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The behavior of different organic manures may vary in soil because of their compositional differences. The basic objective of
this study was to examine the fundamental characteristics of the traditional organic manures and their direct effect upon
aggregate formation and stability. The organic manures i.e. municipal solid waste compost, farmyard manure and poultry litter
were characterized on the basis of total organic carbon, total polysaccharides, microbial biomass carbon, humic and fulvic acid
content. A two years field trial was executed by applying each of these manures at four levels i.e. 0, 0.25, 0.50 and 1% of soil
organic carbon in a randomized complete block design. Poultry litter dominated in the carbonaceous compounds in its
composition and under field conditions its application at 0.25% level significantly enhanced the macro aggregate formation
(2-4 and 1-2 mm) which reflected in mean weight diameter (MWD) as 1.48 mm and effective sizes at D10, D30 and D60
(0.0261, 0.099 and 0.732 mm, respectively). The application of MSW compost at 0.25% level significantly improved the MWD
of wet aggregates (5.5 mm) and carbon concentration of macro aggregates (2-4, 1-2 and 0.5-1 mm).
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INTRODUCTION

A good soil structure is indicated by the abundance of soil
aggregates which has an important role in sustainable
agricultural management and soil productivity. As it affects
hydraulic conductivity, gases transport within the soil and
seed germination, root respiration and eventually plant
growth. The different sized fractions of soil aggregates are
influenced significantly by both the amount and the
composition of organic matter present in the soil (Piccolo,
1996). The degree of soil aggregation and aggregate stability
is the result of the interaction between organic and inorganic
soil components.

Soil structure degradation occurs mostly due to the decrease
in soil organic carbon caused by excessive soil cultivation and
soil erosion (Wu et al., 2014). Eroded soils have consistently
shown lower soil organic carbon and nutrient concentrations
in upper profiles than cultivated soils, this is also true for other
physical properties such as soil texture and saturated
hydraulic conductivity (Heckrath et al., 2005).

Soil organic carbon (SOC), includes soil organisms (e.g.
microbial biomass), simple organic compounds (e.g.
polysaccharides), large and complex humic substances, as
well as relatively fresh residue at various stages of
decomposition (Weil and Magdoff, 2004). The effect of
different composted and un composted products on soil
aggregate stability across time scales vary from weeks,
months to years after the incorporation (Monnier, 1965). The
various components of organic carbon such as microbial

biomass carbon, polysaccharides and humic substances play
very important role in the aggregate formation mechanism.
The polysaccharides are highly complex polymers, consisting
of many structural units, and are naturally resistant to
decomposition or become resistant through reaction with
other soil constituents and serve as binding agents. Microbial
biomass carbon is an active form of carbon and it influences
aggregate formation and stability. Humic substances account
for the largest and most decomposed proportion of soil
organic matter (SOM) with chemically complex and ill-
defined structure, and act as persistent binding agent for
stabilization of aggregates. Stabilization of aggregates by
organic matter (Six et al., 2004) and interactions between
aggregative factors and aggregate structures is well
documented. In most studies, the organic matter additions
were characterized by their elemental composition but
additional information such as contents of humic and non-
humic substances were seldom provided.

In this study we hypothesized that addition of organic sources
on equivalent carbon level basis affect the soil aggregate
formation differently as composition of materials vary. The
objectives of the present study were, to examine the quality
(fundamental characteristics) of the traditional organic
manures and their direct effect upon formation, stability and
carbon contents of different aggregate size fractions (macro
and micro) till two years after application.
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MATERIALS AND METHODS

Field experiment: The study was carried out under field
conditions in dry land fallow-wheat rotation for two years
(2012-13) at Research Farm of Arid Agriculture University,
Rawalpindi. The characteristics of experimental soil are given
in Table 1. Three organic amendments i.e. municipal solid
waste compost (MSWC), farmyard manure (FYM) and
poultry litter (PL) each at four levels i.e. 0, 0.25, 0.50 and 1%
of soil organic carbon were applied in a randomized complete
block design with four replications (Table 2). The plot size
was 25 m?. The three levels of each organic material were
added to soil during fallow period of first experimental year
on the basis of their organic carbon content (Table 2). Wheat
crop (cv. Chakwal 50) was sown as a test crop each year
during November, and seed rate of 150 kg ha*, urea and
diamonium phosphate (DAP) as sources of N and P,
respectively were applied.

Table 1. Characteristics of the experimental soils.

Characteristics Values
Texture Silty Clay loam
Sand (%) 19

Silt (%) 55

Clay (%) 26

EC (dSm%) 0.31

Soil pH 7.7

Bulk Density (Mg m®) 1.40

Total Organic Carbon (g 100g™t) 0.60

Table 2. Details of the application of varying levels of
different organic amendments.

Levels of MSW Farmyard Poultry

SOC (%) Compost Manure Litter
t ha'

0 0 0 0

0.25 62 50 30

0.5 124 100 60

1.0 248 200 120

Characteristics of the manures: The poultry litter had higher
contents of almost all types of humic and non-humic
substances as compared to other manures (Table 3). But due
to the heterogeneity in the transformation rates of different
compounds within manures, it is quite impossible to predict
the best source suitable for the rehabilitation of structurally
degraded soils. But on the basis of the initial status of the
manures, it is evident that poultry litter and MSW compost
had higher contents of stable forms of carbon such as humic
and fulvic acids.

Analyses of manures: Total organic carbon (TOC) in organic
amendments was measured by wet digestion method (Nelson
and Somers, 1982) with a little modification of reducing the
sample weight to 0.25 g instead of 1 g, due to high amount of

carbon present in the manure samples. Total polysaccharide
contents (TPC) were extracted from 1g of manure samples by
adding 20 mL distilled water, keeping at 80°C for 24 hours
and then centrifugation at ambient temperature for 25
minutes. The TPC contents of the supernatant were measured
colorimetrically (Dubois, 1956). Microbial biomass carbon
(MBC) was estimated by the fumigation extraction method
using a 0.025 M solution of K>SO, (Vance et al., 1987).
Organic carbon fractions were measured by extracting humic
acid and fulvic acid with NaOH and HCI. The concentration
of these fractions was estimated colorimetrically against
carbon standards (Swift, 1996).

Table 3. Concentration of different humic and non-humic
substances in the manures.

Manures Farmyard Municipal Poultry
manure solid waste litter
compost
Humic acid (g kg% 8.67 14.08 14.97
Fulvic acid (g kg 9.96 4.90 25.22
Total polysaccharides (mg kg™) 1.58 2.06 3.28
Total organic carbon (g kg?) 100.70 80.60  158.60
Microbial biomass carbon (g kg?) 1.71 3.07 37.20

Soil analyses: The textural analysis of soil was carried out
using hydrometer method (Gee and Bauder, 1986). Bulk
density was measured using the core sampler (Blake and
Hartge, 1986). Soil moisture content was measured
gravimetrically (Gardner et al., 1991). Aggregate size
distribution was determined by sieving 750 g of soil through
sieves of 8, 4, 2, 1, 0.5, 0.25 and 0.05 mm sizes for 5 minutes
(Chepil, 1962) using the sieve shaker (Octagon D200,
Endecotts Limited, London). Aggregate stability was
determined by wet sieving of each aggregate fraction obtained
from dry sieving in wet sieving apparatus (Eijkelkamp
Agrisearch Equipment, The Netherlands). Each aggregate
fraction was sieved against water through their respective
sieves of 4, 2, 1, 0.5, 0.25 and 0.05 mm for 3 minutes.
Aggregate stability percentage was calculated by Kemper’s
aggregate stability formula (Kemper and Koch, 1966).
1)

The carbon contents of the different aggregate size fractions
after wet sieving and bulk soil was determined by wet
digestion method (Walkley, 1947).

Statistical analysis: Mean weight diameters of the separated
dry and wet aggregates were calculated by using the equation:
)

Where, n is the number of size fractions, di is the mean
diameter of each size range and w; is the weight of aggregates

in that size range.

Data collected was subjected to two-way analysis of variance
(ANOVA) using Randomized Complete Block Design
(RCBD) taking levels and manures as factors. The means
were separated by Least Significant Difference (LSD) test at
5% level of significance (Steel et al., 1997).
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RESULTS

Aggregate size distribution: The distribution of different
aggregate size classes by the varying levels of different
amendments remained non-significant in the first year (2012)
of application, but revealed significant differences after
second year of the experiment (Table 4). The results of second
year (2013) showed that the application of poultry litter at
0.25% SOC level, significantly enhanced the formation of
macro aggregates (2-4 mm and 1-2 mm), while the
application of farmyard manure at 1% SOC level, improved
the formation of 1-2 mm and 0.5-1 mm aggregates with
valuable significance. Both of these treatments enhanced the
formation of 0.25-0.5 mm aggregates. While, the abundance
of micro aggregates (0.05 - 0.25 mm) was found at highest
point with the application of MSW compost at 0.25% SOC

level. Therefore, these results clearly suggest that the
application of farmyard manure (1% SOC) and poultry litter
(0.25% SOC) significantly improved the formation of macro
aggregates.

The effect of treatments on mean weight diameter (MWD)
showed that the application of farmyard manure and poultry
litter at 0.25% levels significantly improved the MWD of dry
aggregates (1.48 mm) as compared to the control (Table 4).
Mean weight diameter values were calculated on the basis of
dry aggregate size distribution, so this parameter clearly
reflects the overall soil structure development as affected by
different amendments.

The data for aggregate size distribution from organic
amendments treated plots obtained as described above, are
expressed in the form of logarithmic normal distributions as
illustrated in Figure 1. A family of three graphs each for both

Table 4. Variation of dry aggregate size distribution as affected by varying levels of the different organic manures.

Aggregate size

. 4-8 2-4 1-2 05-1 0.25-0.5 0.05-0.25 MWD
fractions
mm
Treatments 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
Control 8.5 11.3 9.8 8.1% 7.2 9.5 105 8.2° 169 124® 275 251%c 109 1.20°d
MSW(C025% SOC 9.6 10.6 9.3 74°¢ 6.6 8.6¢ 9.6 7.8 148 115% 238 2792 111 1.12¢
MSW(C05% Soc 108 122 107 93%® 7.7 105° 107 80« 166 11.1°¢ 21.4 243bd 125 1.30%°
MSWC1% SoC 9.0 10.1 9.7 5.94 7.0 74¢ 100 65°¢ 153 999% 224 275% 109 1.01¢
FYMO0.25% SOC 9.0 15.9 9.5 8.8 6.7 9.8 96 75% 163 94° 224 17.9f 1.08 1.48°?
FYMO5%S0C 102 134 100 9.0*® 66 93« 91 69% 140 105% 208 21.3% 116 1.33%
FYM1%S0C 11.7 124 112 92® 73 120°® 98 9.8 129 125® 161 225% 129 135%®
PLO-25% SOC 109 145 104 9.4°% 74 120% 107 94% 147 1252 132 21.4% 122 148°?
pLO-5% S0C 124 141 115 7.5°¢ 75 92% 109 7.1% 143 92¢ 145 187°¢ 135 1.32®
pL1%SoC 124 136 114 85% 73 105° 99 75% 138 11339 161 22.1°% 134 136%
ANOVA NS NS NS S NS S NS S NS S NS S NS S
g T . B
Figure 1.  Log-normal distribution of aggregate size distribution data obtained from the application of varying

levels of different organic amendments in 2012 (Left) and 2013 (Right).
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experimental years (left and right) is shown which represents
the changes in aggregate structure due to the varying levels of
different organic materials. The logarithmic models derived
from these plots were used to compute the effective size at
different values of percent finer (Table 5). These effective
sizes actually presented the cut marks below which the finer
aggregates (%) lies. The effective size or diameter of soil
aggregates at 10% (D10), 30% (D 30) and 60% (D 60) suggest
that the application of poultry litter at 0.25% SOC level
performed significantly better with the values of 0.0261,
0.099 and 0.732 mm, respectively.

Aggregate stability: Every aggregate size class showed
improvement with different manures and their levels in both
years (Table 6). In 2012, the application of poultry litter and
MSW compost at 1 % level has significantly improved the
aggregate stability of 4-8 mm and 2-4 mm, respectively. The
aggregates sized 1-2 mm, were significantly stabilized by the
application of poultry litter at 0.5% level, while farmyard
manure application at 0.25% and 0.5% levels has significantly
improved the stability of 0.5-1 and 0.25-0.5 mm aggregates,
respectively. The stability of 0.05-0.25 mm aggregates (micro

aggregates) was non-significant. Whereas, in 2013, the
application of MSW compost at 0.25%, 1% and 0.5% levels
improved the stability of 4-8 mm, 2-4 mm and 1-2 mm (macro
aggregates), respectively. The 0.5-1 mm aggregates were also
stabilized at significant levels with the application of MSW
compost at 1% level. Most of the macro aggregate classes (2-
4 mm and 0.5-1 mm) improved their stability significantly by
the application of MSW compost at 1% level in second year
of application. Therefore, it can be deduced that different
levels of MSW compost significantly enhanced macro
aggregate (4-8 mm, 2-4 mm and 0.5-1 mm) stability.
Similarly, the application of MSW compost at 0.25 % level
significantly improved the MWD of wet aggregates (5.5 mm)
as compared to the control in the second year (2013) after
application.

Distribution of carbon within soil aggregates and bulk soil:
The application of farmyard manure (0.5% SOC level)
improved the carbon content within 4 - 8 mm aggregate size
class in both years (Table 7). The application of 0.25% and
0.5% levels of MSW compost significantly enhanced the
carbon concentration within 2-4 mm aggregates in 2012 and

Table 5. Variation in the effective sizes of percent finer as affected by the varying levels of different organic manures.

Treatments D 60 D 30 D 10
mm

Control 0.502 0.062¢ 0.0156%
MSWC (0.25% SOC) 0.424° 0.053¢ 0.0132¢
MSWC (0.5% SOC) 0.556% 0.069° 0.0172°
MSWC (1% SOC) 0.304¢ 0.030¢ 0.0064
FYM (0.25% SOC) 0.588¢ 0.050¢ 0.0098¢
FYM (0.5% SOC) 0.508« 0.050¢ 0.0107¢
FYM (1% SOC) 0.644® 0.091° 0.02452
PL (0.25% SOC) 0.7322 0.0992 0.02612
PL (0.5% SOC) 0.443¢ 0.035 0.0065
PL (1% SOC) 0.5620¢ 0.063« 0.0148«

Table 6. Variation of aggregate stability of various fractions and their MWD as affected by varying levels of the

different organic manures.

Aggregate size

fracti 4-8 2-4 1-2 05-1 0.25-0.5 0.05-0.25 MWD
ractions

mm
Treatments 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
Control 2477 26.8d 1289 13.3% 1619 17.0° 48.7¢ 432> 3509 52.0° 423 622¢ 26 2.85°
MSWCO2%SOC 3.9 58,92 24.7bcd 4282 232¢ 151° 5419 12.9° 4409 67.5% 500 75.8® 55 548
MSWCOS%S0C 5o ge 13,99 1869 3570 26.1° 40.3* 52.7% 39.0° 52.1°¢ 43.3° 623 78.0* 52 3.06™
MSW(C1% SocC 66.2% 22.5°d 4342 46.8° 36.0° 27.8° 51.0% 68.628 52.7°¢ 554> 638 787% 6.5 3.98%¢
FYMO0.25%S0C 39.2¢ 19.5¢ 28.3*¢ 18.9° 20.3¢ 19.1° 66.4° 36.5°¢ 53.9° 26.0° 650 565¢ 43 247
FYMO5%S0C 52.3¢ 52.1%® 37.9% 218 259¢ 16.8° 59.0° 155° 67.3° 33.8% 642 69.2¢ 54 4.36%C
FYM?%S0C 59.4¢  17.9¢  20.1% 235¢ 26.1° 16.9¢ 48.3® 23.5% 543 3779 792 80.8 52 245
PLO-25% SOC 44.8%  20.64 32.6%c 18.6° 34.4> 12.7¢ 543 30.0¢ 577 73.9° 703 658 49 255
PLO-5% SOC 49.9% 48.0%¢ 19.8% 344> 4578 37.9° 545vd 291% 3524 223F 798 65.7° 49 487
pL1%SOC 75.5%  19.9% 30.2%¢ 19.5° 40.7% 19.0¢ 59.1° 22.4% 545" 745° 648 7828 6.8 259
ANOVA S S S S S S S S S S NS S NS S
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Table 7. Variation of carbon contents of different aggregate size fractions and bulk soil as affected by varying

levels of the different organic manures.

Aggregate size

. 4-8 2-4 1-2 05-1 0.25-0.5 0.05-0.25 SOC
fractions
--------------- (o —

Treatments 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
Control 3.61F  2.9¢ 5.2 4.5 3.69 4.7 5.8 6.59 597 14.4¢ 9.6 18.3¢ 6.4 7.5
MSWC0-25% SoC 16.7%¢  15.2°¢ 26.32 24.00 143" 11.4° 5422 10.7¢ 11.3¢ 21.3° 13.8° 253" 7.1 8.0
MSWC0-5% SoC 17.3° 16.1° 2442 2512 1532 1110 33.1° 26.7° 14.1¢ 1057 1959 26.4® 140 107
MSWC% soc 1554 15.4f¢ 1149 1269 10.4% 859 31.8° 33.82 152°¢ 153% 193¢ 258° 9.9 9.1
FYM0-25%S0C 16.14 14.9¢ 18.7¢ 182« 9.6 7.9% 111" 105¢ 14.8% 859 20.6° 16.2f 12.3 10.0
FY M0:5% SoC 19.22  18.62 21.8° 22.1° 10.4% 105 19.3F 10.1¢F 21.32 11.2F 19.6¢ 22.1¢ 10.0 8.9
FY M soc 11.9¢  13.19 17.5% 16.6% 7.5¢ 854 1779 95f 153° 7.5"  26.82 27.52 8.5 7.0
PLO025% SOC 15.5¢ 155 14.6f 14.9f 6.4 7.2¢ 2249 145° 16.8° 241> 228> 20.4¢ 9.4 7.7
PLO5%S0C 16.8¢ 15.3°¢ 20.3°¢ 19.4° 11.3° 1258 20.6° 14.4° 6.87 155¢ 27.42 20.19 9.4 8.3
PL1%S0C 16.3% 15.6° 16.3¢f 15.2¢F 10.6¢ 10.0° 165" 11.7¢ 15.1° 2522 20.6° 26.1° 9.7 8.1
ANOVA S S S S S S S S S S S NS NS

2013 respectively. The organic amendments i.e. MSW
compost and poultry litter at the rate of 0.5% level enhanced
the carbon content of 1-2 mm aggregates in 2012 and 2013
respectively. In case of 0.5-1 mm sized aggregates, the MSW
compost applied at 0.25% and 1% levels increased carbon
content significantly in 2012 and 2013, respectively. The
application of farmyard manure (0.5% SOC level) and poultry
litter (1% SOC level) improved the carbon content within
0.25-0.5 mm aggregate size class in 2012 and 2013,
respectively. The poultry litter (0.5% SOC level) and
farmyard manure (1% SOC level) application increased
carbon contents in micro aggregates (0.05-0.25 mm)
significantly in 2012 and 2013, respectively. The soil organic
carbon (SOC) was found non-significant in bulk soil samples
in both experimental years.

DISCUSSION

It is clearly evident that the poultry litter at 0.25% level
application amendment has significantly improved the dry
macro aggregate formation, hence improved the soil structure.
MSW compost treatments enhanced the formation of micro
aggregates but failed to improve the macro aggregation, over
two years. Poultry litter has shown the improvement
regarding macro aggregate formation which is also reflected
in a valuable improvement in MWD and effective sizes. The
abundance of different fractions for aggregate formation were
enhanced by the application of different organic amendments,
which depicts that compositional differences of the manures
are playing an effective role in the formation of dry
aggregates. All of the three manures were applied on
equivalent dose basis with respect to their organic carbon
contents. But the variation in results clearly suggest that the
organic carbon is not the only driving force for the formation
of aggregates but it is the carbonaceous binding agents which
act differently in soil. Poultry litter had higher concentration
of different carbonaceous compounds relative to other

manures (Table 3). Poultry litter had higher microbial
biomass carbon and polysaccharide contents which might
have increased the microbial activity when applied in soil, and
such conditions favors aggregate formation (Six et al., 2004).
Active carbon fractions like microbial biomass carbon and
polysaccharides are more sensitive to the changes in soil
quality as compared to whole soil organic matter (Allison et
al., 2008; Haider et al., 2015). It could be the reason that
during the two years of field trial, poultry litter performed
better as compared to other manures in improving the
aggregate formation, and eventually enhancing mean weight
diameter (MWD). Organic material addition improves the
relative abundance of macro aggregates at the expense of
other fractions and also results in higher C in macro aggregate
fractions (Das et al., 2014). The relationship between mean
weight diameters and soil organic matter levels also showed
a positive correlation (Sardo et al., 2013) because organic
matter plays the fundamental role in processing soil particles
to form aggregates (Schjonning et al., 2012).

On the contrary, the MSW compost dominantly improved
macro aggregate stability which is well correlated with soil
organic matter content (Douglas and Goss, 1982). Aggregates
larger than 0.25 mm diameter are considered as macro
aggregates (Xiao et al., 2007). The proportion of water-stable
macro aggregates (>1 mm) shows large temporal variation
and additional organic matter accumulation in the surface soil
provided by manure additions would have led to increased
macro aggregation (Angers and Caron, 1998). The varying
response by the applied organic sources strengthen the
hypothesis that different forms of carbon particularly humic
substances are more responsible for aggregate stability of
varying fractions rather than total organic carbon.

The carbon distribution within different large sized
aggregates was improved by the application of the mature
manures as compared to the fresh material like poultry litter
in first year of application. The macro aggregate classes (4-8
mm, 2-4 mm and 0.5-1 mm) and micro aggregates (0.05-0.25
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mm) improved their carbon contents significantly by the
application of farmyard manure and MSW compost
(composted materials) at different levels in second year. And
it shows that overall the application of mature products helped
to retain the carbon contents for longer time as compared to
poultry litter. It suggests that mature manures can play
effective role in conserving the carbon within the soil
aggregates.

The sequestration of carbon within soil aggregates is
important for improvement in soil structural properties
(Banger et al., 2009). The application of composted or un
composted organic manures can improve soil aggregation and
aggregate associated carbon (Rasool et al., 2008).
Distribution of carbon within aggregates by manure
application increases with the aggregate size (Bhattacharyya
et al., 2009). Organic manures accumulate within macro
aggregates in the form of particulate organic matter (Kong et
al., 2005) which ensures the presence of stable carbon
fractions for enhanced SOC buildup. However, in this case
carbon accumulation in macro aggregates and in whole soil
mainly depends on the organic carbon concentration in the
aggregated silt + clay fractions as compared to the presence
of stable or unstable particulate organic matter.

Compost and farmyard manure application significantly
increased carbon concentration in soil macro aggregates at the
expense of stable micro aggregates. Compost application
improves carbon concentration in all aggregate size fractions
of loamy sand and sandy loam soils (Liao et al., 2006). Silt
and clay particles provide various sites for carbon of organic
materials having high microbial activity and polysaccharide
contents, which accumulate in aggregated silt + clay fractions
(Jolivet et al., 2006). Carbon concentration in the un-
aggregated fraction may not be stable, and can be greatly
affected by management practices. Carbon content in the
micro aggregates (0.05-0.25 mm) is likely to play a key role
in the formation of macro aggregates. As discussed above,
aggregates in the different treatments had significantly
improved associated carbon concentrations in the aggregated
silt + clay fraction and micro aggregates.

Conclusion: Aggregate formation and stability of different
aggregate size fractions improved with the different sources
of carbon which proves that soil structure improvement is
dependent on the carbonaceous composition of organic
sources which act as binding agents for soil particles. An
increase in carbon contents of the smaller micro aggregates in
the soils amended with mature organic materials like MSW
compost and farmyard manure, leads to the formation of
micro and macro aggregates. Therefore, the recommendations
of organic materials for the rehabilitation of structurally
degraded soils should be made after considering the humic
and non - humic components of particular organic manure.

Acknowledgement: The financial assistance by Higher
Education Commission (HEC), Pakistan is highly accredited.

REFERENCES

Allison, S.D., C.l. Czimczik and K.K. Treseder. 2008.
Microbial activity and soil respiration under nitrogen
addition in Alaskan boreal forest. Glb. Chg. Biol.
14:1156-1168.

Angers, D.A. and J. Caron. 1998. Plant-induced changes in
soil structure: Processes and feedbacks. Biogeochem.
42:55-72.

Banger, K., S.S. Kukal, G. Toor, K. Sudhir and T.H.
Hanumanthraju. 2009. Impact of long-term additions of
chemical fertilizers and farmyard manure on carbon and
nitrogen sequestration under rice-cowpea cropping
system in semi-arid tropics. Plant and Soil 318:27-35.

Bhattacharyya, R., V. Prakash, S. Kundu, A.K. Srivastva,
H.S. Gupta and S. Mitra. 2009. Long-term effects of
fertilization on carbon and nitrogen sequestration and
aggregate associated carbon and nitrogen in the Indian
sub-Himalayas. Nut. Cycl. Agroeco. 86:1-16.

Blake, G.R. and K.H. Hartge. 1986. Bulk Density; pp.363-
376. In: A. Klute (ed.), Methods of Soil Analysis, Part 1:
Physical and mineralogical methods. Soil Sci. Soc. Am.,
Madison, WI., USA.

Chepil, W.S. 1962. A compact rotary sieve and the
importance of dry sieving in physical soil analysis. Soil
Sci. Soc. Am. Proc. 26:4-6.

Das, B., D. Chakraborty, V.K. Singh, P. Aggarwal, R. Singh,
B.S. Dwivedi and R.P. Mishra. 2014. Effect of integrated
nutrient management practice on soil aggregate
properties, its stability and aggregate associated carbon
content in an intensive rice-wheat system. Soil Till. Res.
136:9-18.

Douglas, J.T. and M.J. Goss. 1982. Stability and organic
matter content of surface soil aggregates under different
methods of cultivation and grassland. Soil Till. Res.
2:155-175

Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers and F.
Smith. 1956. Colorimetric method for determination of
sugars and related substances. Ann. Chem. 28:350-356.

Gardner, C.M.K., J.P. Bell, J.D. Cooper, T.J. Dean, N.
Gardner and M.G. Hodnett. 1991. Soil water content;
pp.1-74. In: K.A. Smith and C.E. Mullins (eds.), Soil
Analysis: Physical methods. Marcel Dekker, Inc. 270
Madison Avenue, New York.

Gee, G.W. and J.W. Bauder. 1986. Particle size analysis;
pp.383-411. In: A. Klute (ed.), Methods of Soil Analysis
Part 1: Physical and mineralogical methods. Amer. Soc.
Agro monograph No. 9, Madison, Wisconsin.

Haider, G., Z.A. Cheema, M. Farooq and A. Wahid. 2015.
Performance and nitrogen use of wheat cultivars in
response to application of allelopathic crop residues and

960



Organic amendments in soil

3, 4-dimethylpyrazole phosphate. Int. J. Agric. Biol.
17:261-270.

Heckrath, G., J. Djurhuus, T.A. Quine, K. van Oost, G.
Govers and Y. Zhang. 2005. Tillage erosion and its effect
on soil properties and crop yield in Denmark. J. Environ.
Qual. 34:312-324.

Jolivet, C., D.A. Angers, M.H. Chantigny, F. Andreux and D.
Arrouays. 2006. Carbohydrate dynamics in particle-size
fractions of sandy spodosols following forest conversion
to maize cropping. Soil Biol. Biochem. 38:2834-2842.

Kemper, W.D. and E.J. Koch. 1966. Aggregate stability of
soils from the Western United States and Canada. U.S.
Department of Agriculture Tech. Bull. No. 1335.

Kong, A.Y.Y., J. Six, D.C. Bryant, R.F. Denison and C. van
Kessel. 2005. The relationship between carbon input,
aggregation, and soil organic carbon stabilization in
sustainable cropping systems. Soil Sci. Soc. Am. J.
69:1078-1085.

Liao, J.D., T.W. Boutton and J.D. Jastrow. 2006. Organic
matter turnover in soil physical fractions following
woody plant invasion of grassland: evidence from natural
13C and 15N. Soil Biol. Biochem. 38:3197-3210.

Monnier, G. 1965. Action of the organic resources contents
on the structural stability of soils. Ph.D. Thesis, Faculty
of sciences, University of Paris, Paris.

Nelson, D.W. and L.E. Sommers. 1982. Organic matter;
pp.574-577. In: A.L. Page, R.H. Miller and D.R. Keeney
(eds.), Methods of Soil Analysis Part II: Chemical and
microbiological properties. Am. Soc. Agron. No.9,
Madison, WI., USA.

Piccolo, A. 1996. Humus and soil conservation; pp.225-264.
In: A. Piccolo (ed.), Humic Substances in Terrestrial
Ecosystems. Elsevier, Amsterdam.

Rasool, R., S.S. Kukal and G.S. Hira. 2008. Soil organic
carbon and physical properties as affected by long-term
application of FYM and inorganic fertilizers in maize-
wheat system. Soil Till. Res. 101:31-36.

Sardo, M.S., H.R. Asgari, F. Kiani and G.A. Heshmati. 2013.
Effects of biological practices on soil stability in a

desertified area of Iran. Int. J. Environ. Resou. Res. 1:30-
38.

Schjgnning, P., L.W. de Jonge, L.J. Munkholm, P. Moldrup,
B.T. Christensen and J.E. Olesen. 2012. Clay
dispersibility and soil friability testing the soil clay-to-
carbon saturation concept. Vadose Zone J. 11:1-12.

Six, J., H. Bossuyt, S. Degryze and K. Denef. 2004. A history
of research on the link between (micro) aggregates, soil
biota, and soil organic matter dynamics. Soil Till. Res.
79:7-31

Steel, R.G.D., J.H. Torrie and M.A. Boston. 1997. Principles
and Procedures of Statistics: A biometrical approach.
McGraw Hill Book Co. Inc., New York.

Swift, R.S. 1996. Organic matter characterization. pp.1011-
1070. In: D.L. Sparks, A.L. Page, P. Helmke, R.H.
Loeppert, P.N. Soltanpur, M.A. Tabatabai, C.T. Johnston
and M.E. Sumner (eds.), Methods of Soil Analysis Part
I11: Chemical methods No. 5. Soil Sci. Soc. Am. Inc, Am.
Soc. Agron. Inc, Madison, WI, USA.

Vance, E., P. Brookes and D. Jenkinson. 1987. An extraction
method for measuring soil microbial biomass carbon.
Soil Biol. Biochem. 19:703-707.

Walkley, A. 1947. A critical examination of a rapid method
for determining organic carbon soils: Effect of variations
in digestion conditions and of inorganic soil constituents.
Soail Sci. 63:251-263.

Weil, R.R. and F. Magdoff. 2004. Significance of soil organic
matter to soil quality and health; pp.1-43. In: K. Magdoff
and R.R. Weil (eds.), Soil Organic Matter in Sustainable
Agriculture. CRC Press, Boca Raton, Florida, USA.

Wu, Q.S., Y.M. Huang, Y. Li, Nasrullah and X.H. He. 2014.
Contribution of arbuscular mycorrhizas to glomalin-
related soil protein, soil organic carbon and aggregate
stability in citrus rhizosphere. Int. J. Agric. Biol. 16:207—
212.

Xiao, Q., Y.H. Kuo, Y. Zhang, D.M. Barker and D.J. Won.
2006. A tropical cyclone bogus data assimilation scheme
in the MM5 3D-Var system and numerical experiments
with Typhoon Rusa (2002) near landfall. J. Met. Soc.
Japan 84:671-689.

961



