Soil Organic Carbon and Soil Physico-chemical
Properties as Affected by Long Term Organic Cropping
Systems in Indian Punjab
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1. INTRODUCTION
The advent of high yielding nutrient.responsive varieties and increased area under assured irrigation led to a

major shift from organic based nutrient application to use of chemical fertilizers. Consequently, excess use of
iple secondary and

micro nutrient deficiencies in soils..|
materials to soils hasiled to gradual decline in soilquality (Biswaset al., 2014). Now with theincreasing
awareness and ‘demand for quality foods, the organic farming has gained momentum compared to
conventional chemicalfarming.Cultivated area undercertified organic farming has grown almost 17 fold in last
quality through application of organic manures and compost (Olesenet al., 2007), growing of leguminous
green manures in crop rotation, mulching and recycling of crop residues and intercropping of legumes in main

crops (Purakayasthaet al., 2008).Soil quality cannot be measured directly, but is inferred from static or

dynamic soil qualityzindicators or measurable soil attributes like SOC levels, aggregate stability, aggregate
associated carbon, pH, electrical conductivity (EC), bulk density and water holding capacity (Malik et al.,

farming contribute to changes in these soil quality indicators. Data from long-term experiments with variation
in cropping systems and crop management practices may provide valuable insights by providing information
on changes in SOC storage and soil physical quality. Quantification of soil carbon cycling as influenced by

management practices is needed for C sequestration and soil quality improvement. In some cases, the
organic carbon fraction of a particular material may be of greater value than its total nutrient content because

of the beneficial effect of organic carbon on soil physical properties and soil productivity (Nayaket al., 2012). | -

Cropping systems that maintain and/or improve levels of SOCmay also improve soil properties. Therefore, the
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present study was conducted to study the changes in soil properties and organic carbon under long term use
of organics in different cropping systems. |
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2. MATERIAL AND METHODS
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Soil bulk density (Mg m'3) was measured using metallic cores having inner diameter of 6.8 cm and
height of 7.5 cm as per procedure described by Blake and Hartge (1986).Different size soil aggregates
(percent) were determined using wet sieving method proposed by Yoder (1936).

The mean weight diameter (MWD) of the soil samples (Youker and McGuinness, 1956) was
computed as:

MWD = Znizl dixwi/ Znizlwi

Where, di, is mean diameter of i"size fraction in mm, n is number of size ranges, w;is the weight of
aggregates of size fraction in g.

The least significant difference among means was calculatedas per procedure of Gomez and Gomez
(1984) for completely randomized design usingcomputer programme of CPCS1 (Cheema and Singh, 1991).

3. RESULTS AND DISCUSSION
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Table 2. Effect of different cropping systems on soil carbon stock (Mg ha'l)

Soil depths Cropping systems Mean*
(cm) CS, CS, CS, CS, CSs
0-7.5 11.70 10.08 9.22 7.03 8.94 9.40%
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3.4 Soil pH

Among cropping systems significant difference in pH was observed ﬁTabIe 3). Irrespective of depths
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*Dissimilar letters are significantly different at 5 percent level of significance

3.5 Soil Electrical Conductivity

Irrespective of depths, CS; has significantly lower EC than CS;, CS,, CS, and CSs (Table 4).No any
significant difference in EC was observed among CS;, CS,, CS, and CSsThe increase in soil electrical
conductivity as impacted by manure addition might be due to the amount of dissolved salts in the manures
(Ozlu and Kumar, 2018). Irrespective of cropping systems, EC was maximum in 0-7.5 cm and it significantly
decreased with depth. All soil depths are significantly different from each other. Similar results were reported

by Sharma et al. (2015) where EC decreased with soil depth|
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Table 4 Effect of different cropping systems on soil electrical conductivity (dS m'l)

Soil depth (cm) Cropping systems Mean*
CS, CS; CS; CS, CSs
0-7.5 0.2125 0.2020 0.1511 0.1724 0.1678 0.1812°%
7.5-15 0.1772 0.1824 0.1191 0.1699 0.1708 0.1638"
15-22.5 0.1550 0:1582 0.1104 0.1521 0.1503 0.1452°
22.5-30 01256 0.1384 0.1051 0.1304 0.1329 0.1265°
Mean* 0.1676°  0.1703° 0.1214° 0.1562% 0.1554%

*Dissimilar letters-are significantly different at 5 percent level of significance

3.6 Soil aggregation

The data pertaining to total soil aggregates in different cropping systems at different depths and seasons is
presented in Table 5. Irrespective of depths, CS; has significantly higher TSA than CS,, CS;, CS, and CSs.
However, no significant difference in TSA was observed among CS,, CS; and CSs but these have
significantly higher TSA than CS,. The order of decrease in TSA with different cropping systems is
CS;>CS,>CS;3>CSs>CS,. Irrespective of cropping systems, the TSA were significantly different among soil
depths and were maximum in the surface layer compared to lower depths and the trend was 0-7.5>7.5-

15>15-22.5>22.5-30 cm depths)
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Soil depth Cropping systems Mean*
(cm) CS; CS, CS3 CS, CSs

0-7.5 81.5 747 71.3 63.2 70.5 72.2°
7.5-15 76.1 68.3 62.8 56.7 62.7 65.3"
15-22.5 65.3 60.6 58.2 44.2 52.4 56.1°
22.5-30 57.2 51.8 49.8 394 43.4 48.3°
Mean* 70.0° 63.8° 60.5" 50.9° 57.2%

*Dissimilar letters are significantly different at 5 percent level of significance

When the overall pooled analysis of different cropping systems and depths was done, it was
observed that the largest proportion of total WSA was in 0.1-0.25 mm size fraction among all sized
aggregates and 1-2 mm sized fraction constituted least proportion (Fig. 2a).Similar results were
observed by Chen et al.(2009). The aggregates of size 1-2, 0.5-1 and 0.25-0.5 mm were significantly
higher in CS; whereas in the size fraction of 0.1-0.25 mm,CS; has significantly higher percent
aggregates than all other cropping systems indicating that higher proportion of macro-aggregates
were found CS;. This may be attributed to higher amount of organic carbon (Table 1) which
affected the activity of soil fauna and also soil aggregation (Mandalet al., 2020). Macro-aggregate
formation is linearly correlated with SOC content (Benbi and Senapati, 2010).The macro-
aggregates, i.e. 1-2, 0.5-1 and 0.25-0.5 mm sized aggregates followed the order CS;> CS,>
CSs> CS3=CS, but the micro-aggregate, i.e.0.1-0.25 mm sized aggregate followed a different
trend of CS3z> CS,> CSs = CS, = CS;.Higher amount of micro-aggregate in CS; may be due to
mechanical breakdown of macro-aggregates during puddling and other cultivation practices
(Gupta-Choudhuriet al1.,2008). Among all, lower water stable aggregates in CS,may be due lower
SOC (Table 1) as compared to other cropping systems. Soil organic matter that is responsible
for binding of micro-aggregates to form macro-aggregates is generally a labile fraction of soil C
which is sensitive to cropping system change and cultivation (Ashagrieet al.,2005).

Irrespective of cropping systems, aggregates of 1-2, 0.5-1 and 0.25-0.5 mm size were
significantly higher in 0-7.5 cm depth compared to 15-22.5 and 22.5-30 cm depths (Fig. 2b).
Aggregates of size 1-2, 0.5-1 mm were also significantly higher in 0-7.5 cm depth compared to
7.5-15 cm depth. However, no significant difference in percent aggregates was observed in 0-7.5
and 7.5-15 cm depths in 0.25-0.5 mm size fraction. No significant difference in micro aggregates
was observed among all soil depths

3.7 Mean weight diameter of soil aggregates

Irrespective ofidepths, CS; has significantly higher MWD than CS,, CS; CS, and CSs (Table 6).
However no significant difference in MWD was observed in CS; and CSs but MWD in these cropping systems
was significantly higher than CS,. The order of decrease in MWD with different cropping systems is
CS;1>CS,>CSs>CS3>CS8,. Irrespective of cropping systems, maximum MWD was in 0-7.5 cm depth which
significantly decreases with soil depths. Significantly higher MWD was observed in both 0-7.5 and 7.5-15 cm
depths compared to 15-22.5 and 22.5-30 cm depths.

Table 6. Effect of different cropping systems on mean weight diameter of soil aggregates (mm)

Soil depth Cropping systems Mean*
(cm) CS; CS, CS; CS, CSs

0-7.5 0.568 0.443 0.337 0.275 0.374 0.399%
7.5-15 0.473 0.365 0.276 0.248 0.316 0.336°
15-22.5 0.333 0.301 0.231 0.161 0.232 0.252°
22.5-30 0.272 0.236 0.146 0.125 0.156 0.187¢
Mean* 0.412% 0.337° 0.247° 0.202" 0.269°

Significant difference in MWD was in the order of 0-7.5>7.5-15>15-22.5> 22.5-30 cm depths.
7

_-----| Comment [WU129]: Explain the similar

patterns of changes both In SOC and % of
aggregates

_.-----| Comment [WU130]: Difficult ot understand the

elglish sentence construction

-1 Comment [WU131]: Explain the similar
patterns of changes both In SOC and MWD of
aggregates




a)

ECS] mCS2 mCS3 mCS4 CSs

Water stable aggregates (percent)

0.1-0.25 0.25-0.5 0.5-1.0

Aggregate size classes

b)

%)

wn

=
|

H(0-75cm ®75-15cm ®]5-22 5¢m ©22.5-30cm

30.0 - NS

—_ — o [N
S w2 L
o (=] (=] (=]
‘ ‘
.
o
2

w
o
L

Water stabble aggregates (percent)

0.0 ~

0.1-0.25 0.25-0.5 0.5-1.0 1.0-2.0
Aggregate size classes

*Vertical bars and.dissimilar letters indicate standard errors of means and significant differences at 5%
level of significance respectively

Fig. 2 Water stable aggregates (percent) in different size fractions in relation to cropping systems (a)
and soil depths (b).

3.8 Soil bulk density

The pooled data of two cropping seasons pertaining to soil bulk density (BD) in different cropping
systems at varying depths is presented in Table 7. Among cropping systems, CS; has significantly higher bulk
density than CS;,CS, and CSs. However, no significant difference in BD was observed in CS; and
CS,cropping systems. Among soil depths, BD wassignificantly lower in 0-7.5 cm depth compared to 7.5-15,
15-22.5 and 22.5-30 cm depths. Bulk density of 7.5-15 cm was also significantly lower than 15-22.5 and 22.5-

8




30 cm depths. However, no significant difference in bulk density was observed in 15-22.5 and 22.5-30 cm
depths. Higher bulk density in CS; (Basmati-wheat) cropping system may be attributed to compaction during
puddling (Singh et al., 2009). Lower bulk density in CS; (poplar+ turmeric) may be attributed to addition of
more organic matter. Similarly Ramanandan and Jogan (2019) observed lower bulk density in organic farming
compared to conventional farming.Higher bulk density of lower soil depths is in accordance with Singh et al.
(2009) where higher subsoil bulk density was reported due to formation of subsoil compact plough pan.

Table 7 Effect of different cropping systems on bulk density of soil (Mg m?)

Soil depth (cm) Cropping systems Mean*
CS; CS; CS; CS, CSs

0-7.5 151 1.54 1.64 1.56 1.51 1.55%

7.5-15 1.59 1.63 1.74 1.73 1.59 1:65°

15-22.5 1.74 1.79 1.85 1.76 1.76 1.78°

22.5-30 1.74 1.77 1.79 1.80 1.79 1.78°

Mean* 1.64° 1.68 1.75° 1.71* 1.66%

*Dissimilar letters are significantly different at 5 percent level of significance

4. CONCLUSION

[Conclusively, maximum carbon sequestration was observed in poplar+turmeric cropping system due to more
carbon recycling through paddy straw mulching and leaf litter of poplar during autumn season every year
which further resulted improvement in aggregate associated carbon, soil aggregation, mean weight diameter,
bulk density, pH and electrical conductivity of soil. The improvement in soil physical properties in different
cropping systems followed the trend of poplar + turmeric > sugarcane + bottle gourd — broccoli > maize +
summer moong — wheat > basmati — wheat > sugarcane fodder. Favourable changes in soil properties were
more in surface layers compared to sub surface soil layers. Thus, poplar + turmeric cropping system is
promising for build-up of organic carbon and improvement in soil physico-chemical characteristics in the state
of Punjab compared to the prevalent rice (basmati) — wheat cropping system. |
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Explain organic cropping system briefly to understand the the terminology organic cropping system
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Such procedure was repeated in every 4 years for the next 15 years duration?
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Add an experimental design to indicate the planataion and associated cropping system
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quantify the time, duration, moisture content, evaporation etc.
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plant to plant distance and row-to row distance express it like this
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composition in a tabular form?
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Use either scientific name supported by composition
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Scientific names purpose of such of suhch studies?
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Add composition to characterize its properties
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reference to be added for different depths used other than the conventional one



