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ABSTRACT

A field experiment was conducted to assess the influence of inorganic fertilizer
and the combined effect of farmyard manure (organic) with inorganic fertilizer on soil
organic carbon (SOC), carbon sequestration potential (CSP) and soil total nitrogen (STN)
in Fodder Maize  (Zea mays L.) crop field in North Eastern and Western Zones of Tamil
Nadu, India during summer season of 2012. In Western zone two districts viz., Coimbatore
and Erode districts and in North Eastern Zone Tiruvannamalai and Vellore districts were
selected for the field experiments. From each district, two villages were randomly selected
for field experiments totaling to eight experimental sites for the study. The SOC on 30" day
of the experimental period varied from 0.28% to 0.44% for treatment 1 (T1) and 0.30% to
0.49% for treatment 2 (T2) in the experimental zones. The SOC on 60" day varied from
0.36% to 0.53% for Tl and 0.40% to 0.58% for T2. Carbon sequestration potential in the
soil for the fodder maize crop varied from 1.28 to 2.27 t/ha on 60" day of the trial period. Soil
total nitrogen for fodder maize crop on 30" day varied between 181.67 to 207.33 kg/acre and
from 190.50 to 218.17 kg/acre for treatment 1 and 2 in the study zones. On the other hand, on
60" day soil total nitrogen varied from 165.50 to 193.17 kg/acre for treatment 1 and 178.67
to 206.33 kg/acre for treatment 2. The results recommended that integrated use of farm yard
manure could be a viable option to sequester carbon than inorganic fertilizer alone which
has a definite impact on carbon mitigation.
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INTRODUCTION

Agriculture activities serve both as sources
and sinks for greenhouse gases. Agriculture sinks
of greenhouse gases are reservoirs of carbon which
have been removed from the atmosphere through
the process of biological carbon sequestration.
Carbon sequestration is the process of removal of
carbon di-oxide from atmosphere in to green plants
and plays an important role in carbon capture,
storage mediating stabilization and consequently
mitigating greenhouse gas emission (Watson et
al., 2000). Carbon in the form of carbon di-oxide
is accumulating in the atmosphere at a rate of
about 3.5 billion metric tons per annum through
fossil fuel combustion, tropical deforestation and
forest fuel combustion (Jina et al., 2008). In the
past few decades with increased industrialization
and reduction of carbon pools, the carbon di-
oxide concentration has increased rapidly. Also
intensive agriculture had negative effects on the
soil environment over the past decades due to
loss of soil organic matter, soil erosion and water
pollution (Zhao et al., 2009). Poor soil management
or cropping practices deteriorate soil quality along
with emission of carbon in to the atmosphere (Lal,
2002). There is an increased concern for mitigating
the increased carbon load through enhancement of
soil carbon. Hence, management methods which
decrease requirements for agricultural chemicals
are needed in order to avoid adverse environment
impacts.

Farm yard manure plays an important role
in enhancement of soil organic carbon, which in
turn sequesters more carbon from the atmosphere
in to the plants as well as soil. Combined organic
and inorganic fertilization could enhance carbon
storage in soils and reduce emission from
nitrogen fertilizer use, while contributing to high
productivity in agriculture (Pan et al.,

2009). To improve soil physical properties, addition
of various organic materials could be undertaken
and combined use of inorganic fertilizer (NPK)
and farmyard manure (FYM) increases soil organic
matter compared to application of NPK through
inorganic fertilizers (Bhattacharya et al., 2008).
Promoting soil carbon sequestration is an effective
strategy for reducing atmospheric carbon di-
oxide and improving soil quality. Hence the study
was planned to assess the influence of inorganic
fertilizer (NPK) and combined effect of organic
(farmyard manure) and inorganic fertilizer (NPK)
on soil organic carbon (soil Cor)> soil total nitrogen
(STN) and also to assess the carbon sequestration
potential (CSP) in Fodder Maize in North Eastern
and Western Zone of Tamil Nadu, India.

MATERIALS AND METHODS

Composite soil samples were collected
(0 - 15 cm depth) from all the experimental
villages prior to the study and analysed for
physicochemical properties and presented in Table
1. Field experiments were carried out using the
Annual fodder crop, Fodder Maize (Zea mays
L.) in two different agro climatic zones of Tamil
Nadu, India viz., Western and North Eastern zone.
Two districts from each zone viz., Coimbatore and
Erode districts (Western Zone) and Tiruvannamalai
and Vellore districts (North Eastern zone) were
selected for the trial and in turn from each district,
two villages were randomly selected for field
experiments totaling to eight experimental sites for
the study during the summer season of 2012.

In Coimbatore district the 2 experimental
sites were located at Kondaiyampalayam (V1)
(11°32° (N) latitude, 77°31° (E) longitude and
679 ft above mean sea level) and Idigarai (V2)
(11°07°(N) latitude, 76°53°(E) longitude and 1398
ft above mean sea level). In Erode district, the
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experimental sites were located at Velankattuvalasu
(V3) (11°14°(N) latitude, 77°44’ (E) longitude and
685 ft above mean sea level) and Velliyampalayam
(V4) (11°27° (N) latitude, 77°28’ (E) longitude and
733 ft above mean sea level). In the North Eastern
Zone of Tiruvannamalai district, the selected
experimental sites were Vannankulam (V5) (12°42°
(N) latitude, 79°09° (E) longitude and 627 ft above
mean sea level), Kolathur village (V6) (12°10” (N)
latitude, 79°12° (E) longitude and 467 ft above
mean sea level) and in Vellore district, Saduperi
(V7), (12°53° (N) latitude, 79°06’ (E) longitude and
714 ft above mean sea level) and Thirumani (V8)
(1236’ (N) latitude, 79°21° (E) longitude and 726 ft
above mean sea level) were selected for the study

purpose.

The land was ploughed twice by a tractor
with chisel ploughing followed by harrowing in
all the experimental fields. The field was brought
to fine tilth, leveled with a wooden plank and
laid out in to the proper plot size (6 x 4 m).The
experiment was laid out with six replications per
treatment in all the study fields. Fodder maize
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 (60 N,
40 P,0,and 20 K,O 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). The
fertilizers were applied in the form of urea (N),
Di-ammonium Phosphate (P,0,) and Muriate
of Potash (K,0). In all, 50 per cent of nitrogen
and entire dose of P,O, and K,O were applied at
the time of sowing and remaining 50 per cent of
nitrogen was top dressed in the form of urea at 30
days after sowing (DAS) in all the experimental
sites. . The necessary after care operations such as
hand weeding were done as per the requirement.

The plant protection measures have been adopted
to control the pest and disease. Irrigation was
carried out immediately after sowing (0" day), on
3" day and thereafter once in 7 days. All the cultural
practices were followed as per the recommended
package of practices for the Fodder Maize crop.

Soil Sampling

Soil samples were collected from the
experimental plots at 30 days interval during the
crop growth at a depth of 15 ¢cm on 0%, 30" and
60" day (Harvest). The soil samples were dried in
oven (at 80°C) overnight, ground in wooden pestle
and mortar to pass through < 2 mm mesh and
subjected to analysis using Analytikjena multi N/C
2100S carbon analyzer, with furnace temperature
0f 950°C, NDIR detector and oxygen as supportive
gas for soil COrg and soil total nitrogen. Soil bulk
density was calculated using the Manrique and
Jones (1991) equation. Carbon sequestration
potential (CSP) in NPK and Farmyard manure
treatment over the NPK treatment was calculated
as per standard procedure (Pathak et al., 2011).

Statistical analysis

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.

RESULTS AND DISCUSSION
Soil Organic Carbon

The soil organic carbon during the initial
period of the experimentation did not show any
statistical significant difference (P>0.01) between
the two treatments (T1 and T2) in all villages of the
experimental zones (Table 2). In the course of crop
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growth, the soil showed a gradual increase in the
mean values of SOC for both the treatments from
the initial experiment stage till 60" day for both the
zones. The SOC on 30" day of experimentation
for T1 varied from 0.28% to 0.44 % and 0.30% to
0.49% for treatment 2 in the experimental zones.
Similarly, on 60" day the soil organic carbon
varied from 0.36% to 0.53% for treatment 1 and
0.40 to 0.58% for treatment 2. The increase in soil
COrg was due to growth of plants which sequestered
atmospheric CO, in to plants and return of the
organic carbon in to the soil. Application of
chemical fertilizer also increased the soil organic
carbon and addition of well decomposed farm yard
manure (organic manure) significantly increased
the soil COrg level to a greater extent (Ghosh et al.,
2006; Gong et al., 2009). The soil organic carbon
was significantly (P < 0.05 or 0.01) higher in T2
compared with T1 throughout the trial period. Farm
yard manure along with inorganic fertilizer had a
significant effect (P<0.01 or 0.05) in increasing soil
organic carbon than individual inorganic fertilizer
application in all the villages on 30" and 60" day.
The higher amount of soil Cone in T2 was due to
addition of carbon through farm yard manure,
increased root biomass and crop residues (Kaur
et al., 2008). The increased soil COrg in T2 is due
to the effect of manure which decomposed slowly
and resulted in more accumulation of the carbon.
The high lignin content of the organic manure has
contributed to the higher soil Co,, content (Pathak
et al., 2011). The increase in soil C,,, content for
T2 was due to application of farm yard manure
which increased the soil organic matter higher
than inorganic fertilizer alone (Liu et al., 2010).
Gregorich et al. (2001) reported that organic
manure enhances the soil COrg more than inorganic
fertilizers while studying the effect of changes in
soil carbon under long term maize in monoculture
and legume based rotation. Highly significant

(P<0.01) differences were evident in the mean
SOC values within all the villages implying that
the SOC status varied with the amount of organic
matter present during the initial stage of experiment
till 60" day of the trial period. The maximum SOC
on 60" day for both treatments was observed in V3
(0.53% and 0.58%) followed by decreasing trend
in V4 (0.47% and 0.52%), V2 (0.43% and 0.48%),
V1 (0.41% and 0.46%), V6 (0.40% and 0.45%),
V5 (0.38% and 0.43%), V8 (0.37% and 0.41%)
and V7 (0.36% and 0.40%).

Soil Carbon Sequestration Potential in Fodder
Maize compared with control

The soil carbon sequestration potential
in fodder maize revealed a gradual increase in
sequestering carbon from 30" day to 60" day
(Table 3). The CSP in fodder maize on 30" day
varied from 0.43 to 1.06 t/ha and from 0.85 to 1.21
t/ha towards the 60" day of the experimentation.
Cumulative CSP of fodder maize varied from 1.28
to 2.27 t/ha with the highest cumulative value for
V3 (2.27 t/ha) and the least for V7 (1.28 t/ha) in
both the zones.

The mean values of Soil Carbon
Sequestration Potential (t/ha) in Fodder Maize
compared with control in Table 3 revealed that
there was a concomitant increase in carbon
sequestration potential (CSP) of the soil from 30™
day to 60" day with growth of plants. On 60"
day the soil CSP varied from 0.85 t/ha to 1.21 t/
ha with corresponding cumulative CSP varying
between 1.28 t/ha to 2.27 t/ha for all the villages.
The increase in CSP was due to high biomass of the
roots and plant residues, higher humification rate
constant and direct application of organic matter
through farm yard manure (Bhattacharya et al.,
2007). Moreover, the increase in soil Con from 30"
day to 60" day in fodder maize plots contributed
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to the sequestration potential. The increase in CSP
is due to improved physicochemical and biological
environment suitable for fodder growth which
resulted in more addition of root biomass carbon
to the soil. Increased levels of long term stabilized
humic material in organically amended plots and
high content of soil carbohydrates in fertilized
and farm yard manure treated plots has played a
crucial role in building soil COrg content (Kaur et
al., 2008). The increase in plant growth resulted in
subsequently return of more organic carbon to the
soil (Ghosh et al, 2006).

Soil total nitrogen

The experimental villages did not show
any significant difference in STN between two
treatments in initial period of experimentation
(Table 4). The STN on 30" day of experimentation
for T1 varied from 181.67 to 207.33 kg/acre and
190.50 to 218.17 kg/acre for treatment 2 in the
study zones. Similarly, on 60" day STN varied
from 165.50 to 193.17 kg/acre for treatment 1 and
178.67 to 206.33 kg/acre for treatment 2. Gradual
decrease of total nitrogen in the soil was evident
in all the villages on 30" day and 60" day in both
the zones. Farm yard manure along with inorganic
fertilizer has significant effect on soil nitrogen
values than individual application of the fertilizer.
Highly significant difference in soil total nitrogen
values were observed on 30" and 60" day of trial
period within the villages for both treatments.
STN values were significantly higher for T2 than
T1 during the period of observation. Significant
differences (P<0.05 or P<0.01) in soil total nitrogen
were observed between the two treatments during
the experimental period.

The mean values of soil total nitrogen
in fodder maize for T1 and T2 on 30" and 60"
were summarized in Table 4. The soil total

nitrogen has shown a steady decline during the
experimental period from 0" day till 60" day for
both treatments. Nitrogen is vitally important
plant nutrient involved in protein and enzyme
synthesis. The availability of soil nitrogen and
other macro and micronutrients also helped in
enhancement of meristematic plant growth which
resulted in higher fodder yield (Islam et al., 2010).
Application of farm yard manure increased the
soil physical properties, water holding capacity,
organic carbon content apart from supplying good
quality nutrients. On the other hand, application of
farmyard manure enhances higher uptake of NPK
due to greater availability of nutrients. Farmyard
manure added not only acted as source of nutrients,
but enhanced its availability. Cumulative effects of
adequate supply of nutrients slowly throughout
the growth period enhanced the crop growth.
Treatment values for T2 were higher than T1 during
the experimental study which clearly indicates that
inorganic fertilizer added to the crop were readily
utilized by the plants for enhancement of growth.
But in T2, the nitrogen was liberated slowly and
steadily during the course of its growth. This is in
agreement with the findings of Sathyamoorthi et al.
(2007).

The results concluded that use of
inorganic fertilizers alone or in synergistically with
organic fertilizers resulted in significant buildup
of soil COrg in fodder maize treated plots and
achieving higher carbon sequestration potential.
Also the farm yard manure helped in higher uptake
of soil total nitrogen which in turn could increase
the soil fertility and productivity. Thus, the present
study recommended the use of farm yard manure
in combination with inorganic fertilizer as a viable
option for increased carbon sequestration in soil for
any type of fodder crop and thus helps in carbon
mitigation.
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Physicochemical properties of the soil at experimental sites

Soil Properties
Zone District Villages Electrical | Organic | Nitrogen | Phosphorus | Potassium
pH | conductivity | Carbon | (kg/acre) | (kg/acre) (kg/acre)
(EC) (%)
g;’f)dalyampalayam 7.1 0.57 0.28 92.34 13.5 114.7
Coimbatore
Idigarai (V2) 7.3 0.56 0.29 91.23 13.7 116.5
‘Western
Velankattuvalasu | ; 5 0.60 0.34 94.01 14.5 120.6
(V3)
Erode -
Velliyampalayam | , , 0.58 0.32 92.18 14.1 118.9
(V4)
Vannankulam (V5) | 7.0 0.58 0.25 91.72 12.8 112.1
Tiruvanna-
malai
Kolathur (V6) 7.1 0.56 0.27 90.16 13.1 115.4
North
Eastern
Saduperi (V7) 6.9 0.54 0.23 91.43 13.4 106.5
Vellore
Thirumani (V8) 6.8 0.53 0.24 89.22 13.2 109.8
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Table - 3

Soil Carbon sequestration Potential (t/ha) in Fodder Maize field compared with control of

Western and North Eastern zones of Tamil Nadu

Fodder Maize (t / ha)
Zone District Villages (compared with control) :
30% day 60" day Cumulative
CSpP
Coimbatore \% ! 0.64° 1.09° 1.73¢
Western V2 0.74* 1.17° 1.91¢
zone Erode V3 1.062 1.21° 2.27¢
V4 0.78% 1.19° 1.97¢
Tiruvannamalai \& 0.54° 0.92" 1.46¢
North " . .
Eastern V6 0.57 1.06b 1.63

zone Vellore V7 043 0.85 1.28¢
V8 0.50® 0.89" 1.39¢

F value 0.33N8 0.13N8 0.34N8

Means bearing same superscripts within columns do not differ significantly
NS — Non Significant ~ P>0.05)
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Farmyard manure effects on carbon sequestration potential and soil total.....

Figure 1

Effect of NPK (T1) and NPK + FYM (T2) treatments on soil organic carbon (%)

in Fodder Maize plots of different villages in North Eastern and Western Zone of

Tamil Nadu (a) Kondaiyampalayam (b) Velankattuvalasu(c)Vannankulam

(d) Saduperi
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Figure 2

Effect of NPK (T1) and NPK + FYM (T2) treatments on soil total nitrogen (kg/acre) in

Fodder Maize plots of different villages in North Eastern and Western Zone of Tamil Nadu

(a) Kondaiyampalayam (b) Velankattuvalasu (c)Vannankulam (d) Saduperi
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