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ABSTRACT

The effects of conventional and organic farming systems on soil physico-chemical
properties were studied in the coffee plantation of Ponnampet taluk in Kodagu district
of Karnataka (2022). The results showed no significant differences in soil texture.
However, soil samples from the conventional farming exhibited higher values for
sand, silt and clay. Bulk density and particle density were higher in conventional
farming, while maximum water holding capacity (MWHC) and porosity were found
to be higher in organic farming. Application of chemical fertilizer in conventional
farming resulted in an increase in pH and EC, while higher organic carbon content
was noticed in organic farming. Available nitrogen and potassium were higher in organic
farming, but available phosphorous was found to be higher in conventional farming.
The application of organic manures increased secondary and micronutrient availability
in organic farming compared to conventional farming systems. With respect to the
age of the plantation, it was observed that as the age of the plantation advanced,
soil physical and chemical properties were improved. Similarly, 0-30 cm depth
recorded more availability of nutrients as compared to 30-60 cm soil depth. From the
study, it is concluded that soils of coffee plantations under long-term organic farming

system has improved soil properties compared to conventional farming systems.

Keywords : Available nutrients, Coffee, Conventional & organic cultivation,
Organic, Soil depth

THE use of intensive agricultural practices and
the extensive utilization of agrochemicals,
although resulting in enhanced crop production,
have engendered a range of disconcerting problems.
The uncontrolled application of agrochemicals,
including synthetic fertilizers and pesticides caused
significant disruption to the intricate equilibrium of
ecosystems. The global adoption and growth
of organic farming methods have been driven by a
range of environmental, economic and social factors
(Araujo et al., 2008). The utilization of organic

farming has been suggested as a potential alternative
approach to address the environmental challenges that
arise from conventional agricultural practices. These
challenges include the frequent application of
pesticides, excessive use of chemical fertilizers, soil
quality degradation and pesticide residues in food
(Stockdale et al., 2001). As opposed to conventional
farming, organic farming seeks to imitate or adhere
to natural processes that usually enhance soil and
plant health while maintaining soil and water
resources (Gomiero et al.,2011). Reduced soil organic
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matter has an impact on the physical, chemical and
biological characteristics of the soil as a result of these
intensive farming techniques. Organic farming strives
to maintain soil quality while producing a large
number of crops that thrive without the use of
synthetic fertilizers or growth regulators.

Coffee is a highly significant plantation crop cultivated
in India, serving as a prominent commodity for
generating foreign exchange. Coffee is primarily
grown in the elevated regions of India’s southern
states, which have a tropical climate and well-drained,
humus-rich soils. Coffee cultivation holds great
importance in India, particularly in the elevated
areas of the southern states. The coffee business plays
a significant role in bolstering the economy, offering
employment prospects and promoting the
preservation of ecosystems (Velmourougane, 2016).
The comprehension of the effects of various
agricultural techniques, namely organic and
conventional methods on the cultivation of coffee
assumes significant significance. In recent years,
coffee-importing countries have placed a greater
emphasis on the cultivation and consumption of
organic coffee. Notably, the global consumption of
organic coffee currently stands at approximately 4
per cent (Bijoor, 1998). Organically grown coffee has
emerged as a crucial component of the worldwide
coffee business, characterized by its emphasis on soil
health, biodiversity and ethical standards. The
increased demand for organically grown coffee can
be attributed to heightened consumer awareness
regarding environmental issues, health concerns and
ethical factors. The market value of organic coffee is
higher due to its perceived attributes of superior
quality and sustainability.

However, there remains a lack of consistent evidence
about the impact of various management strategies
on soil attributes. Gosling and Shepherd (2005) assert
that the evaluation of organically and conventionally
managed systems is a complex and challenging task,
primarily due to the significant overlap in management
strategies employed in both approaches. According
to Vakali et al. (2011), it is crucial to assess the effects
of organic and conventional management systems on

soil parameters, as these systems exhibit varying
responses in different climatic conditions. Therefore,
the current study was undertaken to assess the effects
of organic and conventional farming systems on soil
parameters in coffee plantations.

MATERIAL AND METHODS

The research area encompasses Ponnampet taluk,
located within the Kodagu district of Karnataka. The
geographic coordinates of Ponnampet taluk located
in the Kodagu district are around 12° 8' 56.6376"” N
latitude and 75° 56' 25.8648" E longitude. The
geographical representation of the study area can be
observed in Fig. 1. The climatic conditions in this
particular area can be generally classified as tropical,
except for the higher elevations of the hills, where
it transitions to a montane sub-tropical climate. The
distinguishing feature of this region is the presence
of red lateritic soils. The research area has an average
summer temperature ranging from 25.5 to 28.6°C. The
mean winter temperature ranges from 12 to 15°C and
the yearly precipitation ranges from 1126 to 2500 mm.

Selection and Grouping of Coffee-Growing
Plantations

A preliminary survey was undertaken to ascertain
the coffee cultivators who have comprised of both
organic and conventional farming methods in
the Ponnampet taluk of Kodagu district. The study
region was categorized according to various
management approaches and the age of the
plantations implemented by coffee producers,
specifically organic and conventional plantations of
5 and 10 years. A sample of 50 farmers who employed
comparable management strategies was selected from
each group for further investigation.

Soil Sample Collection, Preparation and Analysis

Soil samples were collected from both organic and
conventional plantations at two different depths
(0-30 and 30-60 cm) which were 5 and 10 years old.
A total of 200 soil samples were examined to
determine their physico-chemical properties. The
collected soil samples were subjected for air drying
and pounded using a wooden mortar and then passed
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Fig. 1 : Location map of study area representing the collection of soil samples

through a sieve with a mesh size of 2 mm to separate
any larger and coarse particles. The finely sieved
samples were placed in polythene bags to facilitate
subsequent soil analysis. A segment of the soil
sample was obtained from the 2 mm sieve and then
ground using a pestle and mortar and the sample was
completely sieved using a 0.2 mm sieve to analyze its
organic carbon content.

The determination of particle size in soil samples was
conducted using the International Pipette method, as

described by Piper (1966), with sodium hydroxide
serving as the dispersing agent. The bulk density was
determined using Keen’s cup method, which is based
on the premise that the saturation of soil provides the
bulk density of the soil. The methodology employed
for evaluating the water-holding capacity and porosity
of soil samples was based on Keen’s cup method
(Piper, 1966). The determination of soil pH and
electrical conductivity (EC) was conducted using a
1:2.5 soil-water suspension. This was achieved
by immersing the combined electrode, consisting of
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a glass electrode and a calomel electrode, in the
suspension (Jackson, 1973). The quantification of
organic materials was conducted via., Walkley-Black
wet digestion matter technique (Walkley and Black
1934).

The alkaline potassium permanganate method, as
described by Subbaiah and Asija (1956), was utilized
to ascertain the quantity of nitrogen present in the soil.
Similarly, the phosphorus present in the sample was
extracted using Bray’s No. 1 extractant, which consists
of a solution containing 0.03 N NH,F and 0.025 N
HCI (Bray and Kurtz, 1945). To assess the available
potassium, the method proposed by Jackson in 1973
was employed. The analysis of exchangeable calcium
(Ca) and magnesium (Mg) was conducted using the
Versenate titration method, while the analysis of sulfur
(S) was performed using the turbidometric method.
These analyses were carried out following the standard
approach outlined by Piper (1966).

An Atomic Absorption Spectrophotometer (AAS) was
used to estimate the micronutrients (Fe, Zn, Cu and
Mn) in the soil and the DTPA (0.005 M Diethylene
Triamine Penta Acetic Acid, 0.01 M CaCl, and 0.1 M
Triethanol Amine) was used as a extractant. The soil
to extractant ratio used in this study was 1:2, following
the methodology outlined by Lindsay and Norvell in
1978.

Statistical Analysis

The statistical analysis of the experimental data was
performed using a suitable independent t-test (equality
of means) approach to examine the significance of
the overall differences across farming systems. The
data was statistically examined for different soil
properties using factorial approach (version 29.0.1.0)
using SPSS software. Differences in farming systems
are considered to be statistically significant at
(P<0.05) level of significance (Shah, 2024).

REsuLTS AND DISCUSSION
Soil Physical Parameters

Soil Texture

The soil texture in both organic and conventional
farming systems was non-significant, but the highest
sand, silt and clay content was recorded in
conventional soils with mean values of 65.08, 10.72,
24.23 per cent and 63.75, 10.47, 23.75 per cent for
10 years of the plantation at a depth of 0-30 and
30-60 cm, respectively (Tables 1 and 2). The results
suggest that conventional farming systems tend to
have a higher sand, silt and clay content than organic
farming systems, especially in older plantations.
Similar to our results, a sand fraction of 1.08-68.80
per cent, silt fraction 0f 28.41-89.42 per cent and clay
fraction of 2.59-9.50 per cent were found in the

TaBLE 1
Impact of organic and conventional farming systems on soil particle size at 0-30 cm depth

)

Q

5 year age plantations 10 year age plantations ’§

S

Sand (%) Silt (%) Clay (%) Sand (%) Silt (%) Clay (%) 2

ORG  CON ORG CON ORG  CON ORG CON ORG CON ORG CON \E

Minimum 52.12  52.08 1.46 1.43 20.85 18.61 5351 5251 2.74 2.69 21.68 20.51 5
Maximum 75.81 7439 2071  20.56 27.35  28.65 72.76 7275 21.19  20.78 30.32  30.32 fi
Mean 63.86 6439 1044 10.52 2395 2419 6428 65.08 1051 10.72 2398 2423 |
S

SD 7.05 7.05 5.83 5.84 2.28 1.56 5.63 5.74 5.01 5.11 2.40 2.09 g
SE+m 1.41 1.41 1.17 1.17 0.46 0.31 1.13 1.15 1.00 1.02 0.48 0.42 é
t-test -0.26 -0.05 -0.44 -0.50 -0.14 -0.39 %’
P value 0.79 0.97 0.66 0.62 0.89 0.70 é’_
ORG - Organic farming system, CON - Conventional farming system; P<0.05 indicatly significance )

=
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TABLE 2

Impact of organic and conventional farming systems on soil particle size at 30-60 cm depth

5 year age plantations

10 year age plantations

Sand (%) Silt (%) Clay (%) Sand (%) Silt (%) Clay (%)

ORG CON ORG CON ORG  CON ORG CON ORG CON ORG  CON
Minimum 51.95  51.04 1.43 1.40 20.78  18.57 5348 5244 270 2.65 2179  20.49
Maximum 75.73 7425 20.63  20.22 27.27 2857 7272 7129  21.15  20.74 30.31  29.71
Mean 6329 64.18 1032 1045 2414 2416 63.75 65.03 1047 10.68 23.75 24.21
SD 6.99 7.06 5.77 5.84 2.12 1.59 5.62 5.73 5.01 5.11 2.24 1.92
SE+m 1.40 1.41 1.15 1.17 0.42 0.32 1.12 1.15 1.00 1.02 0.45 0.38
t-test -0.44 -0.08 -0.04 -0.79 -0.15 -0.78
P value 0.66 0.94 0.97 0.43 0.88 0.44

ORG - Organic farming system, CON - Conventional farming system; P<0.05 indicatly significance

organic farming surface horizon soil. Whereas, the
soil under conventional farming also contained
comparable percentage of each fraction (Kobierski
et al., 2020).

Bulk Density

Bulk density is an indicator of soil compaction and it
reflects the ability to function for structural support,

water solute movement and soil aeration
(Velmourougane, 2016). Significant differences
existed in bulk density between the organic and
conventional farming systems. The lower bulk density
(1.11 mg m? and 1.24 mg m?) was recorded in the
organic farming as compared to the conventional
farming system (1.42 mg m and 1.56 mg m) at 0-30
cm and 30-60 cm, respectively, under 10 year age-old
plantations (Tables 3 and 4). An increase in bulk

TABLE 3

Impact of organic and conventional farming systems on bulk density (mg m)
and particle density (mg m) at 0-30 cm depth

5 year age plantations

10 year age plantations

BD PD BD PD
ORG CON ORG CON ORG CON ORG CON
Minimum 0.90 1.18 23 2.58 0.23 1.24 1.63 2.64
Maximum 1.36 1.64 2.76 3.04 1.36 1.71 2.76 3.11
Mean 1.20 1.42 2.6 2.82 1.11 1.54 2.51 2.94
SD 0.12 0.11 0.12 0.11 0.23 0.11 0.23 0.11
SE+m 0.02 0.02 0.02 0.02 0.05 0.02 0.05 0.02
t-test -6.70 -6.70 -8.76 -8.76
P value 0.00 0.00 0.00 0.00

ORG - Organic farming system, CON - Conventional farming system; P<0.05 indicatly significance;
BD - Bulk density; PD : partical
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TABLE 4

Impact of organic and conventional farming systems on bulk density (mg m™)
and particle density (mg m?) at 30-60 cm depth

5 year age plantations

10 year age plantations

BD PD BD PD
ORG CON ORG CON ORG CON ORG CON
Minimum 1.16 1.34 2.56 2.74 1.03 1.38 2.43 2.78
Maximum 1.63 1.71 3.03 3.11 1.46 2.23 2.86 3.63
Mean 1.36 1.56 2.76 2.96 1.24 1.64 2.64 3.04
SD 0.11 0.11 0.11 0.11 0.11 0.16 0.11 0.16
SE+m 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03
t-test -6.50 -6.50 -10.49 -10.49
P value 0.00 0.00 0.00 0

ORG - Organic farming system, CON - Conventional farming system; P<0.05 indicatly significance;
BD - Bulk density; PD : partical

density was seen when comparing the surface layer
to the sub-surface layer in both systems under 5 and
10 year old plantations; however, under five and ten
years old, organic farming revealed the reverse
tendency (Tables 3 and 4). The continuous addition
of organic residues improves the physical
characteristics of the soil, leading to better soil
aggregation and structure stabilization resulting from
reduced bulk density. These results are in line with
Sihi et al. (2017) and Xin et al. (2016), who also
reported lower bulk density in organic farming over
conventional farming soils.

Particle Density

A significant variation was noticed in particle density
between conventional and organic farming practices.
Under plantations that are 10 years old, the organic
farming had lower particle density (2.51 mg m and
2.64 mg m?) at 0—30 cm and 30—60 cm, respectively,
than the conventional farming system (2.82 mg m
and 2.96 mg m3) (Tables 3 and 4). Compared to
surface layer, the sub-surface layer in conventional
farming revealed an increased particle density.
However, under five and ten year’s old plantations,
organic farming system revealed the reverse tendency
(Tables 3 and 4). The difference in particle density

could be attributed to various factors, including
farming practices. Over time, organic farming
practices, which focus on soil health and organic
matter content, may lead to improved soil structure
and reduced compaction, thereby organic soil
enhances porosity and reduces particle density.

Porosity

Significantly higher porosity was recorded in organic
farming (56.42%) and lowest was in conventional
farming (48.09%) at the age of 10 years of plantation,
respectively at 0-30 cm depth of soil. Similarly,
organic farming practice recorded the highest
porosity (53.07%) compared to conventional farming
(46.43%) at the age of 10 year plantation at 30-60 cm
of soil depth (Tables 5 and 6). In both systems, the
porosity decreased from the surface to the sub-surface
layer and in conventional soils, the porosity similarly
decreased with the age of the plantation. Singh et al.
(2019) recorded higher soil porosity under organic
farming systems (51.40%) than conventional farming
systems (47.21%). This could be due to increased
organic matter addition on a weight basis, improved
aggregation and altered soil pore-size distribution, all
of which could contribute to high soil porosity in an
organic farming system. A similar result was obtained
by Radhakrishnan et al. (2006), who noticed higher
porosity in organic soil over conventional soil.
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TABLE 5

Impact of organic and conventional farming systems on porosity (%)
and maximum water holding capacity (%) at 0-30 cm depth

5 year age plantations

10 year age plantations

Porosity MWHC Porosity MWHC
ORG CON ORG CON ORG CON ORG CON
Minimum  50.72 46.37 36.64 31.29 50.72 45.06 33.93 29.19
Maximum 60.87 55.82 69.06 55.71 85.89 54.38 60.24 48.13
Mean 53.87 50.47 46.36 41.37 56.42 48.09 47.50 36.89
SD 2.6 2.25 7.84 6.80 6.83 2.1 7.42 4.84
SE+m 0.52 0.45 1.57 1.36 1.37 0.42 1.48 0.97
t-test 4.94 2.40 5.84 5.99
P value 0.00 0.02 0.00 0.00

ORG - Organic farming system, CON - Conventional farming system; MWHC - Maximum wather holding capacity;
P<0.05 indicatly significance.

TABLE 6

Impact of organic and conventional farming systems on porosity (%)
and maximum water holding capacity (%) at 30-60 cm depth

5 year age plantations

10 year age plantations

Porosity MWHC Porosity MWHC

ORG CON ORG CON ORG CON ORG CON
Minimum 46.2 45.1 25.59 29.89 48.95 37.82 33.33 20.15
Maximum 54.69 52.05 59.71 45.24 57.51 51.25 60.06 40.59
Mean 50.89 47.88 41.59 37.72 53.07 46.43 44.52 32.01
SD 1.99 2.04 6.64 4.51 2.11 2.53 6.47 4.88
SE+m 0.4 0.41 1.33 0.90 0.42 0.51 1.29 0.98
t-test 5.28 2.42 10.10 7.72
P value 0.00 0.02 0.00 0.00

ORG- Organic farming system, CON- Conventional farming system; MWHC - Maximum wather holding capacity;
P<0.05 indicatly significance.

Maximum Water Holding Capacity

The results revealed a significant difference between
organic and conventional farming practices. The
highest mean of maximum water holding capacity
was found in organic farming (46.36 and 47.50%)
however, the lowest values were observed in

conventional farming (41.37 and 36.89%) at 5 and 10
years of plantations, respectively, at 0-30 cm and
similar trend was observed at 30-60 cm depth of soil.
A decrease in MWHC was observed with an increase
in soil depth (Tables 5 and 6). Results showed that
organically managed soils have a much higher
maximum water-holding capacity in comparison to
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conventionally managed soils. The addition of organic
matter can be attributed to better soil structure and
the presence of water-stabilizing aggregates, as noted
by Velmourougane (2016), who recorded that the
surface soil of the organic system had significantly
higher water-holding capacity of 53.36 per cent
compared to the conventional system (45%). The use
of heavy machinery and excessive fertilizer inputs
causes soil compaction and a decrease in biological
activity, whereas an organic farming system creates a
stable soil structure with high biological activity that

improves water infiltration and water-holding capacity
(Hathaway-Jenkins et al., 2011 and Williams et al.,
2017). These findings also confirm with Subbarayappa
et al. (2011) and Suja et al. (2012).

Soil Chemical Parameters

pH

The soil pH of the study areas was generally acidic to
neutral and a significant difference was recorded

between organic and conventional farming practices.
However, the higher mean value for pH was recorded

TABLE 7

Impact of organic and conventional farming systems on soil pH, electrical conductivity (dS m™)
and organic carbon (%) at 0-30 cm depth

5 year age plantations

10 year age plantations

pH EC ocC pH EC ocC
Parameters  ORG  CON ORG CON ORG CON ORG CON ORG CON ORG CON
Minimum  3.74 469 0071 0.113 243 173 421 515 0094 0.175 296  2.54
Maximum 628 698 0.130 0.160 340 269 619 683 0.149 0215 453  3.96
Mean 500 581 0.100 0.140 288 219 508 594 0.120 0.194 370  3.23
SD 067 041 0016 0010 029 027 059 043 0013 0010 046  0.40
SE+m 0.13 008 0.03 0002 006 005 019 008 0.003 0002 009 0.8
t-test -5.10 -10.819 8.720 -5.920 -21.781 3.830
P value 0.001 0.002 <0.001 0.002 0.001 <0.001

ORG- Organic farming system, CON- Conventional farming system; EC-electirc codutivity, OC-orgainc carbon; P <0.05
indicates significance,

TABLE 8

Impact of organic and conventional farming systems on soil pH, electrical conductivity (dS m™)
and organic carbon (%) at 30-60 cm depth

5 year age plantations

10 year age plantations

Parameters pH EC pH EC ocC

ORG CON ORG CON ORG CON ORG CON ORG CON ORG CON
Minimum 3.57 4.54  0.086 0.130 1.76 1.25 4.05 436 0.123  0.175 2.27 1.93
Maximum 6.13 622  0.148 0.170 2.48 1.94 5.99 6.40 0.170 0.228 3.47 3.01
Mean 4.72 5.57 0.114 0.155 2.09 1.58 4.77 5.63  0.140 0.207 2.83 245
SD 0.66 0.38  0.016 0.009 0.21 0.20 0.56 045 0.014 0.011 0.35 0.30
SE+m 0.13 0.08  0.003 0.002 0.04 0.04 0.11 0.09 0.003 0.002 0.07 0.06
t-test -5.59 -5.618 8.840 -5.940 -18.942 4.050
P value 0.002 0.001 <0.001 0.002 0.0001 <0.001

ORG- Organic farming system, CON- Conventional farming system; EC-electirc codutivity, OC-orgainc carbon;
P < 0.05 indicates significance,
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in conventional farming (5.94 and 5.63) compared
to organic farming (5.08 and 4.77) at 0-30 cm and
30-60 cm, respectively under 10 year old plantations.
The pH increased along with the age of the plantation
and decreased along with the depth of the soil
(Tables 7 and 8). The production of weak organic acids
during the decomposition of organic residues that
are integrated into the soil may be the cause of the
pH decline in the soils of organic farming systems
(Hong et al., 2019). Shaikh and Gachande (2013)
reported that they found a lower pH in organic fields
compared to conventional fields. However, Ge et al.
(2011) also found that plots under conventional
treatment had the highest pH (8.38), followed by plots
under organic management (8.03). Our findings also
agree with those of Sihi ez al. (2017), who observed a
significant drop in soil pH in organic fields, roughly
0.5 units lower than in conventional fields.

Electrical Conductivity

Significant differences were noticed between organic
and conventional farming systems. Results from
the research showed that conventional farming had
higher EC (0.14 and 0.19 dS m™') than organic farming
(0.10 and 0.12 dS m™) at surface soil for plantations
that were 5 and 10 years old, respectively. A similar
trend was also observed for subsurface soil; an average
higher EC was recorded in conventional farm soils
(0.20 dS m™) compared to organic farm soils (0.14 dS
m') for 10 years old plantations (Tables 7 and 8). The
results highlighted that the electrical conductivity
increases with increasing soil depth as well as the age
of the plantation. The increased electrical conductivity
in conventional farming is attributed to the
introduction of salts resulting from the application of
inorganic fertilizers (Sihi et al., 2017). Due to
excessive salt buildup from chemical fertilizer use,
EC was 26 per cent lower in organic fields than that
of conventional fields (Velmourougane, 2016).

Organic Carbon

The organic carbon (OC) in the soil is significantly
influenced by farming systems (Tables 7 and 8). The
OC was found to be highest at a soil depth of 0-30 cm
in a 10 year old coffee plantation with organic

cultivation (3.70%) and the same trend was also seen
with organic farming (2.83%) under a 10 year coffee
plantation at a soil depth of 30-60 cm. The period of
practice of organic farming increases, soil organic
carbon also increased and a similar trend was also
found in the present study. The 10 years old plantations
showed higher OC compared to the 5 years old
plantations. Coffee soils have higher organic matter
on the surface and less organic matter in the
sub-surface layers.

Coffee plantation soils are abundant in organic
matter, which is an essential benefit for plantation
sustainability. However, the organic matter content
of the soil declines as a result of conventional farming
practices. The decomposition and assimilation of
released carbon into the soil would have resulted in
an enhancement of the soil organic carbon status.
Earlier investigations have found similar variations
in OC with increasing soil depth (Singh & Sharma,
2012; Chauhan et al., 2010 and Ghimire, 2010). The
prolonged application of organic manures over a
longer period may be responsible for the higher
quantities of organic carbon detected in soils under
organic agricultural practices. According to Xin et al.
(2016), it was found that applying organic manure
over an extended period increased the amount of
organic carbon. The outcomes also confirm the
conclusions of Panwar et al. (2010).

Available Primary Nutrients

A perusal of data on different nutrients in Tables 9
and 10 indicated that organic farming exhibited a
significant increase in available nitrogen and
potassium but not phosphate.

Available Nitrogen

Organic farming was found to increase available
nitrogen in soil (378.03 and 476.87 kg ha)
than conventional management (341.42 and 408.03
kg ha') at 0-30 cm depth under 5 and 10 years of
plantation, respectively. Also, there was a higher
content of available N in soils under organic farming
(364.63 & 410.34 kg ha!) than in soils under
conventional farming (315.46 & 345.86 kg ha') at
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TABLE 9

Impact of organic and conventional farming systems on available major nutrients
(N, P,O, K,O in kg ha"') at 0-30 cm depth

5 year age plantations 10 year age plantations

Parameters N PO, K,0 N PO, K,0
ORG CON ORG CON ORG CON  ORG CON ORG CON ORG CON
Minimum  243.35 220.84 76.17 203.74 179.88 127.24 382.59 318.62 167.12 253.02 197.64 120.24
Maximum  466.64 44538 427.04 662.77 486.16 346.92 609.64 536.88 47690 750.29 578.08 399.84
Mean 378.03 341.42 23343 390.98 318.74 209.65 476.87 408.03 302.48 508.05 374.54 246.40
SD 40.36  52.58 103.85 138.00 93.34 55.03 5690 56.84 91.53 137.77 98.36 75.96
SE+m 8.07 10.52 20.77 27.60 18.67 11.01 11.38 11.37 1831 27.55 19.67 15.19
t-test 2.76 -4.56 5.03 428 -6.21 5.15
P value 0.008 0.001 0.003 0.001 0.002 0.001

ORG-Organic farming system, CON- onventional farming system; P < 0.05 indicates significance

TaBLE 10

Impact of organic and conventional farming systems on available major nutrients
(N, P,O, K,O in kg ha') at 30-60 cm depth

5 year age plantations 10 year age plantations

Parameters N PO, K,0 N PO, K,0
ORG CON ORG CON ORG CON ORG CON ORG CON ORG CON

Minimum 314.85 183.14 79.25 202.76 12592 103.57 360.01 19443 90.93 187.71 90.93 187.71
Maximum 429.00 385.1 338.55 516.47 340.31 242.84 476.67 400.15 430.27 695.44 43027 695.44
Mean 364.63 31546 155.82 29475 225.92 153.64 410.34 34586 19646 386.72 19646 386.72
SD 3439 42.06 69.11 7271 64.76 3534 32.70 37.00 105.68 132.25 105.68 132.25
SE+m 6.88 8.41 13.82 1454 1295 7.07 6.54 7.40 21.14 2645 16.14 9.73

t-test 4.53 -6.93 4.89 6.52 -5.62 4.89

P value <0.001 <0.001 <0.001 <0.002 <0.003 <0.003

ORG- Organic farming system, CON - Conventional farming system; P < 0.05 indicates significance

30-60 cms depth under 5 and 10 years age of the
plantation. There was a decrease in the available N
along the depths i.e., from 0-30 and 30-60 cms and an
increase in available N over the age of the plantation
i.e., from 5 years to 10 years in both organic and
conventional farming.

Indicators of microbial activity in the soil include soil
respiration and dehydrogenase activity (Sihi et al.,
2017). This allows for improved metabolic activities
by soil microbes, which in turn promotes the recycling

of vital nutrients. The significant increase in nitrogen
that is readily available can also be attributed to a
significant nitrogen inflow from organic manures,
especially leguminous green manure crops and
nitrogen-rich oil cakes (Sihi et al., 2017). When
organic manures are managed properly, there is
minimal loss of nitrogen (N) through leaching and
other transformations, which, combined with the
synchronization of the demand and rate of release
of N derived from them versus N derived from
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fertilizer, greatly increases the availability of N in soils
under organic management (Hansen et al., 2001;
Diepeningen et al., 2006 and Suja et al., 2012).
Herencia et al. (2007) noticed higher nitrogen levels
in the study conducted over nine years in Spain under
organic farming management.

Available Phosphorus

Conventional farming practice was found to increase
available P,O, (390.98 and 508.05 kg ha') than in
soils under organic management (233.43 and 390.98
kg ha') at 0-30 cm depth under 5 and 10 years of
plantation, respectively. A similar trend was also
observed at 30-60 cm depth under 5 and 10 years of
age of the plantation (Tables 9 and 10). A decline in
the availability of phosphorus (P) was observed across
different soil depths, namely within the 0-30 cm and
30-60 cm ranges. Conversely, an increase in accessible
P was noted as the plantation aged, specifically
between 5 and 10 years, in both organic and
conventional farming systems.

This divergence in phosphorus content between the
two systems can be primarily attributed to the
administration of greater quantities of P fertilizers in
conventional farming as against to organic farming
(Velmourougane, 2016). Romanya and Rovira (2009)
indicated significantly higher soil phosphorus
content in conventional farms in comparison to

organic farms. Similar results are in line with the
findings of Suja (2013).

Available Potassium

Significant differences were recorded for available
potassium between organic and conventional farming.
It ranged from 179.88 to 486.16 kg ha! and 197.64
to 578.08 kg ha! with a mean of 318.74 kg ha! and
374.54 kg ha' in soils of organic farms and 127.24 to
346.92 kg ha' and 120.24 to 399.84 kg ha! with a
mean of 209.65 kg ha! and 246.40 kg ha™! in soils of
conventional farms at 0-30 cm depth under both age
groups, respectively. A similar trend was also noticed
at 30-60 cm depth under both age groups, respectively.
A decline in the availability of potassium (K) was
observed at different soil levels, specifically within
the 0-30 cm and 30-60 cm ranges. Conversely, a
rise in accessible K was noted as the plantation
aged, spanning from 5 to 10 years, in both organic
and conventional farming practices. The elevated
potassium (K) levels observed in organic field soil
may be attributed to organic manures such as K-rich
compost, ash and crop waste derived from coconut
containing higher levels of K. Additionally, the
extensive root system of green manure crops has the
ability to extract K from the sub-surface layers of the
soil. Moreover, during the decomposition of organic
manure, the production of weak organic acids aids in

TasBLE 11

Impact of organic and conventional farming systems on exchangeable calcium, magnesium
(cmol (p+) kg!) and sulphur (mg kg!) at 0-30 cm depth

5 year age plantations

10 year age plantations

Parameters Calcium Magnesium Sulphur Calcium Magnesium Sulphur
ORG CON ORG CON ORG CON ORG CON ORG CON ORG CON
Minimum 2.50 1.50 1.30 050 16.33  14.01 3.39 1.90 1.90 1.00 29.71 2528
Maximum 9.70 690  6.00 430 31.09 27.31 10.70 9.50  6.00 370 45.19  40.69
Mean 4.69 3.43 2.79 1.97 23.04 17.50 6.22 434 3.6 2.14 3653  30.54
SD 1.80 1.54 0.98 0.89 3.74 3.04 2.07 2.02 1.13 0.59 3.99 3.83
SE+m 0.36 0.31 0.20 0.18 0.75 0.61 0.41 0.40 0.23 0.12 0.80 0.77
t-test 2.65 3.10 5.75 3.25 5.59 5.24
P value 0.001 0.003 0.002 0.002 0.001 0.002

ORG- Organic farming system, CON- Conventional farming system; P < 0.05 indicates significance
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TABLE 12

Impact of organic and conventional farming systems on exchangeable calcium, magnesium
(cmol (p+) kg') and sulphur (mg kg') at 30-60 cm depth

5 year age plantations 10 year age plantations

Parameters Calcium Magnesium Sulphur Calcium Magnesium Sulphur

ORG CON ORG CON ORG CON ORG CON ORG CON ORG CON

Minimum 1.70 0.80 0.90 0.40 15.07 8.56 2.29 1.40 1.20 0.10 2218 17.96
Maximum 9.20 5.00 3.70 2.40 2795 21.86 8.00 7.70 4.60 220 4159 36.65

Mean 3.74 2.33 2.12 126 2096 14.83 4.59 3.01 2.64 129 2953 2543
SD 1.94 0.89 0.74 0.48 340  2.66 1.39 1.36 0.86 0.48 4.49 4.15
SE+m 0.39 0.18 0.15 0.10 0.68 0.53 0.28 0.27 0.17 0.10 0.90 0.83
t-test 3.29 4.82 7.10 4.05 6.83 3.36
P value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

ORG- Organic farming system, CON- Conventional farming system; P < 0.05 indicates significance

TABLE 13

Micronutrient content (mg kg™') in soils of organic and conventional
farming systems at 0-30 cm depth

Iron Manganese Zinc Copper
Parameters

ORG CON ORG CON ORG CON ORG CON

5 years age plantations

ORG- Organic farming system, CON- Conventional farming system; P < 0.05 indicates significance

Minimum 19.36 9.90 3.96 2.46 1.46 1.18 1.59 1.38
Maximum ~ 54.50  23.36 7.57 5.97 4.59 2.98 7.33 3.81
Mean 29.69  14.62 5.73 3.64 2.18 1.70 2.70 1.83
SD 8.90 3.72 0.97 1.04 0.91 0.43 1.53 0.50
SE+m 1.78 0.74 0.19 0.21 0.18 0.09 0.31 0.10 9
t-test 7.81 7.36 2.42 6.50 §
P value <0.01 <0.01 <0.01 <0.01 3
10 years age plantations E
Minimum 1925  13.42 4.14 2.70 1.65 1.22 2.46 1.16 E
Maximum  57.95  35.10 9.76 5.99 5.32 4.80 5.59 7.10 5
Mean 3031 18.22 6.24 3.82 2.41 1.78 3.18 1.84 §
SD 12.14 5.25 1.46 0.90 1.10 0.77 0.91 1.18 E
SE+m 2.43 1.05 0.29 0.18 0.22 0.15 0.18 0.24 §
t-test 4.57 7.04 234 221 S
P value <0.01 <0.01 0.02 0.03 S
5
2
N~
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TABLE 14

Micronutrient content (mg kg™') in soils of organic and conventional
farming systems at 30-60 cm depth

Iron Manganese Zinc Copper
Parameters
ORG CON ORG CON ORG CON ORG CON
5 years age plantations
Minimum 10.44 6.83 2.96 1.42 0.94 0.63 0.75 0.70
Maximum 32.95 14.76 7.79 4.24 2.60 1.25 2.53 1.68
Mean 15.39 9.11 4.44 2.01 1.19 0.81 1.24 0.97
SD 5.27 1.77 1.27 0.57 0.33 0.16 0.47 0.27
SE+m 1.05 0.35 0.25 0.11 0.07 0.03 0.09 0.05
t-test 5.65 10.47 5.23 2.49
P value <0.01 <0.01 <0.01 0.02
10 years age plantations
Minimum 12.63 6.97 3.48 1.27 1.49 0.61 1.34 0.65
Maximum 43.67 14.14 8.27 3.23 3.09 1.39 4.73 2.14
Mean 20.14 9.24 4.87 2.11 1.87 0.92 1.94 1.04
SD 7.35 2.21 1.24 0.48 0.45 0.23 0.72 0.31
SE+m 1.47 0.44 0.25 0.10 0.09 0.05 0.14 0.06
t-test 7.10 8.57 9.47 5.81
P value <0.01 <0.01 <0.01 <0.01

ORG- Organic farming system, CON- Conventional farming system; P < 0.05 indicates significance

the mineralization of K, further contributing to its
availability in the soil (Suja et al., 2012).

According to Smitha et al. (2015), applying organic
manures significantly improved the amount of
available K in the soil after three years of cropping.

Secondary Nutrients

The contents of calcium, magnesium and sulphur were
higher in organic farming (6.22, 3.56 cmol (p+) kg
and 36.53 mg kg!, respectively) as compared to
conventional farming practices (4.34, 2.14 cmol (p+)
kg'and 30.54 mg kg, respectively) at 10 years of
age of plantations (Tables 11 and 12). The relationship
between available secondary nutrients and the age of
the plantation was found to be positively associated,
indicating that as the age of the plantation progressed,
the levels of available secondary nutrients increased.
Conversely, a negative relationship was noticed
between available secondary nutrients and soil depth,

indicating that as soil depth increases, the levels of
available secondary nutrients decrease. The increase
in available secondary nutrients in organic soils is
likely due to the use of organic matter, such as manure
and compost, which release calcium, magnesium and
sulphur into the soil (Dhumgond et al., 2017 and
Sunitha et al., 2010). Higher exchangeable Ca, Mg
and available S content found in surface soils may be
due to higher soil organic matter, resulting in higher
CEC (Clark et al., 1998 and Bhavya et al., 2018).

Micronutrients

Soil from organic fields had significantly higher
available micronutrients such as iron, manganese, zinc
and copper (30.31, 6.24, 2.41 and 3.18 mg kg,
respectively) as compared to conventional fields
(18.22, 3.82, 1.78 and 1.84 mg kg, respectively) at
10 years of plantation age. Greater availability of
micronutrients was found as the age of plantations
advanced and similarly available micronutrients
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decreased as soil depth increased (Tables 13 and 14).
The higher availability of iron, manganese, zinc and
copper in the organic plots may be attributed to the
decrease in soil pH and the higher presence of organic
matter. Similar results are conferred by Panwar et al.
(2010) and Sihi et al. (2017). Higher micronutrient
content in surface soils due to their higher reactivity
with soil organic matter and higher decomposition rate
in the upper soil layers (Adak et al., 2016).

The current trend in farming is to exploit soils and
overuse of fertilizer causes on soil degradation in
terms of fertility or nutrients. The easiest approach is
organic cultivation, which converts organic wastes
into energy-rich nutrients. The evaluation of the
impacts of organic and conventional farming systems
on soil parameters in the cultivation of coffee
addresses the difficult and complex issue of comparing
the effects of these two types of farming systems. The
present study made it clear that, as compared to
conventional methods of coffee farming, organic ways
of cultivation can help to increase and improve the
physical and chemical properties of soil in coffee
farms at both surface and sub-surface soils.
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