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The growth of agriculture led to indiscriminate use of synthetic pesticides

or fertilizers and unsustainable crop management farming practices which

can aggravate harmful impacts on the microbial population and physical

and chemical characteristics of soil ecosystem. Based on this fact, the

present study was planned to evaluate the effect of long run farming

practices on different soil physico-chemical parameters and soil microbial

abundance and diversity within different soil depth (0–20 cm and 20–

40 cm) at Quzhou Experimental Station of China Agricultural University,

Hebei, China during October and December, 2016. The effect of farming

practices on soil microbial abundance and diversity was studied by phospho-

lipid fatty acid (PLFA) and DNA high-throughput sequencing methods. The

findings revealed that soil is neutral to slightly alkaline in nature with highest

water content under organic farming (ORF) at 0–20 cm and least under

conventional farming at 20–40 cm depth. It was found that the ORF

significantly increased the contents of total organic carbon (TOC), total

carbon (TC), ammonium nitrogen, available nitrogen (AN), total nitrogen

(TN), total phosphorus (TP), and available phosphorus (AP) followed by low

input and conventional farming modes in both October and December

soil samples. The correlation analysis showed significantly (at p ≤ 0.05

and 0.01) strong positive relationship within different physical and chemical

properties of the soil under study. ANOVA and MANOVA analysis indicated

significant effect of interaction between soil depth and farming modes on soil

parameters. PCA analysis showed the most significant correlation between

most of the bacterial types (G + bacteria, G− bacteria, actinomycetes) and

soil AP, total available nitrogen, TOC and soil WC. Pearson correlation
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analysis revealed a significant correlation between microbial phylum groups

(Proteobacteria, Bacteroidetes, and Latescibacteria) and microbial class group

(Alphaproteobacteria, Sphingobacteriia, Flavobacteriia) with most of the soil

physicochemical properties.

KEYWORDS

agricultural soil, carbon, nitrogen, phosphorus, ammonium nitrogen, nitrate
nitrogen, PLFA, DNA high-throughput sequencing

Introduction

Soil acts as a key element for food production on which
life sustains on this earth. Soil ecosystem provides various
functional services, such as maintenance of soil fertility,
promoting ecosystem stability, and regulating climate change
(Medan et al., 2011; Jing et al., 2015). It is well recognized that
anthropogenic disturbances like indiscriminate use of chemical
fertilizers and agricultural farming regimes greatly affect soil
physical and chemical properties, and biochemical activities.
Farming practices can influence water use efficiency and soil
moisture content due to indiscriminate fertilizer application,
selection of crop type, irrigation management etc. (Niyogi et al.,
2010). Continuous tillage can disrupt soil macro-aggregates
formation which results in loss of organic carbon (OC) (Nandan
et al., 2019), thereby reduction in CO2 concentration in an
open atmosphere (Xu and Zhang, 2021). Total organic carbon
(TOC) of soil can provide better indication of soil quality
and carbon stock (Venkatesh et al., 2013). Nitrogen is another
most important nutrient required for better crop production. It
improves soil adaptation to environmental stresses like limited
water availability and salinity (Hou et al., 2007). Soil TN and
organic carbon concentration can show variation along the
soil profile and generally decreases with increase in the soil
depth. Another important nutrient, phosphorus (P) retention in
the near-surface zone of soil shows fluctuation under different
tillage methods (Carvalho et al., 2014) and only organic form
of phosphorus remain available for plant uptake (Zhu et al.,
2016). The available P (AP) in soil can be restricted by both
availability and acquirement of P from plant root architecture
and mycorrhizal association (Xomphoutheb et al., 2020).

Agricultural farming practices like conventional (COF),
low-input (LOF), organic farming (ORF), and many more
are commonly employed for management of agricultural
fields. Conventional farming type practice can result in
low soil fertility, food produce with traces of chemical
residues and increasing market cost (Riedo et al., 2021).
COF deteriorate physical status of soil, reduce its water
and fertilizer use efficiency, and thereby results in growth
stagnation and reduced grain yield (Zhou et al., 2014). However,
COF was found to increase soil nitrogen and phosphorus
accumulation in plants which generally remain unavailable

to them (Shannon et al., 2002). The LOF farming system was
found to increase storage of excess nitrogen in the soil
environment (Clark et al., 1998). ORF is one of the most
popularly used farming practices worldwide. It employs use of
catch crops, animal manure, organic fertilizers, and recycling
of crop residues, also it evades use of plowing in fields (Gajda
et al., 2020). ORF strictly avoids use of crop protection chemicals
(synthetic mineral fertilizers), which results in better soil
biophysical environment, and qualitative agricultural products
(Kwiatkowski et al., 2020). ORF is found to enhance soil
organic matter and micronutrient accumulation which can
improve its quality, structure and can increase soil biological
activity; water capacity and infiltration rate (Morshedi et al.,
2017; Sankaramoorthy and Rangasamy, 2019; Kwiatkowski and
Harasim, 2020; Hietala et al., 2021). Over many advantages,
organic type agriculture may lead to nitrogen deficiency in soil
and unwanted weed growth which resulted in lower crop yields
(Ponisio et al., 2015). ORF produce more nutritious and fewer
pesticide residue containing foods as compared to other farming
practices (Seufert and Ramankutty, 2017). Soil nutrients can
be influenced by agriculture land type and farming method
used, and can alter carbon and nitrogen biogeochemical cycles,
thereby low soil carbon storage (Wang et al., 2011). Many
previous studies reported effect of agricultural farming practices
on soil microorganisms and their activities (Zhu et al., 2018).
Continuous cropping is one of the factors which can lead to
degradation and imbalance in the composition and structure of
soil microbial community (Lu et al., 2013; Li Y. et al., 2014).

Soil quality, a comprehensive capacity to sustain better
environmental quality as well as high biological productivity
results in enhancement of plant health, which can be
evaluated by soil indicators, i.e., physicochemical properties
and biochemical processes (Bunemann et al., 2018; Ukalska-
Jaruga et al., 2019). In soil, presence of different micro and
macro-nutrients (Yang et al., 2020), content of nitrogen and
some elements (Fe, K, Mg, Mn, Zn); water content, C: N
ratio, mineralizable and permanganate oxidizable carbon, soil
microbial composition, and soil enzymes activity (Gannett et al.,
2019; Ozlu et al., 2019; Thomas et al., 2019) can act as important
soil health/fertility indicators. Soil microorganisms contain
plenty of fatty acids which vary among each individual organism
dwelling in the soil (Willers et al., 2015). Assessment of these
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fatty acid profiles using phospho-lipid fatty-acid analysis (PLFA)
can determine the presence or absence and relative abundance
of any type of micro-organism (Gram– and Gram + bacteria,
actinobacteria, actinomycetes, fungi etc.) in the soil (Balser
et al., 2019; Brinton, 2020). Earlier, effect of agricultural farming
practices on soil microbial communities reported use of gene
libraries, PCR amplification and gel electrophoresis which can
detect presence or absence of some specific microbial groups
with high abundance (Chen et al., 2012). The use of next-
generation sequencing (NGS) techniques like Illumina-based
techniques and pyro-sequencing provides more information
and identification of microbial taxa with low-abundance in the
soil. It enables analysis of a huge number of taxonomic profiles
of soil micro-organisms in detail (Uroz et al., 2013; Zhu et al.,
2018).

The information based on agricultural management
practices or fertilizer-based alterations in the agricultural soils is
still poorly understood. In past, most of the studies were carried
out on effect on soil physicochemical and microbiological
properties under different farming practices, but effect on
abundance and diversity of soil microorganisms was scarcely
considered. Therefore, a comprehensive assessment of the
influences of farming strategies on important soil parameters
(i.e., C−, N−, P−), as well as abundance of soil microorganisms
within different layers of soil are necessarily required from an
agronomic and environmental point of view. Based on these
facts, the present study was aimed to: (i) check the effects
of three agricultural farming practices (conventional, low
input and ORF systems) on soil physico-chemical parameters
including pH, water content (WC) (%), total carbon (TC) (%),
TOC (%), ammonium nitrogen (NH4N) (%), nitrate nitrogen
(NO3N) (%), available nitrogen (AN) (%), total nitrogen (TN)
(%), total phosphorus (TP) (%), and available phosphorus (AP)
within different soil layers (15–20 and 20–40 cm) and sampling
months (October and December); and (ii) investigate changes
in microbial abundance and diversity in response to different
farming practices. We hypothesized that three farming practices
under study will differentially influence soil physico-chemical
parameters and abundance of soil microorganisms within
different soil depths.

Materials and methods

Study area

Present study was conducted at China Agricultural
University, Quzhou (36◦87′N, 115◦02′E), Hebei, China. At
Quzhou Experimental Station, the long-run greenhouse
experiment was set up in March 2002 and has maintained
production of vegetables since then. The temperature and
humidity maintained in all three greenhouses was found to
be 14.8–24.6◦C (October), 8.2–17.5◦C (December) and 60%

while light intensity was 12-h light/dark cycle, respectively. Soil
parameters like organic matter (COF- 1.893%; LOF- 1.525%;
ORF- 1.663%), AN (COF- 0.136%; LOF- 0.119%; ORF- 0.117%),
and AP (COF- 0.0188%; LOF- 0.00816%; ORF- 0.01391%)
were measured before the start of experiment in 2002. The
station generally remains warm with semi-humid climate which
constitutes dry-cold winters and rainy summers. Mean annual
temperature recorded is 13.2◦C and with main soil type of silt
fluvo-aquic texture (Li X. et al., 2014).

The present experiment considered three different
greenhouse systems (52 m in length and 7 m in width)
under three different farming modes viz., COF, LOF, and ORF
(Wang et al., 2021). All the three greenhouses are organized in
an integrated way as side by side plots at same place with same
soil type (silt fluvo-aquic). The growing vegetable varieties, type
of irrigation and tillage methods are same for all the greenhouses
under same growing season. Vegetables like cucumber, celery,
cauliflower, eggplant, fennel, and tomato are planted in rotation
bases in different seasons. Vegetables like celery and cauliflower
are grown in all the greenhouses during autumn season at
the same time while eggplant is planted in spring season. In
conventional type of farming, chemical fertilizers, pesticides,
and chicken + cow manure generated from the local style
of greenhouse vegetables was used while LOF farming used
50% chemical fertilizer and 50% compost fertilizer and also
used low-toxic biological chemical pesticides for protection
of plants. The ORF practice was carried out according to the
International Federation of Organic Agriculture Movements
(IFOAM) and employed chicken and cow manure compost,
also used biological and physical methods to protect the crop
plants.

Physico-chemical analysis

Soil samples were collected during the months of
October (after colonization) and December (before
harvesting/maturity), 2016 from all three greenhouses under
celery vegetation. Samples were collected at a depth of 0–20
and 20–40 cm according to the model S within 5 points
sampling method. A total of four samples were collected from
each greenhouse for each farming system during October and
December. Fresh soil samples brought to the laboratory were
immediately used for analyzing soil microbial abundance and
diversity while for physico-chemical analysis, soil samples were
dried in the open, put into aseptic bags, properly labeled and
stored in refrigerator at 4◦C for further analysis.

Different physico-chemical parameters viz., pH, WC, TC,
TOC, NH4N, NO3N, AN, TN, TP, and AP; and soil microbial
abundance and diversity of soil samples collected from celery
growing field were determined. pH (1:5 soil: water) was
estimated by pH meter; water content was measured by drying
the soil samples for 24 h at 105◦C while total C and N contents
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were measured by dry combustion method (950◦C) employing
Vario Max CN Analyzer (Elementar; Hanau, Germany). Soil
TOC was determined by TOC analyzer (Elementar, liquid TOC
II, Germany) (Wang et al., 2021). Soil NH4N content was
measured by adding 5 g of soil sample in 25 ml of 2 mol/l KCl
in a 250 ml flask (Robertson et al., 1999). The flask was kept on
shaker for 1 h and the solution was filtered. In a 50 ml volumetric
flask, to 10 ml filtrate, 5 ml of 0.1 mol/l phenol solution and
5 ml of 0.1 mol/l NaClO were added and solution was kept
undisturbed for 1 h. After 1 h ammonium nitrogen content of
solution was determined by measuring absorbance at 625 nm
using spectro-photometer (Shimazu UV-3600, Japan). Further,
NO3N was determined by taking 1 ml of the filtered solution
into a colorimetric tube to which 25 ml of distilled water was
added and absorbance was recorded at 210 nm using spectro-
photometer. AN was estimated by diffusion absorption method
in which 2 g of air-dried soil was passed through 1 mm sieve
and was hydrolyzed by 1 ml/l NaOH to release NH3 and then
NH3 was absorbed by adding 20 g/l of H3BO3 (Griesheim and
Mulvaney, 2019). The solution was titrated against 0.005 ml/l
H2SO4. AP and TP were determined by Olsen et al. (1954) and
Bowman (1988) method, respectively.

Soil microbial abundance and diversity

Soil microbial abundance and diversity was determined by
phospho-lipid fatty acid (PLFA) and DNA high-throughput
sequencing methods.

Phospho-lipid fatty acid technology

PLFAs in soil samples were separated and detected by
gas chromatography following standard method of Bligh and
Dyer (1959) with slight modifications. Citric acid buffer was
used for extraction of phospho-lipids in soil samples. To 8 g
of freeze-dried soil sample in white thick centrifuge tubes,
single-phase extractant citric acid buffer solution [chloroform:
methanol: citric acid ratio, 1:2:0.8 (v/v)] was added, the soil was
repeatedly soaked with the extracting solution and shaken well.
The extract was poured into a separatory funnel to which 12
ml of chloroform and phosphate buffer was added, shaken well
for 2 min and kept undisturbed overnight. For purification of
fatty acids, SPE column (3 ml chloroform activated) was used.
To the extract, added 5 ml chloroform and later 10 ml acetone
and finally rinsed with 5 ml methanol. The methanol phase
was collected in test tubes, kept on water bath at 32◦C and
concentrated with N2.

For esterification, 1 ml of 1:1 toluene: methanol and
0.2 mol/l KOH solution was added to the test tubes, shaken
well, incubated at 37◦C for 1 h. After incubation, 0.3 ml
of 1 mol/l acetic acid solution, 2 ml of n-hexane and 2 ml
of ultra-Pure water was added to test tubes, shaken at low

speed for 10 min (repeated shaken and leached once), the
upper n-hexane solution was transferred into vials. Sample
was dehydrated and dried on water bath under N2 and
methyl esterified fatty acid samples were obtained. The methyl
esterified fatty acid samples were dissolved in 200 µl of
n-hexane and PLFAs in samples were identified and analyzed
on a gas chromatography (Agilent 6890N, USA) using MIDI
software system (MINDI, Newark, Delaware, USA) combined
with SherlockMIS4.5 system (Sherlock Microbial Identification
System). PLFAs were assigned with different biomarkers for
different microbial groups according to method of Kandler and
Konig (1998).

DNA high-throughput sequencing
technology

High-throughput sequencing technique was used to study
effect of farming practices on soil microbial relative abundance
and diversity. FastDNA SPIN Kit (MP Biomedicals, LLC, USA;
Protocol: #116560200-201908/#116560000-201908) was used to
extract microbial DNA from soil samples according to the
manufacturer’s protocol earlier used in many studies (Song et al.,
2017; Hemkemeyer et al., 2018; Paul et al., 2018). SPIN kit can
efficiently isolates PCR-ready genomic DNA directly from soil
samples in less than 30 min. The DNA was extracted from
0.5 g of fresh soil by using MT and phosphate buffers and
repeated centrifugation using SPINTM filters. The collection
tube containing eluted DNA was stored at −20 or −80◦C for
further processing (Niu et al., 2017). The Illumina Mi Seq
2 × 300 sequencing platform was used to perform paired-
end sequencing analysis of PCR amplification products. The
concentration of DNA samples was assessed using a Qubit
2.0 Fluorometer (Invitrogen, Carlsbad, CA) and sequencing
libraries were created using the MetaVxTM Library Construction
Kit (GENEWIZ, Inc., South Plainfield, NJ, USA). All the
reactions were performed in duplicate. Two reads per individual
library were taken. DNA was PCR amplified using 16S rRNA
gene prokaryotic primers. The 515F (GTG CCA GCM GCC
GCG G) and 907R (CCG TCA ATT CMT TTR AGT TT)
primers were designed to amplify the hyper-variable regions (V3
and V4) of the 16S rRNA gene from bacteria (Roesch et al.,
2007). Using 30–50 ng DNA as template, a series of PCR primers
designed by GENEWIZ were used to amplify both the hyper-
variable regions on prokaryotic 16S rRNA. Also, a linker with
Index was added to the end of the PCR products of 16S rDNA
for NGS sequencing. The sequencing was commissioned by
GENEWIZ (Suzhou, China).

Statistical analyses

Results were analyzed and processed in Microsoft Excel
2007 using SPSS software (ver. 20.0). First, multivariate analysis
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of variance (MANOVA) analysis was carried out to check
whether there was a significant effect of independent variables
(sampling time, soil depth, and farming modes) on at least one of
the soil physico-chemical parameters. Then, univariate analysis
of variance (ANOVA) along with Tuckey’s and Duncan’s test
for different soil parameters was performed to examine the
significant effect of sampling time, soil depth and farming modes
and differences in mean at p ≤ 0.05 were taken as significant.
Correlation between different soil physico-chemical parameters
and microbial abundance based on PLFA content was carried
out using Canoco 4.5 software. Pearson’s correlation (at p≤ 0.01
and p ≤ 0.05) analysis was also performed among different
physico-chemical parameters of soil; soil microbial phylum with
soil physico-chemical properties; and soil microbial class with
soil physico-chemical properties. Also, On the basis of OTU
clustering results, Alpha diversity indices including Chao index,
ACE index, Simpson and Shannon index were also calculated.

MANOVA analysis was carried out to check the variance
analysis of different soil parameters which can reflect the
significance levels of different soil parameters differences at
different sampling times, soil depths, and farming modes.
Four MANOVA tests (Wilks’ Lambda, Lawley-Hotelling, Pillai’s
Trace, and Roy’s Largest Root) values are selected, while
the difference levels between groups correspond to F-values
(Matheron, 1963).

Results

Physico-chemical parameters

The 14-year (2002–2016) long-run farming practices were
observed to change soil physico-chemical properties to some
extent (Table 1). It was observed that the soil under all three
farming regimes is neutral to slightly alkaline (pH = 7.3–8.1)
in nature. The differences were found to be insignificant (at
p ≥ 0.05). The soil samples collected at 0–20 cm soil depth
during October and December months showed lower pH than
that of samples collected at 20–40 cm soil depth. At 0–20 cm
soil depth, ORF showed increase in soil pH whereas, at 20–
40 cm soil depth, conventional farming increased pH of the soil
followed by organic and LOF farming modes. Overall results
showed increase in soil pH with increase in soil depth i.e., low
pH was observed in soil samples collected from 0 to 20 cm depth
while high pH was recorded in samples taken from 20 to 40 cm
soil depth.

The variation among water content (moisture content)
was significant in both December and October soil samples.
The water content recorded under organic, low input and
conventional farming modes was found to be 30–43, 24–
38, and 23–34%, respectively. WC was significantly lower
under conventional farming as compared to other farming
practices. The change in water content in 0–20 cm soil depth

was significantly higher than that in 20–40 cm depth under
same farming mode during same month of sampling with an
increasing percentage range between 21 and 28%. Soil TOC
and TC contents under low input and ORF modes increased
significantly after long-term application of bio-compost. The
contents of TOC and TC in the soil samples were significantly
higher under ORF followed by low input and conventional
farming modes. The contents of both forms of carbon were
found higher in December soil samples collected from 0 to 20 cm
soil depth while October soil samples collected within 0–20 cm
depth showed low contents.

The soil ammonium nitrogen (NH4N) content was observed
to be insignificantly higher under ORF, and lowest under
conventional and low input modes, and the content in the 0–
20 cm soil depth was higher than that in the 20–40 cm soil
layer. It was found that NH4N content under conventional and
low input farming modes was higher in October samples as
compared to December ones. Under all three farming modes,
change in soil NO3N content at 0–20 cm depth was higher
than that of 20–40 cm soil depth. NO3N content of soil samples
collected during December from 0 to 20 cm soil depth followed
a significant trend as: ORF > low input farming > conventional
farming, while from soil depth of 20–40 cm, the trend was
observed to be: conventional farming > ORF > low input
farming significant at p ≤ 0.05. The AN content of soil samples
collected from 0 to 20 cm soil depth showed no significant
difference under organic and low input modes; however, it
was significantly higher than the conventional farming mode.
October soil samples collected from 20 to 40 cm depth showed
variation in trend of AN content in ORF which was significantly
higher than that in conventional and low input modes. Overall
results revealed that the variation in soil AN content at 0–
20 cm soil depth was significantly higher than that in 20–40 cm
soil depth and October soil samples showed higher content of
AN as compared to soil samples collected during December
month. The TN content in December soil samples was found
to be higher than that in October samples. Within 0–20 cm soil
depth, no significant differences in TN content were observed
in organic and low input farming mode, however, content
was higher than that of conventional type of farming. The
variation of soil TN content under all three farming modes
followed a trend as: ORF > low input farming > conventional
farming mode. The change in soil TN content at 0–20 cm
depth was higher than that in 20–40 cm soil depth and TN
content was found to be significantly higher in December soil
samples as compared to the October samples. The variation
in total phosphorus (TP) content of soil was observed to be
significantly higher at 0–20 cm soil depth as compared to 20–
40 cm soil depth. The TP content of December soil samples
was higher than that of October samples. The soil samples
collected from 0 to 20 cm depth showed TP content in a
trend as: ORF > conventional farming > low input farming
while, soil samples collected from 20 to 40 cm depth revealed
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TABLE 1 Effect of different farming practices on soil parameters within different soil depths and sampling months.

Sampling
time

Depth Farming
mode

pH WC TOC TC NH4N NO3N AN TN TP AP

October 0–20 cm COF 7.45± 0.064ab 22.06± 0.363c 1.448± 0.096c 2.084± 0.142c 0.199± 0.064a 0.214± 0.061a 0.414± 0.121a 2.239± 0.312a 0.604± 0.055b 0.017± 0.002c

LOF 7.31± 0.065b 25.76± 0.621b 1.954± 0.358b 2.845± 0.095b 0.170± 0.012a 0.193± 0.033a 0.363± 0.030a 3.742± 0.505a 0.602± 0.032b 0.022± 0.002b

ORF 7.48± 0.008a 28.66± 1.258a 2.618± 0.167a 3.767± 0.285a 0.192± 0.011a 0.248± 0.014a 0.441± 0.023a 4.079± 0.437a 0.724± 0.072a 0.027± 0.001a

20–40 cm COF 8.00± 0.052a 18.78± 0.371b 0.423± 0.695c 1.216± 0.081c 0.159± 0.028a 0.104± 0.022a 0.263± 0.031a 0.826± 0.299c 0.243± 0.041c 0.008± 0.000c

LOF 7.85± 0.083ab 19.81± 0.906b 0.831± 0.074b 1.555± 0.047b 0.153± 0.018a 0.071± 0.025a 0.224± 0.017a 1.427± 0.149b 0.294± 0.024b 0.011± 0.000b

ORF 7.85± 0.026b 23.26± 2.436a 1.293± 0.131a 2.079± 0.224a 0.231± 0.117a 0.099± 0.012a 0.330± 0.113a 1.993± 0.081a 0.404± 0.027a 0.017± 0.002a

p-values 0.976 0.005* 0.001** 0.003* 0.204 0.545 0.002* 0.000** 0.002* 0.361

December 0–20 cm COF 7.5± 0.1034a 25.46± 0.987c 1.630± 0.109c 2.350± 0.135c 0.108± 0.021b 0.088± 0.020b 0.197± 0.041b 2.106± 0.444c 0.710± 0.037a 0.019± 0.000b

LOF 7.44± 0.182a 27.90± 0.612b 2.043± 0.187b 2.942± 0.163b 0.104± 0.003b 0.146± 0.096a 0.250± 0.094b 3.511± 0.514b 0.662± 0.043a 0.022± 0.002b

ORF 7.56± 0.084a 30.14± 0.461a 2.826± 0.114a 4.002± 0.050a 0.187± 0.015a 0.250± 0.045a 0.436± 0.059a 4.640± 0.471a 0.722± 0.121a 0.029± 0.001a

20–40 cm COF 8.02± 0.190a 19.10± 0.959c 0.826± 0.068b 1.409± 0.123b 0.076± 0.003b 0.068± 0.012a 0.145± 0.078b 1.071± 0.098b 0.358± 0.049b 0.009± 0.001b

LOF 7.92± 0.169 a 21.53± 0.524b 1.059± 0.243b 1.621± 0.224b 0.083± 0.004b 0.081± 0.032a 0.164± 0.035ab 1.902± 0.464b 0.343± 0.064a 0.012± 0.002b

ORF 7.86± 0.138 a 26.15± 1.532a 1.861± 0.300a 2.465± 0.302a 0.177± 0.017a 0.083± 0.026a 0.260± 0.023a 3.358± 0.804a 0.525± 0.076a 0.021± 0.002a

p-values 0.954 0.000** 0.000** 0.000** 0.279 0.025* 0.032* 0.010* 0.000** 0.000**

Mean values (mean± S.D. of 4 observations) of parameters followed by different lowercase letters in columns are significantly different (one way ANOVA; Tukey’s test, p≤ 0.05) under different farming practices, soil depth and sampling time. *Significant
at p≤ 0.05; **significant at p≤ 0.01 (One way ANOVA). Where, COF, Conventional farming; LOF, Low input farming; ORF, Organic farming; 0–20 and 20–40 (cm)—Soil depth from where soil samples were collected; WC, Water content (%); TOC, Total
organic carbon (%); TC, Total carbon (%); TN, Total nitrogen (%); NH4N, Ammonium nitrogen (%); NO3N, Nitrate nitrogen (%); AN, Available nitrogen (%); TP, Total phosphorus (%); AP, Available phosphorus (%).
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a trend as: ORF > low input farming > conventional farming
mode. The variation in AP in soil collected from fields under
three farming modes follow a trend as: ORF > low input
farming > conventional farming mode. The content of AP
content was significantly higher in October soil samples than in
December one and at 0–20 cm soil depth AP was found to be
higher than that at 20–40 cm soil depth. It can be observed that
application of organic fertilizers significantly increased soil total
and AP content under ORF mode.

MANOVA analysis showed the effect of interaction between
independent variables (sampling time∗soil depth; sampling
time∗farming modes; soil depth∗farming modes; and sampling
time∗soil depth∗farming modes) on the dependent variables
(pH, WC, TC, TOC, NH4N, NO3N, AN, TN, TP, and AP).
The descriptive results for MNOVA are given in Table 2.
Pillai’s Trace, Hotelling’s Trace, and Roy’s Largest Root values
were all significant at p ≤ 0.01 where Hotelling’s Trace value
was almost equal to Pillai’s Trace value which indicates that
there was a significant interaction of independent variables
with some of the dependent variables. Hotelling’s Trace and
Roy’s Largest Root values were also similar which also indicate
significant interactive effect of independent variables with some
of the dependent variables. The output generated reveals that
there exists significant effect of interaction between soil depth
and farming modes on soil WC (F = 8.800; p = 0.001), TC
(F = 10.721; p = 0.000), TN (F = 7.303; p = 0.002), TP
(F = 5.942; p = 0.006), and AP (F = 5.396; p = 0.009) whereas
pH (F = 1.389; p = 0.262), TOC (F = 1.337; p = 0.275), NH4N
(F = 1.280; p = 0.290), NO3N (F = 0.834; p = 0.443), and
AN (F = 1.562; p = 0.223) were insignificantly effected by
the interaction. Interaction effect of soil depth∗sampling time
showed significant effect on NO3N (F = 4.390; p = 0.043) content
whereas, all other soil parameters showed insignificant effect.
Also, there was no significant interaction effect of different
farming modes∗sampling time; and farming modes∗sampling
time∗soil depth on any of the soil parameters.

Soil microbial abundance and diversity

Phospho-lipid fatty acids
PLFA analysis detected biomarkers for 33 microorganisms

in the tested soil samples, out of which only 22 biomarkers
greater than 0.1% were selected for the further study
(Supplementary Tables 1, 2). It was observed that the PLFA
markers of soil microorganisms under different farming modes
were significantly different and were completely distributed
within 0–20 and 20–40 cm soil depths (14:0, 16:0, 18:0, 15:0
anteiso, 15:0 iso, 16:0 10-methyl, 16:0 iso, 16:1 2OH, 17:0
anteiso, 17:0 cyclo, 17:0 iso, 17:1 iso w9c, and 19:0 cyclo w8c)
etc. while, some biomarkers like 15:0, 17:0, 20:0, 16:1 w7c,
17:0 10-methyl, 18:0 10-methyl TBSA, 18:1 w9c, 18:3 w6c
(6, 9, 12), and 20:4w6, 9c were not distributed. The content

of the PLFA biomarkers in the 0–20 cm soil depth samples
was significantly higher than that in the 20–40 cm depth soil
samples. Soil samples collected during December showed more
microorganisms with biomarkers of 16:1 w7c while October
samples showed microorganisms with biomarkers 15:0, 17:0,
20:0, 18:0 10-methyl TBSA, 18:3 w6c (6,9,12), and 20:4w6.

The most abundant PLFA biomarkers whose content was
greater than 5% were found to be 16:0 (gram-positive bacteria)
followed by 19:0 cyclo w8c (gram-negative bacteria), 16:0 10-
methy1 (Actinomycetes), 15:0 iso (gram-positive bacteria), and
17:1 iso w9c (gram-negative bacteria) (Figure 1). However, the
PLFA content of reported five types of microorganisms showed
variation under different farming modes and followed a trend as:
ORF > LOF > COF. No fungal community was reported in 20–
40 cm soil depth while in October soil samples, the PLFA content
of Gram-positive bacteria and Actinomycetes was highest in
LOF and ORF modes and lowest in COF mode. The PLFA
content of various microorganisms was reported higher in ORF
followed by COF and LOF mode in soil samples collected during
December month. Overall results showed that the abundance
of gram-positive and gram-negative bacteria was significantly
higher under ORF mode followed by LOF and conventional
mode. The total PLFA content of soil can indirectly represent
the total amount of soil microorganisms. It can be seen that
the changing pattern of soil total PLFA content under different
farming modes followed a trend as: organic mode > LOF
mode > conventional farming mode (Figure 2). The variation in
soil total PLFA was reported to be highest at 0–20 cm soil depth
as compared to 20–40 cm depth. ORF management practice
showed significant increase in soil total PLFA content during
October than in December. Under conventional farming mode,
soil total PLFA content was higher during December month
as compared to October while LOF farming mode revealed
insignificant difference in total PLFA content of soil during both
the sampling times.

DNA high-throughput sequencing
Sequences were obtained through DNA high-throughput

sequencing and it extracted 29,689 sortable operational units
(OTUs) with 97% sequence similarity. The OTUs revealed
microorganisms from 2 kingdoms, 27–30 phyla, 62–67 classes,
72–81 orders, 129–143 families, 154–186 genera, and 15–20
species (Supplementary Table 3). It was observed that, under
different farming modes, soil depths and sampling times there
was a mild effect on the abundance and diversity of soil
microorganisms at various taxonomic levels but differences in
the structural distribution of microorganisms were reported.
In the present study, the relative abundance and diversity
of microorganisms was studied at phylum and class level of
classification. At the phylum level of classification, 30 phyla were
reported in the metagenomic test samples, and the unclassified
phyla accounts for 0.01–0.08%. The relative abundance of more
than 0.1% was selected (Figure 3). Figure 3 is drawn for 11
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TABLE 2 MANOVA results for soil samples collected during different farming practices within different soil depths and sampling months.

Test Value Fs Hypothesis df Error df Sig.

Sampling time Pillai’s Trace 0.547 3.256 10 27 0.007

Wilks’ Lambda 0.453 3.256 10 27 0.007

Lawley-Hotelling 1.206 3.256 10 27 0.007

Roy’s Largest Root 1.206 3.256 10 27 0.007

Soil depth Pillai’s Trace 0.966 76.571 10 27 0.000

Wilks’ Lambda 0.034 76.571 10 27 0.000

Lawley-Hotelling 28.360 76.571 10 27 0.000

Roy’s Largest Root 28.360 76.571 10 27 0.000

Farming mode Pillai’s Trace 1.474 7.844 20 56 0.000

Wilks’ Lambda 0.016 18.864 20 54 0.000

Lawley-Hotelling 31.558 41.026 20 52 0.000

Roy’s Largest Root 30.536 85.500 10 28 0.000

Sampling depth*Farming mode Pillai’s Trace 1.048 3.081 20 56 0.000

Wilks’ Lambda 0.121 5.077 20 54 0.000

Lawley-Hotelling 5.901 7.671 20 52 0.000

Roy’s Largest Root 5.653 15.830 10 28 0.000

Sampling time*Soil depth Pillai’s Trace 0.193 0.647 10 27 0.761

Wilks’ Lambda 0.807 0.647 10 27 0.761

Lawley-Hotelling 0.240 0.647 10 27 0.761

Roy’s Largest Root 0.240 0.647 10 27 0.761

Sampling time*Farming mode Pillai’s Trace 0.241 0.383 20 56 0.990

Wilks’ Lambda 0.763 0.391 20 54 0.998

Lawley-Hotelling 0.305 0.397 20 52 0.987

Roy’s Largest Root 0.287 0.804 10 28 0.627

Sampling time*Soil depth* Farming mode Pillai’s Trace 0.234 0.370 20 56 0.992

Wilks’ Lambda 0.767 0.383 20 54 0.990

Lawley-Hotelling 0.303 0.394 20 52 0.998

Roy’s Largest Root 0.300 0.840 10 28 0.595

*Indicates interaction between independent variables.

phyla which revealed Proteobacteria as the main dominant
phyla followed by Acidobacteria, Bacteroidetes, Actinobacteria,
Chloroflexi, Gemmatimonadetes, Firmicutes etc., each accounted
for 24–44%, 19–30%, 6–23%, 3.8–6.2%, 3.8–8.3%, 0.9–4.3%,
0.7–2.2% of the total microbial content, respectively. Among
them, Proteobacteria, Acidobacteria, and Bacteroidetes showed
higher relative abundance of 95%, followed by Actinobacteria,
Chloroflexbacteria etc. The relative abundance of various phyla
was found to be insignificantly affected within different soil
depths (0–20 and 20–40 cm), but significant differences were
observed in microbial abundance in response to different
farming modes and sampling months.

The relative abundance of Proteobacteria in October
soil samples at 0–20 cm soil depth was observed to be
significantly higher under LOF farming mode and slightly
lower in the conventional and ORF modes whereas, the
abundance of Acidobacteria was found significantly higher
under conventional mode and lower under LOF and organic
modes. The abundance of Bacteroidetes was significantly higher
at 0–20 cm depth than that in the 20–40 cm soil depth. The

relative abundance of Actinobacteria in soil samples collected
from 0 to 20 cm soil depth showed a trend as: organic
mode > LOF mode > conventional mode while at 20–40
cm soil depth, the trend was observed to be: conventional
mode > LOF mode > organic mode. The relative abundance
of Chloroflexbacteria at 20–40 cm depth was significantly higher
than that at 0–20 cm soil depth, highest under conventional
farming mode followed by organic and LOF farming modes.
During December, the relative abundance of Proteobacteria and
Acidobacteria was found to be highest under conventional mode
followed by LOF and ORF modes. Bacteroidetes abundance at 0–
20 cm was significantly higher under organic mode while at 20–
40 cm, the relative abundance was highest in the LOF mode as
compared to the organic and conventional farming modes. The
abundance of Actinobacteria and Chloroflexbacteria in 20–40
cm soil depth showed insignificant difference between farming
modes while at 0–20 cm depth, the abundance of Actinomycetes
was reported to be highest in the organic mode followed by
LOF and conventional modes. The abundance of Chloroflexi
was not found to be affected under any farming modes while
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FIGURE 1

Effect of different farming practices on PLFA content of various soil microbial types within different soil depths during different sampling
months. Where, G +, Gram-positive bacteria; G–, Gram-negative bacteria; B, Bacteria; A, Actinomycetes; F, Fungi; October and December-
Months of soil sampling; PLFA, Phospho-lipid fatty acids; COF, Conventional farming; LOF, Low input farming; ORF, Organic farming; 0–20 and
20–40 (cm)—Soil depth from where soil samples were collected.

phylum Bacillus showed significantly higher abundance under
LOF mode as compared to other two modes.

At the class level of classification, there were 67 classes
of bacteria in the metagenomic testing samples and the
relative abundance of unclassified bacterial classes was 11.91–
22.59% (Figure 4). Figure 4 is plotted for 11 classes of
microorganisms with an abundance of more than 0.1% and
the main dominant classes included Alphaproteobacteria,
Gammaproteobacteria, Sphingobacteriia, Blastocatellia,
Betaproteobacter, Actinobacteria, Deltaproteobacteria,
Gemmatimonadetes, Acidimicrobiia, and Nitrospira.
Among them, the abundance of Alphaproteobacteria,
Gammaproteobacteria, Sphingobacteria, and Blastocatellia
was relatively high with the total microbial abundance of 40–
60%. In addition, the relative abundance of fungi classes showed
obvious differences under different farming modes within
different soil depths during different sampling times. The
relative abundance of Alphaproteobacteria and Blastocatellia
was higher in conventional mode while, the presence of
Sphingobacteria at 0–20 cm soil depth was higher in LOF mode
while at 20–40 cm depth, the abundance was higher under
conventional farming mode. Supplementary Table 4 showed
that at 97% similarity level sequencing results, the coverage

rate of the established microbial library in all soil samples
was between 99.4 and 99.6%, which can truly reflect the OTU
composition of the microbial community of samples and the
information has high degree of confidence, which have high
research significance and practical value.

The ACE richness, Chao index and Shannon diversity
indices of the microbial community were found to be affected by
different farming modes during different sampling periods while
Simpson index was found to be unaffected (Supplementary
Table 4). In October, all three indices were observed to
be higher under LOF mode while low in Chao and ACE
richness index was observed in organic and conventional
modes. The Shannon diversity index was higher in the
ORF mode as compared to conventional mode. During late
stage of celery production (December), the Chao and ACE
richness index and Shannon diversity index of the microbial
community did not show any effect of farming modes, which
might be attributed to celery crop and its effect on soil
microorganism’s abundance.

Pearson’s correlation analysis
Pearson’s correlation analysis revealed significant

correlation among almost all of the physico-chemical
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FIGURE 2

Effect of different farming practices on total PLFA content of soil within different soil depths during different sampling months. Where, October
and December- Months of soil sampling; PLFA, Phospho-lipid fatty acids; COF, Conventional farming; LOF, Low input farming; ORF, Organic
farming; 0–20 and 20–40 (cm)—Soil depth from where soil samples were collected.

parameters of the soil samples except for pH, NH4N, NO3N,
and TP which showed insignificant correlation with other
soil parameters. Significantly strong positive correlations were
observed between AP and TOC (r = 0.969) and TC (r = 0.962)
at p≤ 0.01 while, TN content showed strong positive significant
correlation with organic carbon (r = 0.913, p ≤ 0.01). Other
parameters like TOC-WC (r = 0.941); TC-WC (r = 0.936);
TC-TOC (r = 0.989); TN-TOC (r = 0.931); TN-TC (r = 0.905);
AP-WC (r = 0.944); NO3N-AN (r = 0.919) also revealed strong
significant positive correlation between each other at p ≤ 0.01
level of significance.

Also, correlation between different soil physico-chemical
parameters and soil microorganisms groups based on PLFA
content was performed using Canoco 4.5 software, RDA analysis
(Figure 5). The total explained amount of the two principal

components in the two periods reached 99.9%. Among them,
the first principal component (PC1) explained 93.4 and 86.1%
of the variables, and the second principal component (PC2)
explained the variables were 6.5 and 13.8%. In October,
the most significant correlation was observed between most
of the bacterial types and soil AP, total available nitrogen,
TOC and soil water content. The abundance of microbial
population was negatively correlated with pH. There was a
significant positive correlation among G + bacteria, G− bacteria,
fungi, actinomycetes and total bacteria, and all were at the
negative end of the second principal component and the
correlations between various microbial populations reached
at significant to highly significant level. In December, there
was a significant positive correlation between G + and G−
bacteria, fungi, actinomycetes and total bacteria, and they were
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FIGURE 3

Effect of different farming practices on soil microbial abundance at class levels within different soil depths and sampling months. Where,
October and December- Months of soil sampling; COF, Conventional farming; LOF, Low input farming; ORF, Organic farming; 0–20 and 20–40
(cm)—Soil depth from where soil samples were collected.

also at the negative end of the first principal component and
the second principal component and the correlations between
various microbial populations reached to a significant and
extremely significant levels. Bacterial population, G + bacteria,
G− bacteria, actinomycetes, and fungi were observed to be
positively correlated with soil TOC, TC, TN, nitrate nitrogen,
total available nitrogen, TP, AP and water content, among
which soil TN, TP, TOC correlation was the most significant.
The ratio of G + bacteria to G− bacteria was observed
to be extremely significant and negatively correlated with
soil ammonium nitrogen and positively correlated with soil
pH.

Table 3 shows correlation analysis between different
soil physicochemical properties and microbial phylum
groups. Presence of Proteobacteria, Bacteroidetes, and
Latescibacteria showed significant correlations with most
of the soil physicochemical properties where Proteobacteria
was negatively correlated with WC, TOC, TC, and AP at
significance level of p ≤ 0.01 whereas TN, TP at p ≤ 0.05.
Bacteroidetes community was found positively correlated
with soil WC, TOC, TC, TN, and AP at a significant level

of p ≤ 0.01 while TP at p ≤ 0.05. Actinobacteria population
was found positively correlated with soil AN at a significance
level of p ≤ 0.01 whereas presence of Gemmatimonadetes
was observed to be negatively correlated with soil pH at
p ≤ 0.05. Presence of Latescibacteria was positively correlated
with WC, TOC, TC, TN NO3N, AP, and AN at p ≤ 0.01
whereas TP reached a significant level of p ≤ 0.05. Chao index
was negatively correlated with presence of Latescibacteria
presence. Table 4 represents correlation analysis between
different soil physicochemical properties and microbial class
groups. Presence of Alphaproteobacteria revealed significant
negative correlation with WC, TOC, TC, TN, TP, and AP at
significance level of p ≤ 0.01 and NO3N at p ≤ 0.05 while
soil pH showed significant positive correlation at p ≤ 0.05.
Sphingobacteriia population was found positively correlated
with TN at a significance level p ≤ 0.01 while WC, TOC,
TC, and AP at a level of p ≤ 0.05. Blastocatellia presence was
found negatively correlated NO4N and AN at a significance
level of p ≤ 0.01 while AP and Shannon index at a level of
p ≤ 0.05. Deltaproteobacteria was found negatively correlated
with Chao index of richness while Gemmatimonadetes presence
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FIGURE 4

Effect of different farming practices on soil microbial abundance at phylum levels within different soil depths and sampling months. Where,
October and December- Months of soil sampling; COF, Conventional farming; LOF, Low input farming; ORF, Organic farming; 0–20 and 20–40
(cm)—Soil depth from where soil samples were collected.

FIGURE 5

Correlation between different soil physico-chemical parameters and soil microbial groups based on PLFA content. Where, October and
December- Months of soil sampling; G +, Gram-positive bacteria; G–, Gram-negative bacteria; B, Bacteria; A, Actinomycetes; F, Fungi; WC,
Water content (%), TOC, Total organic carbon (%), TC, Total carbon (%), TN, Total nitrogen (%), NH4N, Ammonium nitrogen (%), NO3N, Nitrate
nitrogen (%), AN, Available nitrogen (%), TP, Total phosphorus (%), AP, Available phosphorus (%).

was observed to be negatively correlated with soil pH at the
significance level of at p ≤ 0.05. Presence of Cytophagia was
negatively correlated with soil pH and Shannon index at
p ≤ 0.01 whereas Nitrospira was found positively correlated

with soil pH at p ≤ 0.05 level of significance. Flavobacteriia
population was positively correlated with TOC, TC, TN, AP
(at p ≤ 0.01), WC, NO3N, TP and Shannon index (at p ≤ 0.05)
while negatively correlated with soil pH at p ≤ 0.05.
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TABLE 3 Correlation between the soil microbial abundance (phylum level), soil physico-chemical properties and Alpha diversity indices.

Microbial
phylum

pH WC TOC TC TN NH4N NO3N AN TP AP ACE richness
index

Chao
index

Shannon
index

Simpson
index

Proteobacteria 0.253 −0.762** −0.753** −0.720** −0.681* 0.089 −0.370 −0.206 −0.629* −0.715** 0.316 0.453 −0.207 0.005

Acidobacteria 0.410 −0.304 −0.340 −0.373 −0.477 −0.227 V0.453 −0.419 −0.241 −0.318 −0.211 −0.213 −0.472 0.157

Bacteroidetes −0.409 0.753** 0.769** 0.720** 0.816** −0.139 0.451 0.236 0.619* 0.711** −0.607 −0.179 0.303 −0.183

Actinobacteria −0.154 0.274 0.309 0.402 0.357 0.494 0.506 0.588* 0.150 0.306 −0.087 −0.041 0.378 0.033

Chloroflexi 0.190 0.079 0.030 0.059 −0.085 0.127 −0.239 −0.098 0.005 0.078 0.073 0.045 0.084 0.056

Gemmatimonadetes −0.584* 0.200 0.257 0.248 0.181 0.234 0.507 0.459 0.452 0.251 −0.739 −0.365 0.379 0.125

Firmicutes 0.350 −0.352 −0.519 −0.462 −0.470 −0.151 −0.571 −0.461 −0.462 −0.464 0.115 0.074 −0.335 −0.048

Nitrospirae 0.570 −0.328 −0.440 −0.376 −0.488 0.118 −0.441 −0.239 −0.475 −0.376 −0.216 −0.277 −0.512 0.221

Saccharibacteria 0.140 −0.109 0.031 0.042 −0.055 −0.071 0.132 0.054 −0.043 −0.013 0.163 0.279 0.236 0.151

Tectomicrobia 0.197 0.099 0.068 0.150 0.129 0.486 −0.038 0.216 −0.200 0.121 0.409 0.230 0.275 0.175

Latescibacteria −0.459 0.772** 0.827** 0.869** 0.747** 0.513 0.829** 0.816** 0.702* 0.820** −0.499 −0.607* 0.489 0.182

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). Where, WC, Water content (%); TOC, Total organic carbon (%); TC, Total carbon (%); TN, Total nitrogen (%); NH4N, Ammonium nitrogen (%);
NO3N, Nitrate nitrogen (%); AN, Available nitrogen (%); TP, Total phosphorus (%); AP, Available phosphorus (%).

TABLE 4 Correlation between the soil microbial abundance (class level), soil physico-chemical properties and Alpha diversity indices.

Microbial class pH WC TOC TC NH4N NO3N AN TN TP AP ACE richness index Chao
index

Shannon
index

Simpson
index

Alphaproteobacteria 0.625* −0.878** −0.857** −0.866** −0.171 −0.706* −0.465 −0.775** −0.801** −0.862** 0.276 0.462 −0.566 −0.035

Gammaproteobacteria −0.302 −0.030 0.047 0.460 0.109 0.364 0.034 −0.023 0.035 0.160 0.333 0.296 0.476 −0.025

Sphingobacteriia −0.366 0.695* 0.698* 0.642* −0.210 0.349 0.160 0.743** 0.534 0.636* −0.136 −0.258 0.140 −0.163

Blastocatellia 0.484 −0.493 −0.502 −0.570 −0.790** −0.482 −0.747** −0.478 −0.430 −0.579* −0.048 0.119 −0.677* −0.201

Betaproteobacteria −0.244 −0.352 −0.383 −0.372 −0.039 0.111 −0.049 −0.467 −0.012 −0.332 0.033 0.101 0.208 0.148

Actinobacteria −0.266 −0.015 0.060 0.149 0.430 0.238 0.526 0.135 0.006 0.056 0.011 0.120 0.391 −0.005

Deltaproteobacteria −0.325 0.553 0.463 0.503 0.227 0.469 0.344 0.409 0.468 0.486 −0.449 −0.590* 0.249 0.102

Gemmatimonadetes −0.645* 0.241 0.298 0.304 0.286 0.533 0.549 0.274 0.427 0.285 −0.266 −0.263 0.495 0.107

Acidimicrobiia −0.057 0.501 0.517 0.536 −0.114 0.374 0.115 0.466 0.397 0.472 −0.227 −0.223 0.111 0.002

Cytophagia −0.715** 0.376 0.400 0.395 0.031 0.353 0.280 0.495 0.410 0.383 0.464 0.439 0.748** −0.299

Nitrospira 0.628* −0.343 −0.440 −0.376 0.118 −0.386 −0.242 −0.488 −0.475 −0.374 −0.216 −0.277 −0.512 0.221

Flavobacteriia −0.602* 0.693* 0.753** 0.757** 0.253 0.619* 0.538 0.743** 0.678* 0.736** −0.009 −0.032 0.604* −0.059

Thermoleophilia 0.017 0.530 0.496 0.519 0.557 0.089 0.402 0.505 0.226 0.532 0.003 −0.175 0.220 0.105

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). Where, WC, Water content (%); TOC, Total organic carbon (%); TC, Total carbon (%); TN, Total nitrogen (%); NH4N, Ammonium nitrogen (%);
NO3N, Nitrate nitrogen (%); AN, Available nitrogen (%); TP, Total phosphorus (%); AP, Available phosphorus (%).
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Discussion

In the present study, soil pH was observed to be
slightly alkaline in nature where alkalinity of soil increases
with increase in the soil depth under ORF. Similarly,
Kwiatkowski and Harasim (2020) reported high pH in
organically managed soil as compared to other conventional
farming modes. Organic material introduced in the soil can
enhances the soil buffering capacity and Al3+ chelation which
results in increased soil pH (Baolan et al., 2014). The variability
in pH within different soil depths can be attributed to increase
in downward solutes movement of soil bases within the soil
profile due to leaching (Assen et al., 2005) and enhanced levels
of carbonate ions and less weathering rates in soil (Malo et al.,
2005). Soil moisture content can influence the pH by altering
soil chemical equilibrium, and changing soil nutrient forms and
their effectiveness (Morales et al., 2011). Soil pH can increase
due to the application of organic residues in the soil (Manna
et al., 2005; Huang et al., 2016) or due to retention of crop
residues (Liu et al., 2010; Butterly et al., 2011). In organically
farmed soil, the water content was found higher at the upper soil
surface as compared to deep surface. Pimentel et al. (2005) also
observed the application of organic fertilizer can increase soil
water storing capacity. The presence of high organic matter in
soil can provide a ground cover which can help in reducing soil
temperature resulting in less water evaporation (Calvino and
Monzon, 2009). Hathaway-Jenkins et al. (2011) in their study
reported high infiltration rate and reduced runoff in agricultural
soils of England managed under ORF mode. One of the recent
studies by Durrer et al. (2021) observed that organic treatment
of soil can maintain high water stock in the soil due to presence
of high organic matter.

It was observed that organic fertilizer input rapidly increased
the contents of soil carbon at the 0–20 cm soil depth which
might be attributed to bio-compost application. For assessing
productivity of any agricultural soil, organic carbon can be
used as one of the most important indicators (Shukla et al.,
2006). Similar to the present study, the relatively higher OC
in upper surface (0–20 cm) of soil was observed by Selassie
and Ayanna (2013) in their study and attributed this increase
to relatively enhanced return of soil biomass at the surface
due to microbial decomposition. Also, Wakene (2001) reported
high OC and TOC in the surface soil which is the most
biologically active layer in the whole soil profile. High carbon
accumulation in agricultural soil can be credited to leaf litter
fall on the surface and also through root deposition in deeper
soil layers (Zhou and Wang, 2017). Present results were also
supported by findings of Mandal et al. (2018) and Kwiatkowski
and Harasim (2020). Contrary to the present results, Sharma
et al. (2020) reported that intensive cultivation, inappropriate
tillage and other management practices can increase soil organic
carbon loss through high microbial activities and oxidation
process. The other form of carbon, i.e., soil inorganic carbon

(IC) contains compounds like carbonate ions, calcium and
magnesium carbonate deposits in soil solution and CO2 in soil
air. In the present study, soil inorganic carbon can be calculated
by subtracting TOC from TC. It was observed that IC was
relatively high in ORF system as compared to LOF and COF
farming systems. Mostly arid and semiarid climate soils have
high content of IC as compared to moist soils which have very
low IC content due to long turnover period and occurrence
of chemical processes which shows little effect on soil fertility
(Kowalska et al., 2020).

Long-term ORF and vegetable cultivation increased soil
ammonium nitrogen at upper surface (0–20 cm) and lowest
in the conventional and low input modes (20–40 cm depth).
Organic N soil stock increased due to decrease in nitrogen
leaching (Kwiatkowski and Harasim, 2020). Soil NO3N, AN and
TN contents was found to be highest at upper surface under
ORF. The application of organic fertilizer can not only improve
soil TN storage, but also have a certain effect on ammonium
nitrogen in soil and AN components. Higher organic input
(leaf litter) can enhance soil nitrogen mineralization (Zhou and
Wang, 2017). Similar results were observed by Drinkwater et al.
(1995) and Wang et al. (2011) who recorded higher total N
content and high mineralization rate in organically managed
soils as compared to conventional ones. Also, Kwiatkowski
and Harasim (2020) in their study reported high TN and
NH4N content in top layer of agriculture soil and attributed
this to type of fertilizers used in ORF which are highly
mineralized and can stimulate high soil enzymatic activity
resulting in higher nitrogen release in the soil. They also
reported low content of NO3N in organically managed field
as compared to conventional one which showed significant
increase with depth. In the present study, it was observed
that availability of TN decreases consistently with increase
in depth from 0 to 20 cm and 20 to 40 cm under all
farming modes as earlier reported by Gong et al. (2005),
Geissen and Guzman (2006), and Selassie and Ayanna (2013).
Contradictory, Emiru and Gebrekidan (2013) reported that
continuous organic cultivation can increase oxidation rate of
organic matter which can result in reduced nitrogen availability
to the crops.

TP and AP were found to be highest content under ORF
mode at 0–20 cm depth as compared to 20–40 cm soil depth.
In the present study, the amount of AP showed decline with
increase in the soil depth. Similar results were observed by
Selassie and Ayanna (2013) who credited decrease in P available
forms with increasing soil depth to reduction in soil organic
matter content in lower soil profile. Generally, P availability
increases in organically managed soils due to increase in
organic compounds which led to formation of organophosphate
complex that can be easily assimilated by plants and also
organic matter in soil can promote maximum dissolution of
inorganic phosphorus by reducing its fixation and improving
its availability in the soil (Selassie and Ayanna, 2013). It can be
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observed in the present study that AP at the surface soil (0–
20 cm) was higher than that in sub soils (20–40 cm), similar
results were reported earlier by many studies (Eshetu et al., 2004;
Tuma, 2007). The long-term application of phosphate fertilizers
and organic manures in soils revealed increased availability of P
to the crop plants through decomposition of organic matter and
release of certain acids helpful in calcium phosphates solubility
(Mohammadi et al., 2009).

Soil microbial abundance and diversity was studied by
obtaining biomarkers for different microbes through PLFA
technique. In the present study, the most abundant PLFA
biomarkers were found to be 16:0, 19:0 cyclo w8c etc. which
indicated presence of gram-positive bacteria, gram-negative
bacteria, Actinomycetes etc. Soil total PLFA content indicated
highest microbial diversity under ORF. Durrer et al. (2021)
reported that the presence of N-input as compost poultry and
green manure may resulted in changes in bacterial community
structure which can lead to improved nutrient cycling of
phosphorus and carbon. Similarly, Neha et al. (2022) reported
ORF as an effective farming technique which can increase
total PLFA soil content and improve soil microbial biomass.
Similar results were observed in some previous study of Zhong
et al. (2010) who studied the long term effects of organic and
inorganic fertilizers on PLFA profiles and microbial functional
diversity and reported significant increase in the total PLFA
amount of soil microorganisms like bacteria and Actinomycetes
under application of both organic and inorganic type of
fertilizers while Jingwei (2016) showed that application of
organic and bio-fertilizers can improve the total PLFA content
of bacteria and fungi present in the soil ecosystem. Contrary to
the present study, Zhang et al. (2010) reported reduced relative
content of PLFA in Actinomycetes and fungi under ORF mode.

We used DNA high-throughput sequencing of the 16S rRNA
to evaluate diversity shifts and to identify the specific bacterial
groups associated with soil under organic, conventional
and LOF farming systems. Results revealed 97% sequence
similarity of data and some effect on structural distribution
of microorganisms under different farming modes within
different soil depth and sampling time. Use of V3 and V4
regions for 16S rRNA gene sequencing is recommended as
these provide accurate and adequate information for taxonomic
classification of bacterial communities (Castelino et al., 2017).
Many early studies demonstrated the effects of different
farming methods on the soil microbial community, which
may increase, decrease or remain stable (Reilly et al., 2013;
Lupatini et al., 2017). In our study we observed increase in
the content of C and N under ORF mode, which can led
to increase in the microbial diversity indices, as reported
earlier by Hartmann et al. (2015). Out of 30 phyla reported,
Proteobacteria was found with high relative abundance followed
by Acidobacteria, Bacteroidetes etc. and within 67 classes,
Alphaproteobacteria, Gammaproteobacteria, Sphingobacteriia
etc. were found dominant at the study area. It was found

that 0–20 cm soil depth has significantly higher abundance
of microorganisms under LOF mode followed by organic
and conventional modes. Shen et al. (2010) also reported
significant affect of different fertilization or farming modes on
soil microbial abundance and diversity. Similar results were
observed in many previous studies of Niu et al. (2017) where
Illumina MiSeq high-throughput sequencing technology was
used to study microbial community structure of plateu soil
and found that the abundance of Proteobacteria (dominant
bacterial phylum) was the highest followed by Actinobacteria,
Bacteroidetes, and Acidobacteria. Similarly, Megyes et al. (2021)
reported significant variations in different bacterial and archaeal
community (mostly acidotolerant taxa including Acidobacteria,
Solibacter, Bryobacter etc.) under long-term farming practices
in maize growing fields using Illumina MiSeq technilogy.
Also, Hao et al. (2008) used 16S rRNA pyro-sequencing
or Illumina MiSeq to study the effect of different farming
modes on the dominant bacterial community and showed high
relative abundance of Acidobacteria followed by Proteobacteria,
Actinobacteria, Bacteroidetes, and Gemmatimonadetes. Among
them, Proteobacteria were more stable phyla in soil as compared
to Acidobacteria and found to be unaffected under different soil
treatments (Yin et al., 2010), which is consistent with the present
study results. Fierer et al. (2007) showed high abundance of
Acidobacteria in low organic carbon soil. Lukow et al. (2000)
and Nacke et al. (2011) reported dominance of Actinobacteria,
Gemmatimonadetes, and Bacteroidetes in agricultural soils while
Ivanova et al. (2015) found higher number of Actinobacteria and
Bacillus in soils applied with organic matter, which indicated
positive effect of organic matter. Wang et al. (2017) used
DNA high-throughput sequencing technology to detect the
bacterial community structure in soil under different modes
and reported increased abundance of oligotrophic bacteria,
i.e., Bacteroidetes under application of inorganic fertilizers
while organic fertilizer application increased large number of
eutrophic bacteria (Proteus).

All the diversity based indices like Chao1, ACE richness
and Shannon diversity indices were significantly affected due
to different farming practices at the study area. It can
be noticed that organic fertilizer application increased the
relative abundance and diversity of soil microorganisms while
combination of both organic and inorganic fertilizers had
more significant effect on the improvement of soil microbial
abundance and diversity. The results of Chao1 and ACE revealed
that soil treatment with inorganic fertilizers can significantly
reduce soil bacterial richness than that with the no soil
treatment. Similarly, Liu et al. (2022) reported increase in
Shannon diversity index and richness index of the microbial
community of soil under application of biological compound
fertilizers for 25 years. Kirchmann et al. (2013) found that
the application of inorganic and organic fertilizers had no
significant effect on the bacterial and fungal Shannon diversity
index as compared to the control soil as reported in the
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present study, which can be attributed to adaptation of soil
microorganisms to different farming regimes.

Pearson’s correlation analysis revealed significant positive
association among all the soil parameters studied and similar
significant positive association within soil physico-chemical
parameters was observed by Gebreselassie (2002) in Adet
Research Center soils of North-Western Ethiopia. Different
microbial types and soil AP, TOC, total available nitrogen, and
soil water content were found to have the most significant
correlation between them. Soil with higher C and N contents can
favor diverse microbial population which ultimately regulates
biogeochemical cycles (Chen Q. et al., 2020; Han et al., 2021).
Similar to the present study, Ma et al. (2010) revealed that
soil organic matter, nitrogen and AP were the main nutrient
sources for micro-organisms growth while Zhong et al. (2010)
revealed the role of TN, AP and soil pH which can significantly
affect PLFA profiles and microorganisms functional diversity. At
the phylum level, the correlation between different microbial
groups and soil physicochemical properties was observed to
be significantly different where Proteobacteria, Bacteroidetes,
and Latescibacteria showed significant correlations with most of
the physicochemical properties of the soil. Proteobacteria and
Bacteroidetes include many bacteria that can fix nitrogen (Farag
et al., 2017) and Latescibacteria have a small abundance in soil,
but can help in uptake and conversion of sugars, fatty acids and
amino acids as carbon sources. The microbes under ORF mode
undergo oxidation-reduction reaction and help in degradation
of organic matter (He et al., 2017). The correlation between these
phyla and soil carbon, nitrogen and phosphorus was reported
significant (Jones et al., 2009). Similar to the present study, Sun
et al. (2015) showed that bacterial abundance was positively
correlated with soil nutrient status such as nitrate, TN, TC,
and AP, however, bacterial diversity was mainly determined
by soil pH. Also, Niu et al. (2017) showed that soil water
content, pH, AN, TN and organic carbon had a greater impact
on the composition of microbial communities. Most of the
soil parameters are highly correlated with the changes in the
microbial population of the area, similar to report of Chen X.
et al. (2020). Contrary, a study based on large-scale analysis
has shown that the diversity of soil bacteria and fungi mainly
depends on soil pH or spatial distance ( Green et al., 2004) while
Acidobacteria showed negative correlation with soil pH (Dong
et al., 2014). Our study positively confirmed that ORF can result
in high nutrient availability to the soil fauna and flora, promote
changes in microbial bacterial community and their functional
aspects.

Conclusion

The results of the present study revealed soil depth and
farming modes as key impacting factors on different soil
parameters and microbial population. Manure and organic

fertilizer application promoted significant soil fertility and
improved nutrient status of soil by increasing nutrients like
carbon, nitrogen, and phosphorus availability to plants.

The PCA analysis showed highly significant correlation
between most of the bacterial types (G + bacteria, G− bacteria,
actinomycetes) and soil AP, total available nitrogen, TOC and
soil WC. Most of the soil properties revealed a significant
relationship between microbial phylum and microbial classes.

Under long-term cultivation of organic vegetables at the
studied area showed increase in soil organic nitrogen which may
possibly act as a viable strategy for better vegetable production
in the Northern China (study area). In conclusion, use of
ecological friendly farming practices and application of more
organic based fertilizers by the farmers should be encouraged
by the Government. In future, more NGS based technologies
should be explored in characterizing the microbial communities
and suitable and environment friendly agricultural management
practice should be used.
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