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Abstract

Purpose: Application of organic manures, along with fertilizers, is important to maintain soil fertility to achieve
higher productivity. In reality, the farmers apply organic manures and fertilizers in different proportions and
quantities depending on their availability and purchasing power of farmers. Organic manures also help to en-
hance soil carbon stocks and soil biological activities. Hence, this study aimed to assess the role of organic ma-
nures on soil carbon stocks and soil enzymes in intensively managed ginger production systems.

Method: Farmers’ fields based study was conducted in Shivamogga district coming under Hilly Zone of Karna-
taka, India. The information on use of organic manures and fertilizers for ginger production were collected from
60 growers and they were grouped into three categories using the K-factorization statistical tool. Soil samples
were collected after crop harvest and analysed for soil carbon stocks and soil enzyme activities. The mean val-
ues of 3 categories of farmers were compared using suitable statistical tools.

Results: Added organic manure and the soil organic carbon (SOC) varied significantly among high and low or-
ganic manure applications. Incremental variations were observed in the order of Category 3 > Category 2 > Cat-
egory 1 ginger fields. Enzyme activities were found higher in fields applied with high organic manures. Both
soil carbon stocks and soil enzyme activities exhibited strong and positive correlations with organic manures.
Conclusion: The study revealed that application of organic manures in intensively managed ginger production

systems helps to enhance soil carbon stocks and maintain soil biological activities.
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Introduction Ginger (Zingiber officinale) is an important commer-

cial crop and India is the largest producer, consumer

and exporter of the crop (Srinivasan et al. 2019).
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pounds of ginger are known to boost immunity and
help to be in good health. Most importantly, it pos-
sesses anti-inflammatory, antioxidant and anti-
carcinogenic properties (Shukla and Singh 2007). In
terms of nutrients, the rhizome is rich in calcium,
phosphorus and potassium. Ginger cultivation is ex-
panding throughout the world as its demand for me-
dicinal and beverage industries are increasing. Nutri-
ent management is critical to achieve optimum
growth and productivity in any crop (Srinivasan et al.
2019). Nutrient management not only sustains crop
production but also helps to improve soil health and
enhance nutrient use efficiency (Dinesh et al. 2012).
Ginger, as a nutrient exhaustive crop, demands ade-
quate supply of nutrients at critical stages of its
growth (Fageria 2001). Inappropriate agricultural
intensification coupled with reckless use of fertilizers
can deteriorate soil quality in terms of soil physico-
chemical and biological properties (Lal 2015). Inju-
dicious use of fertilizers can damage the natural eco-
system and cause soil and water pollution (Pathak
and Ram 2013). Higher yields with better quality can
only be sustained through application of nitrogen,
phosphorus and potassium through organic or inor-
ganic fertilizers (Okeke and Akinmutimi 2021). Sup-
plementation of secondary and micronutrients
through manures and fertilizers also play a signifi-
cant role (Pathak and Ram 2013). Organic manure is
a good source of fertilizer, which enhances soil
productivity, increases the soil organic carbon con-
tent, enhances the activities of soil microorganisms
and supplies major plant nutrients (Sanchez and Mil-
ler 1986). Organic management increases the soil
carbon content and the overall biological activities
(Bai et al. 2019). Even organic wastes from different
sources can be used to improve soil fertility and
productivity (Palm et al. 2001). Several research re-
sults have demonstrated higher nutrient use efficien-
cy with the combined use of organics and inorganics

in intensively managed cropping systems (Rushemu-
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ka and Bock 2015; Anita et al. 2018). One approach
to maintain soil health and quality is through the in-
corporation of both organic and inorganic fertilizers
into the soil in a balanced manner (Dinesh et al.
2012; Rushemuka and Bock 2015). The organic ma-
nures feeds both plants and the soil simultaneously
and thus, enhances soil health and its quality leading
to overall improvement of agro-ecosystem. Exclusive
use of only fertilizers can significantly reduce micro-
bial activity (as measured by dehydrogenase), acid
phosphatase and other enzymes (Parham et al. 2002;
Ning et al. 2017). The biochemical properties are
more sensitive to environmental stress and provide
rapid and accurate estimates on soil quality. These
soil biochemical parameters have been considered as
potential indicators of soil quality (Nannipieri et al.
2002). Application of organic manures helps to im-
prove soil structure, soil moisture retention, and
available water content and reduce bulk density. En-
hancing SOC through organics is crucial for both
sustaining intensive production as well as mitigating
greenhouse gases (GHGs). However, there are no or
little efforts on evaluation of combined use of organ-
ics and inorganics and their influence on soil-C
stocks and soil enzymes at farmers’ field. Thus, the
overall objective was to study the effects of farmers’
organic manure and fertilizer management practices
on soil-C stocks and soil enzyme activities in ginger
production. Considering these issues, a survey-based
study was carried out to assess the nutrient manage-
ment practices in ginger cultivation and their effect
on soil organic carbon stocks and soil enzyme activi-

ties.

Materials and methods

General description of the study area

Ginger is widely grown in the Hilly zone of Karna-
taka where the soils mostly belong to alfisols and

oxisols, having slightly acidic, medium textured and
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well-drained soil conditions. Thus, the region pro-
vides optimum conditions for ginger cultivation. In
Karnataka, ginger is widely grown in Shivamogga,
Chikkamagaluru, North Canara and Udupi districts.
For this study, the Shivamogga district encompassed

Sagara, Shikaripura and Shivamogga blocks (taluks).

Three villages from each block were selected for this
study. The three major ginger growing clusters cho-
sen for the study are depicted in Fig. 1. The average
rainfall during the study period was 1037.3 mm in
2021-22. Minimum and maximum temperatures rec-
orded were 27.9 °C and 30.1 °C.
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Fig. 1 Map depicting the study area
Selection and categorization of ginger farmers v
An initial survey was carried out in Shivamogga dis-
trict to identify major ginger growing areas. Twenty Categoryd _—

ginger growing farmers were chosen randomly from
three blocks. Information on organic manure and
fertilizer additions and ginger rhizome yields were
obtained through questionnaires and personal inter-
views. Based on the above information, the ginger
farmers were grouped into three different categories
using K-means clustering technique (IBM-SPSS
2011). The ginger farmers were grouped as Catego-
ry-1 (Low organic manures with high fertilizers),
Category-2 (Low organic manures with very high
fertilizers) and Category-3 (High organic manures
with moderately high fertilizers) and the details are

given in Table 1 and presented in Fig. 2.
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Table 1 Quantity of organic manure and fertilizer nutrients added among three categories of ginger farmers

Organic Fertilizer
Category of ginger farmers manures Nutrients
(MT hal) (kg hah)
Cat -1: Low Organic Manures with High Fertilizer nutrients (n=22) 13.05+2.72¢ 293.2 £ 47.3¢
Cat — 2: Low Organic Manures with very High Fertilizer nutrients
16.62 + 2.39° 810.3 £ 57.9°
(n=15)
Cat -3: High Organic Manures with Moderately high Fertilizer nutri-
26.33 +5.342 523.8 £ 56.4°

ents (n=23)

(Significant differences in mean values at p = 0.05 are indicated by different alphabets)

Soil C stocks assessment

The soil samples were collected from all the 60 gin-
ger fields individually after 3-4 weeks of crop har-
vest (February - March 2022). Core sampling was
done separately for 0-15 c¢cm and 15-30 cm soil
depths. The soil samples were dried in shade, pow-
dered and then sieved through 2 mm sieve.

The sieved dry soil samples were stored in air tight
containers for soil-C and enzyme analysis. The soil
bulk density (BD) was determined by taking the ratio
of oven dried soil weight to the volume of the core
used for soil sampling (Al-Shammary et al. 2018).
The soil organic-C (SOC) was determined by modi-
fied Walkley-Black’s wet oxidation method (Allison
1965). The so0il-K,Cr,07-H,SO, mixture was taken in
a digestion tubes and kept in digestion block at 180
°C for 20 mins. Then, the solutions were cooled and
quantitatively transferred to conical flasks for back
titration.

The soil carbon stock (SCS) was estimated by multi-
plying the soil mass and its carbon content separately
for two depths and then, added to get the total soil-C
stocks in one ha area to a depth of 30 cm soil layer
(ha-30 cm soil volume). There was no accumulation
of carbonates (inorganic-C) as the soils of the study

area were acidic.
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Soil enzyme analyses

The stored soil samples were pre-incubated at 25 °C
for 2 days, after adjusting the soil moisture content to
field capacity, to rejuvenate soil biological activity.
These pre-incubated soils were analyzed for dehy-
drogenase, acid phosphatase and urease enzyme ac-
tivities. The dehydrogenase activity was determined
by incubating soil samples at 37 °C with 3 percent of
2, 3, 5-triphenyl tetrazolium chloride (TTC) aqueous
solution. The amounts of triphenyl formazon (TPF)
formed were extracted with methanol and measured
at 485 nm (Casida et al. 1964). The acid phosphatase
activity was determined by the p-Nitrophenol Phos-
phate (p-NPP) method (Eivazi and Tabatabai 1977).
A known weight of the soil sample (< 2 mm) was
incubated with four ml of modified universal buffer
(pH 6.5 for any assay of acid phosphatase). One ml
of p-NPP solution (as substrate) and 0.2 ml of tolu-
ene (to suppress further microbial activity). After one
hour, the p-nitrophenol (p-NP) formed in the super-
natant was extracted by centrifugation and the inten-
sity of yellow colour was measured at 420 nm. For
urease enzyme, the soil samples were incubated with
urea and citrate buffer solution for three hours at 37
°C. The soils were extracted and the amount of am-
monia produced was measured colorimetrically by
phenate-NaOCI method (Hofmann 1963).
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Data analysis

The data obtained were subjected to statistical analy-
sis using Analysis of Variance (ANOVA) and com-
pared ‘F’ values for significance at p = 0.95 (Gomez
and Gomez 1984). The correlation coefficient (r) was
worked out to understand the effect of organic ma-
nures on carbon contents and enzyme activities in

soil.

Results and discussion

Soil carbon stocks

The SCS of ginger farmers were estimated by multi-
plying the SOC content with corresponding BD
based soil mass in the top 30 cm layer of 1 ha area.
The amounts of organic matter significantly influ-
enced the SOC content and it ranged from 0.32 to
1.37 percent. The SOC was significantly higher in
the Category-3 group of ginger farmers with 1.14 +
0.17 and 1.06 + 0.14 percent of carbon in surface and
subsurface soils respectively. The soils of Category-1
and Category-2 ginger fields recorded lower SOC
and the mean values were found to be on par with
each other (Table 2). The variations in SOC among
different ginger growers may be attributed to addi-
tions of different levels of organic manures (Niranja-
na et al. 2018). The quality of organic matter is also
an important factor in any ecosystem (Dattaraja et al.
2018). The organic manures used for ginger differed
only in terms of quantity but remained same among
all the 3 categories. The relationship between SOC
and organic manure added in respective ginger fields
also showed a strong positive correlation (Fig. 3; r =
0.914**). The positive effects of organic matter addi-
tions in the form of residues, manures, composts etc
on SOC are well-documented (Acharya et al. 1998;
Dattaraja et al. 2018; Nagaraja et al. 2018). Higher
amounts of SOC in surface soils may be attributed to

direct addition of old fallen ginger leaves onto the
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surface and incorporation of organic manures in the
surface layer for ginger production (Sharma et al.
2000; Shivakumar et al. 2010).

15 Soil Org-C Vs Organic Manure Added

Soil Org-C (g™ kg™ soil)

r=0914"
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Fig. 3 Relationship between soil organic-C and or-

ganic manures added

The soil BD ranged from 1.24 to 1.29Mg m™. The
BD of surface soil was 1.26 + 0.01 tonnes m™ in gin-
ger fields applied with high organic manures (26.33
+ 5.34 t ha') while, it was slightly higher in fields
receiving less organic manures (13.05 + 2.72 t ha* in
Category-1 and 16.62 + 2.39 t ha* in Category-2).
However, the values were found on par with each
other. The amounts of organic manure did not influ-
ence soil BD significantly across treatments or with
soil depth. Application of high soil organic matter
might have reduced BD values in both surface and
subsurface soil layers by improved soil structure.
The SOC contents in subsurface soils were slightly
lower than surface soils. However, the BD values did
not differ much among surface and subsurface soils.
Soil loosening by growing ginger rhizomes in sub-
surface layers may be the reason for not observing
higher BD values in subsurface layers (Agbede
2019). Moreover, the soil BDs were measured after
the ginger harvest. The BD is known to get severely
altered when root crops viz. potato, cassava, onion,

turmeric, groundnut etc. are harvested (Udounang et
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al. 2022). A minimum threshold level of SOC

(Meurer et al. 2020) and quality of soil organic mat-

ter are also important to bring significant changes in
soil structure (Six et al. 2000).

Table 2 Bulk density and organic-C status of soils of three categories of ginger farmers

Category of ginger farmers

Bulk density (Mg m?)  Soil Organic-C (%)

0-15cm 15-30cm  0-15cm  15-30cm
Cat -1:Low Organic Manures with High Fertilizer nutri- 1.28 £ 1.28 0.68 = 0.64 =
ents (n=22) 0.012 0.012 0.18° 0.18°¢
Cat - 2:Low Organic Manures with very High Fertilizer 1.27 % 1.28 0.76 + 0.72 +
nutrients (n=15) 0.01? 0.01? 0.06° 0.07°
Cat -3:High Organic Manures with Moderately high Ferti- 1.26 £ 1.27+ 114+ 1.06 =
lizer nutrients (n=23) 0.012 0.012 0.172 0.142

(Significant differences in mean values at p = 0.05 are indicated by different alphabets)

In terms of the SCS, the top 30 cm soil layer record-
ed 62.2 + 8.65 t ha in the Category 3 group of gin-
ger fields receiving high amounts of organic manures
(26.33 + 5.34 t ha't). However, the SCS in Category-
1(37.75 + 7.22 t ha!) and Category-2 (39.09 + 9.51 t
ha') groups of ginger fields were significantly lower
(Fig. 3). The results indicated that the SOC and SCS
in both surface and subsurface soils were found in
the order of Category-3 > Category-2 = Category-1
ginger farmers (Fig. 4a).
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Thus, the SOC appears to be the key determinant of
SCS (Saiz et al. 2012). The use of BD values of each
soil layer in a particular treatment helped to estimate
the soil carbon stocks more accurately (Nagaraja et
al. 2016). Incremental increase in SCS was very evi-
dent among three categories of ginger farmers indi-
cating the importance of organic manures (Six et al.
2000). The relationship between SCS and the organic
manure also showed significantly positive correlation
(Fig. 4b; 0.918**).
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Fig. 4 Soil carbon stocks (a) among three different ginger categories of farmers and (b) its relationship with or-

ganic manures added
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Soil enzyme activities nures and moderately high doses of fertilizers (Table

3). Least dehydrogenase activity (31.89 + 10.00 ug
The soil enzyme activities are the broad indicators of TPF g day?) was recorded in the Category-1 group
soil health. The dehydrogenase varied significantly of ginger fields applied with low organic manures
among all the three categories of ginger growers. It and high fertilizers. Thus, the dehydrogenase varied

was significantly higher (54.49 + 14.37 ug TPF g* significantly in the order of Category-3 > Category2
day?) in ginger plots applied with high organic ma- > Category-1 group of ginger fields.

Table 3 Enzyme activities in soils of three categories of ginger farmers

Dehydrogenase Acid phosphatase Urease

Category of ginger farmer
(ug TPF g™ day™) (Mg p-NPgthrt)  (ug NHs*-N g* hrt)

Cat -1: Low Organic Manures with

. . 31.89 +£10.00¢ 3.43+0.71° 8.72+1.81°
High Fertilizers (n=22)
Cat — 2: Low Organic Manures with
) N 45.68 + 15.37° 4.02+0.94" 8.52+0.95°
very High Fertilizers (n=15)
Cat -3: High Organic Manures with
54.49 + 14.37% 6.20+1.352 11.62 +1.532

Moderately high Fertilizers (n=23)

Significant differences in mean values at p = 0.05 are indicated by different alphabets)

The biological activity as depicted by the dehydro- In terms of acid phosphatase, the enzyme activity
genase activity was substantially higher in the Cate- was significantly higher (6.20 + 1.35 pg p-NP g hr
gory-3 group of ginger farmers applying high doses 1 in ginger fields receiving high doses of organic
of organic manures. Addition of organic matter manures. However, the ginger fields belonging to
serves as food for the soil microbes (Lazcano et al. Category-1 and Category-2 receiving lower organic
2013) and hence, higher dehydrogenase activity in- manures recorded lesser acid phosphatase activities

dicates higher biological activity in soils (Samuel with corresponding values of 3.43 £ 0.71-pg p-NP g
2010). Moreover, the dehydrogenase enzyme is an L hr! and 4.02 + 0.94-ug p-NP g hrl. Similar to

endo-enzyme and reflects purely the microbial activ- phosphatase activity, the urease enzyme activities
ity (Parham et al. 2002; Dotaniya et al. 2019). Sig- were also found least in ginger soils added with low-
nificant differences in dehydrogenase enzyme activi- er amounts of organic manures (8.72 + 1.81ug NH4*-

ty with corresponding organic manure applications N g* hr' in Category-1 and 8.52 + 0.95ug NH4*-N

among 3 categories of ginger farmers further g hrtin Category-2). However, it was significantly
strengthens the role of organic manures in maintain- higher (11.62 + 1.53pug NH4*-N g hrl) in the Cate-
ing soil biological activity (Prakash et al. 2002).The gory-3 group of ginger fields which received high
biological activity as indicated by dehydrogenase organic manures. Both acid phosphatase and urease
activity increased with increase in organic manure enzymes showed significantly positive correlations
applications (Fig. 5a; r = 0.577**). Similar reports of with organic manure additions with respective ‘r’
positive relationships between organic manure and values of 0.830** and 0.784** (Fig. 5b and 5c).

dehydrogenase are reported by Kanchikerimath and Addition of high organic manures in the Category 3
Singh (2001) and Nagaraja (1997). group of ginger farmers might have maintained high
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phosphatase and urease enzyme activities (Parham et
al. 2002). No significant differences in Category — 1
and Category -2 group of farmers may be due to low
additions of organic manures. Moreover, both acid
phosphatase and urease enzymes are ecto-enzymes
(Dyhrman 2005). Plant roots and crop residues
(Adetunji et al. 2017) might have been secreted
them. Enzyme activities showed positive correlation
with organic manure addition (Fig. 5) and SOC (Fig.
3). The dehydrogenase, phosphatase and urease ac-
tivities were significantly correlated (Shi et al. 2008)
with applied organic manures (0.577**, 0.830** and
0.784**). Higher enzyme activities were linked to
higher SOC (Klose and Tabatabai 2000) and organic
manure additions (Morrissey et al. 2014). Incremen-
tal increase in the enzyme activities with correspond-
ing increase in SOC clearly demonstrates their posi-
tive effects (Liu et al. 2010; Sharan et al. 2020).
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Conclusion

Categorization of ginger farmers using K-means
clustering technique helped to understand the influ-
ence of different levels of organic manures on soil-C
stocks and soil enzyme activities. The soils with
moderate amounts of fertilizer nutrients and high
amounts of organic manures recorded significantly
higher enzyme activities. The soils of the category-3
group of ginger farmers with high organic manure
additions recorded higher SOC. The SCS was signif-
icantly higher in Category-3 ginger fields compared
to low organic manure added ginger fields belonging
to Category-1 and Category-2 farmers. In terms of
biological activity, all the three enzymes studied
namely, dehydrogenase, acid phosphatase and urease
enzymes increased with increase in organic manure
applications. Thus, the addition of organic manure
plays a crucial role in maintaining soil health and
may even overcome the ill effects of excess fertilizer
applications in intensively managed cropping sys-

tems.
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