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Abstract

A present investigation was conducted at Regional Fruit Research Station, Ganeshkhind, Pune and
Division of Soil Science and Agricultural Chemistry, College of Agriculture, Pune during 2020-2021.
The experiment was conducted on existing mango orchard of age 13 years planted in the year 2006, from
that, eight alternate bearing exotic mango genotypes were identified for study along with conventionally
cultivated soil (Without mango tree). The soil samples collected beneath the mango genotype Hy-13/3
was recorded ssignificantly higher active carbon pools viz., water soluble carbon (79.50 and 54.00 mg kg
1), soil microbial biomass carbon (544.00 and 413.00 mg kg), permanganate oxidizable soil carbon
(1531.00 and 812.00 mg kg) and passive carbon pool like particulate organic carbon (1180.50 and
552.00 mg kg!) at 0-30 and 30-60 cm depth as compared to conventionally cultivated soil. Similarly Hy-
13/3 was reported higher total organic carbon content (0.94 and 0.88%) as compared to conventionally
cultivated soil (0.76 and 0.65%) at 0-30 and 30-60cm depth respectively. Significantly higher soil
organic carbon stock was recorded with Hy-13/3 (36.24 and 34.32 Mg ha™) followed by Lily (36.05 and
33.74 Mg ha) while lower soil organic carbon stock was observed in Kent (34.85 and 31.12 Mg ha?)
mango genotypes at both depths. However least soil organic carbon stock was recorded in conventionally
cultivated soil (30.35 and 26.22 Mg ha*) at 0-30 and 30-60 cm depth respectively. Significantly higher
values of all soil carbon fractions under study were found in upper depth (0-30 cm) than the lower depth
(30-60 cm).In case of carbon sequestration per plant after thirteen years of mango orchard age, Hy-13/3
genotype was superior (90.60 and 85.80 kg tree’!) among all the genotype studied which was closely
followed by Lily (90.13 and 84.35 kg tree™!) at both depths.

Keywords: Mango genotypes, soil carbon stock, Carbon sequestration, carbon pools, soil carbon
sequestration per tree, WSC, SMBC, POSC, POMC, TOC, SOC

Introduction

Carbon dioxide is required for plant and animal existence. Too much, however, can cause all
life on Earth to die. Carbon dioxide is naturally occurring greenhouse gas, others include water
vapour, methane and nitrous oxide. These gases helps to keep the Earth warm by absorbing the
sun’s energy and by redirecting energy back to the Earth’s surface. An increase in the amount
of carbon dioxide creates an over abundance of greenhouse gases that trap additional heat and
causes global warming (Reddy M.R., et al., 2022) (21, This trapped heat leads to melting ice
caps and rising oceans levels, which cause flooding. To minimize the risks of global warming,
there is a considerable interest in stabilizing CO, and other GHG abundance in the atmosphere
(Kerr, 2007) 81 To tackle climate change, there are three techniques for reducing CO;
emissions (Schrag, 2007) 22 (i) lowering global energy consumption, (ii) producing low-
carbon or carbon-free fuels, and (iii) CO, sequestration from point sources or the atmosphere
using natural and artificial methods. Hence, naturally sequestration of carbon in terrestrial
ecosystem is referred as absorption of CO from the atmosphere by photosynthesis. Carbon
sequestration is a built-in mechanism in plants that allows them to capture carbon dioxide from
the environment and convert it into a variety of goods such as flowers, fruit, and seeds (Reddy
M.R., et al., 2022) 1. In order to keep the soil carbon pool and soil fertility high, carbon
sequestration is crucial. India is the largest producer of Fruits in the world and is known as the
fruit basket of the world. Mango has the highest area under cultivation of any fruit crop in
India. In order to compare the carbon sequestration in soil between eight exotic mango
genotypes and conventionally cultivated soil (Without mango tree), a study was conducted.

Material and Methods
The study was conducted at Regional Fruit Research Station, Ganeshkhind, Pune,
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Maharashtra, on an eight genotypes of 13-year-old existing
mango orchard, between 2020 and 2021. The region
experiences 763 mm of average annual precipitation, with
temperature ranging from 15.1 to 16.8 °C in the winter, 35.5
to 37 °C in the summer. Argo-climatically, the Regional Fruit
Research Station is located in Zone VIII, also known as the
Western Maharashtra Plain Zone.

A total thirty-six soil samples were collected from eight
exotic mango genotypes and one conventionally cultivated

https://www.thepharmajournal.com

(Reddy M.R., et al., 2022) 21, physical properties of soil
beneath the genotypes and conventionally cultivated soil i.e.,
BD (g cm®) 1.29-1.31 and 1.35 respectively, Texture Sandy
Clay Loam and Colour at 0-30 and 30-60 cm depth has Very
Dark Gray (10 YR 3/1), Very dark Gray Brown (10 YR 3/2)
respectively.

Table 1: Details of Treatments

. Sr. no. G Sr. no. Genot
soil at two depths (0-30 and 30-60 cm) (Table.1). The carbon rlno elzggt/pe r6no eE?I;/ pe
pools of soil is estimated by standard methods (Table.2). Soil > Austin 7 Kitt
carbon sequestration (kg tree™) is estimated by using formula 3. Tony Atkins 8. Palmer
(Soil carbon sequestration(kg tree™) = SOC / Number of 2. Maya o, | Conventionally cultivated soil
plants per hector (spacing 5x5 m)). Soil chemical properties 5 Hy-13/3 : (without mango tree)
Table 2: Methods adopted for soil analysis
Sr. No. Parameter Method Used Reference

1. WSC Water extraction method Mc Gill et al. (1986) [13]

2. SMBC Chloroform fumigation extraction method Brooks et al. (1985) [2

3. POSC Permanganate oxidation method Blair et al. (1995) [1]

4. POMC Wet sieving method Camberdella et al. (1992)

5. | Total organic carbon Dry ashing / TOC analyzer Nelson and Sommer (1982) [16]

6. Soil carbon stock TOC X BD X Depth Jasmine et al. (2021) ["]

Results and discussion

In the given study the effect of different mango genotypes and
depth on soil carbon content after thirteen years of plantation
grown on Inceptisol was observed. The results are discussed
below.

Effect of Different Mango Genotypes on Active Carbon
Pool at 0-30 and 30-60 cm Depth.

Water Soluble Carbon

Water soluble carbon in soil is influenced significantly by
exotic mango alternate bearing genotypes and with two depths
(0-30 and 30-60 cm). However, the interaction effect among
mango genotypes and soil depth was found non-significant is
presented in Table.3 and Fig.1.

Significantly higher WSC content was recorded in the soil at
two depths collected beneath the mango genotype Hy-13/3
(79.50 and 54.00 mg kg) which was at par with Lily (78.50
and 52.50 mg kg?), Kitt (75.50 and 50.00 mg kg?) and
Palmer (76.50 and 52.00 mg kg?) at 0-30 and 30-60 cm depth
respectively. However in case of conventionally cultivated
soil (without mango tree) lower WSC was reported (52.00 and
34.00 mg kg?) at 0-30 cm and 30-60 c¢m soil depth. Overall
increased in water soluble carbon content under mango
genotypes (0-30 cm) varies from 28.85 to 52.88% as
compared to conventionally cultivated soil after thirteen years
of plantation.

Interaction effect of WSC per cent contribution in total
organic carbon in soil was found non-significant for mango
genotypes and soil depth.

Higher WSC at 0-30 cm soil depth was observed which might
be due to accumulation of leaf fall litter over the period of
thirteen years. The oxidation of organic matter from the
surface and remaining WSC may have accumulated at lower
depths. In case of conventionally cultivated soil which does
not have any leaf litter fall hence WSC content was reported
lover at both the depth than mango genotypes.

Horticultural (mango) land use systems have higher water
soluble carbon than agricultural land use systems, due to the
greater SOC concentration (Pramod Jha et al., 2012) [l

Similarly Massaccesi L. et al. (2018) [*4 was also observed
that the amount of water soluble carbon in the upper layer of
the orchard was found to be higher than in the conventionally
cultivated soil.

Table 3: Effect of mango genotype and depth on soil Water Soluble
Carbon after thirteen years of plantation

WSC (mg kg?)
Sr. No. Genotype Depth (cm
0-30 | 30-60| Mean
1. Kent 67.00 |46.00| 56.50
2. Austin 72.50 |48.00]| 60.25
3. Tony Atkins 70.50 |48.00| 59.25
4. Maya 75.00 |49.50| 62.25
5. Hy-13/3 79.50 |54.00] 66.75
6. Lily 78.50 |52.50 | 65.50
7. Kitt 75.50 |50.00| 62.75
8. Palmer 76.50 |52.00| 64.25
9. Conventionally cultivated soil 52.00 |34.00] 43.00
Mean 71.89 ]48.22
Genotype |Depth |G X D
S.E.(m) + 2.02 0.95 | 2.85
CD at 5% 6.02 2.84 | NS
90.00
80.00
. 70.00
.&050,00
;:DS0,00 Depth
~ 40.00
Z 3000 0-30 cm
20.00 30-60 cm
10.00
0.00
*}Q‘ s $§® Q@QL'\& \1\"& Q&‘\‘;‘: 3 *_\\\ Q&\\é m@%\%\\
<& \‘}\\\‘_\“‘
Genotypes &

Fig 1: Effect of mango genotype and depth on soil water soluble
carbon after thirteen years of plantation
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Soil Microbial Biomass Carbon

The influence of different mango genotype on soil microbial
biomass carbon was significant at 0-30 and 30-60 cm depth
(Table.4 and Fig.2).

Soil beneath the mango genotype Hy-13/3 recorded
significantly higher soil microbial biomass carbon (544.00
and 413.00 mg kg*) which was at par with Lily (529.50 and
408.00 mg kg) at 0-30 and 30-60 cm depth respectively. All
mango genotypes recorded higher soil microbial biomass
carbon as compared to conventionally cultivated soil (without
mango tree) (415.00 and 257.50 mg kg™) at 0-30 and 30-60
cm depth respectively. Significant increased in soil microbial
biomass carbon under all mango genotypes at 0-30 cm varies
from 20.24 to 31.09 % as compared to conventionally
cultivated soil after thirteen years of plantation. The same
trend was observed in 30-60 cm depth of soil but it is
numerically lower than 0-30 cm depth.

Soil microbial biomass carbon is the most active and labile
part of SOC, and incorporating organic manures and residues
boosts the labile pools of carbon significantly. (Moussa et al.,
2007) 1, Zhang Y. et al. (2019) 4 also reported that the
dominating plant species influenced the soil microbial
biomass carbon content in the 0-10 and 10-20 cm soil layers,
and not in the lower soil layer. Similarly, Fortuna et al. (2003)
BBl and Manna et al. (2008) ('Y were observed that the active
pools carbon, such as SMBC, is maintained in soil as a result
of the coordinated application of organic wastes and inorganic
fertilizers.

Table 4: Effect of mango genotype and depth on Soil Microbial
Biomass Carbon after thirteen years of plantation

https://www.thepharmajournal.com

Permanganate Oxidizable Soil Carbon

The effect of the different mango genotypes on permanganate
oxidizable soil carbon in 0-30 and 30-60 cm soil depth after
thirteen years of plantation grown on Inceptisol is presented
in Table.5 and Fig.3.

Soil beneath the mango genotype Hy-13/3 recorded
significantly higher permanganate oxidizable soil carbon
(1531.00 and 812.00 mg kg™?) in soil which was at par with
Lily genotype (1519.00 and 797.50 mg kg™) at 0-30 and 30-
60 cm depth respectively. However in case of conventionally
cultivated soil (with out mango tree) lower POSC (1256.00
and 634.00 mg kg™) was reported at 0-30 cm and 30-60 cm
soil depth. Significant permanganate oxidizable soil carbon
content under mango genotypes at 0-30 cm depth varies from
13.13 to 21.90 % as compared to conventionally cultivated
soil after thirteen years of plantation. The same trend was
observed in 30-60 cm depth of soil but it is numerically lower
than 0-30 cm depth.

The increase in permanganate oxidizable soil carbon in
mango orchard system was attributable to a considerable
increase in carbon input from organic manure and higher fall
of leaf litter. Similar results were also be recorded by
(Purakayastha et al., 2008) . The POSC of the mango
orchard was significantly higher than that of the
conventionally cultivated soil (Naik et al., 2016) *°l. Long-
term experiments at Rothamsted (UK) found a similar
increase in SOC after manure application (Powlson et al.,
1998) 71,

Table 5: Effect of mango genotype and depth on soil Permanganate
Oxidizable Soil Carbon after thirteen years of plantation

Fig 2: Effect of mango genotype and depth on soil microbial
biomass carbon after thirteen years of plantation

Sr SMBC (mg kg™ POSC (mg kg?)
No. Genotype Depth (cm Sr. No. Genotype Depth (cm)
' 0-30 | 30-60 | Mean 0-30 |30-60| Mean
1. Kent 490.00 |380.50|435.25 1. Kent 1421.00 |748.50{1084.75
2. Austin 499.50 |393.00|446.25 2. Austin 1459.00 |771.00{1115.00
3. Tony Atkins 492.50 |383.00(437.75 3. Tony Atkins 1443.00 |752.00{1097.50
4. Maya 510.00 [395.00|452.50 4. Maya 1468.50 |774.50{1121.50
5. Hy-13/3 544.00 [413.00|478.50 5. Hy-13/3 1531.00 |812.00{1171.50
6. Lily 529.50 |408.00|468.75 6. Lily 1519.00 |797.50{1158.25
7. Kitt 518.50 [396.00|457.25 7. Kitt 1474.00 |787.00{1130.50
8. Palmer 521.50 [403.50|462.50 8. Palmer 1487.50 |795.50{1141.50
9. | Conventionally cultivated soil | 415.00 [257.50|336.25 9. Conventionally cultivated soil | 1256.00 [634.00| 945.00
Mean 502.28 |381.06 Mean 1451.00 |763.56
Genotype | Depth |G X D Genotype| Depth| G XD
S.E.(m) 6.15 2.90 | 8.69 S.E.(m) 6.05 2.85 | 855
CD at 5% 1834 | 865 | NS CD at 5% 18.04 | 8.51 | 25.52
600.00 1800.00
1600.00
300.00 @ 1400.00
@400,00 on 1200.00
‘;ﬂ E 1000.00
E 30000 6 £00.00 Depth
¥ Depth & 60000 2030 cm
% 20000 .0:0’ cm 8 400.00 #3060 cm
w2 200.00
100.00 m30-60 cm 0.00
& n}“‘ S & &
0.00 R o N v ,@’04’% - ‘2“\ N ‘1"’\ §$'
c \ I & ‘ 4\ &
&0&@‘9 T < @b‘@ Genotype &
&
Genofypes < Fig 3: Effect of mango genotype and depth on soil permanganate

oxidizable soil carbon after thirteen years of plantation
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Effect of Different Mango Genotypes on Passive Carbon
Pool at 0-30 and 30-60 cm Depth

Particulate Organic Matter Carbon

Particulate organic matter carbon in soil was influenced
significantly by exotic mango alternate bearing genotypes and
with two depths (0-30 and 30-60 cm). However, the
interaction effect among mango genotypes and soil depth was
found non significant is depicted in Table.6 and Fig.4.

Soil beneath the mango genotype Hy-13/3 recorded
significantly higher POMC (1181 and 552 mg kg™) followed
by Lily (1139 and 547 mg kg™*) and Palmer (1137 and 541 mg

https://www.thepharmajournal.com

2003) [0, In this investigation, the main sources of POMC
were leftover root biomass and increased microbial biomass
waste in mango orchard. According to the root biomass
produced, the larger biochemical recalcitrance of root litter
may have also raised POMC concentrations in soil (Puget and
Drinkwater, 2001) I, POMC was also the superior, which
can be attributable to higher litter deposits containing more
labile carbon (Laik R. et al., 2009) [,

Table 6: Effect of mango genotype and depth on soil particulate
organic matter carbon after thirteen years of plantation

kg!) as compared to conventionally cultivated soil (1013 and POMC(mg kg?)
467 mg kg'l)_ at 0-30 and 30-60 cm depth respectively. Among Sr. No. Genotype Depth (cm
the depth, higher POMC content was observed at 30-60 cm 0-30 130-60| Mean
depth than 30-60 cm depth. Significant increase in POMC 1. Kent 1104 | 515 | 809
content in soil beneath the mango genotypes at 0-30 cm depth 2. Austin 1113 | 522 | 818
varies from 9.04 to 15.59 % as compared to conventionally 3. Tony Atkins 1107 | 519 | 813
cultivated soil after thirteen years of plantation. The same 4. Maya 1121 | 534 | 827
trend was observed in 30-60 cm depth but it is numerically S. Hy-13/3 1181 | 552 | 866
lower than 0-30 cm soil depth. 6. Lily 1139 | 547 | 843
The higher increase of POMC in mango orchard as compared 7. Kitt 1128 | 536 | 832
to conventionally cultivated soil is due to an increase in 8. __ Palmer i 1137 | 541 | 839
organic matter in soil through the litter and above plant 9. | Conventionally cultivated soil 1(1)12 ggg 740
components of mango plants (Purakayastha et al., 2008) [2°, Mean
. . . . . Genotype |Depth|G X D
According to similar studies N fertilizer increased POMC
ent i a | il but not i dv soil (Malhi et al SE.(m)+ 7.27 |3.43]10.28
content in a loamy soil but not in a sandy soil (Malhi et al., CD at5% 2169 110221 NS
1400.00
1200.00
_21000.00
2
~ 800.00
=1]
‘§’600.00
@] Depth
g 400.00 = 0-30 cm
D-"OO 00 30-60 cm
0.00
& & & & M § ¢ &
< ¥ &.;* - o ¥ & .ﬁ\“"b
<9 S
o
Genotypes &

Fig 4: Effect of mango genotype and depth on soil particulate organic matter carbon after thirteen years of plantation

Effect of Different Mango Genotypes and Soil Depth on
Total Organic Carbon (TOC) after Thirteen Years of
Plantation

Total organic carbon in soil was significantly influenced by
mango genotypes and with two depth (0-30 and 30-60 cm)
after thirteen years of plantation grown on Inceptisol is
presented in Table.7 and Fig.5.

The soil beneath mango genotype Hy-13/3 recorded
significantly higher total organic carbon content (0.94 and
0.88 %) which was closely followed by Lily (0.94 and 0.87
%) at 0-30 and 30-60 cm depth. However, conventionally
cultivated soil (0.76 and 0.65 %) recorded lowest TOC as
compared to mango genotypes. In case of soil depth,
significantly higher total organic carbon was found at 0-30 cm
soil depth than the 30-60 cm depth in all the genotypes
including conventionally cultivated soil (without mango tree).
However, interaction effect of TOC content in soil was found

non-significant for mango genotypes and soil depth.

The increased total organic carbon in mango orchard can be
linked to the various quantities and types of organic matter
supply via fresh litter, living micro-organisms, and root
activity (eg. turnover and exudates) (Vesterdal et al., 2008)
1231, Due to the addition of roots and plant biomass at the
surface layer and a lack of nutrient and biological activity in
the 30-60 cm layer, the maximum TOC was reported in the
surface soils as compared to lower depths (Ingram and
Fernandes, 2001) . Similarly, it was assumed that the bare
soil surface and breaking of aggregates due to a lack of
vegetation, which enhances erosion activities with high
precipitation, were the reasons for the lowest total organic
carbon content in the conventional control soil (Conant and
Paustian, 2002) I,
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Table 7: Effect of mango genotype and depth on soil total organic carbon
after thirteen years of plantation

TOC (%)
Sr. No. Genotype Depth (cm)
0-30 30-60 | Mean
1. Kent 0.89 0.80 | 0.84
2. Austin 0.91 0.81 | 0.86
3. Tony Atkins 0.90 0.80 | 0.85
4. Maya 0.91 0.81 | 0.86
5. Hy-13/3 0.94 0.88 | 0.91
6. Lily 0.94 0.87 | 0.90
7. Kitt 0.92 0.82 | 0.87
8. Palmer 0.92 0.84 | 0.88
9. Conventionally cultivated soil 0.76 0.65 | 0.70
Mean 0.90 0.81
Genotype | Depth | G X D
SE(m)+ 0.02 0.01 | 0.03
CD at 5% 0.06 0.03 | NS

0.90
0.80
0.70
= 060
£
o 050
E 0.40
030 Depth
020 m0-30 em
0.10 30-60 cny
0.00
> S

Genotype o

Fig 5: Effect of mango genotype and depth on soil total organic
carbon after thirteen years of plantation
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Effect of Different Mango Genotypes and Depth on Soil
Organic Carbon Stock and Carbon Sequestration after
Thirteen Years of Plantation

Soil organic carbon stock in soil was influenced significantly
by exotic mango alternate bearing genotypes and with two
depths (0-30 and 30-60 cm). However, the interaction effect
among mango genotypes and soil depth was found non-
significant is presented in Table.8 and Fig.6 and 7.

The mango genotype Hy-13/3 recorded higher soil organic
carbon stock in soil (36.24 and 34.32 Mg ha) fallowed by
Lily (36.05 and 33.74Mg ha) and Palmer (35.47 and 32.44
Mg ha?') whereas lower soil organic carbon stock was
observed in conventionally cultivated soil (30.35 and 26.22
Mg ha) at 0-30 and 30-60 cm depth. Significant increase in
soil organic carbon stock under mango genotypes at 0-30 cm
varies from 14.82 to 19.40 % as compared to conventionally
cultivated soil after thirteen years of plantation. The same
trend was observed in 30-60 cm depth of soil but it is
numerically lower than 0-30 cm depth.

Among the mango genotypes, higher carbon sequestration per
tree were recorded in Hy-13/3 (90.60 and 85.80 kg tree™)
fallowed by Lily (90.13 and 84.35 kg tree) and Palmer
(88.68 and 81.10 kg tree?) where as lower carbon
sequestration were observed in Kent (87.13 and 77.80 kg tree’
1) at 0-30 and 30-60 cm depth. Further, carbon sequestration
observed higher in upper layer (0-30 cm) as compared to
lower layer (30-60 cm) irrespective of genotypes.

The higher soil organic carbon stock and carbon sequestration
was recorded in the surface soil (0-30 cm) as compared to
lower depth (30-60 cm) in mango orchard is due to the
addition of leaf fall or leaf litter and plant biomass in surface
layers and lack of nutrient and biological activity in deeper
layers, which ultimately constraints the rooting depth. Similar
results were also recorded by Ingram and Fernandes (2001) ©1.

40.00

F)

= 25.00

=

£ 2000

=

)~ Depth
O 15.00

S 20-30 em
o}

#30-60 cm

35.00
30.00
10.00
5.00
0.00

> &L o . & A >
« ?9‘9 O Q‘,\"’@ NS & Bb%"\
& < TS
&0 \}.\\x
Genotypes OOQ."

Fig 6: Effect of mango genotype and depth on soil organic carbon stock after thirteen years of plantation
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Table 8: Effect of mango genotype and depth on soil organic carbon stock and carbon sequestration for the period of thirteen years

Fig 7: Effect of mango genotype and soil depth on carbon
sequestration per tree after thirteen years of plantation

Conclusion

It is concluded that the Hy-13/3 mango exotic genotype was
found suitable followed by Lily and Palmer for improving soil
carbon pools and fertility status of soil at 0-30 and 30-60 cm
depth respectively after 13 years of mango plantation in
Inceptisol.

Application of research

The study was undertaken to assess the carbon sequestration
in soil after thirteenth year with eight exotic mango genotypes
in relation to conventionally cultivated soil (Without mango
tree).

Research Category
Agricultural Chemistry

Abbreviation

WSC- Water soluble carbon, POMC- Particulate organic
matter carbon, POSC- permanganate oxidizable soil carbon,
SMBC- Soil Microbial Biomass Carbon, TOC- Total organic
carbon, SOC- soil organic carbon
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