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Abstract

Intensive agriculture in South Asia has resulted in soil degradation and loss of crop production potential. Soil health is a key
factor in crop production and the new emphasis on sustainable agriculture has generated interest in the optimization of all
aspects of soil functioning - physical, chemical and biological. The objective of this study was to use a set of soil health
indicators to measure the effects of farm manure (FM) application and cropping pattern on Pakistan soils. For this study five
cropping systems, i.e. cotton-wheat (CW), maize-wheat (MW), rice-wheat (RW), sugarcane-wheat (SW) and vegetable-
vegetable (V-V), both, manured and non-manured were selected from each cropping zones of Pakistan. Samples collected
were analyzed for soil health indicators including soil bulk density, available water capacity (AWC), aggregate stability
(WSA), macro porosity, organic matter (OM), soil active carbon (ActC), potentially mineralizable nitrogen (PMN), P, K, Zn,
Ca, S, CEC and pH. Manured plots had significantly higher levels of OM (28%), ActC (43%), PMN (92%), AWC (24%), and
macro porosity (19%) and significantly lower bulk density (5%) than non-manured plots. Among cropping systems highest
values were found in SW, MW and SW compared to RW, with higher values in the former systems for WSA (243%), AWC
(16%) and macro-porosity (39%). This clearly gave indication of the deteriorative effect of puddling in rice cultivation. Higher
values were observed in MW, RW, CW with higher OM (36%), active carbon (ActC, 33.6%) and PMN (731%) compared to
CW and VV. Only S and Mg were significantly higher in manured plots while pH, CEC, NO3-N, P, K, Zn and Ca were
statistically not different in manured fields. Results of this study conclude that long-term manure applications improve soil
quality, while puddling, especially in rice cultivation, exhibits maximum damage to soil physical quality indicators. © 2014
Friends Science Publishers
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Introduction

The integration of biological, physical and chemical soil
processes into soil health management represents a major
departure from the 20™ century approach that focused almost
exclusively on soil chemical testing and management
(Wolfe, 2006). Soil health management in practice typically
involves more attention to rhizosphere processes and
building soil organic matter in relation to aggregate stability,
water and nutrient holding capacity and drainage, and the
capacity of soil to support beneficial soil organisms that
improve nutrient availability and suppress diseases and other
pests (Magdoff and van Es, 2009; Javeed and Zamir, 2013).
Soil degradation is the temporary or permanent loss of
productive capacity of agricultural land. The prevalent
management systems in Pakistani agriculture are not
sustainable, as they cause severe problems of degradation
and desertification. Symptoms of soil degradation in
agricultural lands include water and wind erosion,
salinization, waterlogging, soil fertility decline, depletion of

soil organic matter, crusting, and compaction (Hassan and
Lal, 2007). Soil organic matter (SOM) is critical for cycling
plant nutrients and improving soil physical, chemical and
biological properties. Manure application had beneficial
effects on SOC stocks in the labile pool and to a greater
extent in the recalcitrant pool, suggesting a pronounced
change in SOM quality caused by long-term fertilization
treatments (Ding et al., 2012). Long-term use of FM with
NPK is a good management system in accumulating SOC
(Bhattacharyya et al., 2007). Pakistani soils are very poor
(less than 1%) in organic matter content due to less crop
residue additions and arid climatic conditions (Khan, 1986).
Use of organic manures along with fertilizers have been
successfully used to enhance the soil heath and fertility
(Magdoff and van Es, 2009; Magdoff and Amadon, 1980;
Nawab et al., 2011) resulting in higher crop yields and also
improved soil physical and chemical properties (Negi and
Gulshan, 2000; Zhao et al., 2009). Singh et al. (2007) found
that manure application enhanced SOC, aggregate stability,
infiltration and field saturated hydraulic conductivity and
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decreased bulk density and soil strength.

Inclusion of legumes in crop rotation increases the
total N and PMN due to biological nitrogen fixation (Ussiri
et al., 2006; Shafi et al., 2006). Legume based cropping
pattern generally provides higher content of soil microbial
activity, soil organic carbon and N.

In reality under existing circumstances and economic
conditions of the farmers there is need of development of
inexpensive integrated approach to address soil quality
domains (Andrews and Carroll, 2001). The Cornell Soil
Health Test (CSHT) includes such an integrative assessment
framework and has been available for use by researchers
and land managers, primarily in the United States (Idowu et
al., 2008; Gugino et al., 2009). A better understanding of
the impact of continuous cropping on physical, chemical,
and biological soil properties is needed to optimize the soil
conditions necessary to enhance the cropping system
sustainability.

Keeping above facts in view the present study was
planned with the objectives (i) to evaluate the impacts of
manure application on soil health improvement under
different cropping systems, (ii) apply soil quality assessment
frame work to quantify the impact of farm manure
application and assess detrimental effects of tillage under
existing cropping systems wunder arid and semi-arid
conditions.

Materials and Methods
Site Selection

Sampling sites were selected on the basis of cropping
systems and farm manure application. Twenty fields of
different farmers of each cropping systems were sampled
across the Punjab, i.e. from District Faisalabad, Jhang, Toba
Tek Singh, Pakpattan, Lahore, Sheikhupura, Sargodha,
Sialkot, Gujranwala, Hafizabad, Gujrat, Kasur, Okara,
Sahiwal, Multan, Bahawalpur, Rahimyar Khan, D.G. Khan,
Mianwali, Bhakhar, Layyah, Chakwal and Attock. Cropping
systems included in the study are cotton-wheat (CW),
maize-wheat (MW), rice-wheat (RW), sugarcane-wheat
(SW) and vegetable-vegetable (V-V). In each cropping
system, fields with manure additions and without manure
for the last 10 years were sampled.

Soil Sampling

Soil samples (six from each plot) were collected from
selected sites during September-October 2009 at nearly field
capacity water contents. A core sampler was used to collect
undisturbed samples for bulk density and soil auger was
used to sample from 0-0.15 m depth for other physical,
biological and chemical tests. Samples were air-dried and
shipped to the Cornell University, Ithaca, NY, USA.

Laboratory Tests

Soil cores were saturated (¥ = 0) in their rings by raising the
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water table slowly. Macro porosity, i.e. the fraction of soil
volume with pore diameter of > 1000 um in mm*, was
determined gravimetrically by allowing saturated core
samples to drain freely on wet nylon gauze to reach an
equilibrium at water potential of ¥ -0.36 MPa
(Karunatilake and van Es, 2002). Soil bulk density was
determined by the core method (Blake and Hartge, 1986).
Water stable aggregation of large (WSAy, 2-8 mm) and
small aggregates (WSAgy, 0.25-2 mm) was measured from
disturbed samples using artificial rainfall simulator (Ogden
et al., 1997; Moebius et al., 2007). The fraction of the stable
aggregates was calculated using the following formula:

WSA = Wstable/ Wiotal (1)

Wstable = Wiotal- (Wslaked + Wstones) (2)

Where: Wetables Wiotal, Wslaked and Witones are the dry
weights of stable soil aggregates, total aggregates tested,
aggregates slaked through the sieve and stones remaining in
the sieve, respectively.

Available water capacity (AWC) was determined
using disturbed soil samples by pressure membrane
apparatus. The water content at field capacity (-10 kPa) and
at permanent wilting point (-1500 kPa) were estimated. The
AWC is the soil water stored between ¥ = -10 and ¥ = -
1500 kPa (Topp et al., 1993).

Potentially mineralizable nitrogen (PMN) was
determined by shaking the soil with 2.0 M KClI solution on a
mechanical shaker for 60 min, centrifuged for 10 min and
then supernatant was used for estimation of ammonium
concentration. To the second tube distilled water was added,
hand shaken and incubated for 7 days. Then 2.67 M KCI
was added and shaken for 60 min and centrifuged for 10
min and the supernatant was used for determination of
ammonium concentration.

Biologically active carbon (ActC) was estimated by
reacting soil with 0.02 M potassium permanganate solution.
The centrifuge tube was shaken for 2 min to oxidize the
active carbon, and the supernatant was used to determine
active carbon (Weil et al., 2003). This measurement is
correlated with soil biological activity, aggregation and
yield (Islam and Weil, 2000; Weil et al., 2003).

For organic matter determination, the samples were
ashed for two hours at 500°C and then percent of weight
loss was calculated. The percent loss on ignition (LOI) was
converted to % organic matter using the following equation:

% OM = (% LOI*0.7) - 0.23

The Melich-3 (Mehlich, 1984) extracts were analyzed
for P, K, Ca, Mg, S and Zn contents by inductively coupled
plasma optical emission spectrometry (ICP-OES, Varian
730-ES) and cation exchange capacity (CEC) was
calculated as sum of exchangeable K, Mg and Ca contents.
An analytical technique developed by the Kettler et al.
(2001) was followed for soil textural analysis. The JMP
(Version 8.0, SAS Institute, Inc., 2008) was used for
statistical analysis.
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Results
Physical Soil Health Indicators

Aggregate stability (WSA): Manure addition did not show
any positive effect under conventional farming system.
However, aggregate stability varied significantly under
different cropping patterns (Table 1). The highest value of
WSA (17.74%) was observed in sugarcane-wheat (SW)
followed by cotton-wheat (14.85%), maize-wheat (9.73%),
vegetable-vegetable (9.67%) and 5.17% in rice-wheat (RW)
cropping system (Table 2). The WSA values were 243%
and 187% higher in SW and CW compared to RW, which
have lowest stability. Sugarcane-wheat system attained the
good physical health due to longer crop stay on the field
resulted in aggregate stability and poor health resulted in
rice-wheat due to puddling of soil for rice seeding. Within
cropping systems un-expected results were observed in SW
where significantly higher aggregate stability was found in
non-manured plots compared to manured although in all
other systems manured plots achieved higher value (25%)
and lowest was found in RW with the lowest value (5%)
among all the systems (Fig. 1).

Available water capacity (AWC): Farm manure addition
resulted in significant increase in AWC while effect of
cropping pattern was non-significant (Table 2). Manure
application increased AWC by 24% compared to non-
manured fields. As regard cropping patterns, 20% more
AWC was observed in MW compared to RW. Effect of
manuring within cropping pattern was significant in CW
and RW systems, where manured plots have higher AWC
than non-manured plots. Thus manure addition caused

improvement in soil physical quality indicators (Fig. 2).
Bulk density (pb): Manure addition resulted in significant
decrease in pb that was almost 5% compared to non-
manured plots. Effect of cropping pattern was non-
significant on soil bulk density. Highest pb (1.46) was found
in MW followed by CW (1.42), SW (1.39 Mg m™®), while
lowest (1.36) in VV cropping sequence (Table 2).
Maximum pb reduction was observed in VV, which might
be due to more addition of biomass in form of crop roots
and fallen leaves (Fig. 3).

Macroporosity (m® m?): Manure addition and cropping
systems have highly significant effect on macroporosity of
soil (Table 1). Highest value of macroporosity (0.031) was
observed in manured plots, which were 20% more than non
manured plots (Table 2). If we compare cropping patterns
highest value (0.033) was observed in SW, while lowest
(0.023) in MW, which was statistically at par with RW
(0.025). On comparison of farm manure within crop
rotations highest value was found in CW in manured plots
(Fig. 4), while lowest in MW in non-manured one.

Biological Soil Health Indicators

Active carbon (mg kg™): Manure addition effect was
highly significant on soil active carbon (ActC) as 42%
higher value was found in manured plots compared to non-
manured (Table 3). Among the cropping patterns highest
value of ActC (342.1) was observed in case of RW followed
by VV (289.6), MW (270.4), SW (268.5) and lowest
(256.1) in CW. On percentage basis, 34, 13, 6 and 5% more
active carbon was found in RW, VV, MW and SW,
respectively compared to CW. Statistically no difference

Table 1: ANOVA:s table with P values of physical, chemical and biological soil quality indicators

Treatments WSA AWC p, MP pH CEC

NOs-N P

K S Zn  Ca Mg ActC OM PMN

Cropping

pattern (CP) 0.033 0.609 0.168 0.010 0432 0.957 0.199
Farm manure

(FM) 0.989 0.092 0.036 0009 0481 0.122 0.463
CPxFM 0.076 0456 0.863 0.380 0.958 0.618 0.876

0458 0.185 0.837 0.496 0469 0823 0547 0374 0.158

0.160 0.059 0.019 0.432 0075 0.031 0.007 0.036 0.251
0.143 0.156 0.694 0.701 0586 0.739 0.778 0.756 0.775

WSA: Wet aggregate stability, AWC: Available water capacity, p,. Bulk density, CEC: Cation exchange capacity, ActC: Active carbon, OM: organic

matter, PMN: Potentially mineralizable nitrogen, MP: Macroporosity

Table 2: Physical soil health indicators as affected by
farm manure application and cropping pattern

Treatments W A% AWC Bulk density Macro-Porosity
g g-1 Mg m?3 mm?

Farm MOt 1141 Af 0.148Bf 145B 0.026 B
manure M1 1144 A 0.183 A} 1.39A 0.031A

SE 1.721 0.016 0.020 0.0012
Cropping CW  1485A 0.157A 142A 0.031 A
pattern MW 09.73A 0.180A 146A 0.023 AB

RW 0517A 0.155A 146A 0.025 AB

SW  17.74A 0177A 139A 0.033 AB

VV  0967A 0160A 136A 0.032B

SE 3.847 0.0275  0.0439 0.0027

Table 3: Biological soil health indicators as affected by
farm manure application and cropping pattern

Treatments Active carbon PMN Organic matter
mg kg™ nggtwk®  gkg!
Farm MOT 2349 Bi 140A 0.725B
manure M1 335.7A 269 A 0933 A
SE 24.17 0.77 0.066
Cropping CW 256.1 A 474 A 0.695 A
pattern MW 2704 A 254 A 0.943 A
RW 3421 A 1.07 A 0.772 A
SW 268.5 A 133A 0.792 A
\AY 289.6 A 057A 0.943 A
SE 38.22 1.73 0.147

tMO: No manure; M1: Manured; CW: Cotton-wheat; MW: Maize-wheat; RW: Rice wheat; SW: Sugarcane-wheat; V-V: Vegetable-vegetable; SE:
Standard Error. {Means for treatments within columns for each experiment followed by the same letter are not significantly different at 0=0.05
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exists regarding cropping pattern effect on ActC (Fig. 5) if
we compare manured plots with non-manured plots.

Potentially = mineralizable  nitrogen: Potentially
mineralizable nitrogen (PMN) showed clear differences
regarding manure addition as 92% more PMN was found in
manured compared to non-manured plots (Table 3).
Nitrogen availability to crops resulted in good crop growth

Table 4: Chemical soil health indicators as affected by
farm manure application and cropping pattern

Treatments pH CEC NO3-N P
me/100g  mgkg™ mg kg™
Farm MO} 835AF 17.79A 13.67 A 8.4 At
manure M1 844 A 18.73 A 17.77 A 4.5 Bt
SE 0.094 0.41 3.87 6.67
Cropping CW 8.65A 18.71 A 11.03A 42 A
pattern MwW 837A 18.22 A 13.35A T4 A
RW 837 A 18.10 A 1157 A 41A
SW 825A 18.18 A 1296 A 57A
A\AY 835A 18.08 A 1971 A 106 A
SE 0.209 0.92 8.657 3.73

Table 5: Chemical soil health indicators as affected by
farm manure application and cropping pattern

Treatments K S Zn Ca Mg
mgkg® mgkg' mgkg® mgkg' mgkg!
Farm MOt 132Bf 272B 211 A 5186Bf 317B
manure M1 181 Af 436A 248A  6983A1 415A
SE  17.29 455 0.329 676 29.73
Cropping CW 204 A 402A 187A 6096A  383A
pattern MW 180 A 321A 264A 6700A  332A
RW 111 A 303A 202A  4441A  3%4A
SW 144A 39.0A 196A 7153A  338A
VW 145A 355A 298A  6035A  383A
SE 27.34 7.19 0.736 1511 66.49

+MO: No manure; M1: Manured; CW: Cotton-wheat; MW: Maize-wheat;
RW: Rice wheat; SW: Sugarcane-wheat; V-V: Vegetable-vegetable; SE:
Standard Error; {Means for treatments within columns for each
experiment followed by the same letter are not significantly different at

0=0.05
FM .0 . 1

FMO: no manure; FM1: manured; CW: cotton-wheat; MW: maize-wheat;
RW: rice wheat; SW: sugarcane-wheat; VV: vegetable-vegetable
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Fig. 13. Soil zinc (Zn) as influenced by interactive
effect of farm manure within crop rotations
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and production and emphasis the importance of manure
addition. Wide differences were also observed regarding
PMN with respect to cropping patterns. Cotton-wheat (CW)
got the first position having 4.74, which is three to four
times more PMN compared to other cropping patterns. The
cropping pattern follows the sequence CW (4.74) > MW
(2) > SW (1.33) > RW (1.07) > VV (0.57). The WV
cropping sequence, showed least PMN (0.57) that might be
due to more intensive cultivation and heavy fertilization.
The interactive effect of farm manure within cropping
pattern was not significant (Fig. 6). There was big difference
between manured plots under VV and CW as many times
higher values were found in CW compared to all other plots
and very low values were found in RW compared to all
other non-manured plots.

Organic matter: Soil organic matter (OM) was
significantly affected by manure addition (Table 3). Higher
values of OM in manured plots certify the positive effect of
manure addition even under extreme climate and intensive
cropping systems under semi-arid conditions. On percentage
basis 28% higher OM contents were found in manured
plots. Cropping pattern effect was non-significant on OM
contents. The interactive effect of farm manure within
cropping pattern was also non-significant (Fig. 7).

Chemical Soil Health Indicators

Soil pH: Manure addition and cropping pattern has no
effect on soil pH (Table 4). Among the cropping patterns
highest pH was observed in CW followed by MW, RW and
VV and lowest in SW. The interactive effect of manure
within crop rotations was also non-significant (Fig. 8).
Cation exchange capacity (CEC): Cation exchange
capacity showed a positive response to manure addition
as higher values were found in manured compared to
non-manured plots (Table 4). On over all basis 5% higher
CEC was noted in manured compared to non-manured
plots. Cropping pattern showed no effect on CEC.
Regarding the combined effect of farm manure with crop
rotations highest value was observed in CW and lowest one
in VV under non-manured plots (Fig. 9).

Nitrate nitrogen (NO3N): Effect of manure addition was
significant on NOs-N as 30 % higher contents were found
in manured plots (Table 4). The NOsN differed also in
various cropping patterns. Highest value of NOz-N was
found in VV, which was 170, 156, 129 and 122% higher
than CW, RW, SW and MW, respectively. The pattern
followed for NOs'N was quite different than physical and
biological soil quality indicators. The interactive effects of
manure with crop rotations on NOs-N showed that CW
rotation has lowest contents under non-manured plots, while
three times higher contents under manured ones, whereas
VV showed very high values under both manured and non
manured areas (Fig. 10). In VV there was no increase in
NOs'N due to manure addition. In SW system the result was
contrary to all other cropping patterns as manured soil has
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lower values than non-manured plots.

Phosphorus  concentration:  Soil  phosphorus  (P)
concentration was significantly affected by manure
addition (Table 4) and resulted in two times increase in soil
P compared to non-manured plots. This certifies the
importance of farm manure as a source of soil P and it also
increases its availability. Cropping patterns also differed
widely regarding soil P and followed the same trend as was
observed in NO3'N. Highest value of P was found in VV,
which was 158, 152, 85 and 43% more than RW, CW, SW
and MW, respectively. The interactive effect of manure with
crop rotations showed many times higher values of P in
non-manured compared to manured plots (Fig. 11).
Potassium concentration: Manure addition resulted in
significant increase in soil potassium (K) concentration as
37% higher K was found in manured than non-manured
fields (Table 5). This indicates positive contribution of
manure along with improvement of soil physical health.
Wide differences were observed among cropping patterns.
Highest K contents were found in CW followed by MW,
VV, and SW and lowest in RW. On overall basis trend is
almost similar if we consider chemical soil constituents.
Maize-wheat (MW) cropping pattern is having 84% higher
K content than RW. Interactive effects of farm manure
within cropping patterns are also giving very useful
information’s (Fig. 12). Among non-manured plots SW is
showing significant differences over RW and SW, while
among manured soils, CW is standing at the top while SW
and RW are at the bottom line.

Sulphur, Zinc, Calcium and Magnesium contents:
Manure addition significantly increased concentration of S,
Ca and Mg, while effect on Zn concentration was non-
significant (Table 5). Sulphur, Zn, Ca and Mg
concentrations were increased by 60, 17, 23 and 31%,
respectively in manured over non-manured plots. If we

FM .0 .1
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Fig. 14. Soil calcium (Ca) as influenced by interactive
effect of farm manure within crop rotations

compare cropping patterns regarding S contents, highest
concentration was found in CW, while lowest in RW
rotations. Similarly, higher value of Zn was found in VV
and lowest in CW. Zinc content is very low as it gets
reduced and thus becomes unavailable to rice. Results
showed that these are Zn deficient soils due to non-addition
and intensive mining. Soil Ca contents are very high as
these soils are developed from loess calcareous parent
material.

Discussion

This study was conducted to evaluate the impact of
cropping patterns on soil quality indicators in manured and
non-manured soils to evaluate application of soil health test
developed by Cornell Soil Health Team and soil quality
indicators for Pakistan soils. Different soil properties
including physical, chemical and biological were used as
indicators of soil quality. The soil quality is said to be the
capacity of the soil to function physically, chemically and
biologically (Doran and Parkin, 1994). Indicators applied
for assessment were selected from already developed by
CSHT, which were effective to address specific soil
processes that are important in sustaining agriculture
production. Overall values of soil physical quality indicators
for Pakistani soils were very low due to intensive cropping
systems and use of straw as fuel and fodder and non-
inclusion of green manure crops in existing cropping
patterns. Manure addition resulted in significant
improvement in AWC, WSA, bulk density and macro-
porosity compared to non-manured plots. Manure addition
reduced bulk density significantly and increased field
capacity, plant available water and field saturated hydraulic
conductivity. Transmission and storage pores were more
abundant in manure-treated plots (Chakraborty et al., 2010).

FMO: no manure; FM1: manured; CW: cotton-wheat; MW: maize-wheat; RW: rice

wheat; SW: sugarcane-wheat; VV: vegetable-vegetable
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Improvement in soil physical properties with organic matter
addition has been earlier reported (Celik et al., 2004; Madari
et al., 2005). Long-term application of organic matter
influenced bulk density (Miller et al., 2002), soil structure
(Pagliai et al., 2004) and soil hydraulic properties (Celik et
al., 2004). Chakraborty et al. (2010) observed high soil
physical health indices, better aggregation status under
manured plots, which might be due to better root growth,
enhanced microbial activities due to manure addition that
improved soil structure significantly (Benbi et al., 1998).

Manure treated plots significantly decreased soil bulk
density, while AWC was increased by 86% and 56% in
compost and manure treated plots (Celik et al., 2004).
Organic compost application improves the soil physical
properties by increasing total porosity and pore size-
distribution (Aggelides and Londra, 2000).

Cropping pattern  behavior regarding physical
properties revealed very important facts regarding our tillage
systems and its impact on soil physical quality indicators.
Lowest values (5.17%) of WSA were found in rice-wheat
system due to puddling, which is being practiced since years
for preparing fields for rice transplantation. This practice has
destroyed the soil aggregation and may be the major reason
for reduction in wheat production due to formation of dense
soil and reduction in soil infiltration in rice growing areas.
Sugarcane-wheat (SW) rotation shows highest value of
WSA due to less soil disturbance and accumulation of more
root biomass result in better soil aggregation. The structure
stability in CW, MW and VYV followed the SW system. This
pattern depicts the real impact of tillage intensity and its
deterioratic effect on soil physical health.

The data regarding biological soil health indicators
clearly shows the impact of manure addition and cropping
pattern. Active carbon (ActC) and organic matter were
significantly affected by manure addition, whereas PMN
was not affected. Among the cropping patterns highest
PMN was found in CW and least in VVV cropping pattern.
This gave very useful information that least field operation
resulted in higher PMN accumulation under CW, while
more addition of chemical fertilizer in VV along with
intensive tillage resulted in lower PMN. Maximum ActC
was found in RW followed by V'V, which clearly indicates
that high tillage intensity along with more irrigation may
result in releasing more ActC. If we compare the entire
cropping patterns least ActC was indicated in CW receiving
least irrigation and less soil disturbance. The disruption of
aggregation due to tillage reduced stable micro-aggregate
formation, leading to exposure of existing aggregates to
microbial processes and therefore accelerated organic
carbon turnover and reduced SOC accumulation (Six et al.,
2000). Addition of manure along with balanced N, P and K
could improve and sustain SOC even under intensive
cultivation (Chakraborty et al. (2010). Significantly higher
SOM was found in the manured plots compared to the one
without addition of manure. Increases in SOM content for
soils under organic management are widely reported
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(Stockdale et al., 2000). Residue incorporation significantly
increased SOC and aggregate-associated C concentration,
aggregation, K, soil matrix and structural porosities, and
water retention capacity (Du et al., 2009).

The effect of manure and cropping pattern on soil
chemical indicators (Table 3) in some cases is significant.
There was statistically no difference in soil pH even in
manured compared to the non-manured plots due to higher
buffering capacity of soils. Manure addition also has no
effect on soil cation exchange capacity and NO;-N
concentration. As regard cropping sequence highest CEC
was found in CW, while lowest in VV pattern. This actually
follows the same trend as was observed in soil biological
indicators. In cotton-wheat this might be the result of lower
tillage compared to other cropping patterns like rice-wheat
etc. All cropping systems were statistically similar with
reference to NOs-N. Due to heavy fertilization in vegetables
production maximum NOs-N was found in vegetable-
vegetable system. Phosphorus was also following the same
pattern as in NOs-N, while response of K was somewhat
different. Maximum K was found in CW and least in RW.
This trend might be due to the addition of K fertilizers in
CW being a maximum returning cash crop and in RW there
is less addition of K fertilizer. Regarding the micronutrients
higher quantities were found in manured plots, while in
cropping patterns affect was not statistically significant,
although there is deficiency of Zn in rice growing areas due
to conversion into ZnS.

In conclusion, physical, biological and chemical soil
health indicators showed clear differences with respect to
manure addition and cropping systems in different regions
of the country. Clear differences were observed in different
cropping patterns and their impact on soil quality. This will
help to modify existing conventional sowing techniques in
developing countries and their deteriorated effects on soil
physical and biological health. Assessment regarding tillage,
difference was not well established for physical health
indicators but response was clear in case of chemical and
biological indicators. We can conclude that soil
management effects are significant for most of the soil
quality indicators that are being used in CSHT. The overall
composite analysis, however, proved to be best suited and
provides excellent soil quality evaluation.

Acknowledgements

The major author acknowledges the enabling role of the
Cornell Soil Health Team in providing an excellent working
environment, guidance and support for completing this
study and the Higher Education Commission of Pakistan for
providing funds.

References

Aggelides, S.M. and P.A. Londra, 2000. Effect of compost produced from
town wastes and sewage sludge on the physical properties.
Bioresour. Technol., 71: 253-259



Igbal et al. / Int. J. Agric. Biol., Vol. 16, No. 2, 2014

Andrews, S.S. and C.R. Carroll, 2001. Designing a soil quality assessment
tool for sustainable agro-ecosystem management. Ecol. Appl., 11:
1573-1585

Benbi, D.K., C.R. Biswas, S.S. Bawa and K. Kumar, 1998. Influence of
farmyard manure, inorganic fertilizers and weed control practices on
some soil physical properties in a long-term experiment. Soil Use
Manage., 14: 52-54

Bhattacharyya, R., S. Ranjan, R.D.S. Chandra, S. Kundu, A.K. Srivastva
and H.S. Gupta, 2007. Long-term farmyard manure application
effects on properties of a silty clay loam soil under irrigated wheat-—
soybean rotation. Soil Till. Res., 94: 386-396

Blake, G.R. and K.H. Hartge, 1986. Bulk density. Methods of Soil
Analysis, Part 1, 2" edition, pp: 363-376. Physical and
Mineralogical Methods, Agronomy Monograph No. 9, Madison,
Wisconsin, USA

Celik, I, I. Ortas and S. Kilic, 2004. Effects of compost, mycorrhiza,
manure and fertilizer on some physical properties of a Chromoxerert
soil. Soil Till. Res., 78: 59-67

Chakraborty, D., R.N. Garg, R.K. Tomar, B.S. Dwivedi, P. Aggarwal, R.
Singh, U.K. Behera, A. Thangasamy and D. Singh, 2010. Soil
physical quality as influenced by long-term application of
fertilizers and manure under maize-wheat system. Soil Sci., 175:
128-136

Ding, X., H. Xiaozeng, L. Yao, Q. Yunfa, L. Lujun and L. Na, 2012.
Changes in soil organic carbon pools after 10 years of continuous
manuring combined with chemical fertilizer in a Mollisol in China.
Soil Till. Res., 122: 36-41

Doran, J.W. and T.B. Parkin, 1994. Defining and assessing soil quality. In:
Defining Soil Quality for a Sustainable Environment. , pp: 3-21.
Doran, JW., D.C. Coleman, D.F. Bezdicek and B.A. Stewart (eds.).
SSSA Spec. Pub. No. 35, Soil Sci. Soc. Amer., Amer. Soc. Argon.,
Madison, Wisconsin, USA

Du, Z., L. Shufu, L. Kejiang and R. Tusheng, 2009. Soil organic carbon and
physical quality as influenced by long-term application of residue
and mineral fertilizer in the North China Plain. Aust. J. Soil Res., 47:
585-591

Gugino, B.K., 0.J. Idowu, R.R. Schindelbeck, H.M. van Es, D.W. Wolf,
B.N. Moebius, J.E. Thies and G.S. Abawi, 2009. Cornell Soil Health
Assessment Training Manual. NYSAES, New York, USA

Hassan, A. and R. Lal, 2007. Potential of carbon sequestration in the soils of
Afghanistan and Pakistan. p. 235-250. In: Climate Change and
Terrestrial Carbon Sequestration in Central Asia. Lal, R., M.
Suleimenov, B.A. Stewart, D.O. Hansen and P. Doraiswamy (eds.).
Taylor and Francis Balkema, Leeden, The Netherlands

Idowu, O.J., H.M. van Es, G.S. Abawi, D.W. Wolfe, J.1. Ball, B.K. Gugino,
B.N. Moebius, R.R. Schindelbeck and A.V. Bilgili, 2008. Farmer
oriented assessment of soil quality using field, laboratory and VNIR
spectroscopy methods. Plant Soil, 307: 243-253

Islam, K.R. and R.R. Weil, 2000. Land use effects on soil quality in a
tropical forest ecosystem of Bangladesh. Agric. Econ. Environ., 79:
9-16

Javeed, HM.R. and M.S.1. Zamir, 2013. Influence of tillage practices and
poultry manure on grain physical properties and yield attributes of
spring maize (Zea mays L.). Pak. J. Agric. Sci., 50: 177-183

Karunatilake, U.P. and H.M. van Es, 2002. Rainfall and tillage effects on
soil structure after alfalfa conversion to maize on clay loam soil in
New York. Soil Till. Res., 67: 135-146

Kettler, T.A., J.W. Doran and T.L. Gilbert, 2001. Simplified method for soil
particle-size determination to accompany soil quality analysis. Soil
Sci. Soc. Amer. J., 65: 849-852

Khan, G.S., 1986. Need for international cross checking and correlation in
soil analysis for international classification systems. In: Ahmad, M.
(eds.). XII International Forum on Soil Taxonomy and Agro-
Technology Transfer, Lahore, Pakistan, Oct. 9-23, 1985. Soil Surv.
Pak., 1: 276-293

250

Madari, B., P.L.O. A. Machado, E. Torres, A.G. de Andrade and L.1.O.
Valencia, 2005. No tillage and crop rotation effects on soil
aggregation and organic carbon in a Rhodic Ferralsol from southern
Brazil. Soil Till. Res., 80: 185-200

Magdoff, F.R. and H.M. Van Es, 2009. Building Soils for Better Crops:
Sustainable Soil Management. Handbook Series Book 10. Sustainable
Agric. Research and Education, Waldorf, Maryland, USA

Magdoff, F.R. and J.F. Amadon, 1980. Yield trends and soil chemical
changes resulting from N and manure application to continuous corn.
Agron. J., 72: 161-164

Mehlich, A., 1984. Mehlich-3 soil test extraction: A modification of
Mehlich-2 extractant. Commun. Soil Sci. Plant Anal., 15: 1409-1416

Miller, J.J., N.J. Sweetland and C. Chang, 2002. Hydrological properties of
a clay loam soil after long-term cattle manure application. J. Environ.
Qual., 31: 989-996

Moebius, B.N., H.M. Van Es, R.R. Schindelbeck, O.J. Idowu, J.E. Thiesand
and DJ. Clune, 2007. Evaluation of laboratory-measured soil
properties as indicators of soil physical quality. Soil Sci., 172:
895-912

Nawab, K., Amanullah, M. Arif, P. Shah, A. Rab, M.A. Khan and K. Khan,
2011. Effect of FYM, potassium and zinc on phenology and grain
yield of wheat in rain fed cropping system. Pak. J. Bot., 43:
2391-2396

Negi, S.C. and M. Gulshan, 2000. Effect of FYM, planting methods and
fertilizer levels on rainfed wheat. Crop Res. Hisar., 3: 534-536

Ogden, C.B., H.M. Van Es and R.R. Schindelbeck, 1997. Miniature rain
simulator for filed measurement of soil infiltration. Soil Sci. Soc.
Amer. J., 61: 1041-1043

Pagliai, M., N. Vignozzi and S. Pellegrini, 2004. Soil structure and the
effect of management practices. Soil Till. Res., 79: 131-143

Shafi, M., J. Bakht. M.T. Jan and Z. Shah, 2006. Soil C and N dynamics
and maize yield as affected by cropping systems and residue
management in North-Western Pakistan. Soil Till. Res., 94: 520-529

Singh, G., S.K. Jalota and Y. Singh, 2007. Manuring and residue
management effects on physical properties of a soil under the rice-
wheat system in Punjab, India. Soil Till. Res., 94: 229-238

Six, J., E.T. Elliott and K. Paustian, 2000. Soil macro-aggregate turnover
and micro-aggregate formation: A mechanism for C sequestration
under no-tillage agriculture. Soil Biol. Biochem., 32: 2099-2103

Stockdale, E.A., N. Lampkin, M. Hovi, R. Keatinge, E.K.M. Lennartsson,
D.W. McDonald, S. Padel, F. Tatersall, M.S. Wolfe and C.A.
Watson, 2000. Agronomic and environmental implications of
organic farming systems. Adv. Agron., 70: 261-327

Topp, G.C., Y.T. Galganov, B.C. Ball and M.R. Carter, 1993. Soil water
desorption curves. In: Soil Sampling and Methods of Analysis, pp:
569-579. Carter, M.R. (ed.). Can. Soc. Soil Sci., Lewis Publishers,
Boca Raton, Florida, USA

Ussiri, D.A., R. Lal and P.A. Jacinthe, 2006. Post-reclamation land use
effects on properties and carbon sequestration in mine soils of
Southeastern Ohio. Soil Sci., 171: 261-271

Weil, R.R., KR. Islam, M.A. Stine, J.B. Gruver and S.E. Samson-Liebig,
2003. Estimating active carbon for soil quality assessment: A
simplified method for laboratory and field use. Amer. J. Alter. Agric.,
18:3-17

Wolfe, D.W., 2006. Approaches to monitoring soil systems. In: Biological
Approaches for Sustainable Soil Systems, pp. 671-681. Uphoff, N.,
A. Ball, E. Fernandes, H. Herren, O. Husson, M. Laing, Ch. Palm, J.
Pretty, P. Sanchez, N. Sanginga and J. Thie.s CRC Press, Boca
Raton, Florida, USA

Zhao, Y., P. Wang, J. Li, Y. Chen, X. Ying and S. Liu, 2009. The effects of
two organic manures on soil properties and crop yields on a
temperate calcareous soil under a wheat-maize cropping system. Eur.
J. Agron., 31: 36-42

(Received 12 July 2012; Accepted 24 September 2013)



