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Abstract
Perennial trees especially fruit trees are considered to be the most competent biological system where atmospheric carbon dioxide is
transformed into long-lived soil carbon despite their nutritional and export value. Higher carbon stock helps to sustain production and
soil ecosystem services. Better crop nutrition promotes carbon stock. Feasibility of integrated nutrient management in carbon seques-
tration needs to be evaluated under a subtropical humid condition. An experiment was carried out in randomized block design to study
the feasibility of integrated nutrient management for improving soil properties, nutrient availability, fruit yield, and carbon stock in a
mango (Mangifera indica L.) (cv. Langra) orchard under a subtropical condition. Various combinations of integrated (farmyard
manure, vermicompost, straw mulch, biofertilizers) nutrient management practices were evaluated in two consecutive years in a 30-
year-old mango orchard. The results revealed that the organic mulching with straw and conjoint application of farmyard manure and
vermicompost improve nutrient availability, microbial activeness (29–44%), and carbon stock (~ 40%) in soil at 0–60 cm soil depth
which ultimately improves fruit yield (26–34%). Hence, adoption of integrated nutrient management practices through the application
of farmyard manure, vermicompost, and organic mulching with straw would uphold the fruit yield and carbon stock in soil and also
promote CO2 sequestration in soil and less greenhouse gas emission, which paved viable economic options tomitigate climate change.
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1 Introduction

The ‘4 per mille Soils for Food Security and Climate’ is the
global issue of the most concern in the present decade. This
issue was raised in the 21st Conference of the United Nations
Framework Convention on Climate Change in Paris. This was
the unique convention where voluntary initiative came into
action to enhance world soil organic carbon (SOC) content
at the rate of 0.4% per year of soils to a depth of 40 cm (Lal
2016). Soil organic carbon is designated as the key determi-
nant of soil quality and plays a pivotal role in the soil’s eco-
system services (Stockmann et al. 2013; Adhikari and
Hartemink 2016). Thus, its sequestration has been considered
as the most plausible solution to enhance long-lived soil car-
bon stock by aspirating carbon dioxide (CO2) from the atmo-
sphere. This phenomenon has some co-benefits like nutrient
enrichment in soil, offsetting greenhouse gas emission, and
obviously climate change mitigation (Minasny et al. 2017).
Vegetation plays a crucial role in maintaining the quantity
and vertical distribution of soil organic matter (SOM) by al-
tering net primary productivity and diversity in plant
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allocation and assemblages (Jobb’agy and Jackson 2000).
Thus, higher SOM formation and stabilization could be
attained by increasing belowground carbon allocation through
the selection of deep-rooted plant species (Jackson et al.
2016).

On the other hand, the sustainability of management prac-
tices and increase in total agricultural production are the ur-
gent needs of the hour to uphold food and nutritional security.
The challenges are especially daunting because of the chang-
ing and uncertain climate (Wilke and Morton 2015; Tubiello
et al. 2007). There are several well-established low-cost strat-
egies reported throughout the world to enhance the productiv-
ity of different agri-horticultural crops. Among them, the ap-
plication of micronutrients, intercropping, adaptation of a
high-density planting (HDP) system, drip irrigation, scientific
training and pruning technique, and use of different plant
growth regulators play a major role to enhance the productiv-
ity of different crops, particularly perennial crops (Thakur
et al. 2018; Lipton 2012). But the major concern is the sus-
tainability of all these techniques in the long term. Moreover,
soil quality is a strong determinant of yield potentiality of any
agricultural crops for a longer period of time. Without giving
attention to soil health, it is not possible for any improved
production technique to give sustainable yield year after year.
Therefore, it is an urgent need to search for an alternative
technique which will enhance the productivity and also im-
prove the soil fertility status. Adoption of integrated nutrient
management (INM) practices by means of biofertilizer, farm-
yard manure (FYM), vermicompost, and organic mulch appli-
cation are the utilitarian option to enrich the soil fertility status
by increasing soil organic matter (SOM) in the surface soil
layer that ultimately will reduce soil erosion and improve the
soil chemical and biological properties (Kheyrodin and
Antoun 2011; Triplett and Dick 2008). Improvement of the
soil chemical and biological properties will ultimately increase
the yield potential of the crop. Now, among different crops,
the perennial crop has great potentiality to retain the organic
carbon in the soil as compared to annual crops and this organic
carbon stock has great potentiality to improve crop productiv-
ity up to 400 kg ha−1 year−1(Srinivasarao et al. 2013). Mango
(Mangifera indica L.) has an immense potential in carbon
retention (Naik et al. 2017). Besides, among fruit crops grown
in India, mango has the maximum area of coverage (34.71%
of the total fruit orchard) (Anonymous 2018), with 40.38% of
the total global mango production and 78 million US$ export
earning per year (from fresh mango and mango pulp)
(Directorate General of Commercial Intelligence and
Statistics (DGCIS) 2018). Several studies depicted that INM
through FYM, vermicompost, and biofertilizer in mango sub-
stantially improved the yield and quality of the produce, but
their impact on carbon retention was not studied extensively
especially under a subtropical humid climatic condition.
Hence, the present study was conceived with the following

objectives: (i) to assess the effect of INM on soil fertility and
carbon stock and (ii) to study the impact of retained carbon on
the yield potentiality of a mango orchard.

2 Materials and Methods

2.1 Experimental Site and Treatment Details

The study was conducted in the eastern part of India (N 85°
15′ 15″, E 87° 2′ 4″) under a subtropical climate with a hot and
desiccating summer and a cold but frost-free winter. The av-
erage annual rainfall of the site is around 1170 mm, precipi-
tating mainly in between the middle of June and the middle of
October. The mean annual air temperature is 31.2 °C, with the
maximum in the months of April and May (37.3 °C). The trial
was laid out in a 30-year-old mango (Mangifera indica L.) cv.
Langra orchard having a leveled surface with well-drained
sandy loam soil (sand, 55.6%; silt, 24.9%; clay, 19.5%). The
trial was continuing since 2009 with the following treatment
combinations: T1, control [recommended dose of fertilizer
(RDF), 1000:500:500 g N:P2O5:K2O]; T2, RDF + organic
mulching (10 cm thick); T3, ½ RDF + 50 kg FYM + 250 g
Trichoderma harzianum; T4, ½ RDF + 50 kg FYM + 250 g
Azospirillum; T5, ½ RDF + 50 kg FYM + 250 g Azotobacter;
T6, ½ RDF + 50 kg FYM + 5 kg vermicompost; and T7, ½
RDF + 50 kg FYM + 250 g Pseudomonas fluorescence. The
experiment was laid out in randomized block design (RBD)
with three replications. Hence, a total of 21 trees were utilized
in this experiment. They were planted at 10 × 10 m spacing in
a square planting system (Fig. 1).

From the first year of the experiment, soil was evenly
tilled 4–5 times during the growing season (February–
August) using an 18-disc harrow (10 cm depth). A basin
was prepared around the trunk of each and every mango
plant with a radius of 2.5 m from the trunk. The treatments
were applied in the tree basin in the 1st week of October.
In the T2 treatment, paddy straw was used as organic
mulch. Mulching was done on the entire basin of each
plant at the rate of 10 cm thickness. Urea (46% N),
diammonium phosphate (18% N, 46% P2O5), and muriate
of potash (60% K2O) were used for inorganic fertilization
and were applied in the basin. The plants were watered
weekly in winter and at 2–3-day intervals in summer dur-
ing first year of establishment. However, irrigation was
given to the tree basin at the interval of 8–10 days during
winter and at weekly intervals during the summer months
from the second year onwards. Pruning was done in winter
and all residues were removed. The entire experimental
plots were maintained weed free during the entire course
of the study and need-based plant protection measures
were adopted.
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2.2 Soil Sample Collection

Soil samples were collected in the month of September of
2017 and 2018 (before fertilizer application) from the border
of the tree basin, i.e., around 2.5 m distance from the tree trunk
as most of the feeder root of mangos is usually concentrated in
that region. The samples were collected in triplicate from each
experimental tree at four different depths, viz. 0–15 cm, 15–
30 cm, 30–45 cm, and 45–60 cm using a soil core. Thereafter,
three soil samples for each depth were mixed together to make
one final sample. One part was sieved immediately through a
2-mm sieve and used for microbial biomass carbon estima-
tion. The second part was used for bulk density estimation,
and the third portions of the sampled soils were air-dried,
passed through a 2-mm sieve, and kept at 4 °C for further
analysis of the different physico-chemical properties of the
soil and carbon fractions.

2.3 Measurement of Soil Physico-chemical Properties

The pH and electrical conductivity of the soil samples were
measured with the help of a pH meter and a conductivity
meter, respectively, using a soil to water ratio of 1:2.5
(Jackson 1967); however, the oxidizable organic carbon con-
tent was determined by the wet oxidation method as suggested
by Walkley and Black (1934). The available nitrogen content
was measured using the 0.32% potassium permanganate
(KMnO4) oxidation method (Subbiah and Asija 1956). The
available phosphorus content of the soil sample was extracted
with 0.5 M NaHCO3 (pH 8.5) and measured by the method

suggested by Olsen et al. (1954). The available potassium
content in the soil sample was measured by using the flame
photometric method (Jackson 1967) after extraction with neu-
tral normal ammonium acetate solution.

2.4 Estimation of Bulk Density

In situ bulk density of the soil profile was determined by the
core sampling method (Blake and Hartge 1986). For this
method, undisturbed soil samples were taken out using the
metallic cores of known internal volume (Vt) at 15-cm depth
intervals (0–15, 15–30, 30–45, and 45–60 cm soil depth). The
undisturbed soil cores were oven-dried at 105 °C to record the
dry weight of soil (Ws). The bulk density (BD) was calculated
using following formula and expressed as megagram per cu-
bic meter.

bulk density Mg m−3� � ¼ oven−dry soil weight W sð Þ
total volume V tð Þ

2.5 Estimation of Microbial Biomass Carbon

The soil microbial biomass carbon was analyzed by the pro-
cedure given by Vance et al. (1987). For this procedure, two
sets of 10 g fresh soil were taken in beakers; the first one was
fumigated with chloroform for 24 h, while the second one was
kept unfumigated. Both the fumigated and unfumigated soil
samples were extracted using 0.5 M K2SO4. A small amount
of extract was digested with potassium persulfate (K2S2O8) at
120 °C for 2 h in a digestion block. The carbon dioxide
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Fig. 1 Planting layout of mango (Mangifera indica L.) cv. Langra under
INM practice. T1, control (RDF—1000:500:500 g N:P2O5:K2O); T2,
RDF + organic mulching (10 cm thick); T3, ½ RDF + 50 kg FYM
enriched with Trichoderma (250 g); T4, ½ RDF + 50 kg FYM +

Azospirillum (250 g); T5, ½ RDF + 50 kg FYM+ Azotobacter (250 g);
T6, ½ RDF + 50 kg FYM+ vermicompost (5 kg); T7, ½ RDF + 50 kg
FYM+ Pseudomonas fluorescence (250 g)
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evolved during the digestion was trapped in 0.1 N NaOH
taken in a vial kept over the constriction inside the digestion
tube. A control was also run using 0.5MK2SO4 in place of the
extract. The unconsumed NaOH was determined by titration
with standard 0.01 N H2SO4 using phenolphthalein indicator.
The microbial biomass carbon (MBC) was calculated using
the formula given below

MBC μg C g−1
� � ¼ CF−CUF

KEC

where CF is carbon in fumigated soil, CUF is carbon in
unfumigated soil, and KEC is efficiency of extraction (0.45).

2.6 Estimation of Total Organic Carbon, Soil Organic
Carbon Pools, and Carbon Stock

Total soil carbon (TOC) was measured by dry combustion
method using a CHNS Analyzer (model: Euro EA 3000).
Complete combustion of carbon in the sample was ensured
into the combustion reactor (at 980 °C), where the proper
amount of oxygen and combustion catalysts combusted car-
bon. The TOC content was expressed in grams per kilogram
soil basis.

Soil organic carbon pools were estimated through a modi-
fied Walkley and Black method as described by Chan et al.
(2001) using 12.0 N, 18.0 N, and 24.0 N H2SO4. Comparing
with total organic carbon allowed its separation into four dif-
ferent fractions: fraction I (very labile), the amount of organic
carbon oxidized by 12.0 N H2SO4; fraction II (labile), the
difference in the amount of carbon oxidized by 18.0 N and
that by 12.0 N H2SO4; fraction III (less labile), the difference
in the amount of carbon oxidized by 24.0 N and that by 18.0 N
H2SO4; and fraction IV (non-labile), the difference in TOC
and amount of carbon oxidized by 24.0 N H2SO4. Fractions I
and II together represent the active pool, and fractions III and
IV together represent the passive pool of organic carbon in
soils (Chan et al. 2001).

The carbon stock in various soil depths was estimated on
equivalent depth basis using the following formula as pro-
posed by Lal et al. (1998):

carbon stock Mg C ha−1
� �

¼ SOC concentration %ð Þ � BD� D� 104 m2 ha−1

100

where BD is the bulk density of the soil (Mg m−3) andD is the
soil depth in meters.

2.7 Fruit Yield Estimation

The yield data was collected from the eachmango plant for the
year 2012–2013 to 2017–2018. As the Langra variety is an

alternate bearer, therefore, from the 6-year yield data, only
three alternate on years yield data was taken and pooled yield
for different treatments were calculated to carry out the corre-
lation study of the soil carbon pool with mango yield under the
INM system.

3 Statistical Analysis

The observations were subjected to statistical analysis by
using randomized block design (RBD) with three replications.
The data were submitted to two-way ANOVA to assess the
variability of integrated nutrient management practices and its
spatial variability with depth. Data were analyzed using sta-
tistical analysis software (SAS 9.2; SAS Institute, Cary, NC,
USA), and the means were compared using Tukey’s HSD
mean separation test. Furthermore, a Pearson’s correlation
study and principal components analysis (PCA) were per-
formed with different soil physico-chemical parameters to es-
timate their relations with the yield pattern of the mango or-
chard under the INM system using SPSS software (SPSS ver-
sion 16.0, Chicago, USA).

4 Results

4.1 pH and Electrical Conductivity

The results of the long-term response of different forms of
biofertilizer, vermicompost, and organic mulch under the in-
tegrated nutrient management system of themango orchard on
soil pH indicate a significant variation among the treatments in
the lower depth of 45–60 cm (Table 1). It indicates a higher pH
in the control (7.25) and reduces significantly in T4 (6.68), T6

(6.70), and T3 (6.83) although Azospirillum application be-
haves quite differently in all soil depths. However, these treat-
ments had no significant impact on the change of electrical
conductivity (EC) of the soils but we could trace a minor
change in EC at 30–45 cm soil depth.

4.2 Soil Organic Carbon Content

Addition of organic mulch (10 cm thick) was able to im-
prove the SOC content at different depths of soil (9.48,
6.67, 8.09, and 4.51 g C kg−1 soil, respectively, at 0–15,
15–30, 30–45, and 45–60 cm soil depth) which was sig-
nificantly higher than that of the control (Table 1).
Besides organic mulching, conjoint application of FYM
and vermicompost has a similar impact on SOC content
throughout the depths (0–60 cm). Apart from these two,
other treatments also had a significant effect on the im-
provement in soil organic carbon content as compared to
control in all the depths although their magnitude was
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higher in surface soil and gradually decreased with the
depth, irrespective of treatments. Treatments T2 and T6

resulted in 2.47 and 2.10 times more SOC content at 0–

15 cm soil depth over the control (4.66 g kg−1 soil), re-
spectively, and the same was reduced to 1.56 and 1.16
times over the control at 15–30 cm depth.

Table 1 Effect of integrated nutrient management system on soil properties in mango orchard

Treatment pH EC (dS m−1) SOC
(g kg−1)

Nav

(kg ha−1)
Pav
(kg ha−1)

Kav

(kg ha−1)
MBC
(μg C g−1 soil)

Bulk density
(Mg m−3)

Depth, 0–15 cm

T1 6.39a 0.43a 4.66b 199.6b 35.3a 68.1e 160.7e 1.46a

T2 6.87a 0.55a 9.48a 378.3a 37.6a 116.8a 194.8ab 1.38a

T3 6.83a 0.65a 6.09b 237.0b 31.3a 76.6d 187.3bc 1.44a

T4 6.82a 0.40a 5.03b 209.1b 46.7a 67.3e 174.5cde 1.45a

T5 6.67a 0.59a 5.61b 224.4b 46.4a 87.8c 167.8de 1.45a

T6 6.60a 0.63a 8.04a 333.3a 56.6a 100.1b 207.9a 1.40a

T7 6.84a 0.71a 5.20b 213.6b 49.1a 60.3e 181.0bcd 1.45a

Depth, 15–30 cm

T1 7.70a 0.75a 5.80ab 281.8ab 23.6a 75.5e 133.3d 1.42a

T2 7.23a 0.82a 6.67ab 313.3ab 25.2a 144.3a 182.4ab 1.41a

T3 7.65a 0.83a 5.19bc 251.9b 21.0a 114.0c 170.6abc 1.43a

T4 6.12b 0.68a 5.35bc 270.1ab 31.3a 90.0d 154.2bcd 1.43a

T5 7.54a 0.76a 5.70b 252.9ab 31.0a 107.4c 142.3cd 1.43a

T6 7.69a 0.88a 7.13a 395.0a 37.9a 124.1b 192.1a 1.37a

T7 7.59a 0.83a 5.07c 262.8ab 32.8a 96.9d 166.0abc 1.43a

Depth, 30–45 cm

T1 7.65a 0.64a 5.70d 279.2b 45.8a 96.2e 168.4d 1.42a

T2 6.95a 0.43ab 8.09ab 354.3a 48.9a 118.9a 212.9ab 1.39b

T3 7.48a 0.52ab 7.03b 292.5b 40.7a 109.8bc 200.5bc 1.42a

T4 6.66a 0.46ab 6.66bc 304.5ab 60.7a 104.7cd 191.2bcd 1.41a

T5 7.52a 0.41b 6.01c 289.1b 60.2a 104.4cd 184.2cd 1.42a

T6 7.63a 0.47ab 8.77a 336.7ab 73.5a 115.0ab 225.0a 1.40ab

T7 7.30a 0.44ab 6.29bc 294.0b 63.7a 102.1de 197.7bc 1.42a

Depth, 45–60 cm

T1 7.25a 0.40a 3.33cd 164.8cd 14.6a 95.3bc 158.3d 1.47a

T2 7.23ab 0.43a 4.51ab 195.8ab 8.4a 118.2a 201.3ab 1.46a

T3 6.83bc 0.39a 3.01d 156.5d 9.9a 96.0bc 192.3abc 1.48a

T4 6.68c 0.39a 3.33cd 164.8cd 11.3a 91.1c 180.6bcd 1.47a

T5 7.06abc 0.34a 3.76bcd 176.4bcd 14.9a 102.5b 173.5cd 1.47a

T6 6.70c 0.40a 4.81a 203.6a 15.1a 103.2b 214.3a 1.46a

T7 6.95abc 0.42a 4.25abc 189.1abc 10.1a 96.5bc 184.0bc 1.46a

F-value

Treatment 4.27** 0.69ns 18.84*** 18.83*** 2.74* 1.72ns 26.35*** 17.26***

Depth 13.00*** 18.53*** 72.92*** 72.95*** 36.30*** 6.61*** 27.41*** 68.18***

Treatment × depth 2.11* 0.50ns 2.95** 2.95** 0.31ns 1.85* 0.16ns 2.63**

Values with different letters in the same column are significantly different in Tukey’s HSD mean separation test. T1, control (RDF—1000:500:500 g
N:P2O5:K2O); T2, RDF + organic mulching (10 cm thick); T3, ½ RDF + 50 kg FYM enriched with Trichoderma (250 g); T4, ½ RDF + 50 kg FYM+
Azospirillum (250 g); T5, ½ RDF + 50 kg FYM+ Azotobacter (250 g); T6, ½ RDF + 50 kg FYM+ vermicompost (5 kg); T7, ½ RDF + 50 kg FYM+
Pseudomonas fluorescence (250 g)

pH soil pH, EC electrical conductivity, SOC soil organic carbon, Nav available nitrogen, Pav available phosphorus, Kav available potassium, MBC
microbial biomass carbon
*** p < 0.001; ** p < 0.01; * p < 0.05; ns, not significant (p > 0.05)
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4.3 Available Nutrient Content

Available nitrogen content in soils showed a similar trend as
that of the SOC content. Vermicompost and organic mulching
significantly increased the available nitrogen content
(Table 1). It was also evident that irrespective of treatment,
the available nitrogen content increased gradually with the
increase of soil depth up to 45 cm; however, with the further
increase of soil depth, it started to decrease, resulting in a
12.95% and 19.78% increase of available nitrogen content in
the soil at 15–30 and 30–45 cm soil depth, respectively, and
30.32% reduction at 45–60 cm depth as compared to 0–15 cm
soil depth (256.5 kg ha−1) (average of all treatments). It is
pertinent to mention that the available nitrogen content in
the soil has been increased significantly in all the treatments
as compared to the control particularly in the lower depth
(below 30 cm). However, at all the depths, the available nitro-
gen content in the soil was recorded maximum in T2 (89.50%,
11.18%, 26.91%, and 18.85% higher than the respective con-
trol, respectively) (mean of all depths).

Irrespective of depth, it was recorded maximum in T6

(45.78 kg P2O5 ha−1 soil) with the minimum value in T3

(25.7 kg P2O5 ha
−1 soil) (Table 1). Although the interaction

between treatments with soil depth was non-significant, their
increasing trends in available phosphorus content as compared
to the control indicate the beneficial aspects of INM in mango
orchard soil.

It was observed that the top soil in the orchard had the
minimum available potassium content (82.4 kg K2O ha−1 soil)
(mean of all treatments) which was increased significantly at
subsequent lower depths that possess 107.4 kg K2O ha−1 soil
in 15–30 cm depth, 107.3 kg K2O ha−1 soil in 30–45 cm
depth, and 100.4 kg K2O ha−1 soil in 45–60 cm depth
(Table 1). Regardless of depth, the available K content was
higher in T2 (48.68% higher than the control). The impact of
mulching and additional vermicompost application with FYM
was clearly noted on the increased availability of potassium in
the orchard soils.

4.4 Bulk Density

Upper-layer soil (0–15 cm soil depth) recorded a bulk density
(BD) of 1.43 Mg m−3 which was reduced marginally in the
subsequent two layers of soil, i.e., at 15–30 and 30–45 cm
(1.42 and 1.41Mgm−3 of soil, respectively); however, beyond
45 cm depth, a certain increase in BD was recorded (Table 1).
Further, irrespective of soil depth, it was reduced marginally
as compared to the control in T6 (1.41 Mg m−3 of soil).
Mulches are able to reduce the bulk density at 0–15 cm depth.
A similar pattern was observed for the soil depths of 30–45
and 45–60 cm with minimum bulk density (1.39 and
1.46 Mg m−3 of soil, respectively).

4.5 Microbial Biomass Carbon Content

Regardless of depth, there was higher microbial biomass car-
bon conten t in T6 (½ RDF + 50 kg FYM + 5 kg
vermicompost) (1.35 times as compared to control)
(Table 1). Irrespective of treatment, the microbial biomass
carbon content was estimated maximum at 30–45 cm soil
depth (197.1 μg C g−1 soil) (mean at each depth); however,
it was reduced significantly with the further increase of soil
depth (186.3 μg C g−1 soil). The perusal of data regarding the
interaction between treatments with individual depth indicates
that the microbial biomass carbon content attained a maxi-
mum in T6 in all the four different soil depths (29.37%,
44.11%, 33.61%, and 35.38% higher than the respective con-
trol, respectively).

4.6 Total Organic Carbon Content, Soil Organic
Carbon Pools, and Carbon Stock

The data presented on Fig. 2 depicts the impact of integrated
nutrient management (INM) on total organic carbon (TOC)
content in the soil of the mango orchard, and significant var-
iation was observed among the treatments at the depth from 0
to 60 cm. It was recorded maximum in T2 (13.43 g C kg−1

soil) and minimum in the control (7.99 g C kg−1 soil) at 0–
15 cm depth. However, at 15–30 cm soil depth, it was record-
ed maximum in T6 (9.32 g C kg−1 soil) with par value in T2

(8.85 g C kg−1 soil) andminimum in T3 (6.95 g C kg−1 soil). A
similar trend was observed in 30–45 and 45–60 cm soil depths
with maximum TOC content in T6 (48.75% and 43.23%
higher than the respective control, respectively) with par value
in T2 (35.91% and 34.55% higher than the respective control,
respectively). Amusingly, irrespective of treatment, an alter-
nate pattern of increase and decrease in TOC content was
found at 0–15 cm (9.96 g C kg−1 soil), 15–30 cm
(7.74 g C kg−1 soil), 30–45 cm (10.15 g C kg−1 soil), and least
at 45–60 cm depth (6.65 g C kg−1 soil).

Soil organic carbon (SOC) pools depict the concentration
and quality of carbon influenced by the nutrient management
practices and soil depth. Application of organic inputs (straw
mulch, FYM, vermicompost) and biofertilizers in culmination
with inorganic fertilizer significantly influenced the soil car-
bon pools. The very labile pool of carbon was measured
highest in T2 (2.09 to 4.38 g C kg−1) followed by T6 (2.51
to 3.63 g C kg−1) irrespective of soil depth (Table 2). The non-
labile pool was significantly varied with the treatment in 30–
45 cm soil depth with the maximum value in T6 (4.33 g
C kg−1) with par result in T2 (3.87 g C kg−1) which was
81.93 and 62.61% higher than the control, respectively.
However, a contrary behavior was found among the pools
between the surface and subsurface soil. Labile carbon content
(sum of very labile and labile carbon concentration) contrib-
uted larger proportion ranges from 49.3 to 57.6% and 45.9 to
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55.5% at 0–15 cm and 15–30 cm soil depths, respectively. In
contrast to the surface SOC pools, subsurface SOC pools were
dominated by non-labile carbon content (sum of less labile
and non-labile carbon concentrations) and ranged from 51.1
to 60.2% and 55.1 to 66.9% at 30–45 cm and 45–60 cm soil
depths, respectively.

4.7 Total Organic Carbon Content

The depth equivalence of carbon stock was maximum in T6

and minimum in the control (64.52 Mg C ha−1) followed by
T3, T4, T5, and T7 (Fig. 3). On the other hand, irrespective of
treatment, it was measured maximum at 30–45 cm soil depth
(21.53 Mg C ha−1); however, at the next layer of soil depth,
i.e., at 45–60 cm, it was measuredminimum among all the soil
depths (14.61Mg C ha−1). The peep of interaction of different
treatments with the soil depth on carbon stock indicates sig-
nificant variation of carbon stock retention at different depth
with different treatments with the maximum in T2 and T6

followed by T3, T4, T5, and T7 and lowest in T1 (control)
(carbon stock at 0–60 cm depth).

4.8 Fruit Yield

It is envisaged from the data presented in Fig. 4 that fruit yield
(the pooled yield of bearing year during 2011–2012 to 2016–
2017) was obtained maximum in T6 and T2 (1.5 times that of
control, respectively). Biofertilizer application also has a sig-
nificant contribution in fruit yield. Treatments T3, T4, T5, and

T7 recorded 34%, 31%, 28%, and 26% higher yield than the
control, respectively (Fig. 4).

4.9 Relationship of Yield with Soil Properties
and Carbon Stock

The impact of INM on fruit yield in relation to different soil
properties, nutrient availability, and carbon stock is presented
in Table 3. It indicates that the soil pH, EC, available phos-
phorus, and potassium as well as the bulk density of the soil
under long-term INM system of the mango orchard did not
influence the yield of the mango orchard directly over the year
(p > 0.05). However, the yield was positively associated with
the available nitrogen content (r = 0.775, p < 0.05), MBC (r =
0.934, p < 0.01). The soil carbon fraction particularly the very
labile (r = 0.820, p < 0.05), less labile (r = 0.810, p < 0.05),
and non-labile carbon (r = 0.816, p < 0.05) fractions also in-
fluenced the fruit yield significantly. It is also envisaged from
the data that the soil organic carbon content, TOC content, and
carbon stock in the soil significantly enhanced the fruit yield
over the period of 6 years. The PCA performed with the stud-
ied soil properties, soil carbon pools, and carbon stock with
respect to fruit yield of the mango orchard (Fig. 5) showed
86% of the variability as explained by principal components
(PC) 1 and 2. PC 1 explained about 73% variability in the
system where fruit yield was attributed to available nitrogen
content, MBC, labile and non-labile carbon pools, TOC, and
carbon stock. PC 2 explained 13% variability related with soil
pH, EC, and available phosphorus content in soil.

Fig. 2 Effect of integrated nutrient management system on total organic
carbon (g kg−1) content in mango orchard. Bars indicate mean value of
three replicates. Bars with different letters are significantly different (p ≤
0.05) in Tukey’s HSD mean separation test. T1, control (RDF—
1000:500:500 g N:P2O5:K2O); T2, RDF + organic mulching (10 cm

thick); T3, ½ RDF + 50 kg FYM enriched with Trichoderma (250 g);
T4, ½ RDF + 50 kg FYM+ Azospirillum (250 g); T5, ½ RDF + 50 kg
FYM+ Azotobacter (250 g); T6, ½ RDF + 50 kg FYM+ vermicompost
(5 kg); T7, ½ RDF + 50 kg FYM+ Pseudomonas fluorescence (250 g)
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5 Discussion

5.1 Soil pH and Electrical Conductivity

Treatment-induced variation in soil pH and electrical con-
ductivity (EC) was quite inconsistent throughout the soil

profile (0–60 cm depth). Little variation was found within
the treatments and soil layers. Surface soil was attributed
slight acidic behavior and subsequent increase in pH was
found with depth. Surface-applied organic manure viz.
FYM, vermicompost, and straw mulch, underwent decom-
position and created acidity in the surface layer (0–15 cm).

Table 2 Effect of integrated
nutrient management system on
soil carbon pools (g kg−1 soil) in
mango orchard

Treatment Very labile Labile Less labile Non-
labile

Labile C/non-labile C

Depth (D), 0–15 cm

T1 2.09b 1.85a 0.72a 3.33a 0.97

T2 4.38a 3.35a 1.75a 3.94a 1.36

T3 2.74b 2.41a 0.94a 3.30a 1.21

T4 2.26b 1.99a 0.78a 3.58a 0.97

T5 2.52b 2.22a 0.87a 3.97a 0.98

T6 3.63ab 2.83a 1.58a 3.78a 1.21

T7 2.34b 2.06a 0.80a 3.69a 0.98

Depth (D), 15–30 cm

T1 1.91a 1.65a 2.24a 1.95a 0.85

T2 2.25a 1.89a 2.53a 2.18a 0.88

T3 2.06a 1.42a 1.71a 1.76a 1.00

T4 2.05a 1.70a 1.60a 1.65a 1.15

T5 2.36a 1.73a 1.61a 1.67a 1.25

T6 2.51a 2.11a 2.51a 2.19a 0.98

T7 2.41a 1.05a 1.61a 1.87a 0.99

Depth (D), 30–45 cm

T1 2.58a 1.37a 1.75a 2.38c 0.96

T2 2.51a 2.41a 3.17a 3.87ab 0.70

T3 2.78a 1.62a 2.63a 2.73bc 0.82

T4 2.54a 1.74a 2.38a 3.04bc 0.79

T5 2.38a 1.34a 2.29a 2.64bc 0.75

T6 2.96a 2.26a 3.55a 4.33a 0.66

T7 2.41a 1.44a 2.44a 2.77bc 0.74

Depth (D), 45–60 cm

T1 1.26a 0.97a 1.10a 2.43a 0.63

T2 2.09a 1.18a 1.24a 3.23a 0.73

T3 1.76a 0.59a 0.66a 2.22a 0.82

T4 1.22a 0.69a 1.42a 2.43a 0.50

T5 1.57a 1.09a 1.10a 2.73a 0.69

T6 2.78a 0.68a 1.35a 3.44a 0.72

T7 1.21a 1.21a 1.83a 3.06a 0.49

F-value

Treatment 10.11*** 2.30* 5.35*** 18.83***

Depth 25.37*** 22.51*** 46.46*** 72.98***

Treatment × depth 2.98** 1.61ns 1.97* 2.94**

Values with different letters in the same column are significantly different in Tukey’s HSD mean separation test.
T1, control (RDF—1000:500:500 g N:P2O5:K2O); T2, RDF + organic mulching (10 cm thick); T3, ½ RDF +
50 kg FYM enriched with Trichoderma (250 g); T4, ½ RDF + 50 kg FYM+ Azospirillum (250 g); T5, ½ RDF +
50 kg FYM+ Azotobacter (250 g); T6, ½ RDF + 50 kg FYM+ vermicompost (5 kg); T7, ½ RDF + 50 kg FYM+
Pseudomonas fluorescence (250 g)
*** p < 0.001; ** p < 0.01; * p < 0.05; ns, not significant (p > 0.05)
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Translocation of decomposition-derived products and na-
tive bases with rain or irrigation water may cause higher
pH and EC at lower depth than surface soil. But,
Azospirillum (T4) behaves differently than other treat-
ments. It could maintain an acidic pH still in lower depth
of soil. Azospirillum is reported to be an endophyte living
in the cortical region of the plant root (Alexander 1977).
The feeder roots of mangos are mostly concentrated around
30–45 cm depth and may extend up to 60 cm (Majumder
et al. 2001). Thus, Azospirillum-mediated nitrogen fixation
which is a proton-donating biochemical reaction may
cause acidic pH in soil. Electrical conductivity was little

influenced by the integrated nutrient management practices
despite their spatial variation with depth.

5.2 Nutrient Availability

Nutrient availability is imitative to soil function and supports
ecosystem services. Orchards supplied with organic manure
have uplifted the available nutrient content by supplying
manure-derived nitrogen (N), phosphorus (P), and potassium
(K), and this could also help to reduce the application of inor-
ganic fertilizer (Montanaro et al. 2012). Mineralization of the
applied organic manures has attributed to the increased avail-
ability of nutrients especially nitrate (NO3

−). This could have a
profound influence on nitrogen buildup in soil. Thus, applica-
tion of vermicompost with FYM (T6) had shown the highest
nitrogen availability in soil. Application of bio inoculants es-
pecially nitrogen fixers further broaden the magnitude of ni-
trogen buildup in soil that was a function of microbial activity
and organic matter decomposition (Sánchez-Navarroa et al.
2019). Similarly, organic mulching with paddy straw could
also offset the nutrient-supplying function of vermicompost
and FYM as far as their limited availability is concerned.
Phosphorus buildup was found highest in the treatment where
vermicompost, FYM, and organic mulch were applied along
with the reduced inorganic fertilization (i.e., half of the rec-
ommended dose of fertilizer). Application of these organics
substantially increases the orthophosphate content in soil due
to the release of P throughmicrobial decomposition of organic
inputs (Marinari et al. 2000; Arancon et al. 2006). Further,
integrated nutrient management practices significantly

Fig. 3 Effect of integrated nutrient management system on carbon stock
(Mg C ha−1) of soil in mango orchard. Bars indicate mean value of three
replicates. Bars with different letters are significantly different (p ≤ 0.05)
in Tukey’s HSDmean separation test. T1, control (RDF—1000:500:500 g
N:P2O5:K2O); T2, RDF + organic mulching (10 cm thick); T3, ½ RDF +

50 kg FYM enriched with Trichoderma (250 g); T4, ½ RDF + 50 kg
FYM+ Azospirillum (250 g); T5, ½ RDF + 50 kg FYM+ Azotobacter
(250 g); T6, ½ RDF + 50 kg FYM + vermicompost (5 kg); T7, ½
RDF + 50 kg FYM+ Pseudomonas fluorescence (250 g)

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

T1 T2 T3 T4 T5 T6 T7

Fr
ui

t Y
ie

ld
 (k

g 
pl

an
t-1

)

Treatment

Fig. 4 Pooled yield of mango cv. Langra orchard under INM system
(error bars indicate standard deviation). T1, control (RDF—
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thick); T3, ½ RDF + 50 kg FYM enriched with Trichoderma (250 g);
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(5 kg); T7, ½ RDF + 50 kg FYM+ Pseudomonas fluorescence (250 g)
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improved the available potassium content in soil. The rice
straw and vermicompost contain a higher amount of potassi-
um; thus, enhanced potassium content in the treatment con-
sists of RDF + organic mulching (10 cm thick) followed by ½
RDF + 50 kg FYM + vermicompost (5 kg). Mulching pro-
vides a favorable environment for microbial activity and nu-
trient release in soil (Adak et al. 2014a).

5.3 Bulk Density

The short-term nutrient management practices had a negligi-
ble impact on the soil bulk density, and we may expect signif-
icant changes in bulk density with the treatments over time.
Application of organic mulching exhibited lesser bulk density.
For better understanding of the bulk density and nutrient man-
agement practices, experiments need to be carried out at least
for another 5 years.

5.4 Microbial Biomass Carbon

Microbial biomass carbon (MBC) plays a mechanistic role in
mineralization, turnover, and stabilization of SOM. It behaves
positively with organic matter input provided nutrient is hard-
ly a limiting factor (Kirkby et al. 2014; Wardle 1992).
Addition of organic matter linked with substrate abundance
for microbial growth resulted in higher microbial biomass
carbon. The result revealed that balanced nutrition and organic
matter addition improved the microbial biomass carbon status
in soil (Mandal et al. 2007). Thus, conjoint application of
vermicompost and FYM had increased the microbial biomass
carbon as compared to the organic mulch and FYM alone
(Adak et al. 2014b). Moreover, maximum feeder root

accumulation in mango is found around 30–45 cm depth,
and thus, this zone was surplus with fresh root exudates which
could aggravate the MBC pools in native soil.

5.5 Soil Organic Carbon, Carbon Pools, and Carbon
Stock

The magnitude of carbon content in different carbon fraction
is influenced by the availability of substrate (carbon source)
added to the soil. Carbon inputs enhance the carbon content in
the soil (Majumder et al. 2008; Seneviratne 2000). Straw
mulch provides a favorable condition for microbial degrada-
tion of organic matter that enhances the carbon content with
higher labile fraction over other treatments (Nayak et al.
2012). Increment in the carbon input causes subsequent
upliftment of carbon content. Additional application of
vermicompost improved the carbon content which was higher
than the treatment with only FYM application. On the other
hand, higher microbial activity also promotes the stabilization
and polymerization of labile carbon into humus; thus, higher
TOC content was found in the treatments T2 and T6. Higher
TOC content subsequently increases the higher carbon stock.
SOC native to lower depth are characterized with longer res-
idence time. The labile to non-labile carbon ratio could mimic
the residence time (Chan et al. 2001). A higher ratio value
indicated more stabilized carbon content in the lower layer
implying limited labile carbon substrate for microbial activity
in subsoil (Heitkötter et al. 2017; Tian et al. 2016) (Table 2).
Generally, feeder roots in mango are abundant around 30–
45 cm which may extend to 60 cm in the case of high-
yielding cultivars (Majumder et al. 2001). Straw mulching,
FYM, and vermicompost application may promote deeper

Fig. 5 PCA factor scores of
variations in soil properties and
fruit yields in mango orchard
considering different
management practices and soil
depth. pH, soil pH; EC, electrical
conductivity; N, available
nitrogen; P, available phosphorus;
K, available potassium; OC, soil
organic carbon; MBC, microbial
biomass carbon; POOLI, very
labile carbon; POOLII, labile
carbon; POOLIII, less labile
carbon; POOLIV, non-labile
carbon; TOC, total organic carbon

J Soil Sci Plant Nutr (2020) 20:725–737 735



penetration of the feeder root by lowering the BD at the sub-
surface layer, and deep soil root production with limited avail-
ability of labile carbon would promote more stabilized carbon
stock in soil (Pries et al. 2018). Thus, balanced application of
nutrient along with organic matter not only improved the
available nutrient contents in soil but also enhanced biological
activeness and carbon retention in soil.

5.6 Correlation of Carbon Retention with Yield
of Mango

The treatment comprising balanced nutrient along with organ-
ic matter (T6) as well as balanced nutrient with organic
mulching (T2) significantly increased the soil organic carbon
content, available N content, microbial biomass carbon con-
tent, labile carbon, total organic carbon content, and total car-
bon stock content in the soil which has direct correlation with
the yield of the orchard. The correlation study also indicates
that the total carbon content (r = 0.824, p < 0.05) and carbon
stock (r = 0.826, p < 0.05) had positive relations with the la-
bile carbon. Therefore, these two treatments have preferential
advantage in improving the yield of the orchard very signifi-
cantly as compared to other treatments as evidenced by the
pooled yield data presented in Fig. 4.

6 Conclusion

From the present investigation, it may be concluded that the
integrated nutrient management practices substantially influ-
ence the nutrient availability and carbon stock in the soil of the
mango orchard. FYM along with vermicompost and organic
mulch triggered their buildup in soil. Microbial inoculants
also help in improving the nutritional status of the soil despite
their limited contribution in soil carbon stock. This study in-
dicates that the rejuvenation of the mango orchard with organ-
ic sources is indispensable especially in the subtropical climat-
ic condition where most of the soils possess low organic mat-
ter and fertility level. Moreover, application of the organic
manure and straw mulching promotes root production in
deeper soil. This will promote more stabilized carbon stock
in soil. Indirectly, it would promote more atmospheric CO2

sequestration in soil. Hence, adoption of integrated nutrient
management practices with conjoint application of FYM and
vermicompost and organic mulching with straw would not
only uphold the fruit yield and carbon stock in soil but also
promote CO2 sequestration in soil which paved viable eco-
nomic options to mitigate climate change. In a country like
India, where straw burning is a serious issue, organic
mulching in the orchard crops could solve two alarming prob-
lems, greenhouse gas emission after straw burning and limited
availability of FYM and vermicompost, and ultimately,

climate-smart sustainable production practices may come into
force.
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