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SUMMARY

A field experiment was conducted to study the effect of inorganic fertilizer and the combined
effect of farmyard manure (organic) with inorganic fertilizer on the Plant Organic Carbon, Green Fodder
Yield (GFY), Dry Matter Yield (DMY) and Carbon Assimilation Potential (CAP) in Fodder cowpea
(Vigna Unguiculata) crop field in North Eastern and Western Zones of Tamil Nadu, India during summer
season of 2012. For the study, in Western zone two districts viz., Coimbatore and Erode and in North
Eastern Zone Tiruvannamalai and Vellore districts were selected for the field experiments. From the
selected district, two villages were selected (2 village/ district) for field experiments totaling to eight
experimental sites for the study. The Plant organic carbon on 60th day ranged from 42.52 to 44.53% for
T1 (RDF) and 43.08 to 44.96% for T2 (RD of organic and inorganic fertilizer) for all the villages. The
GFY for T1 and T2 on 60th day ranged between 16.72 to 18.31 t/ha and 17.04 to 18.99 t/ha, respectively
in all villages. On the other hand, Dry Matter Yield for T1 and T2 on 60th day varied between 2.44 to 2.68
t/ha and 2.49 to 2.71 t/ha for all villages. Carbon Assimilation Potential for T1, T2 on 60th day varied
between 1.04 to 1.19 t/ha and 1.07 to 1.25 t/ha for the villages under study. This study recommended the
use of farmyard manure along with inorganic fertilizer as the best option for increased plant organic
carbon, biomass yield which also had positive effect on carbon assimilation potential.
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Legumes are the most important forage plants
that substantially improve the feed available for
livestock providing the essential protein for animals,
improving soil fertility, food crop production and
household nutrition. Cowpea is an important legume
grown in the semiarid tropic and sub-tropic regions. It
has ability to tolerate drought and fix atmospheric
nitrogen which allows it to grow and improve poor
soils (Nguyen et al., 2019). It is used at all stages of
the crop for both human and animal consumption.
Besides being used as pulse in form of dry seed,
cowpea’s immature pod and green leaf and growing
twig can be utilized as vegetable (Nguyen et al., 2017).
For its high protein value. It is consumed as dry seeds,
green pods or leaves. Cowpea fixes atmospheric
nitrogen up to 240 kg/ha and leaves about 60 to 70 kg
nitrogen for succeeding crops. Cowpea is a valuable
component of farming systems in many areas because
of its ability to restore soil fertility for succeeding
cereal crops grown in rotation.

In India, modern agriculture based on

chemicals is not sustainable because of problems
associated with loss of soil productivity. Excessive soil
erosion, plant nutrient losses, surface and ground water
pollution as a result of pesticides and fertilizers are
the factors that are responsible for loss of soil
productivity. Intensive agriculture have a negative
effect on the soil environment over the past decades.
Chemical fertilizers play a crucial role to meet the
nutrient requirement of the crop; persistent nutrient
depletion poses a greater threat to sustainable
agriculture. Nowadays, consumer prefers organically
grown produce as they are free of toxic residues and
are grown with a concern for environment. Therefore,
there is an urgent need to reduce the usage of chemical
fertilizers and in turn increase the usage of organic
manure. Use of organic manures alone or in
combination with chemical fertilizers, helps in
improving physico-chemical properties of the soil and
improves the efficient utilization of applied fertilizers
and results in higher fodder yield and quality. Judicious
use of combinations of organic and inorganic resources



is a feasible approach to overcome soil fertility
constraints (Abedi et al., 2010). Combined organic
and inorganic fertilization could enhance carbon
storage in soils and reduce emission from N fertilizer
use, while contributing to high productivity in
agriculture (Pan et al., 2009). Organic manures viz.,
farm yard manure, vermicompost and poultry manure
help in the improvement of soil structure, aeration and
water holding capacity of soil. Further, it stimulates
the activity of microorganisms that makes the plant to
get the macro and micro-nutrients through enhanced
biological processes, increase nutrient solubility, alter
soil salinity, sodicity and pH (Alabadan   et al., 2009).
Hence the present study was undertaken to determine
the effect of inorganic fertilizer and combined effect
of inorganic fertilizer with organic fertilizer (farm yard
manure) on plant organic carbon, biomass yield and
carbon assimilation potential in Fodder cowpea.

MATERIALS  AND  METHODS

The field experiment was carried out using
the Annual fodder crop, Fodder Cowpea (Vigna
unguiculata) in 2 agroclimatic zones of Tamil Nadu.
viz., Western and North Eastern zone during the
summer season of 2012. In each zone two districts
viz., Coimbatore and Erode districts (Western Zone)
and Tiruvannamalai and Vellore districts (North
Eastern zone) were selected and in each district, two
villages were selected for field experiments totaling
to eight experimental sites (Table 1) for the study.
Composite soil samples were collected at a depth of
0-15 cm in all the experimental villages prior to the
study and analysed for the physico chemical properties.
The land was ploughed twice by a tractor with chisel
ploughing followed by harrowing and the field was
brought to fine tilth, leveled with a wooden plank and

laid out in to proper plot size (6 m × 4 m). The
experiment was laid out with six replications per
treatment in all the study fields. Fodder cowpea was
planted at 60 x 30 cm intervals on either side of the
ridges. The experiment consisted of two treatments
viz., Treatment 1 (T1) which is control with
recommended dose of NPK fertilizers (25 N, 40 P2O5
and 20 K2O kg/ha) alone and Treatment 2 (T2) which
included Farmyard Manure (Organic – Recommended
dose - 12.5 t/ha) along with NPK fertilizer (inorganic
– Recommended dose). All the cultural practices were
followed as per the recommended package of practices
for Fodder Cowpea crop (Crop Production Guide,
2012).

Fodder samples were collected at random just
above the ground level at 30th day and on 60th day.
The samples were shade dried and kept in oven at 60-
70°C till constant weight was obtained. Finally the
dried samples were ground to fine powder and
subjected for chemical analysis of organic carbon by
using Analytikjena multi N/C 2100S carbon analyzer.
The equipment is crafted with a focus radiation NDIR
detector and can with stand furnace temperature of
950°C. Also this equipment uses oxygen as supportive
gas for estimation of Plant organic carbon.

Green fodder yield was recorded from each
net plot in one square meter area and expressed in t/
ha. For dry matter determination, aluminium containers
were oven dried and weighed using electric balance.
Ten grams of plant sample was weighed in each
container and placed in an oven at 105 °C till constant
weight was attained using the following formula.

      wt. of oven dry sample
  Dry Matter (%)=––––––––––––––––––––––––× 100

   wt. of sample before drying

TABLE  1
Physicochemical properties of the soil at experimental sites

Zone District Villages Soil Properties

pH Soil type Electrical Organic Available Available Available
conductivity carbon Nitrogen Phosphorus Potassium

(EC) (%) (kg/ha) (kg/ha) (kg/ha)

Western Coimbatore Kondaiyampalayam (V1) 7.1 Black 0.57 0.28 228.08 33.35 283.31
Idigarai (V2) 7.3 Black 0.56 0.29 225.34 33.84 287.76

Erode Velankattuvalasu (V3) 7.5 Red loamy 0.60 0.34 232.20 35.82 297.88
Velliyampalayam (V4) 7.4 Black 0.58 0.32 227.68 34.83 293.68

North Eastern Tiruvannamalai Vannankulam (V5) 7.0 Dark brown 0.58 0.25 226.55 31.62 276.89
Kolathur (V6) 7.1 Red sandy 0.56 0.27 222.70 32.36 285.04

Vellore Saduperi (V7) 6.9 Red sandy 0.54 0.23 225.83 33.10 263.06
Thirumani (V8) 6.8 Dark brown 0.53 0.24 220.37 32.60 271.21
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         Fresh fodder yield x
Dry Matter (%)

Dry matter yield (t/ha)=––––––––––––––––
          100

The carbon sequestration (assimilation) by the
plant was calculated using the following formula
(Negi et al., 2003).

Carbon sequestered (Assimilation) = Biomass
× Carbon (%)

The data collected were subjected to ‘t’ test
to find out the significant difference between
treatments for all villages. In addition, One-Way
ANOVA was performed using SPSS 13.0 to evaluate
the significant difference between districts and zones.
Also interpretation of data was done as per the
procedure described by Gomez and Gomez (1984).

RESULTS  AND  DISCUSSION

The Mean values of Plant Organic Carbon
(OC) in Fodder Cowpea for both the zones are
presented in Table 2. It could be observed from the
results that the plant organic carbon gradually
increased from 30th day to 60th day. On 60th day the
plant OC content for T1 varied from 42.52 to 44.53
per cent and 43.08 to 44.96 per cent for T2. Significant
(P< 0.05 or 0.01) higher plant organic carbon content
was observed for all the villages for T2 than T1. The
values of plant organic carbon in Fodder Cowpea
observed in the present study was in concurrence with
the values reported by Etana et al. (2013) who had
evaluated different cowpea accessions and found that
the plant organic carbon content varied from 43.71
per cent to 45.83 per cent at harvest stage of the crop.

In yet another study, Kasangi et al. (2010) analysed
the proximate composition of cowpea leaves and found
that plant organic carbon content recorded values from
50.41 per cent to 52.25 per cent.

The plant OC of Fodder Cowpea increased
towards 60th day compared to initial stage of 30th day.
This was in agreement with the findings of Suksombat
and Buakeeree, (2006) who conducted an experiment
to study the effect of different cutting intervals on the
chemical composition of leguminous fodder Hedge
Lucerne and found that the organic carbon content
increased from 53.79 % (30 days) to 54.5 % (50 days).
Further they stated that the organic carbon of the fodder
increased as a result of maturation of plant growth as
a result of utilization of plant nutrients. During initial
stages of the growth of Fodder Cowpea there would
be less sequestration of carbon-dioxide as the biomass
of the plant at 30th day would be low. With the
advancement of plant growth sequestration of carbon
would be more since the biomass at the end of the
harvest stage increased. Incorporation of farm yard
manure along with recommended dose of NPK
fertilizers in T2 showed significantly higher organic
carbon content than T1 during the trial period. The
probable reason could be due to increased soil
respiration with farm yard manure application due to
higher organic matter levels and also due to stronger
effect on dehydrogenase activity which helped in
enhancement of soil organic carbon and thereon to
the Fodder Cowpea (Enke Liu et al., 2010).

Green Fodder yield

The Mean values of Green Fodder Yield
(GFY) for Fodder Cowpea are presented in Table 3.

TABLE  2
Mean values of Plant Organic Carbon (in %) in Fodder Cowpea in Western and North Eastern zone of Tamil Nadu

Zone District Villages 30th day 60th day

T1 T2 t value T1 T2 t value

Western Coimbatore V1 43.06bc 43.46bc 2.89* 43.66cd 44.19c 2.53*
V2 43.52cd 43.93d 3.85** 43.90d 44.53d 3.67**

Erode V3 44.01d 44.50e 2.34* 44.53e 44.96e 3.07*
V4 43.58cd 43.97d 3.45** 44.04d 44.61d 3.04*

North Eastern Tiruvannamalai V5 42.66b 43.23bc 2.75* 43.38bc 44.00c 3.00*
V6 43.04bc 43.32c 3.73** 43.62cd 44.04c 3.03*

Vellore V7 41.33a 42.77a 2.88* 42.52a 43.08a 3.26**
V8 42.55b 42.89ab 2.30* 43.03b 43.48b 2.23*

F value 18.08** 23.92** 19.88** 28.31**

Means bearing same superscripts within columns do not differ significantly.
* - Significant (P<0.05) ** - Highly Significant (P<0.01).
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Green fodder yield for T1 and T2 on 60th day ranged
from 16.72 t/ha to 18.31 t/ha and from 17.04 t/ha to
18.99 t/ha. The green fodder yield values recorded
were within the range values reported by Etana et al.
(2013) on evaluation of different cowpea accessions
for fodder production with the green fodder yield
ranging between 11.10 t/ha to 29.09 t/ha. Nitrogen
is a vitally important plant nutrient involved in protein
and enzyme synthesis. Also the availability of soil
nitrogen and other macro and micronutrients could
have enhanced meristematic growth and resulted in
higher Fodder Cowpea yield. This was in agreement
with the findings of Islam et al. (2010). Moreover
among the aerial plant parts, the leaves were more
responsive for additional nitrogen supply than stems
and also nitrogen influenced the total biomass
production of Fodder Cowpea (Tariq et al. 2011).
Application of potassium fertilizer along with FYM
increased the fodder yield. Also the positive response
to K and FYM was a function of increased water
retention, field capacity, available water along with
other properties of the sandy soil conducive to high
fertility of the crop (Salam and Salem, 2012). It could
be observed from the results that T2 values were
significantly (P < 0.05 or 0.01) higher than T1 at
harvest stage (60th day). This could be due to the
benefits of organic matter from farm yard manure
which provided N, P, and K supply resulting in
improvement of microbial activity, better supply of
macro and micro nutrients such as S, Zn, Cu and B
which were not supplied by inorganic fertilizers and
due to lower losses of nutrients from the soil

(Bhattacharya et al., 2008). Also it could be due to
availability of N in proper proportion and
improvement in soil structure by FYM. Moreover,
the N was made available at proper time which was
required for better growth and development of plants
and improvement in moisture retention and soil
structure by FYM. Also the readily metabolizable
carbon and N in FYM would have increased the root
biomass and root exudates which played a vital role
in contributing to its biomass increase (Enke liu et
al., 2010).

Dry Matter Yield

The Mean values of Dry Matter Yield (DMY)
are presented in Table 3. Dry matter yield for T1 and
T2 on 60th day ranged from 2.44 t/ha to 2.68 t/ha and
from 2.49 t/ha to 2.78 t/ha. The Dry matter yield was
associated with the green fodder yield which in turn
depends on fodder production. This was in accordance
with the findings of Ali et al. (2012). It could be
observed from the results that T2 values were
significantly (P < 0.05 or 0.01) higher than T1 at
harvest stage (60th day). This could be due to the
incorporation of farm yard manure which provided
essential nutrients for growth of plant which
significantly enhanced the fodder production and in
turn on the dry matter yield (Sharma et al., 2012).
Similarly, Salam and Salem (2012) studied the
interaction between potassium and organic manure
application on growth of cowpea and observed that
the dry matter yield increased from 13.5 mg/ha to 21.1

TABLE  3
Mean Values of Biomass (t/ha) and Carbon Assimilation Potential in Fodder Cowpea (60th day) of Western and North Eastern

zone of Tamil Nadu

Zone District Villages Biomass (t/ha) Carbon Assimilation Potential
(t/ha)

Green Fodder Yield (t/ha) Dry Matter Yield (t/ha)
T1 T2 t value

T1 T2 t value T1 T2 t value

Western Coimbatore V1 17.58de 18.07cd 2.70* 2.57de 2.64cd 2.77* 1.12de 1.17cde 4.66**
V2 17.80ef 18.36de 3.11* 2.61ef 2.68de 2.90* 1.14ef 1.20e 3.78**

Erode V3 18.31g 18.99f 2.46* 2.68g 2.78f 2.36* 1.19g 1.25f 3.04*
V4 18.11fg 18.73ef 3.27** 2.65fg 2.74ef 3.41** 1.17f 1.22f 3.66**

North Eastern Tiruvannamalai V5 17.20bc 17.66bc 2.43* 2.52bc 2.59bc 2.49* 1.09c 1.14c 3.49**
V6 17.41cd 17.92cd 2.51* 2.55cd 2.63cd 2.63* 1.11cd 1.16cd 3.42**

Vellore V7 16.72a 17.04a 3.20** 2.44a 2.49a 3.55** 1.04a 1.07a 5.19**
V8 16.94ab 17.31ab 2.79* 2.48ab 2.54ab 2.97* 1.07b 1.10b 4.12**

F value 21.15** 21.59** 22.57** 21.77** 40.53** 36.31**

Means bearing same superscripts within columns do not differ significantly.
* - Significant (P<0.05) ** - Highly Significant (P<0.01).
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mg/ha and concluded that the potassium fertilizer
along with FYM increased the dry matter yield.

Carbon Assimilation Potential

The Mean values of Carbon Assimilation
Potential (CAP) for Fodder Cowpea are presented in
Table 3. CAP for T1 and T2 on 60th day ranged from
1.04 t/ha to 1.19 t/ha and 1.07 t/ha to 1.25 t/ha. It is
evident that significantly (P <0.05 or 0.01) higher
carbon assimilation potential (CAP) is observed for
T2 than T1 in all the villages. The carbon assimilation
potential depends mainly on the plant organic carbon
as well as dry matter yield. With the increase of dry
matter yield and plant OC, the carbon assimilation
potential of Fodder Cowpea increased. Similar results
attributing higher CAP to higher biomass and carbon
stock was also reported by Yadava (2010). Also for
the production of organic matter, crops absorb carbon-
dioxide from the atmosphere. The carbon-dioxide from
the atmosphere gets absorbed by plants as a result of
photosynthetic activity and also translocated to roots.
Farm yard manure along with recommended dose of
inorganic fertilizer increased the dry matter yield of
Fodder Cowpea due to the synergistic effect of manure.
This was in agreement with the findings of Salam and
Salem (2012) who studied the interaction between
potassium and organic manure application on growth
of cowpea and observed that the dry matter yield
increased from 13.5 mg/ha to 21.1 mg/ha, concluding
that the increased application of potassium fertilizer
along with FYM increased the dry matter yield.

Biomass was an important indicator in carbon
sequestration. Ground biomass of plants definitely had
greater influence on the carbon sequestration potential
in energetic crops.

As far as villages are concerned, it could be
observed that on 60th day the CAP in Fodder Cowpea
was significantly higher in V3 followed by V4, V2,
V1, V6, V5, V8 and V7 in descending order. This
might be due to significant increase in yield and
organic matter content observed in V3 than V4, V2,
V1, V6, V5, V8 and V7. This was in agreement with
the findings of Yoganathan et al. (2013) who studied
the integrated use of animal manure and inorganic
fertilizer on growth and yield of cowpea and found
that highest fodder yield was obtained with integrated
use of animal manure along with inorganic fertilizer
which increased the availability of nutrients in soil
resulting in higher fodder yield and enhanced carbon
assimilation potential.

CONCLUSION

From the findings of the experiment, it could
be concluded that RDF+12.5 t/ha farm yard manure
(FYM) can be used as a viable option for increased
plant organic carbon, biomass yield in fodder Cowpea
which definitely have an impact on carbon assimilation
potential.
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