,f‘"'";g"“‘%‘i
:’g b E
i“s\'\g’ gjj «’5
> [ iskosii | 4

International Journal of Scientific Research in Biological Sciences

Review Paper Volume-2, Issue-2 ISSN: 2347-7520

Physico-chemical Soil Quality Indicators as Influenced by Different Soil
Management Practices in Central India

Namrata Yadav
Directorate of Soybean Research (Indian Council of Agricultural Research), Indore, - India

Available online at www.isroset.org

Received: 17/Feb/2015 Revised: 28/Feb/2015 Accepted: 27/Mar/2015 Published: 30/Apr/2015

Abstract -The concepts of soil quality and health imply an assessment to how well soil functions in improving the crop
production and environment. The present research brought out the effect of different soil management practices on soil
physical and chemical parameters and help in improving quality of Vertisols. The study was conducted in Central India
covering regions of Madhya Pradesh, Maharashtra, Rajasthan and Andhra Pradesh and the management history of traditionally
followed cropping systems under tillage practices (Conservation and conventional), with nutrient management through
inorganic and integrated management practices. The soil quality indicators such as bulk density, water holding capacity, soil
pH, EC, organic carbon and available N, P, K, S were analyzed in the rhizosphere surface (0-15 cm) soil samples from stated
regions. Conservation tillage practices decreased the soil bulk density (1.07+0.06g/cc) and improved the total water holding
capacity (56.06+5.73%) of soil as compared to conventional tillage (1.38+0.12g/cc and 48.36£6.59 %, respectively). The
integrated use of fertilizers and manures (either poultry manure or FYM) helped in elevating these two parameters (1.21+0.14
g/cc and 50.42+4.22%, respectively) as compared to inorganic fertilization alone (1.55+10 g/cc and 32.74+3.45% respectively).
Integrated use of FYM/ poultry manure with fertilizers was also found to be influential in raising the organic carbon storage of
soil (11.53+1.22-18.50+9.82Mgha™) under conservation tillage as compared to inorganic fertilization with either conservation
or conventional tillage (8.38+0.93-13.34+3.60Mgha). The practice of integrated nutrient management with conservation
tillage in different traditionally followed cropping systems as well increased the contents of available N (137+15.28 ug g
soil), P (16.743.12 ug g soil), K (251+107.39 pg g soil), and S (13.0£8.35 ug g soil) in soils. Our results indicated that
integrated nutrient management (inorganic fertilization with FYM or poultry manure) of these cropping systems under
conservation tillage and integrated nutrient management enhances the soil physico-chemical quality indicators.

Keywords- Soil Physico-Chemical Quality Indicators, Inorganic Fertilization with FYM

INTRODUCTION quality. It is, therefore, important to identify the soil
characteristics responsible for changes in soil quality, which

The aim of the agriculture research is to raise crop may eventually be considered as soil quality indicators for

productivity and production with minimal impairment or
possible improvement of the basic soil resources and the
surrounding environment. Sustainability of agricultural
systems has become an important issue in developing
countries, including India. Over-exploitation of soils over
many decades has resulted in exhaustion of the intensive
agricultural production systems and steadily declining
productivity has been noticed in long-term experiments in
Asia (Bhandari et al., 2002; Ladha et al., 2003; Manna et
al., 2005). Many of the issues of sustainability are related to
soil quality, assessment of soil quality and the direction of
change with time is a primary indicator of whether
agriculture is sustainable (Karlen et al., 1997). The response
of soils to management and inputs also depends on soil
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assessing agricultural sustainability.

Soil quality consists of three main aspects of
physical, chemical, and biological quality, with the first
affecting soil physical processes in the soil, such as water
movement and aeration, as well as chemical and biological
processes. Therefore it plays a central role in controlling soil
quality (Dexter, 2004). Soil quality is the outcome of
interactions among physical, chemical and biological
characteristics, and its proper assessment requires the
determination of a large number of parameters (Bloem et al.,
2006a; Marzaioli et al., 2010). To evaluate effects of
management on soil physical quality, aggregate-size
distribution, water stability of those aggregates, compaction,
water retention and porosity have been widely used as soil
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quality indicators and are often referred to as dynamic
physical quality indicators. Collectively assessing multiple
indicators such as these, along with those reflecting
biological and chemical properties and processes can be
useful for quantifying changes in soil quality due to various
management practices (Karlen, 2004).

Several studies have shown the positive effect of
no-till on improving soil physical and chemical (Melero et
al., 2009a, b) compared to traditional tillage. A wide range
of special tillage operations involving soil inversion,
chiseling, sub soiling or deep tillage (for soils with an
impending layer within rooting depth) have been found to be
beneficial by minimizing soil hardening or bulk density,
improving soil porosity, infiltration, soil water storage, and
root development (Lal, 1984;). Soil tillage (seedbed
preparation) methods in addition to manure use are basic
practices involved in crop production. These practices are
known to influence soil physical conditions, nutrient
availability, growth and yield of crops (Ojeniyi and
Agboola, 1995). Tillage operation tends to modify soil bulk
density and pore size distribution, loosens, granulates,
crushes and even compacts soil particles (Klute, 1982). In
addition to the provision of essential plant nutrients to soils,
organic manure improves soil structure through enhanced
soil water holding capacity, aeration and drainage which
encourage good root formation and plant growth (Cooke,
1975).

The aim of this work is to determine the influence
of different soil management on some physico-chemical
properties of Vertisols under soybean [Glycine max (L.)
Merrill] based cropping system of central India.

MATERIALS AND METHOD

The present study was confined to the major
command area of soybean in the states of Madhya Pradesh,
Mabharashtra, Rajasthan and Andhra Pradesh, which falls
under semi-arid tropics and receives an average annual
rainfall between 800 to 1000 mm; the bulk of which is
received in the months from June to October. Maximum
temperature in April and May ranges from 38°C to 44°C and
the minimum temperature during December and January
from 7°C to 13°C. Most of the soybean command area is
covered with Vertisols and associated soils. Since soybean-
wheat (irrigated regime), soybean-chickpea (rainfed regime)
and soybean-potato or garlic or onion (irrigated regime)

© 2015, IJSRBS All Rights Reserved

Vol-2, Issue-2, PP (09-15) Apr 2015, ISSN: 2347-7520

constituted major cropping systems of Central India, were
included in the study.

A total of 213 surface (0-15 cm) soil samples from
the rhizosphere of soybean at flowering (R2-stage) from
farmers’ field covering contrasting agro-management
systems were collected from major soybean growing regions
of Madhya Pradesh, Maharashtra, Rajasthan and Andhra
Pradesh. The contrasting management practices included
either reduced (two passes of cultivators followed by
planking) or conventional tillage (deep tillage once in 3-4
years followed by two passes of cultivator and planking),
nutrient management through integrated approach or
inorganics in 14 cropping systems encompassing soybean-
wheat,  soybean-chickpea, = soybean-potato/garlic/onion
(Table 1). These management systems were followed by the
farmers for at least minimum of 10 years. In case of
integrated nutrient management, the farmers used organic
manures once in 3 years. These soil samples were collected
during the kharif of 2009 and 2010 and refrigerated at 4°C
and subsequently analyzed for bulk density (Piper, 1966),
water holding capacity (Piper, 1966), soil reaction (Jackson,
1967). The organic carbon in soil was analyzed using
Walkley and Black method as described by Yeomans and
Bremner (1988). The soil available nitrogen in soil was
determined by the alkaline permanganate method (Subbiah
and Asija, 1956), available phosphorous by Olsen et al.
(1954), available nitrogen by Hanway and Heidel (1952)
and available sulphur by turbidimetric method (Chesnin and
Yien, 1950).

Table 1. Treatment description of the different
agricultural management systems
Treatment description
Management Cronpin
System ppIng Tillage Nutrient management
system
ConsT, SFYM Soybean- Conservation FYM to soybean and
- WF wheat ) fertilizer to Wheat
ConsT, SFYM | Soybean- . FYM and fertlhzgr_ to
Conservation | soybean, and fertilizer
+ F- WF wheat
to wheat
ConsT, SPM — Soybean- ) Poultry manure t_ov
WE wheat Conservation | soybean and fertilizer
to wheat
Soybean- No fertilization to
ConsT, S — WF | wheat Conservation | soybean and fertilizer
to Wheat
ConsT, SF — S(;lyt(x:an— Cons . Fertilizer to soybean,
WF whea ONSEIVation | o rtilizer to wheat
ConsT, SFYM Soybean — . FYM and fertlhz'e.r to
; Conservation | soybean, and fertilizer
+F - CF chick pea -
to chickpea
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Soybean- ) .
ConsT, SFYM potato or . FYM. to soybean and
. Conservation | fertilizer to
— P/Ga/OF garlic or . .
. potato/garlic/onion
onion
Soybean-
ConsT, SPM - | potato or . Poultry manure t(? .
. Conservation | soybean and fertilizer
P/Ga/OF garlic or . .
. to potato/garlic/onion
onion
ConvT, SFYM | Soybean- C tional FYM to soybean and
- WF wheat onventional | certilizer to wheat
ConvT, SFYM | Soybean- . FYM and fertlhzgr to
Conventional | soybean and fertilizer
+F - WF wheat
to wheat
ConvT, SF - Soybean- Conventional Fertilizer to soybean
WF wheat and fertilizer to wheat
ConvT, S FYM | Soybean — . FYM and fert1112<_a§ to
; Conventional | soybean, and fertilizer
+F - CF chick pea .
to chickpea
ConvT, SF — Soybean — . Fertlhze.r'to soybean
h Conventional | and fertilizer to
CF chick pea .
chickpea
Soybean- . .
ConvT, SFYM | potato or . FYM and fertlhze.r P
. Conventional | soybean, and fertlizer
+F - P/GA/OF | garlic or . .
onion to potato/garlic/onion

The analytical results were analyzed by using SAS
statistical software (ver.9.2; SAS Institute, Cary, NC). One
way analysis of variance (ANOVA) was carried out with the
ANOVA procedure in SAS enterprise guide4.2 and the
Fisher least significant differences (LSD).

RESULTS AND DISCUSSION

Effect of different soil management practices on bulk
density and water holding capacity

Considerable variation in dynamic properties like
bulk density (1.07 to 1.55 g cc™') and water holding capacity
(32.74 to 56.06 %) was observed. The variation in values for
bulk density and water holding capacity under conservation
tillage (1.07 to 1.55 g cc' and 32.74 to 56.06 %) and
conventional tillage (1.43 to 1.50 g cc™' and 40.28 to 48.36
%) observed were on account of different cropping system
and nutrient management, wherein addition of organic
manures alone and in combination with fertilizers has played
a role. It can be noted that the integration of poultry manure
with fertilizers irrespective of cropping systems showed
comparatively lower bulk density (1.07 and 1.21 g cc™') and
higher water holding capacity (50.42 and 56.06 %). In
general, integrating FYM with fertilizers in different
cropping systems as well led to lower bulk density and
higher water holding capacity as compared to cropping
systems receiving only fertilizers for nutrient management.
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A reduction in bulk density is very commonly
observed on incorporation of crop residues organic
amendments as compared to fertilizers alone (Herrick and
Lal, 1995; Sharma et al., 2000;). Acharya et al. (1988) and
Sharma et al., (2000) observed improvement in water
holding capacity of soil due to addition of organic manures
compared to only inorganic fertilizer application. In general,
irrespective of cropping systems and nutrient management,
the average bulk density was lower by 10 per cent indicating
better soil physical conditions in conservation tillage over
conventional tillage. Irrespective of cropping system and
tillage, the integrated nutrient management revealed lower
values of bulk density by 9 per cent (Table 2). The water
holding capacity in integrated nutrient management was also
higher by 16 per cent when looked into irrespective of
cropping systems and tillage types (Table 2). This brought
out that the reduction in extent of tillage as well integrated
use of organics and inorganics in long-term reduces the bulk
density of soil and increases water holding capacity.
Reduction in BD in soils amended with organic or organic—
inorganic amendments has also been reported in earlier
studies (Abbasi and Tahir, 2012; Abbasi et al., 2010;
Bandyopadhyay et al., 2010). Bandyopadhyay et al. (2010)
reported that the BD under NPK + FYM was 5.6 % lower
than NPK and 9.3 % lower than the control treatment after
4th year crop cycle.

Conservation tillage has numerous positive effects on soil,
such as improvement of water-holding capacity, and
reduction of soil erosion (Lindwall and Anderson, 1981).
Organic amendment increased the soil WHC, which
reflected that the rate of moisture loss during the dry period
was lower in amended than in unamended soil (Hueso et al.,
2011). Bhatia and Shukla (1982) reported that use of FYM
either alone or in combination with fertilizers increased
significantly the water holding capacity and retention of
moisture at field capacity. Whereas, regular application of
only chemical fertilizers had an adverse effect on the
retention of soil moisture. Bhriguvanshi (1988) observed
that application of FYM either alone or in combination with
nitrogenous fertilizers under conservation tillage played a
definite role in improving water holding capacity of soil
which was attributed to the improvement in structural
condition of the soil.

Table 2. Effect of different soil management practices on
basic physical properties
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Treatment Bulk density (g/cc)

ConsT, SFYM= WF Td6:0 13% 455718 54
ConsT, SFYM + F- WF 1.44 0.07= 42 4647 095
ConsT, SPM - WF 12120 14° 50 4244 222
ConsT, S = WF 155410 32 7443 45¢
ConsT, SF = WF 1494 0,132 38 3649 10%
ConsT, SFYM +F = CF 1484 0.19% 49 6243 40%
ConsT, SFYM - P/Ga/OF 1.1540.06¢ 4187414 7884
ConsT, SPM - PIGa/OF 1.072 0.06¢ 56.0645.73
ConvT, SFYM - WF 1.43: 00720 AT 2147 41%=
ConvT,SFYM +F - WF 14820 112 41,8848 508
ConvT, SF — WF 1,480,132 41,7946 475
ConvT, SFYM +F - CF 1.3840 120 48,3616 59t
ConvT, SF - CF 1.42:0.042 47 8123 943t
ConvT, SFYM +F - PIGAIOF 1.50£0 112 40 2848 61%
SEm () 0.01 5881
LSD 0.13 8.83

Water holding capacity (%)

Data are mean values of six replicatest SD; means with
different letters in the same column differ significantly at
P=0.05 according to Fisher LSD

Effect of different soil management practices on Soil pH,
EC and Organic Carbon

As regards pH and EC, although the agricultural
management practices showed significant differences, soils
are mildly alkaline and salt content is also not a limitation
for crop production. The pH values ranged from 7.32
(conservation tillage in soybean - wheat fertilized) to 7.89
(conventional tillage in soybean FYM — wheat fertilized)
and electrical conductivity from 0.13 (conservation tillage in
soybean FYM plus fertilizer — chickpea fertilized) to 0.49
dSm™ (conservation tillage in soybean fertilizer - wheat
fertilized).  Although, soil reaction and electronic
conductivity are inherent properties of soil, the variation
might be the combined effect of varying management
continuous for a longer duration. However, the lowest value
of pH (7.32) was associated with soybean- wheat system
with conservation tillage, wherein no organics were used
and wheat received only fertilizers (Table 3). The use of
nitrogenous fertilization for extended period may bring
decline in soil pH (Soumare et al., 2003).

Cropping systems under contrasting management
showed significant variation in organic carbon content
(0.36-0.95 %).
management followed, the organic carbon content was
higher in soils under conservation tillage (0.54 to 0.95 %) as
compared to conventional tillage (0.41 to 0.84 %). The
variation in organic carbon content with in systems under

In general, irrespective of nutrient

conventional or conservation tillage might be on account of
nutrient management systems indicating the role of organic
matter recycling in use of organics in conjunction with
inorganics (Table 3). The maximum build up of organic
carbon (0.95 %) was noticed in soybean-wheat cropping
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system under conservation tillage wherein soybean received
poultry manure followed by wheat receiving fertilizers only.
In case of conventional tillage as well soybean receiving
FYM plus fertilizers followed by wheat fertilized showed
maximum value of organic carbon (0.84 %). Comparison of
high intensity cropping system soybean followed by
potato/onion/garlic under different tillage system revealed
that soybean receiving FYM followed by fertilized
subsequent crops had higher contents of organic carbon
(0.74 %) than the same system under conventional tillage
wherein soybean receiving FYM plus fertilizer followed by
fertilized subsequent crops (0.55 %) indicating the
importance of conservation tillage in building up of organic
carbon in soil. On an average basis, irrespective of cropping
systems and nutrient management practices, organic carbon
content was 19.64 per cent higher in conservation tillage
over conventional tillage. Similarly integrated nutrient
management over cropping systems and tillage systems
revealed higher organic content by 41 per cent.

Table 3. Effect of different soil management practices on
basic chemical properties

Treatment pH EC (dSm™) Organic Carbon (%)
ConsT, SFYM — WF T 5120 26~ 0352015 0872055
ConsT, SFYM + F-WF T.67+0 09 0.47+0 29 0.59:0 13-
ConsT, SPM - WF T.7080_ 27 02240 06 0.95:0.12
ConsT, S - WF 7.3240 27 0.18+0.20% 0362005
ConsT, SF - WF 76610 21= 0.49+0.24° 0.5920. 13
ConsT, SFYM +F — CF 7.7T6x0 09 01340 13 0 5440 08==
ConsT, SFYM - PIGa/OF 78140 43* 03410 15= 0.74+0 0g==
ConsT, SPM - PIGa/OF 76740 34% 02340 12%< 0.7340 13%==
ConvT, SFYM — WF 7.89+0.20° 01410 04¢ 0.5310.09°%
ConvT.SFYM +F - WF T.7110 24= 0.25:0 19= 0 B4+ 27=
ConvT, SF - WF T.7040 2158 23 04120 13%=
ConvT, S FYM +F - CF 76740 13 04920 10%=
ConvT, SF -CF 7.7540 25 0.5440 62=2=
ConvT, SFYM +F — PIGAIOF 7,740 14% 0.13z0.01¢ 0.5520 05
SEm (&) 0.06 0.03 0.04
LSD 0.28 0.20 0.22

Data are mean values of six replicatest SD; means
with different letters in the same column differ
significantly at P=0.05 according to Fisher LSD

The two agricultural management systems under
conservation tillage were soybean receiving FYM followed
by potato/garlic/onion and soybean receiving poultry
manure followed by potato/garlic/onion. In this case as well
the organic source influenced the organic carbon content.
Replacement of FYM with poultry manure reduced bulk
density and increased the organic carbon remained
comparable (Table 3). In case of soybean—chickpea system
under conventional tillage, soybean receiving FYM with
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fertilizer followed by chickpea fertilized showed slight
improvement in bulk density but there was reduction in
content of organic carbon (Table 3).

Effect of different soil management practices on Macro-
nutrients (Available N, P, K, S)

The change in available nutrient content in soil is the
dynamic property which is dependent of types of
agricultural management practices followed in that area. The
values of available N, P, K and S for conservation tillage
were 85 - 137 ug g-1 soil, 6.55 -16.7 ng g-1 soil, 115 - 251
pug g-1 soil and 5.2 — 13.0 pg g-1 soil, respectively, barring
conservation tillage, soybean followed by wheat fertilized
were higher than that of conventional tillage possessing
corresponding values 77-115 pg g-1 soil, 5.2 - 13.5 pg g-1
soil, 68 - 196 ug g-1 soil and 4.9 - 134 pg g-1 soil,
respectively, with exception of conventional tillage, soybean
with FYM plus fertilizer followed by chickpea fertilized
(289 pg g-1 soil K) and conventional tillage, soybean with
FYM followed by potato/garlic/onion with fertilizer (22.1
png g-1 soil S). The system conservation tillage, soybean-
wheat fertilized exhibited lowest values for available N (46
pg g-1 soil), available P (3.2 pg g-1 soil), available K (84 ug
g-1 soil) and available S (2.0 ug g soil), obviously because
other management practices were with better nutrient
management or/and integration of organic as well as
inorganic nutrient management. In general, the N, P, K and
S contents were better maintained in the practices with
integrated nutrient management than practices with
inorganic management. Incorporation of poultry manure in
practices invariably led to higher availability of these four
nutrients (Table 4). Irrespective of tillage type and cropping
systems, the integrated nutrient management maintained
higher contents of available N, P, and S contents.

Table 4. Effect of different soil management practices on
available macro-nutrients

Treatment Available Nutrients { pg g ' o)
P

1287156 155681
10.6.1526 14%== 170£168 495
137=1528* 16.73.12% 193231 31

4626.20% 32:065 B4z1351%

- 179214321%

2512107 39=

102:5 64 T 7=407™

1112353 1%

ConsT, SFYM — WF

ConsT, SFYM + F- WF

13.0+8 35=

157+88 Bg™==

170229 482
ConvT, SFYM ='W 12 19110656
ConvT,SFYM +F — WF 3 126283 36> JAz
ConvT, SF - WF 54 123284 39°% 732315°
ConvT, SFYM +F - CF 35 280=T7 A6™< BE=25T
ConvT, S5F = CF 102+ 7.3+ 19623023 93:6.01°
ConvT, SFYM «F - PIGAJOF 103238 25> 11312 130 68:39.92¢ 2213342
SEm (2 60502 2589 768068 100.18
LSD 28 589 101 1152
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Data are mean values of six replicatest SD; means with
different letters in the same column differ significantly at
P=0.05 according to Fisher LSD

Conservation tillage provides better opportunities to
build up soil carbon/carbon fractions status thereby
promoting the nutrient dynamics (Lal, 2007; Mirsky et al.,
2008; Sombrero and de Benito, 2010) mediated by increased
soil microbial activity. Raveendran et al. (1994) reported
that cow and chicken manure contained 0.46 % and 1.78 %
total P and 0.69 % and 2.66 % total K, respectively. Steward
et al. (2000) reported an increase in soil N, P and K from
manure application, while high amounts of, P, and K may be
tied up in the organic form, the availability of P and K in
animal manure often approaches 90 or 100 % (Azevedo and
Stout, 1974). Eghball et al. (2004) found that organic
amendments accumulated a substantial quantity of P in soil
that can contribute to crop P uptake for up to 10 years
without any additional P. Several studies have demonstrated
the benefits of NT over CT, including improvements in
physical, chemical and biological properties of the soil
(Boddey et al., 2010).

CONCLUSION

The study conducted on the effect of different soil
management practices on soil physical and chemical
parameters brought out that different management histories
encompassing varied cropping systems in the same region
had a remarkable impact on the soil properties. Long-term
application of poultry manure or FYM and adoption of
conservation tillage increased the water holding capacity,
organic carbon content, available macronutrients (N,P,K and
S) and reduced the bulk density as compared to inorganic
fertilization/no fertilization. The result indicated that
conservation tillage irrespective of cropping systems and
nutrient management systems led to betterment of soil
physico-chemical indicators, which offers better option to
sustain productivity of soybean-based cropping systems in
Vertisols and associated soils of central India.
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