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SUMMARY

For improving the carbon storage in agricultural soil, cropping with best mangement practices is
important. Among crops, forages have great oppourtunity to fix carbon. As well as the undisturbed cultivation
for long period, poses to select these crops for carbon sequestration studies.The objective of this paper is to
study the impact of various nutrient sources on biomass yield and carbon sequestration potential  of various
perennial fodder crops. An experiment was initiated with three different perennial forage crops viz., legume
fodder (Lucerne CO 1), grass fodder [Cumbu Napier hybrid grass CO(CN)4] and cereal fodder [sorghum
CO(FS)29]. The nutrient requirement met through different sources viz., farm yard manure (FYM), poultry
manure (PM), INM and inorganics. The results showed, among the different forage crops, Cumbu Napier
grass had higher carbon sequesteration potential of above ground biomass which  removed 336.7 t CO2/ha
than multicut fodder sorghum (148.7 t CO2/ha). The higher below ground biomass in Cumbu Napier grass
removed 7.73 t CO2/ha from the atmosphere than lucerne (4.21 t CO2/ha). The soil physical properties and
microbial populations were also favourable in the grass type fodder. Among the nutrient sources, the FYM
favoured higher carbon fixation in the soil than poultry manure, integrated nutrient management and inorganics
alone. In addition, the Cumbu napier fodder crop stored 9.2 g/kg of soil organic carbon over initial SOC
status of 6.5 g/kg followed by multicut fodder sorghum accumulated (8.7 g/kg). The soil carbon stock was
worked out to be 18.63 t/ha/year in Cumbu napier grass than by multicut fodder sorghum 17.62 t/ha.
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Projected changes in climate will affect many
physical and biological systems across the globe (IPCC,
2000). The impacts of changes in temperature,
precipitation and climatic events can be expected to be
significant on agriculture. Because the agriculture
comprises a substantial proportion of the world’s land
cover while providing the main livelihood and food base
for a growing population, it requires a major effort of
adaptation and mitigation. The farmers already face a
wide range of environmental challenges will  require
adoption of novel technologies and modified farming
systems. It has been estimated that the concentration of
atmospheric CO2 has increased from 280 ppm in 1900
to 390 ppm in 2009 which closely associated with global
warming effects such as temperature rise of 0.4 to 2.0oC
(IPCC, 2001). In order to reduce the green house gas
(GHG) emissions, several strategies have been evolved

particularly for agricultural production systems.
Soil is considered a source and a sink for CO2

sequestration (Smith et al., 2005). Researchers viewed
an acre of pasture can sequester more carbon than an
acre of forest. In addition, most of the forage grasses are
of multi-cut type and they serve as vegetative mulch and
zero tilled conditions for a period of 3-5 years depending
on the soil fertility and availability of water. Inclusion
of perennial species in farming systems seems to be a
feasible option to help mitigate the extensive impacts of
these threats. To increase the production of biomass and
maintain soil fertility, the organic sources are correct
choice. Manure can be a valuable source of nutrients
for forage crops. It is a complete fertilizer, containing
varying amounts of all the major plant nutrients as well
as essential micronutrients.

The cultivation of cover crops throughout the



year like forages is also reported to increase soil C stocks
in no-till soils in many research papers. Most members
of the grass family are excellent host for mycorrhizal
fungi up to 100 times more efficient than other crops.
Crops  that increase soil C stocks are fundamental to the
sustainability of agricultural production systems. This
is possible with perennial forages. Bama (2014) reported
the higher carbon sequestration potential of the Cumbu
napier hybrid grass type. In this context to the study of
carbon sequesteration potential of long time cultivating
crops in the field and no-till situation. The data served
as a base to determine carbon credit for forage crops
which may offer benefits to the farmers besides
sustaining soil fertility and environmental safety.

MATERIALS  AND  METHODS

To predict the carbon sequestration potential of
various forage crops under different nutrient sources,
an experiment was carried out during 2009-12. The
important perennial forages like lucerne CO 1 (legume
fodder), Cumbu napier CO(CN)4 (grass fodder) and
sorghum CO(FS)29 (cereal fodder) and the nutrient
sources viz., farm yard manure (FYM), poultry manure
(PM), INM and inorganics  were tried in this experiment.
The FYM and poultry manure applied on N equivalent
basis and for INM and inorganics treatments and all
cultivation practices for Cumbu napier hybrid grass,
lucerne and multicut fodder sorghum were followed as
per crop production guide (CPG, 2013).

The initial soil was slightly alkaline in nature
(8.0) and free from excessive salts (0.13 dS/m). It was
medium in organic carbon (0.65%) and low in available
N (168 kg/ha), medium in available P (16 kg/ha) and
high in available K (507 kg/ha). Similarly, microbial
populations viz., bacteria (41.1 CFU × 106 /g soil), fungal
(13.5 CFU × 104/g soil) and actinomycetes (5.1 CFU ×
103/g soil) were also determined. The green fodder yield
of Cumbu napier was recorded initally on 85 days after
planting and thereafter 45-50 days intervals. Totally
seven cuts per year and 21 cuts for three years were
completed. For lucerne, initial harvest was started at 70
days after sowing and thereafter at 25 days intervals.
Totally, 12 harvests per year and for three years 36
harvests were completed. For multicut sorghum, initial
harvest was started at 90 days after sowing, and thereafter
at 60 days intervals and totally 15 harvests for three years.
The dry fodder yield was recorded by keeping the

samples in electric oven at 65ºC for moisture estimation.
The general microflora of soil viz., bacteria, fungi and
actinomycetes were estimated at the beginning of the
experiment and after harvest of third year. The soil
organic carbon was estimated by wet digestion method
initially and after three year studies period. The below
ground and above ground carbon was also calculated by
multiplying dry matter with carbon content. The dry
matter content and carbon content of plant biomass (Dry
combustion method by Nelson and Sommers, *1982)
were estimated in the laboratory. Depending upon the
biomass yield, carbon content and dry matter yield, the
CO 2 removal was calculated by multiplying carbon
content with the factor 3.67.

RESULTS  AND  DISCUSSION

Carbon Dioxide Removal by the Above Ground
Biomass

To calculate the CO2 removal, the biomass yield
is very important. The green fodder yield of the above
ground portion was recorded for each harvest. The first
year results showed that the Cumbu napier hybrid grass
yielded higher biomass of 373 t/ha/year in the FYM
appied plot followed by  PM applied plots (350 t/ha/
year). The INM practice (inorganics with 25 t FYM)
recorded 325 t/ha followed by inorganics alone (275 t/
ha). For second and third years also, FYM treatment
performed better. But the yield level decreased over years
in all the three fodder crops (Table 1). This may be due
to reduction of soil fertility over the period of time. By
comparing three crops, the Cumbu napier grass recorded
higher biomass yield of 953 t/ha/3 years than lucerne
(180 t/ha/3 years) and multicut fodder sorghum (429 t/
ha/3 years) (Fig. 1). To work out the carbon removal,
the biomass yield was converted into dry matter yield
(Fig. 2). Fig 3 shows that carbon removal by the Cumbu
napier hybrid grass was highest followed by multicut
fodder sorghum and lucerne. The derived parameters of
carbon dioxide removal were also worked out and the
results showed that (Table 2), the Cumbu napier had the
highest potential to remove carbon dioxide from the
atmosphere at an average of 336.7 t/ha/3 years followed
by multicut fodder sorghum (148.7 t/ha/3 years) and
lucerne (86.4 t/ha/3 years). With respect to nutrients, the
Cumbu napier responded to FYM application i. e. carbon
dioxide removal by this crop was 381.3 t/ha/3 years, the
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TABLE  1
Above ground biomass of various fodder crops as influenced by nutrient sources

Treatment Cumbu Napier green fodder yield Lucerne green fodder yield Fodder sorghum green
(t/ha) (t/ha) fodder yield (t/ha)

I II III Total I II III Total I II III Total

S1–FYM 373 365 341 1080 56.2 55.4 54.4 166 164 155 131 451
S2–PM 350 342 314 1006 62.1 61.2 58.2 182 179 175 147 503
S3–INM 325 314 282 922 63.7 63.4 61.7 189 151 147 105 404
S4–Inorganics 275 269 256 802 62.3 62.0 58.3 183 135 126 96 358
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Fig. 1. Influence of nutrient sources on biomass yield of various fodder crops (sum of 3 years).
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Fig. 2. Influence of nutrient sources on dry matter yield of various perennial fodder crops over years.
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lucerne responded to integrated nutrient management
practices (93.9 t/ha/3 years) and the multicut fodder
sorghum responded to poultry manure application (174.5
t/ha/3 years) (Table 2). Primarily, plants possessing C4
photosynthetic pathway were capable of fixing 60 to 80
mg of CO2/dm2/h, while C3 plants produced 15 to 30
CO2/dm2/h (Cooper and Tainton, 1968). The data suggest
that the C4 plant species are ideal candidates for C
sequestration process in agricultural production system.
Among the field crops, forages are high biomass
producing plants and can survive under limited moisture
conditions. Sundaram et al. (2014) found that hybrid
napier promised to be a potential fodder for carbon
sequestration in agricultural ecosystem. They also
demonstrated that agricultural practices impacted the soil
carbon storage and again it varied with the climatic
condition. Similar results were also reported by
Sivakumar et al. (2014). The above ground biomass had
a high influence on the amount of carbon sequestration
which enters the soil usually in the form of senescent
leaves and post-harvest remnants (Walker and Borek,
2008). Firdaus et al. (2010) also quantified the biomass
in terms of dry matter production and annual litter fall
by Jatropha curcas and its contribution to increased soil
carbon.

Carbon Dioxide Removal by the Below Ground
Portion of the Cumbu Napier Grass

CO(CN)4

The quantity of carbon removed by the below

Fig. 3. Influence of nutrient sources on carbon removal (t/ha) by
above ground biomass by various fodder crops.

TABLE  2
Carbon dioxide removal (t/ha/3 years) by the above ground

biomass of various fodder crops

Treatment Carbon di-oxide removal by above ground biomass
(For three years)

Cumbu Lucerne Sorghum Mean of all
Napier crops

S1–FYM 381.3 76.7 156.5 204.8
S2–PM 355.4 85.5 174.5 205.1
S3–INM 326.4 93.9 139.7 186.7
S4–Inorganics 283.7 89.6 123.9 165.7
Total 336.7 86.4 148.7 -

TABLE  3
Below ground biomass (t/ha) of various fodder crops as influenced by nutrient sources

Treatment Dry weight of below ground Carbon-di-oxide removal by below
biomass (end of three years) ground biomass (total of three years)

Cumbu Lucerne Sorghum Cumbu Lucerne Sorghum Mean
Napier Napier

S1–FYM 4.88 2.50 1.03 7.98 3.81 1.56 4.45
S2–PM 4.80 2.80 1.05 7.86 4.27 1.60 4.58
S3–INM 4.63 2.88 0.98 7.57 4.39 1.49 4.47
S4–Inorganics 4.58 2.85 0.95 7.49 4.35 1.45 4.44
Mean 4.72 2.76 1.00 7.73 4.21 1.53 4.49

102.520.6

42.1

Cumbu Napier Lucerne Sorghum

ground portion of the various fodder crops  was
calculated as that of above ground portion. The results
revealed that (Table 3) irrespectice of nutrient sources,

the Cumbu napier hybrid grass recorded higher root
biomass of 4.72 t/ha after completing three years of
experimentation followed by lucerne 2.76 t/ha and
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multicut fodder sorghum (1.00 t/ha). The carbon removal
by the various fodder crops of below ground biomass
i.e root biomass results showed that (Fig. 4) the Cumbu
napier had the highest potential to store below ground
carbon by the biomass followed by lucerne and multicut
fodder sorghum. Gale and Cambardella (2000) reported
in cash and cover crops the role of shoots and roots as
sources of soil organic carbon. Santos et al. (2011)
reported that forages or legume cover crops contributed
to carbon sequestration in no-till tropical ferrosals and
most of this contribution was from roots and stored in
the mineral associated fraction. Bama (2014) reported
that the Cumbu napier grass had the potential of
removing more biomass carbon from the atmosphere.

The fodder quality is also influenced by the
nutrient sources in all the fodder crop (Table 4), but
pattern was different in different crops.

per cent from the initial level of 0.65 per cent followed
by multicut fodder sorghum (0.87%) and lucerne (0.75%)
(Fig. 5). Irrespective of crops, FYM applied plots,
recorded higher SOC of 1.05 per cent followed by PM
(0.88%), INM (0.77%) and inorganics (0.69%). In all
the plots, the SOC level was increased might be due to
the addition of stubbles, root hairs and residues by the
fodder crops as well as undisturbed condition for long
time (Table 5). The per cent increase of soil organic
carbon over initial period was 41.5 for Cumbu napier,
33.8 for sorghum and 15.8 for lucerne crop. Forages
accumulated more carbon in soils compared to grain
crops due to a higher root biomass production. There
was a drastic improvement in the organic carbon status
of the soil by the application of organic manures. The
FYM applied on N equivalent basis recorded higher
organic carbon content of 1.28 and 1.12 per cent
followed by poultry manure applied treatment recorded
0.91 and 0.99 per cent, respectively, in the Cumbu napier
hybrid grass, and multicut fodder sorghum from the
initial carbon status of 0.62 per cent. In the lucerne, the
INM treatment soil recorded higher SOC of 0.80 per

Fig. 4. Quantification of carbon removal (t/ha) by the below ground
root portion by the various fodder crops.

TABLE  4
Fodder quality as influenced by nutrient sources on various fodder crops

Treatment Crude fibre (%) Crude fat (%)

Cumbu Lucerne Sorghum Cumbu Lucerne Sorghum
Napier Napier

S1–FYM 31.9 21.9 25.1 2.3 3.7 3.1
S2–PM 31.5 22.0 24.3 2.2 3.8 3.0
S3–INM 32.1 21.7 24.2 2.1 3.5 2.9
S4–Inorganics 32.5 23.1 24.0 2.1 3.6 2.8

Carbon Storage in the Soil

The soil organic carbon was estimated in the
different fodder crops grown soil under various nutrient
sources. Among the various fodder crops, the Cumbu
napier grass grown soil recorded higher SOC of 0.92
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Fig. 5. Impact of various fodder crops on soil organic carbon status.
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cent than  FYM (0.75%) and poultry manure (0.73%).
This may be due to nitrogen fixation by legumes. Lower
N requirement needed by legume was applied through
low quantity of manures (Table 5). Choice of forage had
a large impact on the amount of carbon that can be
sequestered into the soil and perennial C4 forages had
potential to sequester larger amounts of carbon into the
soil than other temperate perennial and annual forages
(Neal et al., 2013).

Soil Carbon Stock

To quantify the soil organic matter (SOC) stock
in the soil, the carbon percentage was converted to t/ha
by multiplying SOC (%) with bulk density (Mg/m3) and
soil depth (cm) (Lal, 2004). Among the different forages,
grass type fodder Cumbu napier hybrid cultivated soil
stored more carbon of 18.63 t/ha compared with multicut
fodder (17.62 t/ha) and lucerne (15.19 t/ha) cultivated soil
(Fig. 6). Also irrespective of crops, FYM applied treatment
improved carbon stock to the tune of 21.26 t/ha followed
by poultry manure (17.82 t/ha) and INM (15.59 t/ha)
(Table 6). By increasing one tonne of root carbon in the

TABLE  5
Soil organic carbon (0-15 cm) as influenced by various fodder

crops grown under different nutrient sources

Treatment SOC (%)

Cumbu Napier Lucerne Sorghum Mean
grown soil grown soil grown soil

S1–FYM 1.28 0.75 1.12 1.05
S2–PM 0.91 0.73 0.99 0.88
S3–INM 0.80 0.80 0.70 0.77
S4–Inorganics 0.70 0.70 0.67 0.69
Mean 0.92 0.75 0.87 1.05
C. D. (P=0.05) 0.10 0.09 0.11 -

TABLE  6
Soil carbon stock (t/ha) as influenced by various fodder crops

under different nutrient sources

Treatment Soil carbon stock (t/ha)

Cumbu Napier Lucerne Sorghum Mean

S1–FYM 25.92 15.19 22.68 21.26
S2–PM 18.43 14.78 20.05 17.82
S3–INM 16.20 16.20 14.18 15.59
S4–Inorganics 14.18 14.18 13.57 13.97
Mean 18.63 15.19 17.62 21.26

soil, the food production can be improved by 30-50 million
tonnes (Swaminathan, 2012). Anderson and Coleman
(1985) stated that by altering management practices on
marginal lands, carbon sequestration could be increased.
They also reported the factors affecting carbon retention
in soils included some important factors such as reducing
tillage by including perennial forages in the crop rotation,
increasing the use of fertilizer to enhance plant and root
production and optimal forage varieties selected for yield
and root mass production. Nishanth et al. (2013) reported
that hedge lucerne and hybrid napier crops could be
effectively used to enhance and store carbon in the
southern district of Tamil Nadu, India.

Soil Physical Properties

Soil physical properties viz., bulk density and
porosity are the important quality deciding factors for
soil quality. Application of different source organic
manures and fertilizers indicated that FYM applied plot
recorded higher pore space percentage of 53.5 which is
on par with poultry manure (PM) applied plot of 50.1
per cent followed by INM plot (48.4%) (Table 7) and
inorganic (46.5%). Same trend of results was observed
in fodder sorghum also. In the lucerne crop, the
treatments showed non-significant response to the
physical properties. Irrespective of the treatments,
Cumbu napier hybrid recorded higher pore space
percentage of 49.6 than lucerne (46.66%) and multicut
fodder sorghum (48.9%) (Figs. 7 and 8).

Soil Microbial Properties

The data pertaining to bacteria, fungi and
actinomycetes counts in soil as influenced by the
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Fig. 6. Soil carbon stock in the various fodder crops grown soil.
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Fig. 7. Pore space of various fodder crops grown soil.

TABLE  7
Soil physical properties of various fodder crops grown  soil as influenced   by nutrient sources

Treatment Cumbu Napier Lucerne Fodder sorghum

Pore space Bulk density Pore space Bulk density Pore space Bulk density
(%) (Mg/M3) (%) (Mg/M3) (%) (Mg/M3)

S1–FYM 53.5 1.28 46.55 1.38 52.5 1.27
S2–PM 50.1 1.33 46.40 1.37 49.5 1.31
S3–INM 48.4 1.37 47.12 1.34 46.9 1.36
S4–Inorg 46.5 1.39 46.55 1.39 46.5 1.39
Mean 49.6 1.34 46.66 1.37 48.9 1.33
C. D. (P=0.05) 4.5 0.12 NS NS 4.6 0.11

NS–Not Significant.

followed by PM applied plot of 58.2 × 106 cfu/g and
INM (55.2 × 106 cfu/g). The lowest population of
bacteria (43.7 × 106 cfu/g) was recorded in the inorganics
plot. The highest fungal population was observed in
FYM (35.1×104 cfu/g) followed by PM plot (30.3×104

cfu/g). The PM and INM recorded comparable bacterial
and fungal population. The comparable actinomycetes
population also in FYM plot (19.3 × 103 cfu/g) and in
PM plot (19.1 × 103 cfu/g) was followed by INM (15.2
× 103 cfu/g). This is in corroboration with the findings
of Okur et al. (2009) that the amounts of soil organic C
and soil microbial biomass C (SMBC) were significantly
higher in the plots amended with organic materials, as
compared to those of the conventional plots that received
only inorganic fertilizers.

In the lucerne crop, the highest population of
bacteria was recorded with INM applied plot (44.3×106

cfu/g) followed by FYM  applied plot (36.1 × 106 cfu/g)
and PM (35.2 × 106 cfu/g). The lowest population of
bacteria (32.2 × 106 cfu/g) was recorded in the inorganics
plot. The highest fungal population was observed in INM
(25.1 × 104 cfu/g) which was followed by FYM plot (21.2

TABLE  8
Effect of source of nutrients on microbial population of various fodder crops grown soil

Treatment Cumbu Napier Lucerne Fodder sorghum

Bact Fungi Act Bact Fungi Act Bact Fungi Act
(cfu*106) (cfu*104) (cfu*103) (cfu*106) (cfu*104) (cfu*103) (cfu*106) (cfu*104) (cfu*103)

S1–FYM 65.1 35.1 19.3 36.1 21.2 8.7 55.2 29.2 18.3
S2–PM 58.2 30.3 19.1 35.2 20.4 7.5 61.2 31.8 19.2
S3–INM 55.2 27.3 15.2 44.3 25.1 9.8 47.3 24.3 14.1
S4–Inorganics 43.7 23.2 13.1 32.2 19.2 7.2 40.2 17.3 12.2
Mean 55.6 29.0 16.7 37.0 21.5 8.3 51.0 25.7 16.0
C. D. (P=0.05) 5.8 3.2 1.8 3.8 2.3 0.7 5.6 2.2 1.7
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application of different sources of organic manures and
fertilizers (Table 8) revealed that the population of
bacteria in soil after the harvest of crop was increased
irrespective of sources of nutrients. In the Cumbu napier
hybrid grass, the highest population of bacteria was
recorded with FYM applied plot (65.1×106 cfu/g)



1.31 1.32 1.33 1.34 1.35 1.36 1.37

Bulk density (Mg/m3)

Cumbu napier Lucerne multi cut fodder

Fig. 8. Bulk density of various fodder crops grown soil.

× 104 cfu/g). The PM and INM recorded comparable
bacterial and fungal population. The same trend of results
was recorded with actinomycetes population. A cover
of mixed legumes established in an apple orchard
increased soil organic C and soil biological activity for
trees over a two-year period (Hoagland et al., 2008).

In the multicut fodder sorghum, the highest
population of bacteria was recorded with PM applied
plot (61.2 × 106 cfu/g) followed by FYM applied plot of
55.2 × 106 cfu/g and  PM (47.3 × 106 cfu/g). The lowest
population of bacteria (40.2 × 106 cfu/g) was recorded
in the inorganics plot. The highest fungal population was
observed in PM (31.8 × 104 cfu/g) which was followed
by FYM plot (29.2 × 104 cfu/g). The lowest population
was observed in inorganics plot (17.3 × 104 cfu/g ). The
same trend of observations was made in actinomycetes.
A similar report of organics on perennial suggested that
cover crops integrated in almond orchards of perennial
crop improved soil quality relative to clean tillage by
increasing soil organic C, soil aggregate stability and
microbial activity (Ramos et al., 2010).

CONCLUSION

In conclusion, forages particularly grass type
fodder contributes to carbon sequestration and most part
of the long time carbon storage from roots i. e. below
ground portion. This type of fodder crop can saturate
carbon level quickly wherever the climate change
mitigation is essential. Among the various forage crops,
Cumbu napier hybrid grass removed higher carbon
removal by above ground biomass  and in the below
ground biomass. Among the sources, farm yard manure

improved the soil carbon stock than poultry manure and
integrated nutrient management. In general, forages can
be recommended to sequester more carbon into the soil
and prevent environmental degradation. Carbon gains
are rapidly lost if the land is returned to annual crop
production. The value of forages and their role in land
use decisions to address environmental issues will remain
an important challenge for agriculture. The challenge is
to institute a mechanism, such as a carbon credit
programme.
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