 
 2012 - 2013 2013 - 2014 2014 - 2015 2015 - 2016 2016 - 2017
 0-15 15-25 0-15 15-25 0-15 15-25 0-15 15-25 0-15 15-25

M1 0.26 0.22 0.35 0.32 0.38 0.34 0.41 0.36 0.40 0.35
M2 0.23 0.18 0.34 0.29 0.36 0.30 0.43 0.30 0.43 0.34
M3 0.16 0.18 0.30 0.23 0.34 0.26 0.34 0.30 0.36 0.30
M4 0.22 0.23 0.33 0.31 0.36 0.33 0.70 0.30 0.65 0.33
M5 0.26 0.20 0.32 0.26 0.37 0.28 0.65 0.31 0.60 0.32

Table 2. Changes in Soil Properties under  
Different Modules over Initial Status

Module pH EC Kg/ha   Aggregate% 

   N P2O5 K (>500 µm)
    Initial (2012-13)

 8.52 0.42 90.2 5.50 309.4 14.37
    Final (2016-17)

M1 8.42 0.52 137.9 5.33 375.2 16.54
M2 8.42 0.49 150.4 4.04 328.0 18.64
M3 8.35 0.43 112.8 3.90 292.6 24.87
M4 8.31 0.47 100.3 3.50 287.8 32.41
M5 8.48 0.49 0.37 125.4 4.08 37.45
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for changes in the soil organic matter and nutrient 
availability3 which in turn will contribute in the 
development of effective long term strategies to 
maintain soil quality and fertility.6

Conclusion
The ravine area is perhaps one of the most severest 
and susceptible ecosystem with severe on-site and 
off- site implications. Management of ravine through 
plantation of various tree species for both soil health 
management as well as increasing the livelihood 
options to farmers.

The biomass carbon accumulation in above ground 
was highest in horti-pastoral followed by Agri-horti 
and silvi-pastoral modules of management of 
Chambal ravine. The organic carbon in the soil of 
highly degraded lands of Chambal increased from 
its initial level in the all modules of management  
the highest in organic carbon from 0.09 %  

to 0.38 % recorded in the diversified cropping  
system modules. 

The management of Ravine area contribute 
significantly to improving soil carbon sequestration, 
which will help in mitigating the impacts of  
climate change. The management of ravine  
through plantation of horticultural, agro-forestry, 
pastoral plants shows positive impacts on biodiversity, 
soil conservation and contributing to soil carbon 
sequestration.
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