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Abstract: The impact of cropping systems on soil properties, nutrient availability and their carbon sequestration
potential was studied during the years 2014 and 2015 in Shiwalik hills of Himachal Pradesh. The four commonly
occurring cropping systems namely vegetable, fruit, cereal crop and agroforestry were selected. Uncultivated land in
the region was considered as control. In total, there were five treatments which were replicated six times under ran-
domized block design. The study indicated that the cropping systems in the Shiwalik hills varied significantly
(P=0.05) with respect to their impact on soil properties, nutrient availability and carbon sequestration potential. The
pH and EC was in the range of 6.04 to 6.90 and 0.094 to 0.138 dSm™, respectively and were normal in range. Or-
ganic carbon and bulk density in surface soils ranged from 8.06 to 9.70 g kg™ and 1.19 to 1.34 Mg m~, respectively.
The available NPK was highest (267.21, 19.99, 172.42 kg ha™) under vegetable based cropping system as com-
pared to other systems. Carbon density in surface soil ranged from 11.33 to 15.39 Mg C ha™ and total carbon se-
questered upto 30cm soil depth ranged from 601.96 to 12646.29 Gg. The study indicated that in Shiwalik hills of
Himachal Pradesh, the commonly occurring cropping systems did not influence the soil properties and nutrient avail-
ability adversely. Agroforestry based cropping system is having highest potential of sequestering soil carbon in Shi-
walik hills. Therefore to adapt to changing climatic situation and to mitigate its effect in the region, agroforestry
based cropping system need to be encouraged.
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INTRODUCTION due to deteriorating soil quality, imbalanced uge o
fertilizers, mismatch between nutrient additionsd an
removal and escalating cost of production. Incréase
food production must keep pace with the country’s
increasing population at a rate of 1.97 per cent de

Agriculture plays a valuable role in our everydaxe$
by not only providing us with food, but also by mai
taining a strong economy. On a worldwide basis,emor

people are in some way involved in agriculture than manding not only the food security but also nuritil

all other occupations combined. Agriculture seétor ; . ; .
, security. In 2014-15, India’s estimated food grain-
our country contributes to 13.7% of the GDP andductior?/ stands at 257 million tonnesg India’s

source of employment for 22% (.)f total_population foodgrains requirement has been estimated to cross
(FAO, 2013) and thus plays a crucial role in thareo 344 nijlion tonnes by 2020, which will have to come

j[ry’s developme_nt and s_hall continue to occupy angq,m, nearly 142 Mha cultivated area (Vasuki, 2010).
|mport?nrt] pla<(:je_ n the n?tpnall eco_lrlw(:jmy. Agout B2 D |ndian soils are generally poor in inherent fegstiland
cent of the India’s population is still dependantap- have been depleted due to continuous cultivatiereth

ricult#re alfor their rI]ive(I;hoodd antlj edmployn;_er.\t fore; expected food grains have to be attainedrby e
(Joshiet al., 2011). The demands placed on infinite pancing'the productivity per unit area. To manage o

natural resources are increasing exponentially t8ue g to" maximum productivity and sustainabilityils
growing population and increasing economic activity oparacterisation is the first and foremost steppCr

In order to meet the food requirement of growing . : ;

: ) . i ping systems are designed and managed to achieve
p(_)pulatlon the y|e_ld qf the cr_o_pland IS _be_lng er_dmh human goals so they are purposeful systems. Gigball
with the use of irrigation, fertilizer, pesticidadhigh- — jinate negotiations have highlighted the imporeanc
yielding varieties. Consequently, one of the most i ¢ thege systems in mitigating the climate change

portar/1t cha_llenges flacmg humalr_lll(ty to?ay ('js to Con'through carbon sequestration using innovative aud
serve/sustain natural resources like soil and wiater crop management practices (IPCC, 2013).

increasing food proglucti.o_n, while protecting_ the/i.en Effect of cropping systems on soil properties pdesi
ronment. The sustainability of country’s agricuétus . opportunity to evaluate sustainability of agom-e

being threatened by sharp declining factor proditgti system and thus the basic processes of soil detada
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in relation to agricultural use. However, the sysiéic dried, ground and sieved (2mm) before laboratory ex
information with respect to inherent soil propestie amination. The soil bulk density was estimated by
their fertility status and carbon sequestratiorepbaél, standard core method (Singh, 1980). Soil organie ca
particularly under different cropping systems iskla bon was determined by rapid titration method
ing. Keeping in view the importance of these crogpi (Walkley and Black, 1934). The available nitrogessw
systems in Shiwalik hills of of Himachal Pradeghg estimated by alkaline potassium permanganate method
present investigation was taken up to know the ghpa (Subbiah and Asijia, 1956) and available phosphorus
of cropping systems on soil properties, nutrierdilav by using Olsen’s method (Olsest al., 1954). The
ability and their carbon sequestration potential. available potassium was estimated by ammonium ace-
tate method (Merwin and Peech, 1951). Soil eleditric
MATERIALSAND METHODS conductivity and pH was determined by 1:2.5 soil:
Study area: The study area consisted of the Shiwalik Water suspension method (Jackson, 1973). Theadritic
foothill (upto 800m amsl) regions falling in twostticts limits followed for categorizing available nutrient
namely Hamirpur and Kangra of Himachal Pradeshstatus of soils are presented in Table 1. The il
(Figure 1). This region occupies about 35 percéthe®  ganic carbon density (Mg C frof Shiwalik foothill
total geographical area and 40 percent of thevatdil ~ region was calculated using the following equatsn
area of the state. The soils of Shiwalik hills shallow  per the IPCC Good Practice Guidance for LULUCF
and light textured. The major crops of the regimmrice,  (IPCC, 2003).
wheat, citrus, mango, litchi, guava, vegetablestamtty. ~ SOC = [SOC] X Bulk Density X Depth X Coarse
The average annual rainfall of this zone is ab80tcm. Fragments X 10
Cropping systems and experimental details: The where:
four cropping systems namely cereal, vegetablét fru SOC = soil organic carbon stock , Mg C'ha
and agroforestry were selected in Shiwalik hills of [SOC] = concentration of soil organic carbon in a
Hamirpur and Kangra districts of Himachal Pradesh.given soil mass, g C (kg sbi|
Uncultivated land in the region was consideredas ¢ Bulk Density = soil mass per sample volume, Mg m
trol. In total, there were five treatments whichreve Depth = sampling depth or thickness or soil layer,
replicated six times under randomized block design. Coarse Fragments = 1 — (% volume of coarse frag-
In Shiwalik hill region of Hamirpur and Kangra dist ~ ments / 100), dimensionless
of Himachal Pradesh, the fruit farming system was The final multiplier of 10 is introduced to converits
composed of mango, litchi or citrus. The vegetableto Mg C ha.
farming system was composed of pea, cauliflower,Statistical analysis: Analysis of variance (ANOVA)
brinjal, ladyfinger, potato crops etc. Cereal baseth- ~ Was used to evaluate the influence of croppingesyst
ing system was composed of maize, paddy and whea@n soil physico-chemical properties, nutrient catge
while agroforestry system was consisted of agri-and carbon density and stocks in Shiwalik hillsHof
silviculture or agri-horticulture. Uncultivated ldrcon- ~ machal Pradesh. The means were separated and com-
stituted the barren and unculturable land with age+  pared through critical difference at 5% level @rsfi-
tation cover. In Shiwalik hills of Himachal Pradesh cance under the RBD (Randomised Block Design). For
the total area under cereal, vegetable, fruit amaii-  the sake of brevity, data of both the years witpeet
vated land was 253631 ha, 29221.5 ha, 34961.85 htp the various parameters was pooled to assessrthe
and 623891.8 ha, respectively (Anonymous, 2012).termimpact of cropping systems.
The approximate areas under selected cropping syte
in Shiwalik hills of Himachal Pradesh were calcatht "RESULTSAND DISCUSSION
by taking 35 percent of their total area underestat Soil pH: In Shiwalik hills of Himachal Pradesh the
Agroforestry area in the state was 230000 ha (FSlsoils under dominant cropping systems were having
2013) and for Shiwalik hills it comes out to be 805 mean pH values ranging from 6.04 to 6.90 and 6.0 to
ha. Amongst the four dominant cropping systems in6.93 in surface and sub surface soils, respectively
Shiwalik hills of Himachal Pradesh, the cereal lbase (Table 2). In surface soils the cropping systemewis
and agroforestry were the oldest systems and ang be order of soil pH was; control (6.90) > agroforestry
followed by the people for the last about 50 ye@ns. (6.73) > fruit (6.63) > vegetable (6.06) > cer@aD4).
the other hand fruit and vegetable based croppjeg s The sub-surface soils followed the same trend with
tem are being practised for the last about 30 a@md 1respect to pH under the selected cropping systknss.
years, respectively. evident from the data in Table 2 that soils under s
Soil sampling and analysis: Composite soil samples lected cropping systems were slightly acidic tonmair
from surface (0-15 cm) and sub-surface (15-30 cm)in reaction. Since the Shiwalik hills of this regiare
layers were taken from each cropping system duringcharacterized by hyperthermic soil temperaturenegi
year 2014 and 2015 and transported to the labgratorand normal rainfall and the soils of the area areet
for processing and analysis. Soil samples were aioped from the soft sandstones and flood plains from
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alluvium of the adjoining hills, therefore, the ls@ac-
tion from slightly acidic to normal range seems iebv
ous (Sehgatt al. 1987 ; Chaudhri, 2000). Sharma and
Kumar (2011) have also reported slightly acidic to
normal reaction of Shiwalik hill soils of Himachal
Pradesh. The slightly acidic soil pH in cereal lbase
system may be attributed to long term use of aci
forming fertilizers like urea in the region. Thesudts
are in agreement with the findings of Lungu and
Dynoodt (2008) and Bablzat al. (2015) who have also
reported soil acidification due to long-term annapt
plications of urea. However, the soil pH did ndtda
any consistent trend with depth. The results aim
formity with the findings of Walia and Rao (1996),
Mahajan (2001) and Shekhar (2009) who have alsu
noticed such trends for soil pH with increasing thep Fig- 1. Study districtsin Shiwalik hills of Hlmachal Pradesh.
in low-hills soils.
Soil electrical conductivity: The electrical conductiv- ity in surface soil ranged from 0.094 to 0.138 dSm
N ) o (Table 2). Under the different cropping systems, EC
Table 1. Critical limits of Available NPK contents in soil$ 0 fg|lowed the order: agroforestry (0.138 dsm, vege-

Himachal Pradesh. table (0.137 dSH) > cereal (0.118 dSMH > fruit
Nutrient Soil fertility classes References (0.114 dsnrt) > control (0.094 dSH). EC under dif-
elements Low Medium High : ferent cropping systems did not reflect any coesist
Organic carbo <5 510 >10 Bhandari and yenqg with increasing soil depth. However, it was-n
(gka) Tripathi (1979) mal under all the systems indicating that the commo
N(kg hab) <280 280-560 >560 FAI(1977) cropping systems of the_ regi_on have not influenmid
concentration of the soils. Little accumulationsofu-
P(kg ha) <10 10-24.6 >24.6 FAI (1977) ble salts may be attributed to excessive leachihng o
soluble salts in lower soil profiles. EC in the mad
K(kgha') <98.6 98.6-280 >280 FAI(1977) range (0.05 - 0.7 dS/m) have also been reported by

Table 2. Effect of different cropping systems on soil pH, EGC and Bulk Density in Shiwalik hills of Himachald@esh.

M ean*
Cropping sys- pH EC oC Bulk density
tems (dsm™) (akg™) (Mg m?®)
Surface Sub- Surface Sub- Surface Sub- Surface Sub-
surface surface surface surface

Cereal 6.04 6.00 0.118 0.123 8.75 6.93 1.22 1.27
Vegetable 6.06 6.03 0.137 0.134 7.34 5.41 1.19 1.25
Fruit 6.63 6.54 0.114 0.121 9.70 7.27 1.32 1.35
Agroforestry 6.73 6.57 0.138 0.133 9.42 7.41 1.28 1.31
Uncultivated 6.90 6.93 0.094 0.091 8.06 6.17 1.34 1.37
CD (P=0.05) 0.22 0.22 0.013 0.017 1.68 1.46 0.06 0.05

* Mean of six replications

Table 3. Effect of different cropping systems on the nutriawailability in Shiwalikhills of Himachal Pradesh.

M ean*
Cropping systems Available N (kg ha) Available P (kg ha!) AvailableK (kg ha?)
Surface Sub-surface Surface Sub-surface Surface Sub-surface

Cereal 223.22 145.64 17.55 11.10 168.07 137.41
Vegetable 267.21 202.15 19.99 14.10 172.42 150.62
Fruit 185.11 144.09 15.03 9.83 146.57 128.85
Agroforestry 227.74 173.04 18.93 13.92 168.87 146.20
Uncultivated 157.36 113.55 9.84 7.04 119.46 100.88
CD (P=0.05) 35.96 22.06 4.60 4.28 36.03 27.56

* Mean of six replications
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Table 4. Status of carbon density and total carbon stociteruifferent cropping systems in Shiwalik hilfdimachal Pradesh.

Cropping sys- Soil depth wise Carbon density Carbon density  Areain hectares Total Carbon
tems (Mg C ha™) (Mg C ha™) stock

(0-15cm) (15-30 cm) (0-30cm) (Gg C)
Cereal 12.57 10.38 22.95 253631.00 5820.83
Vegetable 11.65 8.95 20.6 29221.50 601.96
Fruit 14.38 11.12 25.5 34961.85 891.53
Agroforestry 15.39 12.28 27.67 80500.00 2227.43
Uncultivated 11.33 8.94 20.27 623891.80 12646.29
CD (P=0.05) 2.57 2.35 - - -

Loria et al. (2015) in agriculture soils of Shiwalik hills. pared to other systems. These results are in agrdgem
Soil organic carbon: Soil organic carbon ranged from with the findings of Chengt al. (2011) who have also
7.34 t0 9.70 g k§ and 5.41 to 7.41 g Kg in surface  observed lower bulk density in vegetable based-crop
and sub surface soils, respectively (Table 2). drbe- ping system than the cereal based cropping systeim a
ping system wise trend of soil organic carbon in su increasing trend with the increasing soil depttagni-
face soil was; fruit (9.70 g K§ > agroforestry (9.42 g cultural soils of Beijing, China. Bulk density iease
kg?) > cereal (8.75 g kY > uncultivated (8.06 g K  with soil depth can be ascribed to overburdenddhses-

> vegetable (7.34 g K. A definite decreasing trend sure, which might have reduced root penetratiors thu
in SOC distribution was observed with the increimse reduced organic matter and aggregation, compared to
soil depth under all cropping systems. However, thesurface layers.

corresponding SOC values of surface soils were relaAvailable NPK : The data presented in table 3 shows
tively higher than the subsurface soils. Relatively that the cropping systems of Shiwalik hills of Hi-
higher SOC contents of surface soils as compared tonachal Pradesh have significantly influenced thei-nu
subsurface ones may be attributed to accumulation oent availability in the soil. In surface soils meaiues
root and plant biomass. The relatively higher SOCof available N, P and K ranged from 157.36 to 267.2
under agroforestry system as compared to ceregé-ve kg ha', 9.84 to 19.99 kg Waand 119.46 to 172.42 kg
table and control can be attributed to high itz ha', respectively (Table 3). The order of available
contribution under such systems. Compared to fruitnitrogen as affected by cropping systems in sait su
based cropping system, the vegetable registered rel face was vegetable (267.21 kg™*ha> agroforestry
tively low soil organic carbon in spite of higherin (227.74 kg hd) > cereal (223.22 kg Hy > fruit
yard manure application. This trend may be attebut (185.11 kg hd) > control (157.36 kg h9. Available

to intensive cultivation under vegetable basedgirgp  phosphorus followed the order; vegetable (19.98&g
system which might have increased decomposition of) > agroforestry (18.93 kg Ha> cereal (17.55 kg ha
soil organic matter into CO Similar results of higher ) > fruit (15.03 kg h&) > control (9.84 kg h§. The
amount of organic carbon observed in fruit cropping order of available potassium in surface soils was;
systems compared to croplands were reported by Jingegetable (172.42 kg Hp> agroforestry (168.87 kg
et al. (2012) and Chengt al. (2011), respectively. ha') > cereal (168.07 kg Ha> fruit (146.57 kg hd) >
Relatively higher SOC contents of surface soils ascontrol (119.46 kg h8. In sub-surface soil, the available
compared to subsurface ones may be attributed-to aautrients were lower as compared to surface saleun
cumulation of root and plant biomass. Similar \aati  the different cropping systems, but followed thaearder.
distribution pattern of organic carbon have alserbe Comparatively higher available nutrient contents in
reported by Bhandari and Randhawa (1985), Mimhas vegetable soils may be attributed to regular aolofiti
al. (1997) and Krishnamt al. (2004) in soils of Shi- of NPK containing fertilizers and organic manures.
walik hill region of Himachal Pradesh. Degryzeet al. (2004) also reported much stronger nu-
Bulk density: Soil bulk density varied significantly trient enrichment in vegetable field than in thehard
(P=0.05) among different cropping systems (Table 2) and cropland due to continues fertilization. Selvera
In surface soil, it ranged from 1.19 Mg@°p 1.34 Mg  other workers have reported higher amount of avail-
m3. Under the different cropping systems, the soil able nutrients in cropping systems characterised by
bulk density followed the descending order; control high application of inorganic fertilizers (Jing al.,
(1.34 Mg m°) > fruit (1.32 Mg n?) > agroforestry  2012; Nisar and Lone, 2013; Gicheru and Kimigo,
(1.28 Mg nv’) > cereal (1.22 Mg M) > vegetable 2012). Higher available NPK in surface than sub sur
(1.19 Mg m®). The bulk density of soil in the sub sur- face soils in all cropping systems could be dumdoe
face layer was higher than that of surface layemwwH  organic contents in surface than in subsurfaces.soil
ever it followed the same trend. The lower bulk-den These results are in agreement with those of Soma-
sity values under the vegetable cropping system maygundaranet al. (2009), Rajeshwaet al. (2009) and
be attributed to high rate FYM application as com- Sigdel et al. (2015) who have also reported higher
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available NPK contents at the surface and a ddagas 267.21 kg/ha), phosphorus (9.84 - 19.99 kg/ha) and
trend with depth. potassium (119.46 - 172.42 kg/ha), respectivelye Th
Carbon density and total carbon stock : The crop-  agroforestry based cropping system of the low-hills
ping systems in Shiwalik hills of Himachal Pradesh has the highest potential of sequestering soilaraib
have been found to significantly influence the sait- the region. Therefore, in order to minimise theaade
bon sequestration potential in the region (Table 4)impacts of cropping systems conservation tillagd an
Carbon density ranged from 11.33 to 15.39 and 8194 manure application that matches the nutrients tfse e
12.28 Mg C hd in surface and sub-surface soils, re- ciency of a particular cropping system be adopted i
spectively. Carbon density of surface soils wghdést the region as well as integrated agroforestry based
in agroforestry based cropping system (15.39 M@&C h cropping systems having high level of diversity chée

1) followed by fruit (14 .38 Mg C hY, cereal (12.57 be encouraged.

Mg C ha), vegetable (11.65 Mg C fand lowest
(11.33 Mg C hd) in uncultivated soils. In subsurface ACKNOWLEDGEMENTS
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