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The field experiment was conducted the year 2014-2015 on the old long-term fertilizer
experiment started since 1983 to assess characterization of humus in soil and it’s relation
with physical and physic-chemical properties of soil under the long — term effect of
integrated nutrient management in sorghum wheat cropping system. The study showed that
there was fraction of humus tended to decrease with depth and use of organics like subabul
and FYM in conjunction with NPK fertilizers exerted a remarkable impact on the
distribution and built up of humus fractions in soil. CaCO3 and EC content in soil did not
showed significant correlation with OC, total carbon Humin, Humic acid and Fulvic acid.
Further, porosity and WHC showed positive and significant correlation with OC and total
carbon. The bulk density and pH showed negative and significant relation with organic
carbon and total carbon. Further bulk density and water holding capacity showed positive
and significant correlation with Humin and Humic acid, respectively. The pH showed
positive and significant relation with Humic acid and Fulvic acid. The porosity showed
negative and significant correlation with Humin and Fulvic acid and positive and
significant relation with Humic acid.

Introduction

Sorghum-wheat is one of the cropping
sequences which is gaining popularity under
intensive cultivation on Vertisol in the state of
Maharashtra. The cereal-cereal cropping
sequence has high requirements for major
nutrients and may adversely affect crop
production on long run and hence, adequate
nutrient management for this cropping
sequence needs attention for sustainable soil
productivity. Chemical fertilizers/organic
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manures alone cannot sustain the desired
levels of crop production under continuous
farming. Integrated nutrient management is
very essential which not only sustains high
crop production over the years but also
improves soil health and ensures safer
environment. Green revolution has brought
about spectacular increases in food grain
production. But, after initial success, situation
today has changed in quest of short-term
gains without due consideration of long term
sustainality. Integration of chemical and
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organic  sources and their efficient
management have shown promising results
not only in sustaining the productivity but
also in maintaining in soil health (Vijay
Shankar Babu et al., 2007).

The soil organic material broadly divided into
two groups, non-humic substances and humic
substances. Non-humic substances include
various nitrogenous and non nitrogenous
compounds like proteins and their degradation
products, carbohydrates, fats, waxes, resins,
pigments and numerous low molecular weight
compounds. On the other hand, humic
substances are not related to any of the
existing known groups of organic chemistry
and form a large part of total reserves of
humus (80-90%). These are yellow or brown
to black coloured, acidic, poly disperse
substances of relatively high molecular
weight  (Stevenson, 1982). Based on
solubility, the humic substances are broadly
divided into three classes. (a) Humic acid
(alkali soluble and acid insoluble). (b) Fulvic
acid (acid and alkali soluble) and (c) Humin
(insoluble in both acid and alkali). (Naga
Madhuri et al., 2013). Humic acid and fulvic
acids are the highly reactive natural polymers
of humus have predominantly carbon,
oxygen, hydrogen and nitrogen; with the
former three contributing around 95% to their
composition.

The molecular weights of humic acid and
fulvic acid were found to range from a few
hundreds to few thousands. These macro-
molecules are highly reactive, probably
because of the amounts and types of
functional groups present, specially the
oxygen containing ones. Most the these
functional groups are acidic due to the
presence of dissociable hydroxyl groups and
thus contribute to the cation exchange
capacity of the organic matter (Challa et al.,
1985). Long-term experiments are the
primary source of information to determine
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the effect of cropping systems on soil quality
attributes like humin, humic acid, fulvic acid
content, HA:FA ratio, organic carbon,
inorganic carbon and total organic carbon
content that are most sensitive to management
inputs and to ascertain the impact of long-
term use of integrated nutrient on these
attributes (Kharche et al., 2013).

Materials and Methods

The Long-Term Fertilization Experiment on
sorghum-wheat crop rotation was established
in deep black soils of (Typic Haplustert)
survey No. 124 of Parbhani block of Central
farm, Vasantrao Naik Marathwada Krish
Vidyapeeth, Parbhani since 1983. The
experiment laid out randomized block design
with set of fourteen treatments (Table 1) since
31 years and replicated thrice. The
experimental soil is clayey in texture,
calcareous in nature, moderately alkaline in
reaction, low in available nitrogen, medium in
phosphorous and high in potassium content.
The soil analysis was carried out at the end of
every crop season by standard methods of
analysis and the changes in various soil
properties as influenced by INM were studied.
Organic carbon and inorganic carbon
determined by Heated dichromate method for
TOC Total organic carbon determined by dry
combustion method, TOC as described by
(Technical manual USETA, 2001).

Humus  Fractions:  HuminHumic  acid
(HA)andFulvic acid (FA) drawn by
Stevanson’s, 1982 procedure (Fourty gm

sample of acid-washed (0.1 N HCL) soil was
placed into an 8-0z polyethylene centrifuge
bottle, add 200 ml of 0.5 N NaOH solution
and stopped the bottle tightly with a rubber
stopper. Mixture was shaked for 12 hrs on a
mechanical shaker. The sides of the bottle
were washed with distilled water and
centrifuged the mixture. Decanted off the dark
colored supernatant liquid, filtered it through
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glass wool to remove suspended plant
material and adjusted the pH of solution to
about 1.0 with conc. HCL. Add an additional
200 ml of 0.5 N NaOH solution to the soil,
again shaked the mixture for 1 hour and
repeated the centrifuging and decanting
procedures. Dispersed residue in 200 ml of
distilled water, centrifuged the mixture and
add the supernatant liquid to the previous
extracts. Adjust the pH of the resulting
solution to 1.0 with conc. HCL, and allow the
HA to settle. Siphon off the excess
supernatant liquid (FA) from the acidified
extract, transferred the remainder of the
suspension to an 8-o0z polyethylene bottle and
centrifuged off the HA. Redissolved the HA
in 0.5 N NaOH solution, reprecipitated it by
adjusting the pH of solution to 1.0 with
concentrated HCL and then centrifuged out
the HA. In each case, add the supernatant
liquid to the original acid filtrate. Repeat the
purification procedure a second time and then
washed the HA precipitate with distilled
water until it is free of chlorides. Dried the
HA by freeze—drying and grinded it to a
brown powder.).

Results and Discussion
Effect on Humus Fraction

Humic substances have the capacity to
interact with metal ions, which makes them
important agents for specifications and
mobility of metals in soils. Characteristics of
humus fractions have proven useful in
interpretation of organic matter dynamics in
soil. A extensive literature exists on
characterization of humic matter and on
binding of metals to humic matter mainly
concerning laboratory experiments with
humic or fulvic fractions purified from water
or soil.

Humin
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In this study Humin content of humus was
varied between 34.70 to 50.40 percent in 0-15
cm depth and 29.60 to 43.20 in 15-30 cm
depth. The lower and higher values were
recorded in Tg and T, treatments respectively
(Table 2). From the results presented here
also indicated that humin content of humus
constitute bulk of organic matter. It was
noticed that application of NPK through
fertilizers gave higher values of humin than
treatment constituted organic manures with
chemical inorganic fertilizers. The results
presented above revealed that humin in
inorganic fertilizers applied plots was more
than plots supplied with organic + inorganic.
The fraction that cannot be extracted from soil
by dilute alkali is humin. Further it does not
appear as a separate entity. The humin shows
very strong bondings with inorganic soil
colloids, hence more values of humin were
recorded in the present study. Malewar (1995)
also reviewed Vidharbha soils for their
fractions and reported humin is a dominant
fraction. At the 15-30 cm depth the humin
content varied from T; (43.20 %) to treatment
Te (31.30 %) the maximum value of humin is
recorded in Tg treatment while minimum
value was recorded in treatment T¢. Gathalaet.
al. (2007) noticed that reduction in humin
content in subsurface layer due to form
fractionation of humus into another fraction.
These results coincide with the results of
Naphade (1999) and Sangeeta (2015).

Humic acid

The result indicated that, humic acid content
in soil was significantly affected under
different treatment combinations of organic
manures and inorganic fertilizers to soil
media supporting sorghum-wheat cropping. It
was ranged 26.60 to 34.40% in 0-15 cm depth
and 24.20 to 32.50 % in 15-30 cm depth.
Overall effect of application of inorganic
fertilizers (Treatment T; to Ts) shows low
humic acid fraction values, while treatment Tg
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to T11 where inorganic fertilizers applied in
combination with organic manure shown
higher values of humic acid. The humic acid
content was less in subsurface soil as
compared to surface soil. Significantly
highest value of humic acid was noted in 50
percent N through FYM and 50 percent NPK
through inorganic fertilizers, and lowest in

control. Waikaret.al. (2004) in long-term field
experiment found that humic acid (HA)
content significantly increased due to the
application of organic and inorganic fertilizer
as compared to inorganic fertilizer alone in
Typic  Haplusterts. Naphade (1999)and
Nguyen et al., (2010) also recorded similar
results.

Table.1 Treatment Details

Treatments Treatments
Kharif Rabi

T Control Control

T, 50 fA) recommended (40:20:20) NPK kg 50 fA) recommended (60:30:30) NPK kg
ha " through fertilizer ha  through fertilizer

Ts 50 % recommended (40:20:20) NPK kg 100 % recommended (120:60:60) NPK

-1 il

ha through fertilizer kg ha through fertilizer

T, 75 f/o recommended (60:30:30) NPK kg 75 f/o recommended (90:45:45) NPK kg
ha  through fertilizer ha  through fertilizer

Ts 10? % recommended (80:40:40) NPK kg 100 %l recommended (120:60:60) NPK
ha through fertilizer kg ha " through fertilizer

Te 50 % NPK kg ha  through fertilizer + 50 100 % recommended NPK kg ha
% N through FYM through fertilizer

Tz 75 % NPK kg ha  through fertilizer + 25 | 75 % recommended NPK kg ha '
% N through FYM through fertilizer

Ts 50 % NPK kg ha  through fertilizer +50 100 % recommended NPK kg ha
% N through wheat straw through fertilizer

To 75% NPK kg ha " through fertilizer + 25 | 75 % recommended NPK kg ha
% N through wheat straw through fertilizer

Tao 50 % NPK kg ha  through fertilizer +50 100 % recommended NPK kg ha
% N through green manuring (Glyricidia)  through fertilizer

Tu 75 % NPK kg ha  through fertilizer + 25 | 75 % recommended NPK kg ha
% N through green manuring (Glyricidia) ' through fertilizer

Tz Farmers practice (40:20:20) NPK kg ha™  Farmers practice (60:30:30) NPK kg
and seed without carbofuron treatment ha" and 100 kg seed ha -

Tas 75 % NPK kg ha  through fertilizer + 25 | 75 % recommended NPK kg ha
% N through subabul leaves through fertilizer

T 50 % NPK kg ha " through fertilizer + 50 100 % recommended NPK kg ha

% N through subabul leaves
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Table.2 Long — Term Effect of Integrated Nutrient Management in Sorghum Wheat Cropping

System on Humus fractions in soil

Treatment = Humin (%) Humic acid (%) Fulvic acid (%) HA:FA ratio
No. 0-15cm 15-30cm  0-15cm  15-30cm | 0-15cm  15-30cm  0-15cm  15-30cm
Depth Depth Depth Depth Depth Depth Depth Depth
T, 50.40 43.20 26.60 24.20 16.80 13.40 1.58 1.80
T, 49.50 40.20 27.40 25.20 17.80 13.90 1.53 1.81
T3 46.90 39.20 28.10 26.50 18.00 14.30 1.56 1.85
Ty 48.00 40.20 27.80 26.20 18.10 14.90 1.53 1.75
Ts 44.40 36.00 28.40 26.70 17.40 13.96 1.63 1.91
Te 34.70 29.60 34.40 32.50 24.40 21.20 1.40 1.53
T, 39.40 31.30 28.40 26.50 22.50 20.40 1.26 1.29
Tsg 42.50 34.60 32.60 30.70 17.10 15.60 1.90 1.96
T 43.80 35.20 29.70 27.40 17.70 15.50 1.87 1.76
Tio 37.72 31.00 31.20 29.20 17.40 15.60 1.79 1.87
Ty 42.40 34.30 27.50 25.40 19.50 17.30 1.41 1.46
T 46.40 37.20 28.00 26.30 18.40 15.20 1.52 1.73
T3 41.20 32.60 28.30 26.70 18.20 16.10 1.55 1.65
Ty 38.90 30.30 32.50 29.90 21.20 19.00 1.53 1.57
SE+ 2.16 1.64 1.42 1.44 0.76 0.85 0.077 0.040
C.D. at5% 6.26 4.75 4.13 4.18 2.20 2.46 0.109 0.117

Table.3 Correlation coefficient between physical-chemical properties of soil and soil organic

Soil characteristics

carbon fraction

Organic carbon (g kg™)

Bulk Density -0.533"
Porosity 0.673**
Water holding capacity 0.747**
pH -0.553*
EC -0.172
CaCoO; -0.235

Total carbon (g kg™)

-0.584*
0.679**
0.826**
-0.538"
-0.286
-0.190

*Significant at 5% level (0.532)
**Significant at 1% level (0.661)

Table.4 Correlation coefficient between physico-chemical properties of soil and soil humus

Soil characteristics Humin (%)
Bulk Density 0.579*
Porosity -0.533*
Water holding capacity -0.274
pH 0.553*
EC -0.170
CaCoO; 0.160

*Significant at 5% level (0.532)
**Significant at 1% level (0.661)

fraction

Humic acid (%)

-0.578*
0.624*
0.662**
-0.473
-0.160
-0.371
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Fulvic acid (%0)
0.143
-0.537*
-0.178
0.570*
0.132
-0.070
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Fulvic acid

Fulvic acid content in 0-15 cm and 15-30 cm
depth was varied from 16.80 to 24.40 precent
and 13.40 to 21.20 percent, respectively
(Table 2). The minimum fulvic acid content
was recorded in control at surface soil and
subsurface soil (16.80 and 13.40 percent
respectively). While maximum fulvic acid
content was observed in treatment Tg (24.40
in surface layer and 21.20 in subsurface
layer). Fulvic acid, although primarily
considered to be humic acid degradation
products as well.As per Naphade (1999)
fulvic acid is important humus fraction that
constitute organic matter. Similar
observations were also reported by Meshram
(2014) and Sangeeta (2015).

HA: FA ratio

The HA: FA ratio ranged in between 1.26 to
1.90 % in 0-15 cm depth and 1.29 to 1.96 %
in 15-30 cm depth. The humic acid, fulvic
acid ratio did not affect much due to
application of inorganic fertilizers. The Tg
treatment gave higher value of (1.90 and 1.96
in -0-15 and 15-30 cm, respectively) of HA:
FA ratio followed by Ty and Ty treatments as
compared to other treatments (Table 2). The
HA: FA ratio also varied significantly due to
addition of organic manures and inorganic
fertilizers alone.

Correlation coefficient between physico-
chemical properties of soil and soil organic
carbon fraction

The data showed in Table 3. CaCO3; and EC
content in soil did not showed significant
correlation with organic carbon and total
carbon. Further, it was indicated that porosity,
WHC showed positive and significant
correlation with organic carbon and total

carbon which is indicated that by ‘r’ values of
0.673**, 0.679**, 0.747** and 0.826**
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respectively. The bulk density and pH showed
negative and significant relation with organic
carbon and total carbon which is noticed by
‘r’ value (-0.533" and -0.553") similar findings
were observed by Rudrappa et al., (2004) and
Pal and shurpali (2006).

Correlation coefficient between physico-
chemical properties of soil a humus
fraction

The data presented in Table 4. CaCO3 and EC
content in soil did not showed significant
correlation with Humin, Humic acid and
Fulvic acid. Further, it was indicated that bulk
density and water holding capacity showed
positive and significant correlation with
Humin and Humic acid, respectively which is
indicated that by ‘r’ values of 0.579* and
0.662**, respectively. The pH showed
positive and significant relation with Humic
acid and Fulvic acid. Similar finding were
also reported by Sangeeta (2015). The
porosity showed negative and significant
correlation with Humin and Fulvic acid and
positive and significant relation with Humic
acid.

In conclusion the long term effect of
integrated nutrient management treatment
under sorghum-wheat cropping sequence
influenced the various forms of carbon and
fractions of humus tended to decrease with
depth and increase with initial value. Among
the humus fractions studied indicated highest
quantity of humin followed by humic acid and
fulvic acid. CaCOj3 and EC content in soil did
not showed significant correlation with
organic carbon and total carbon. Further, it
was indicated that porosity, WHC showed
positive and significant correlation with
organic carbon and total carbon. The bulk
density and pH showed negative and
significant relation with organic carbon and
total carbon. CaCO3 and EC content in soil
did not showed significant correlation with
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Humin, Humic acid and Fulvic acid. Further,
it was indicated that bulk density and water
holding capacity showed positive and
significant correlation with Humin and Humic
acid. The pH showed positive and significant
relation with Humic acid and Fulvic acid. The
porosity showed negative and significant
correlation with Humin and Fulvic acid and
positive and significant relation with Humic
acid.
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