ISSN 0304-5250

I
N
=
(o}
=
)
_-m
)
>
5
=

Volume 49




Manuscript Number: 3798
NAAS Rating: 5.79

Indian Journal of Ecology (2022) 49(6): 2135-2139
DOl: https://doi.org/10.565362/IJE/2022/3798

Ecological Relationship of Earthworms with Soil
Physicochemical Properties and Crop Yields in Conservation
Agriculture

G.K. Dinesh, D.K. Sharma, S.L. Jat, K.S. Keerthana Sri', K.K. Bandyopadhyay, Arti
Bhatia, M. Sinduja’, V. Sathya®, S. Karthika®, N. Sethupathi, Praveen Kadam and
R. Rajesh Kumar®®

ICAR-Indian Agricultural Research Institute (IARI), Pusa, New Delhi-110 012, India
"Faculty of Agricultural Sciences, University of Géttingen, Germany
*National Agro Foundation, Anna University Taramani Campus, Chennai-600 113, India

$Tamil Nadu Pollution Control Board, Chennai-600 032, India
“Tamil Nadu Agricultural University, Coimbatore-641 003, India

°*Department of Biotechnology, Bharti Vishwavidyalaya, Durg- 491 001, Chattisgarh

*Division of Research and Development, Bharti Vishwavidyalaya, Durg- 491 001, Chattisgarh

*E-mail: gkdineshiari@gmail.com; dineshpusa69@gmail.com

Abstract: Earthworms are important macro-organisms in the soil as they play a vital role in improving soil properties. This paper aims to
estimate the population and their relationship with crop yields and soil physicochemical properties (soil bulk density, soil organic carbon, and
soil penetration resistance) in fields where long-term conservation agriculture has been practised since 2012. The study found a higher
population in August (24 individuals). Earthworm populations increased in zero tillage with residue plots than without residues. ZTWR 50%
BN+GS plot had a higher earthworm population, and it recorded 24, 17 and 17 individuals in August, September and October months,
respectively. From the Pearson correlation analysis, it was observed that earthworm population was positively correlated with soil organic
carbon and maize, wheat and mung bean crop yields; earthworm population was negatively correlated with bulk density and penetration
resistance. PCA and cluster analysis revealed ZTWR 50% BN+GS as the best treatment. Hence, crop residues retention with appropriate
balanced fertiliser is considered as a sustainable practice that improves the soil earthworms and increases crop yields in the North West Indo

Gangetic plains.
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Earthworms are called ecosystem engineers because they
can change the soil environment. Because earthworms
influence, many chemical and physical soil qualities and is vital
to understand how soil management affects their populations
(Na et al 2022). Earthworms are essential macro soil
organisms crucial in soil formation (Schon and Dominati
2020). Earthworms have the ability to move 40 cm of soil every
century (Sharma et al 2017). Charles Darwin calculated that
around 1140 kg ha” year” of earthworm cast material was
eliminated from the environment. Since grazed pasture in New
Zealand has been seen to produce 1120 kg ha™ year”, (Blouin
etal 2013). Biomass, such as agricultural waste, is required for
soil earthworms to thrive (Joseph and Kathireswari 2020).
Conservation agriculture is a method of resource-efficient
practice which effectively utilises crop residues and recycles
agricultural waste, which is the nutrient hub. Conservation
agriculture is growing in popularity in IGP because it uses
agricultural waste as mulch right in the field (Dinesh et al 2019,
Dinesh et al 2021). Continuous minimal tillage, residue
retention, crop diversification, and appropriate fertiliser usage

are the four main principles of a no-tillage farming technique
known as conservation agriculture (Vanlauwe et al 2014). Both
earthworms effectively utilise organic matter produced by the
crops. Primarily, it transforms complex organic materials into a
very microbiologically active nutrient-rich organic matter
(Andrews et al 2021). Heavy metals and inorganic fertilizers
together suppress soil microbial activity, and secondary
metabolites created by the breakdown of herbicides have
more detrimental effects than direct ones (Sinduja et al 2022).
The ploughing frequency influences the earthworm population
because of the mechanical damage and habitat loss (Peigné
et al 2018). The investigating earthworm populations is critical
intillage and agricultural residues studies. The earlier research
has shown that earthworms offer ecosystem services in
various habitats, the advantages of earthworms in
conservation agriculture have remained unexplored until
recently (Sharma et al 2017). Hence this study in long-term
conservation agriculture provides an opportunity to study more
the relationship of earthworms with crop yields and soil
physicochemical properties.
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MATERIAL AND METHODS
Description of the experimental site: The current study
was done at ICAR-Indian Agricultural Research Institute
research farm Block 9B, New Delhi (28° 40'N, 77° 12' E and
228.6 MSL). The experiment was carried out in the long-term
no-tillage experimental site (since 2012). The soil type is
sandy loam (Typic Haplustept), and the average precipitation
of the location is 650 mm per year. Triplicate soil samples
were taken from each treatment plot. They were collected
before the maize sowing. First, basic soil parameters were
analysed using standard (Page 1982). A core sampler was
used to collect the soil samples. Then, they were dried,
sieved and passed through a 2 mm sieve for soil
characterisation (Ghosh et al 1983). The primary soil
properties are givenin Table 1.
Experimental layout and management practices: The
present research includes two years and three cropping
seasons: 2018-19 and 2019-20. The experiment has two
main plots (MP) and four subplot treatments (SP), each with
three replications. Summer mung bean (cv. Pusa Vishal),
Kharif maize (cv. PMH 1) and Rabi Wheat (cv. HD 2967) were
sown. The main plot treatments are Zero tillage with residue
retention (ZTWR) and zero tillage without residue retention
(ZTWOoR). The subplot treatments are recommended dose of
nitrogen (RDN), 33% basal-N followed by Green Seeker N
application (33 % N +GS), 50% basal-N followed by Green
Seeker N application (50% N+GS), and 70 % basal-N
followed by Green Seeker N application (70% N+GS). For
crops, the fertiliser rates for Maize-Wheat-Mung bean were
150:60:40, 120:60:40 and 18:46:0, respectively.
Earthworm population sampling: Soil formation is linked
with earthworm activity and population (Sandhu et al 2010).
Earthworm numbers and activity peaked in the rainy season.
Hence samples were taken for three months, where the
earthworm activity was high/highest. From each plot,
30%x30%30 cm® soil blocks were removed using a spade.
Then, earthworms were manually sorted from the soil and
counted (Martin 1978).

Table 1. Soil physicochemical properties
Parameter Value Reference

Soil pH 7.8 Nayak et al 2016

0.42dS m" Nayak et al 2016

4.69 mg kg" Walkley and Black 1934
1.38 Blake et al 1986

Electrical conductivity
Soil organic carbon
Soil bulk density

Soil penetration resistance 452.19 kpa Anderson et al 1980
162.8 kg ha” Subbaiah and Asija 1956
15.2 kg ha’ Olsen et al 1954

152.2 kg ha” Prasad 1998

Soil nitrogen
Soil phosphorous

Soil potassium
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Statistical analysis: The split-plot design using Microsoft
Excel 2016 was used to test the significance (Rangaswamy
2018). Pearson correlation analysis was done using the R
programme. The p-values and correlations were obtained
using the R-program 1.4.1103 (R Core Team 2013). Finally,
principal component analysis and relationship analysis was
done using standard procedures (Shankar etal 2019).

RESULTS AND DISCUSSION

Earthworm population: The earthworm population was
higher in August, and it gradually decreased in October
(Table 2). This is due to rainfall, New Delhi receives good
precipitation in August, and starts to decrease in November
later winter onsets (Zodinpuii and Lalthanzara 2019). In
August, a maximum earthworm population was observed in
the ZTWR 50%BN+GS treatment. Overall, the earthworm
population was higher in ZTWR plots as the residue was
retained in these plots (Dekemati et al 2020). On the contrary,
the lowest earthworm population was observed in August
under ZTWoR 70% BN+GS treatment. The main plot and
subplot treatments are statistically significant in both years.
The pooled analysis also reveals a significant difference
between the years. The two-way interaction analysis
between the main plot (RM) and subplot (PNM) is non-
significant; hence there is no interaction between residue
management and precision nitrogen management. However,
there was a significant difference between a year and residue
management and year and precision nitrogen management.
The three-way interaction analysis between year x residue
management x precision nitrogen management shows non-
significantinteraction.

Relationship analysis: From the cluster analysis, maize
and wheat crop yields are closely related to each other in a
single cluster. Soil parameters such as soil bulk density, soil
organic carbon and soil penetration resistance are classified
into a single cluster. However, the mung bean yields are
unclustered. The treatments ZTWoR RDN, WoR
50%BN+GS, and WR 70%BN+GS are classified into a single
cluster (Fig. 2). Earthworm, soil bulk density, organic and
penetration resistance are closely related to each other, and
influenced maize and wheat yields but not mungbean grain
yield. Among the treatments, ZTWoR 70%BN+GS are
underperformed, and it is reflected in the earthworm
population as well.

Correlation analysis: Earthworm population is negatively
correlated with soil penetration resistance, soil bulk density
and is positively correlated with maize, wheat yield, and
mungbean. This has a strong positive correlation with soil
organic carbon (soil penetration resistance is soil organic
carbon earthworm population, maize yields and wheat
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yields), mungbean yields and positively correlated with soil
bulk density (Fig. 3).

Principal component analysis: All the observed data from
the PCA analysis were consolidated into 7 Principal
components. Among that, PC 1 and 2 has a variance of
99.04% (Table 3). Hence these two PC were taken for further
analysis. Biplot analysis, revealed that the ZTWR
33%BN+GS was considered the best treatment. Mung bean
and wheat yields are towards the positive dispersions (Fig.
4). Hence, it is concluded that the earthworm populations
positively influence the mung bean and wheat yields with a
high confidence level.

Earthworm population was lowestin ZTWoR 70%BN+GS
treatment may be due to more nitrogenous fertiliser
application in a single dose in the field. However, urea and
urea with nitrification inhibitors negatively impact earthworms
(Yahyaabadi et al 2018, Zisi et al 2020). Therefore, while
applying chemical fertilisers, it is recommended that organic
fertilisers be used in conjunction with chemical fertilisers to
minimise the detrimental effects on organisms (Dinesh 2017,
Dinesh et al 2018). Soil bulk density was positively correlated
with soil penetration resistance (Fig. 3). Similar results were
reported by Li et al (2020). Mung bean and wheat yields
negatively correlate with soil bulk density and penetration
resistance and is due to the negative effect of soil bulk
density. When soil bulk density is higher, it is difficult for the
root to penetrate deeper layers, ultimately affecting crop
yields (Diatta et al 2020). Earthworm population is negatively
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correlated with soil bulk density and soil penetration
resistance, butit has a positive relationship with wheat, mung
bean yields and soil organic carbon. When the earthworms'
population and activity are high, soil compaction, soil bulk
density, and soil penetration resistance decrease (Sohrabi et
al 2021). Soil organic carbon and crop yields a positive
relationship with earthworm populations. Therefore, when
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Fig. 1. Relationship between earthworm population with
various soil parameters and crop yields

Table 2. Effect of conservation agriculture practices on earthworm population (Nos. ft")

CRM PNM August September October SE SD
ZTWoR RDN 5 8 6 0.67 1.17
33+GS 6 9 5 1.1 1.93
50+GS 7 14 12 2.16 3.75
70+GS 3 7 2 1.44 2.50
ZTWR RDN 16 12 13 1.40 2.42
33+GS 18 12 14 1.79 3.10
50+GS 24 17 17 2.51 4.34
70+GS 14 8 1 1.49 2.59
Treatment 2018-19 2019-20 Pooled
MP: Residue Management (RM)
CD (p=0.05) 11.03 13.39 1.14
SP: Precision Nutrient management (PNM)
CD(p=0.05) 1.76 2.06 4.44
Int. RMxPNM NS NS *
Y x RM 1.71
YxPNM 2.96
YxRMxPNM NS




2138

046  smp

Pearson's
Correlation

-1.0-0.5 0.0 0.5 1.0

BY

Bleld]

Earthworm

*p<0.05*p<0.01; and ** p < 0.001

Fig. 2. Relationship between earthworm population and soil
physicochemical properties

300

#WOR_T0%BN+GS
SWoR_3%ENHGS

WR_RON

20,

OWR_3IHBNGS
100-

o MBY

§ -1doo 50 ENTME N o 1000 1800 2000

-100 SR _SIHBNGS.
WR_TONBN+GS
-200-
#WoR_RON
300

SWAR_S0%BNAGS

Component 1

Fig. 3. Effect of conservation agriculture on earthworm
population and soil physicochemical properties by
Biplot analysis

earthworm populations are high, it will positively influence the
crop yields (Johnston et al 2018) and more earthworm
activity decomposes the crop residues and converts them
into organic carbon-rich humus (Kumar et al 2020, Treder et
al 2020). Hence, it can be concluded that SOC improves the
earthworm population and eventually increase crop yields.

CONCLUSION

Earthworm populations increased in zero tillage with
residue plots than without residues. Earthworm activity
peaked in the rainfall season and positively influenced by soil
organic carbon. Hence, earthworms improve the maize,
wheat and mung bean yields, and are negatively influenced
by penetration resistance and bulk density. PCA analysis
showed that ZTWR RDN and ZTWR 33%BN+GS were the

G.K. Dinesh et al

best treatments for the earthworm. Hence, crop residues
retention with appropriate balanced fertiliser is considered as
a sustainable practice that improves the soil earthworms and
cropyields in the North West Indo Gangetic plains.

ACKNOWLEDGEMENTS
Authors thankfully acknowledge the UGC for providing
JRF to the first author, and sincerely thank the Director,
ICAR-IARI and ICAR-IIMR, New Delhi and ICAR-National
Agricultural Science fund received under project 7022 is duly
acknowledged.

REFERENCES

Anderson G, Pidgeon JD, Spencer HB and Parks R 1980. A new
hand-held recording penetrometer for soil studies. Journal of
Soil Science 31(2): 279-296.

Andrews EM, Kassama S, Smith EE, Brown PH and Khalsa SDS
2021. Areview of potassium-rich crop residues used as organic
matter amendments in tree crop agroecosystems. Agriculture
11(7): 580.

Blake GR, Hartge KH and Klute A 1986. Methods of soil analysis: part
1 —physical and mineralogical methods. In null (ed), Methods of
SoilAnalysis. SSSABook Series. 363-375.

Blouin M, Hodson ME, Delgado EA, Baker G, Brussaard L, Butt KR,
Dai J, Dendooven L, Pérés G and Tondoh JE 2013. A review of
earthworm impact on soil function and ecosystem services.
European Journal of Soil Science 64(2): 161-182.

Dekemati I, Simon B, Bogunovic |, Kisic |, Kassai K, Kende Z and
Birkas M 2020. Long term effects of ploughing and conservation
tilage methods on earthworm abundance and crumb ratio.
Agronomy10(10): 1552.

Diatta AA, Thomason WE, Abaye O, Thompson TL, Battaglia ML,
Vaughan LJ and Lo M 2020. Assessment of nitrogen fixation by
mungbean genotypes in different soil textures using 15N natural
abundance method. Journal of Soil Science and Plant Nutrition
20(4): 2230-2240.

Dinesh GK 2017. Ecology of Birds and insects in organic and
inorganic rice ecosystem. Tamil Nadu Agricultural University,
Coimbatore.

Dinesh GK, Dinesh Kumar, Sharma Shankar Lal J, Praveen K,
Purakayastha T, Bhatia A and Nedumaran S 2019. Ecosystem
services from maize - wheat - mungbean cropping system under
conservation agriculture. In National Academy of Agricultural
Sciences New Delhi & ICAR-Indian Agricultural research
Institute New Delhi (ed), XIV Agricultural Science Congress on
Innovations for agricultural transformation. National Academy of
Agricultural Sciences New Delhi & ICAR-Indian Agricultural
research Institute New Delhi, New Delhi, India, 643-644.

Dinesh GK, Ramesh PT, Chitra N and Sugumaran MP 2018. Ecology
of Birds and Insects in Organic and Conventional (In-Organic)
Rice Ecosystem. International Journal of Current Microbiology
and Applied Sciences7(4): 1769-1779.

Dinesh GK, Sharma D, Kadam K, Bhatia A, Bandhopadhyay KK,
Kumar P, Purakayastha TJ, Anand A and Jat SL 2021. Valuation
of carbon stock and its ecosystem services from conservation
agriculture. In V. A. Parthasarathy, T. Marimuthu, S. Nakkeeran,
M. Prakash, S. Arivudainambi, and S. Rameshkumar (eds), First
NABS-International Conference On 'Life Sciences:
Contemporary approaches in Biological Science for Food,
Health, Nutrition Security and Conservation of Biodiversity'.
Faculty of Agriculture, Annamalai University & National Academy
of Biological Sciences [NABS], Chennai, Chidambaram, Tamil
Nadu, 111-112.

Ghosh AB, Bajaj JC, Hasan R and Singh D 1983. Soil and water



Soil Physicochemical Properties and Crop Yields in Conservation Agriculture

testing methods: a laboratory manual. 1st ed. Division of Soil
science and agricultural chemistry, IARI, New Delhi, India.

Johnston ASA, Sibly RM and Thorbek P 2018. Forecasting tillage
and soil warming effects on earthworm populations. Journal of
Applied Ecology 55(3): 1498-1509.

Joseph R and Kathireswari P 2020. Efficacy leaf litters as substrate
on reproductive potential of epigeic earthworm Eudrilus
eugeniae. Indian Journal of Ecology 47(1): 186-189.

Kumar N, Suby SB, Parihar CM, Jat SL and Gambhir G 2020.
Earthworm activity under contrasting tillage practices and
cropping pattern. Maize Journal9(1): 56-58.

LiY, Li Z, Cui S and Zhang Q 2020. Trade-off between soil pH, bulk
density and other soil physical properties under global no-tillage
agriculture. Geoderma 361: 114099.

Martin NA 1978. Earthworms in New Zealand agriculture. In
Proceedings of the New Zealand Weed and Pest Control
Conference. 176-180.

Na L, Abail Z, Whalen JK, Liang B, Hu C, Hu R and Wu Y 2022.
Earthworms increase nitrogen uptake by lettuce and change
short-term soil nitrogen dynamics. Applied Soil Ecology 176:
104488.

Nayak AK, Bhattacharya P, Shahid M, Tripathi R, Lal B, Gautam P,
Mohanty S, Kumar A and Chatterjee D 2016. Modern techniques
in soil and plant analysis. First. Kalyani publishers, New Delhi,
India.

Olsen SR, Cole CV, Watnab FS and Decan LA 1954. Estimation of
available phosphorus in soils by extraction with sodium
bicarbonate. Journal of Chemical Information and Modeling
53(9): 1689-1699.

Page AL (ed) 1982. Methods of Soil Analysis: Part 2 Chemical and
Microbiological Properties, 9.2.2, Second Edition. Second. The
American Society of Agronomy, Inc., Soil Science Society of
America, Inc., Wisconsin, USA.

Peigné J, Vian JF, Payet V and Saby NPA 2018. Soil fertility after 10
years of conservation tillage in organic farming. Soil and Tillage
Research175:194-204.

Prasad R 1998. A practical manual for soil fertility. Division of
Agronomy, Indian Agricultural Research Institute, New Delhi,
110012.

R Core Team 2013. R: A language and environment for statistical
computing.

Rangaswamy R 2018. A text-book of agricultural statistics. Second.
New Age International Publishers, New Delhi, India.

Sandhu HS, Wratten SD and Cullen R 2010. Organic agriculture and
ecosystem services. Environmental Science and Policy 13(1): 1-7.

Schon NL and Dominati EJ 2020. Valuing earthworm contribution to

Received 22 July, 2022; Accepted 22 October, 2022

2139

ecosystem services delivery. Ecosystem Services 43: 101092.

Shankar SV, Radha M, Kumaraperumal R and Naffees SR 2019.
Statistical evaluation of physico-chemical properties of soils of
Coimbatore district using Dimensionality Reduction Technique.
International Archive of Applied Sciences and Technology 10(2):
84-89.

Sharma DK, Tomar S and Chakraborty D 2017. Role of earthworm in
improving soil structure and functioning. Current Science 1064-
1071.

Sinduja M, Sathya V, Maheswari M, Dhevagi P, Kalpana P, Dinesh
GK and Prasad S 2022. Evaluation and speciation of heavy
metals in the soil of the Sub Urban Region of Southern India. Soil
and Sediment Contamination: An International Journal 1-20.

Sinduja M, Sathya V, Maheswari M, Kalpana P, Dhevagi P, Dinesh
GK and Chitdeshwari T 2022 Chemical transformation and
bioavailability of chromium in the contaminated soil amended
with bioamendments. Bioremediation Journal 1-22.

Sohrabi H, Jourgholami M, Jafari M, Tavankar F, Venanzi R and
Picchio R 2021. Earthworms as an ecological indicator of soil
recovery after mechanized logging operations in mixed beech
forests. Forests12(1): 18.

Subbaiah VV and Asija GK 1956. A rapid procedure for utilization of
available nitrogen in soil. Current Science 26: 258-260.

Treder K, Jastrzgbska M, Kostrzewska MK and Makowski P 2020.
Do long-term continuous cropping and pesticides affect
earthworm communities? Agronomy 10(4): 586.

Vanlauwe B, Wendt J, Giller KE, Corbeels M, Gerard B and Nolte C
2014. A fourth principle is required to define conservation
agriculture in sub-Saharan Africa: the appropriate use of fertilizer
to enhance crop productivity. Field Crops Research155: 10-13.

Walkley A and Black IA 1934. An examination of the degtjareff
method for determining soil organic matter, and a proposed
modification of the chromic acid titration method. Soil Science
37(1):29-38.

Yahyaabadi M, Hamidian AH and Ashrafi S 2018. Assessing the
Population and live weight of earthworms affected by chemical
and organic fertilizers in the soil of an orchard. Journal of Soil
Management and Sustainable Production 8(2): 117-131.

Zisi C, Karydogianni S, Kakabouki I, Stavropoulos P, Folina AE and
Bilalis D 2020. Effects of nitrogen fertilizers with two different
inhibitors (urease and nitrification) on the survival and activity of
earthworms (Octodrilus complanatus). Journal of Elementology
25:1449-1461.

Zodinpuii B and Lalthanzara H 2019. Earthworm diversity, density
and distribution under shifting (Jhum) cultivation in a tropical hilly
terrain of Mizoram, North East India. Journal of Environmental
Biology 40(5): 995-1002.



