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Abstract

Rhizosphere microbial communities are dynamic and play a crucial role in diverse biochemical processes and nutrient
cycling. Soil type and cultivar modulate the composition of rhizosphere microbial communities. Changes in the community
composition significantly alter microbial function and ecological process. We examined the influence of soil type on eubac-
terial and diazotrophic community abundance and microbial metabolic potential in chickpea (cv. BG 372 and cv. BG 256)
rhizosphere. The total eubacterial and diazotrophic community as estimated through 16 S rDNA and nifH gene copy numbers
using qPCR showed the soil type influence with clear rhizosphere effect on gene abundance. PLFA study has shown the
variation in microbial community structure with different soil types. Differential influence of soil types and cultivar on the
ratio of Gram positive to Gram negative bacteria was observed with most rhizosphere soils corresponding to higher ratios
than bulk soil. The rhizosphere microbial activities (urease, dehydrogenase, alkaline phosphatase and beta-glucosidase) were
also assessed as an indicator of microbial metabolic diversity. Principal component analysis and K-means non-hierarchical
cluster mapping grouped soils into three categories, each having different soil enzyme activity or edaphic drivers. Soil type
and cultivar influence on average substrate utilization pattern analyzed through community level physiological profiling
(CLPP) was higher for rhizosphere soils than bulk soils. The soil nutrient studies revealed that both soil type and cultivar
influenced the available N, P, K and organic carbon content of rhizosphere soil. Our study signifies that soil type and cultivar
jointly influenced soil microbial community abundance and their metabolic potential in chickpea rhizosphere.

Keywords Chickpea - Metabolic diversity - BIOLOG - PLFA - Diazotrophs

Introduction large quantity of organic compounds that in turn stimulate

a more abundance, higher microbial diversity and enzyme

Soil is the home for prodigious number of living organ-
isms and as far as the plant growth and soil properties are
concerned, microbial communities inhabiting rhizosphere
region play a crucial role in diverse biochemical processes
and nutrient cycling. The rhizosphere, as a focus of soil
microbial communities is dynamic, and plant-microbe
interactions are frequent here. The living plant roots secrete
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activities in rhizosphere (Smalla et al. 2001). The bulk sam-
ples, soil outside rhizosphere, is not penetrated by plant
roots and shows low rates of nutrient transformation and
microbial activity compared to active rhizosphere (Ai et al.
2012). Rhizosphere microflora can improve the soil qual-
ity and crop performance. Many studies have focused on
traditional culturable techniques to study the rhizosphere
microbial diversity and function, ‘great plate count anom-
aly’ states that a greater fraction (95-99 %) of microbial
community involved in rhizosphere process is unculturable
(Nichols 2007). Advanced analytical techniques such as
Amplified Ribosomal DNA Restriction Analysis (ARDRA,
Gich et al. 2000), BOX PCR (Satyaprakash and Annapurna
2006), Denaturing Gradient Gel Electrophoresis (DGGE,
Miller et al. 1999), Quantitative PCR (Fierer et al. 2005),
phospholipid fatty acid (PLFA, Guckert and White 1986),
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and community level physiological profiling (CLPP, Pres-
ton-Matham et al. 2002) are used to examine the diversity
of fingerprints allowing for more detailed analyses of abun-
dance and activities of soil microbial communities.

Chickpea (Cicer arietinum L.) popularly known as gram
or Bengal gram is an annual legume and mostly grown under
rainfed conditions in arid and semi-arid regions in India. The
world production of chickpea accounted for 14.24 million
tonnes, with India alone accounting for 69.7% (9.93 mil-
lion tonnes) of total production (FAOSTAT 2019). Globally,
chickpea has yield levels of about 920 kg ha™'. Chickpea
being a leguminous crop replenishes soil fertility through
Biological Nitrogen Fixation (BNF) by forming symbiotic
association with effective Mesorhizobium strains. Under
favorable conditions, the symbiotic nitrogen fixation can
supply up to 85% of the N required by chickpea crop (Wal-
ley et al. 2005). The crop can also assemble root-associated
microbial communities primarily derived from the rhizo-
sphere soil (Reinhold-Hurek et al. 2015). These microbes
could improve plant growth and health as this crop is gener-
ally grown under low chemical input. The beneficial function
of rhizosphere microbial communities includes improved
nutrient uptake, plant hormone production, imparting dis-
ease resistance and stress tolerance (Mendes et al. 2011;
Kwak et al. 2018; Swarnalakshmi et al. 2020). The microbial
abundance and function are known to be impacted by vari-
ous ecological as well as plant factors (Pii et al. 2016; Liu
et al. 2019). The various root exudate compounds secreted
by the different cultivars were reported to influence the
diversity and function of root associated microbial commu-
nities in rhizosphere soil ( Lundberg et al. 2018; Sasse et al.
2018). Soil characteristics such as organic carbon and nutri-
ent level have pronounced effect on microbial abundance and
performance (Hu et al. 2014; Zhu et al. 2015).

A number of methods are employed to study and quantify
microbial diversity and their function ranging from physi-
ological to molecular techniques. It is essential to use a com-
bination of approaches for accurate results because no single
approach can provide neither a complete picture of the type
of microbes present nor their relative abundance within each
of those types. The soil type mediated metabolic diversity of
microbial communities associated with chickpea rhizosphere
has never been explored. Hence, the present investigation
is focused to study the influence of cultivarsand soil types
on the nutrient availability, metabolic potential and micro-
bial abundance associated with chickpea rhizosphere. We
applied analyses of PLFA and CLPP in order to evaluate the
microbial community structure and their functional diversity
of soils collected from different regions across the country
where chickpea is grown as part of cropping system. The
influence of soil types on the eubacterial and diazotrophic
abundance was determined using JPCR assays. In addition,
soil microbial enzyme activities and nutrient content in the
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rhizosphere soil were assessed to estimate the rhizosphere
microbial function.

Materials and methods
Experimental design

A pot experiment was carried out at National Phytotron
facility, ICAR-Indian Agricultural Research Institute (IARI),
New Delhi during rabi 2018-19. Soils were collected from
chickpea growing regions of different agro-climatic zones
of India. The 4” size pots were filled with finely ground
soil samples of different locations. Location details along
with chemical and enzyme activities of initial soil samples
are given in the Table 1. The available N content of the col-
lected soil samples was found to be low (<280 kgha™!). The
available K at three locations viz Dharwad, New Delhi site 11
and Pune Site I was low and soils collected from Jharkhand,
New Delhi site I, Haryana, Varanasi, Pune site II and Kan-
pur showed medium range. Organic C content of all soils
was in the low range. pH of the soils varied from neutral to
alkaline. Two chickpea cultivars viz., BG-256 and BG-372
were grown in all soil types and the influence of cultivar-
was compared with control pots without plants (Bulk soil).
Thus a total of 27 treatments (9 X 3) were replicated three
times (completely randomized design-CRD). Each pot was
sown with 3 seeds with equal spacing and irrigation was
given to maintain 60% water holding capacity. The rhizo-
sphere (soil particles adhering to root surface) as well as
bulk soil (control) were collected by destructive sampling
at vegetative stage (60 days after sowing). The soil samples
were homogenized and passed through 2 mm sieve. The soil
enzyme analysis was carried out in fresh samples and sub-
samples were stored at — 80 °C for microbial PLFA, CLPP
and gPCR analysis, while another set of sub-samples were
air-dried and passed through 0.2 mm sieve for analysis of
soil nutrient content.

Soil nutrient analysis

Available Nitrogen was estimated using alkaline perman-
ganate procedure described by Subbiah and Asija (1956).
The soil was treated with alkaline KMnO, and distilled. The
organic matter present in the soil was oxidized by the nas-
cent oxygen liberated by KMnQO, in the presence of NaOH
and thus ammonia released was distilled and absorbed in
a known volume of boric acid. The contents were titrated
against standard sulphuric acid (0.02 N) using mixed indica-
tor (0.07 g of methyl red and 0.1 g of bromocresol green in
95% ethanol). Available P was estimated by standard method
described by Olsen et al. (1954). The available potassium
content in the soil was detected using flame photometer
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against the known standards (Jackson 1973). Soil organic
carbon was determined by Walkley and Black’s method
(1934). EC and pH were determined by method as described
by Smith and Doran (1996).

Soil enzyme analysis

The activities of four soil enzymes viz. dehydrogenase
(Casida 1977), urease (Tabatabai and Bremner 1972),
alkaline phosphatase (Tabatabai and Bremner, 1969) and
B-glucosidase (Eivazi and Tabatabai 1988) activities were
measured as per the standard procedure described. The dehy-
drogenase activity was analyzed by 2-3-5 Triphenyl tetrazo-
lium chloride (TTC) reduction technique by adding 1 mL 3%
TTC to 6.0 g soil sample followed by methanol extraction
after 24 h of incubation at 37 °C in dark. The aliquot con-
taining TPF was measured at 485 nm.Urease activity was
assayed by weighing 5 g soil sample followed by addition
of 2.5 mL urea solution (0.5%). The samples were incubated
at 37 °C for 2 h and followed by KCI (1 M) extraction. The
contents were filtered and 5 mL sodium salicylate and 2
mL sodium dichloro-isocyanide solution was added to the
filtrate followed by incubation for 30 min. The green color
developed was measured at 690 nm. Alkaline phosphatase
activity was measured by homogenizing the pre-weighed
(2.0 g) soil with 4 mL. MUB (Modified Universal Buffer, pH
11) solution and Iml p-nitro phenyl phosphate (0.025 M).
The samples were incubated at 37 °C for 1 h and 1 mL of
0.5 M CaCl, and 4 mL of 0.5 M NaOH were added. The con-
tents were filtered and the yellow color developed was meas-
ured at 400 nm. The p-glucosidase activity was measured
by mixing the known amount of soil with 4 mL MUB (pH
6) solution and 1 mL of p-nitrophenyl B-D-glucopyranoside
(25mM) solution to known amount of soil followed by
extracting the content with 0.1 M Tris buffer (pH 12). The
yellow color developed was measured at 400nm (Eivazi and
Tabatabai 1988). Microbial biomass carbon (MBC) was esti-
mated by chloroform fumigation extraction method (Vance
et al. 1987). Known amount of soil samples were fumigated
with chloroform, non-fumigated samples served as control.
Both fumigated and non-fumigated samples were extracted
with 0.5 M K,SO, and organic carbon extracted was meas-
ured by a dichromate digestion procedure. Microbial bio-
mass carbon was calculated using the formula: MBC =2.64
X [OC—OC] and expressed as pg g~ ! soil.

Structural diversity of microbiota by PLFA profiling

Lipid extraction and PLFA analyses of soil samples were
performed using the modified Bligh and Dyer-method (Bligh
and Dyer 1959; Frostegard et al. 1991). Briefly, 2.0 g of
freeze-dried soil was extracted with a chloroform-methanol-
citrate buffer mixture (1:2:0.8), and the phospholipids were
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separated on a silicic acid column. The phospholipids were
subjected to a mild alkaline methanolysis and the resulting
fatty acid methyl esters were prepared according to the MIDI
protocol. The total PLFA concentration was expressed as
nmol g~! soil.

Eubacterial and diazotrophic abundance by RTPCR

SYBR green technology for quantitative-PCR (C1000 CFX
96 Real-Time PCR System, Biorad) was used to quantify the
number of eubacterial (16 S rDNA) and diazotrophic (nifH)
gene copies (Gupta et al. 2019) present in the community
DNA extracts of soil samples. Total DNA from bulk and
chickpea rhizosphere soil was extracted using Power Soil
DNA kit (MoBio). All extracts were stored at — 80 °C until
use. DNA quality was checked by running samples in Qubit
fluorometer. The primer pair CAACGCGAAGAACCTTAC
(F)/CGGTGTGTACAAGGCCCGGGAACG(R) and AAA
GGYGGWATCGGYAARTCCACC(F)/TTGTTSGCSGCR
TACATSGCCATCAT(R) were used for specific amplifica-
tion of the bacterial 16 S rDNA (Fierer et al. 2005) and nifH
(Poly et al. 2001) genes respectively. The qPCR reaction
mixture for 16 S rDNA amplification consisted of 7.5 puL
master mix containing 1X SYBER green, 0.3 pL of each
primer (10 uM), 3 pL. DNA and 3.9 pL. water. The qPCR
program for bacterial 16 S rDNA gene began with an initial
step of 15 min at 95 °C, followed by 40 cycles of denatura-
tion at 95 °C for 30 s, annealing at 54 °C for 30 s, exten-
sion at 72 °C 1 min followed by 1 cycle of extension at
72 °C for 5 min and denaturation at 95 °C for 1 min, anneal-
ing at 54 °C for 30 s and final extension at 95 °C for 30 s.
The nifH gene qPCR reaction mixture consisted of 12.5 uLL
master mix containing 1X SYBER green, 0.25 pL of each
primer (10 uM), 5 pL. DNA and 7 uL water. The nifH gene
copy number was amplified with an initial step of 15 min at
95 °C, followed by 40 cycles of denaturation at 94 °C for
30 s, annealing at 60 °C for 45 s, extension at 72 °C for 45 s
followed by 1 cycle of final extension at 72 °C for 10 min,
annealing at 68 °C for 5 s and denaturation at 95 °C for 50 s.
Fluorescence data were recorded during the qPCR run and
a cycle threshold (C,) was determined automatically with
the SDS software package (Biorad). Real-time amplification
plots of the products were monitored for each reaction for
quality control. To generate standard curves for the transfor-
mation of C, values into absolute units (total number of gene
copies), 10-fold serial dilution (10" to 10®) of known copy
numbers of pGM-T easy (Promega) cloned template for 16 S
rDNA and nifH gene was generated. The standard curves
were run simultaneously and the log-linear correlation coef-
ficients, R* between the number of 16 S rDNA and nifH gene
copies and C, values were > 0.98 in all standard curves.
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Functional potential of microbiota using CLPP
analysis

The commercially available EcoPlates of BIOLOG Inc. were
used to study the metabolic diversity of soil microbial com-
munities using C-substrate utilization. Each BIOLOG plate
contained 31 C substrates with one control in triplicates.
Bulk and rhizosphere soil suspension was prepared for each
sample by adding 10 g of homogenized soil in 250 mL flasks
with 90 mL of sterile 0.85% NaCl solution. The flasks were
shaken for 30 min on rotary shaker at 120 rpm. The NaCl
extracts were allowed to settle for 20 min to clear the super-
natant, which was serially diluted to 1073. Ecoplates were
inoculated with 125 L per well with 10~ dilution and were
incubated at 30 °C. The color change was measured at 590
nm at 72 h using BIOLOG Micro-Station reader. Micro-
bial activity of BIOLOG Ecoplates was expressed as Aver-
age Well Color Development (AWCD) (Garland and Mills
1991), which was derived from the mean difference among
the OD values of the 31 response wells (R) and the OD
value of control well (C). The AWCD was calculated using
the formula: AWCD =X (R—C) /31. The functional diver-
sity of microbial communities was calculated by Shannon-
diversity (H) and Mclntosh evenness (U). Shannon-diversity
(H) was quantified by the formula: H=—ZXpi(Inpi). Where,
pi=proportional color development of the well over total
color development of all wells of a plate. McIntosh Even-
ness (U) was calculated by the formula: U= \/ E(ni)z, where
n represents therelative absorbance value for each C source
(Garland 1996).

Plant growth and nutrient uptake

The chickpea plants were uprooted at vegetative stage.
The root and shoot tissues were dried at 65 °C until com-
plete removal of moisture. The dried shoots and roots were
weighed using a weighing balance and the dry weight was
expressed in milligram per plant. The dried plant tissues
were finely ground for nitrogen and phosphorus analysis. N
content was determined by a micro Kjeldahl method (Yuen
and Pollard 1953) and P content was estimated by vanado-
molybdate method (Jackson 1973).

Statistical analysis

Data for soil nutrient status, enzyme activities and plant
growth attributes were subjected to ANOVA and two fac-
tor analysis. For analyzing the parameters between different
locations, data was subjected to combined analysis and prin-
cipal component analysis (PCA) using SAS software 9.4.
Data for qPCR, PLFA and CLPP were subjected to agglom-
erative hierarchical clustering techniquesand principal

component analysis (PCA) using R version 3.4.4 (2018-03-
15), Platform: x86_64-w64-mingw32/x64 (64-bit).

Results

The mean values of soil chemical and enzyme properties
for different locations is given in Table 2. Though the chick-
pea was grown under controlled conditions at New Delhi,
our results showed different soil type had varied chemical
and biological properties. Among the locations, available
N content at New Delhi site 1T (235.55 kg ha™') showed
higher mean value and lowest value was recorded with New
Delhisite I (96.17 kg ha™!) in which rice and maize were
the previous crop respectively. Available P content was
more in Dharwad soil (28.87 kg ha™!) and lowest value was
recorded in soils collected from Kanpur location (9.46 kg
ha™!). Varanasi location (512.04 kg ha™!) showed high-
est available K whereas lowest reading was recorded with
Rajnandgaon (351.05 kg ha™!). Organic C was found to be
higher in Kanpur (12.57 g kg™!) and Pune sitell (12.49 g
kg~!) and Rajnandgaon (7.75 g kg™ ') recorded lowest value.
The soil pH varied from 7.81 (Gangwa) to 8.16 (Kanpur)
and was neutral to alkaline. The electrical conductivity of
different soils varied from 0.34 dSm~! (New Delhi site I) to
0.81 dS m~! (New Delhi site II). The Dehydrogenase activ-
ity of soil washighest in Dharwad soil (71.67 pg TPF g~!
soil h™!) and least in Gangwa soil (27.99 pg TPF g~! soil
h™1). Urease enzyme was higher in New Delhi site I (36.8 ug
NH, N g~! soil h™!) and lowest in Varanasi soil (14.948 ug
NH, N g~! soil h™!). New Delhi site I showed higher alka-
line phosphatase activity (190.87 ug PNP g~! soil h™!) and
lowest in Kanpur soil (73.66 ug PNP g~! soil h™!). Highest
B-glucosidase activity is recorded with New Delhi site II
(23.2 pug PNP g~! soil h™!) and least with New Delhi site I
(8.25 ug PNP g~! soil h™'). Among the different locations,
the maximum microbial biomass carbon was recorded with
New Delhi site 1 (105.65 ug g~ soil day™") whereas Pune
site 1 recorded least value i.e. 47.74 ug g~ 'soil day~".

The cultivar influence on soil chemical and biological
properties is given in Table 3. It was found that the avail-
able N was higher in rhizosphere soils of both BG 372 and
BG 256 cultivarsover the bulk soils from all the locations.
Available P content was higher in rhizosphere soils of BG
256. On the other hand, the available K and organic carbon
was higher in rhizosphere soil of BG 372. The soil pH of
rhizosphere and bulk soil is near alkaline. EC content of
rhizosphere soil of BG 256 is slightly higher (0.76 dS m™1).
The dehydrogenase, urease and alkaline phosphatase activ-
ity was higher in rhizosphere soil of BG 256 whereas
B-glucosidase activity was higher in rhizosphere soil of BG
372. Our results clearly indicate the cultivar influence on soil
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MBC

Alkaline Phos- B-Glucosidase

Dehydrogenase Urease

(ug TPE g™
soil h™")

EC

Available K Organic carbonpH

(Kgha™)

Available N Available P

(Kgha™)

Table 2 Nutrient availability and soil microbial activity of chickpea rhizosphere in different soils

Locations

@ Springer

(ug g~" soil day™)

(ug g7" soilh™)

(ug NH, N/g  phatase

(gkg™ (dsm™)

(Kg ha™")

(ug PNP g™
soil h™!)

soil/h)

88.48
63.45
105.65

16.81

111.39
73.66
74.24

33.60

71.67
56.19

63

0.

7.89
8.16
8.01

160.28 28.87 426.43 6.92

Dharwad

11.48

15.70
36.80

0.60
0.34

12.57
8.

121.26 9.46 506.23

96.17

Kanpur

54.84

15.93 506.59 78

New Delhi

site I

23.20 78.85

190.87

19.53

19.41 389.50 10.41 7.68 0.81 25.85

235.55

New Delhi
site IT

Gangwa

62.57

13.31

129.71
92.61

20.93

27.99
36.78

0.66

7.81
8.13
797
8.06
7.82
0.03

0.

10.68
12.09
11.17

11.95 370.62
12.49

9.96

200.70

94.86

12.10
18.40
11.85

9.5

14.94
21.17

0.63

512.04

139.38

Varanasi

47.74
56.67

178.01

55.62
56.08
62.02
1.49
423

80
0.58
0.39
0.02
0.05

383.55

14.93
14.93
17.92
1.41
4.00

203.49

Pune site I

108.20

18.45
16.19

0.61

360.80

165.86

Pune site IT

90.55

1

118.94
4.85

7.75
0.21

351.05
11.45
32.54

143.56
6.19
17.62

Rajnandgaon

SE(m)
CD(p

10.51

0.71
2.

29.88

02

13.78

1.74

10

0.603

0.05)

chemical and enzyme activities. On the contrary, microbial
biomass carbon was higher in bulk soil.

The biomass content of soils varied from as low as 49.55
nmoles g~! soil in BG 256 rhizosphere soil of Pune site 2
to as high as 1948.18 nmoles g~! soil in New Delhi site II
rhizosphere soil of BG 372 (Fig. 1). It was observed that the
BG 372 cultivar had a more pronounced effect on biomass
content in rhizosphere soils of Dharwad (1132.44 nmoles
g~ ! soil), Jharkhand (1391 nmoles g~! soil), New Delhi site
II (1948 nmoles g~ soil), Pune site I (404.26 nmoles g~
soil) and Pune site IT (608.25 nmoles g~! soil) as compared
to BG 256 rhizosphere soils from same locations. Exception
to this were BG 256 rhizosphere soils of New Delhi site [
(1616.15 nmoles g~! soil) and Gangwa (1048 nmoles g~!
soil). The ratio of Gram positive to Gram negative bacteria
varied from a lower ratio of 0.67 in bulk soil of Jharkhand
site to a higher ratio of 4.87 in rhizosphere soil of Dharwad
with BG 372 cultivar (Fig. 2). The ratio of Gram positive
to Gram negative bacteria was found to be influenced both
by soil types and cultivarswith most rhizosphere soils cor-
responding to higher ratios. On the whole, the Gram positive
to Gram negative ratio was higher in bulk soils from New
Delhi site II (2.31) and Varanasi (3.53) but the maximum
impact was found in BG 256 rhizosphere soil of Jharkhand
(4.76).

The quantification of 16S rDNA and nifH gene copy num-
bers using qPCR in the present study estimated the abun-
dance of total bacterial and the diazotroph communities in
bulk and rhizosphere soils (Table 4). The 16 S eubacterial
rRNA gene copy numbers were around 5.26 x 10® g~ soil
where as nifH copy numbers was around 1.36x 10° g~! soil.
The 16 S rDNA and nifH gene copy number varied sig-
nificantly across all locations. The New Delhi site I signifi-
cantly differed from other sites in 16 S (Fig. 3)and nifH copy
number (Fig. 4). The 16 S rDNA and gene copy numbers
were in general found higher in bulk soils (Supplementary
Table 1). The nifH copy number was not influenced by cul-
tivarat New Delhi Site I, Gangwa, Pune Site I and Pune Site
IT whereas at New Delhi Site II and Kanpur soils, the cultivar
BG 372 influence on nifH copy number is evident. The PCA
analysis showed the cultivar BG256 (63.94% variation) to
be the most significant attribute to determine eubacterial
abundance whereas BG 372 (60.42% variation) was the most
influential attribute of diazotrophic abundance (Supplemen-
tary Tables 2 & 3). The average ratio of nifH to eubacteria
16 S gene copy numbers also varied with cultivar and soil
type (Table 5). Rhizosphere soil bacterial community of BG
256 at Pune site IT and Kanpur showed highest ratio. The
rhizosphere soil of cultivar BG 372 showed 10-fold decrease
in nifH/168S ratio at New Delhi site I, New Delhi site II,
Gangwa, Pune site I, and Kanpur site where as BG 256
rhizosphere soil showed 10-fold decline in Rajnandgaon,
Gangwa, Pune Site L.



World Journal of Microbiology and Biotechnology (2021) 37:167

Page70of15 167

Table 3 Cultivar influence on

; e . Bulk Soil Rhizosphere soil Rhizosphere soil SE (m) CD (P=0.05)
nqtrlenF avall.ab.lhty and soil of BG 256 of BG 372
microbial activity of bulk and
rhizosphere soils of chickpea Available N (Kg ha™) 144.49 189.55 154.71 3.58 10.18
Available P (Kg ha™!) 16.09 18.42 13.27 0.81 2.31
Available K (Kg ha™!) 427.10 321.02 520.82 6.61 18.79
Organic carbon (g kg™!) 10.51 9.33 11.11 0.12 0.35
pH 8.02 7.71 8.06 0.02 0.06
EC (dsm™) 0.53 0.76 0.52 0.01 0.03
Dehydrogenase 43.75 57.26 48.00 0.86 2.44
(ug TPF g~ ' s0il h™1)
Urease 21.60 23.01 21.15 0.35 1.01
(ug NH,” N g~!soil h™!)
Alkaline Phosphatase 120.21 129.12 109.88 2.80 7.95
(ug PNP g ! soilh™")
B-Glucosidase 12.08 13.85 15.70 0.41 1.17
(ug g”" soil h™")
MBC 90.24 51.57 87.79 6.07 17.25
(ug g soil day™)
Flg. 1 Soil type and genotypic _ 2500 1~ =Bulk =BG372 =BG 256
influence on biomass content of =
bulk and chickpea rhizosphere 2
soil by PLFA L0 2000 -
]
S
E 1500 -
N
N
g
e 1000 -
S
9
§ 500
g
=
2]

Average Well Color Development (AWCD), an indica-
tor of carbon substrate utilization pattern was found to be
higher for rhizosphere soils than bulk soils (Table 6). The
measurement of AWCD at 72 h displayed that the BG 372
rhizosphere soil of Dharwad was found to have highest
value whereas the bulk soil of Jharkhand showed the lowest.
The BG 256 rhizosphere soil exhibited consistently higher
AWCD in most of the soils as compared to bulk and BG 372
rhizosphere soils except at Dharwad soil. The carbon sub-
strate utilization pattern was found to be lower in bulk soils
except for Pune site I, Varanasi and Kanpur bulk soils where
they exhibited higher substrate utilization pattern. The meta-
bolic activity of bulk and rhizosphere soils of different loca-
tions is depicted in heatmap (Fig. 5). Of the 31 C-substrates,

Locations

26 were utilized by the microbial communities of bulk soils
of Varanasi and Kanpur. In the rhizosphere soils of the two
cultivars, C-substrate utilization ranged from 22 to 29 (BG
372) and 27 to 29 (BG 256). AWCD and Mclntosh index at
72 h was higher in rhizosphere soils of BG 372 at all soil
types except Pune site I (bulk soil showed higher index)
however, Shannon diversity was more or less similar in bulk
and rhizosphere soil of all locations.

The dry weight of plant biomass varied from 143 mg
plant~'in BG 372 cultivargrown in Haryana soil to
1287.33 mg plant™! in same cultivar grown in Pune site I
soil (Table 7). Further, in relation to plant dry weight both
BG 372 and BG 256 cultivars performed equally in all loca-
tions, except for BG 256 grown in Haryana soil (967.67
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Fig.2 Soil type and genotypic 6.00 -
influence on G(+)/G(-) ratio of
bulk and chickpea rhizosphere 5.00 4 mBulk ®BG372 uBG 256
soil
O 4.00
L od
e
= 3.00
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=
X
® 2.00 - L
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Locations
Table 4 Populatioq densities. 16 S rDNA (gene copies per gram soil) nifH (gene copies per gram soil)
of eubacteria and diazotrophic
communities associated with Range Average (+SD) Range Average (+SD)
bulk and rhizosphere soil of
Chickpea estimated by qPCR Bulk Soil  1.81x 10°-1.43x 107 7.50+5.53x 10°  3.38x 10°-3.63x 10°  1.30+1.27 x 10°
BG 256 454x 10-1.82x 10" 5.65+547x 10°  1.04 x 10>-8.52x 10°  1.69+2.88 x 10°
BG372 577 x 10°-1.08 x 107 2.63+338x 10°  3.67x 10°4.07x10°  1.11+1.37x 10°
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Fig.3 Hierarchical agglomerative cluster analysis of 16S rDNA copy
numbers across different sites [s1—Dharwad, s2—Rajnandgaon, s3—
New Delhi site I, s4—New Delhi site II, s5—Gangwa, s6—Varanasi,
s7—Pune site I, s8—Pune site I, s9—Kanpur]

mgplant™!) and BG 372 grown in Pune site 1 (1287.33 mg
plant™!) as well as Kanpur (575.33 mg plant™!) soils showed
higher plant biomass with respect to one another. Among the
different soils, highest biomass was accumulated with Pune
site I (936.33 mg plant™!) and least was recorded at New
Delhi site I (329.33 mg plant™"). The total plant N content
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Fig.4 Hierarchical agglomerative cluster analysis of nifH copy num-
bers across different sites[sl—Dharwad, s2—Rajnandgaon, s3—New
Delhi site I, s4—New Delhi site 11, s5—Gangwa, s6—Varanasi, s7—
Pune site I, s8—Pune site II, s9—Kanpur]

in both the cultivarsranged from 2.34% to 372 plants grown
in Gangwa soil and 5.85% BG 256 plants grown in Pune
site I soil. The plant N content (Table 7) was higher in BG
256 cultivar grown among Gangwa (3.21%) and Pune site I
(5.85%) soils whereas BG 372 showed higher plant N con-
tent when grown in New Delhi site II (5.62%) and Kanpur
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Table 5 Relative densities of diazotrophic microbial communities in
chickpea rhizosphere (nifH gene)

Locations Ratio (nifH/16S rDNA)
Bulk Soil BG 256 BG 372

Dharwad 6.88 x 107! 2.25%x 1072 7.56 x 1072
Kanpur 2.72x 1074 3.51x 1074 1.56 x 1072
New Delhi site I 2.36 x 1072 2.32x 1072 1.22x 107!
New Delhi site II 9.19 x 1073 9.79 x 1073 7.20 x 1072
Gangwa 533 %1073 1.10 x 1072 1.54 %1072
Varanasi 220 % 1072 1.36 x 1072 5.08 x 1072
Pune site I 6.55%x 1073 1.01 x 1072 1.77 x 1072
Pune site I 1.45x 1072 230 % 107 232% 1072
Rajnandgaon 8.97 x 1072 1.64 x 107! 6.36 x 1072

All gPCR data are in gene copies per gram soil

(4.85%) soils. Though the cultivar alone was found non-
significant with respect to plant N content, soil type has sig-
nificantly affected the plant N. The chickpea plants grown
with Gangwa soil recorded lowest N content (2.77%) which
is at par with Jharkhand location (2.98%). Higher N content
was observed with the Pune site I (5.53%). The total plant
P content (Table 7) estimated in both the cultivars ranged
from a lower value of 0.75% in BG 256 plants grown in
Kanpur soil to a higher value of 2.43% in BG 372 plants
grown in same Kanpur soil. The plant P content was found
to be higher in BG 372 cultivar when grown in Pune site I
(1.57%) and Kanpur (2.43%) soils. Also, it was higher in
BG 256 cultivar when grown in New Delhi site 2 (2.02%),
Gangwa (1.52%) and Pune site II (2.21%) soils. Among the
different locations, Pune site I recorded highest P content
(1.89%) whereas lowest P content was observed with New
Delhi site I (1.18%).

Discussion

Soil microbial communities are key players for the main-
tenance of soil function, health and fertility as they are
involved in vital processes such as organic matter decom-
position, soil structure formation and cycling of nutrients in
the environment. Together with an increasing emphasis on
eco-friendly and low input agricultural practices; there is
also a rising interest to study soil microbial communities for
enhancing crop growth and health. In the present study,we
analyzed the impact of soil types and chickpea cultivars on
rhizosphere microbial community function and abundance
using CLPP and qPCR. The cultivars and soil types have
been shown to influence the microbial diversity, microbial
metabolic potential and abundance in chickpea rhizosphere,
as evidenced by the soil type and plant species dependent
variation in the rhizosphere-associated microbial commu-
nities, and their activities (Inceoglu et al. 2012; Qiao et al.
2017). Our earlier study has shown genotype mediated vari-
ation in rhizobial symbiosis in soybean (Naik et al. 2017).
Microbial community composition differs among the rhizo-
sphere compartments, with diversity of these communities
increasing from root towards bulk soil (Donn et al. 2015).
Rhizosphere is a biological hotspot differs substantially
from the surrounding bulk soil and microbial community
structure and their metabolic activities differ significantly in
both niches. This marked difference in micro environments
of rhizosphere and bulk soil is due to rhizodeposition from
root exudations. The carbon-rich rhizosphere selects spe-
cific microbial populations and supports the establishment
of microorganisms, and the root exudate components vary
with soil type and cultivar (Jones et al. 2009).

PLFA is a culture-independent method used to determine
the microbial community composition by analyzing signa-
ture molecules present in the cell membranes of the micro-
organisms (Frostegard et al. 1991). PLFAs can be used as
indicators of microbial stress and are used to track changes
in soil microbial community composition (White et al. 1996;

Table 6 Microbial activity

. . . ! AWCD Shannon diversity (H) Mclntosh evenness (U)

and diversity of microbial

communities (based on Bulk BG256 BG372 Bulk BG256 BG372 Bulk BG256 BG372

BIOLOG analysis at 72 h)

associated with bulk and Dharwad 0.99 1.65 1.92 3.36 3.38 3.40 7.87 9.66 10.50

rhizosphere soils of Chickpeain  Kanpur 163 1.85 1.54 336 334 3.32 1043 1042  11.12

different soil types New Delhisite] 029  1.71 141 337 334 327 517 171 10.31
New Delhisite I 0.39 1.73 1.65 3.37 3.34 3.35 4.56 7.63 10.44
Gangwa 0.51 1.50 1.22 336 3.32 3.26 4.94 7.61 9.82
Varanasi 1.41 1.49 1.38 334 335 3.32 9.01 7.34 7.63
Pune site I 1.13 1.51 1.09 329  3.30 3.30 8.16 8.54 9.64
Pune site 1T 0.51 1.61 1.14 334 325 3.21 4.61 7.25 9.85
Rajnandgaon 0.19 1.38 1.28 3.35 3.30 3.25 1.49 6.18 9.11
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Fig.5 Heatmap comparison of substrate utilization pattern of bulk (BS) and rhizosphere soils (RS) of Chickpea in different soil types. Light
blue corresponds to low metabolic rate, dark red corresponds to high metabolic rate

Kaur et al. 2005). This technique can determine microbial
biomass, shift in microbial community structure and activi-
ties and physiological status of the sample. PLFA technique
can differentiate various taxonomic groups of soil microor-
ganisms and eliminate the bias associated with cultivation-
dependent method. Bacterial biomarkers include specifically,

@ Springer

15:0 (Pentadecanoic acid), 16:0 (Hexadecanoic acid), 17:0
(Heptadecanoic acid), 16:1 w7¢ ((9Z)-9-hexadecenoic acid),
18:1 w7c ((11Z)-11-Octadecenoic acid), al5:0 (12-meth-
yltetradecanoic acid), al7:0 (14-methylhexadecanoic acid),
114:0 (11-Methyltridecanoic acid), i15:0 (13-methyltetra-
decanoic acid), i16:0 (14-methylpentadecanoic acid), and
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Table 7 Plant growth and nutrient uptake of chickpea cultivars grown under different soils

Locations(L) Plant dry weight (mg plant’l) N content (%) P content (%)

BG 372 BG 256 Mean (L) BG 372 BG 256 Mean (L) BG 372 BG 256 Mean (L)
Dharwad 598.67 525.00 561.83 3.13 3.14 3.14 1.68 1.74 1.71
Kanpur 575.33 279.33 427.33 4.85 2.40 3.63 2.43 0.75 1.59
New Delhi site 1 312.33 346.33 329.33 5.21 5.19 5.20 1.20 1.17 1.18
New Delhi site 2 590.33 521.33 555.83 5.62 4.70 5.16 1.62 2.02 1.82
Gangwa 143.00 967.67 555.33 2.34 321 2.77 1.18 1.52 1.35
Varanasi 838.00 881.33 859.67 3.85 3.69 3.77 1.64 1.57 1.61
Pune site 1 1287.33 585.33 936.33 2.88 5.85 4.36 1.57 1.17 1.37
Pune site 2 742.33 840.33 791.33 5.84 5.23 5.53 1.56 221 1.89
Rajnandgaon 688.33 759.67 724.00 3.13 2.84 2.98 1.61 1.62 1.62
Mean (G) 641.74 634.04 4.09 4.03 1.61 1.53

L G LXG L G LXG L G LXG
SE(m) 58.44 NS 82.65 0.09 NS 0.13 0.02 0.01 0.03
CD (P=0.05) 168.3 NS 24.01 0.27 NS 0.38 0.03 0.03 0.08

i17:0 (15-methylhexadecanoic acid). Furthermore, 114:0
(11-methyltridecanoic acid), i15:0 (13-methyltetradecanoic
acid), 116:0 (14-methylpentadecanoic acid), i17:0 (15-meth-
ylhexadecanoic acid), al5:0 (12-methyltetradecanoic acid)
and al7:0 (14-methylhexadecanoic acid) were Gram-posi-
tive (G+) bacteria biomarkers and 16:1 w7c¢ ((9Z)-9-hexade-
cenoic acid), 18:1 w7c ((11Z)-11-octadecenoic acid), cy17:0
(methylenehexadecanoic acid), cy19:0 (methyleneoctadeca-
noic acid) were Gram-negative (G—) bacteria biomarkers
(Zhao 2016). In the present study, the microbial biomass
estimated as total PLFA biomarkers also showed difference
among the soil types and cultivars. A marked increase in
the total concentration and composition of PLFAs was seen
in rhizosphere soils as compared to the bulk soils which
can be attributed to root induced shifts in microbial activity
(Neumann and Romheld 2002). Except for Dharwad and
Rajnandgaon sites, the ratio of Gram + to Gram — bacteria
was higher in the bulk soil than rhizosphere which con-
firms the studies on root exudates enriched rhizosphere soil
favor the Gram — bacteria, leading to their increased growth
in plant rhizosphere (Chen et al. 2016). A previous study
also showed that Gram — bacteria is positively correlated in
the presence of higher soil N and organic residues (Buyer
et al.2010; Bray et al. 2012).

Quantification of bacterial communities using qPCR tech-
nique is a robust method which provides an estimate of the
abundance of the bacterial community in a sample without
any culturable discrepancies and bias. Eubacterial and diazo-
trophic population densities of bulk and rhizosphere soils
of chickpea cultivarsgrown in different soil types were ana-
lyzed through qPCR. 16 S rRNA gene is a taxonomic unit
for bacteria and nifH is the structural gene coding for nitro-
genase enzyme present in diazotrophs (Newton 2013). The

diazotrophic communities are key players of nitrogen cycle
particularly with legume crops as they are grown under low
N. Different soil types are thought to harbor specific micro-
bial communities (Fierer and Jackson 2006) and nifH copy
number can detect shifts in diazotroph community structure
(Pereira-e-Silva et al. 2011). We evidenced differential dis-
tribution of nifH copy number across the soil types which
probably is due to changes in the physicochemical character-
istics such as pH, EC, organic carbon and available nitrogen
content. It has been shown that the nifH copy number varies
with organic carbon content and soil chemistry (Collavino
et al. 2014) and significant difference in the abundance and
composition of diazotroph community among different soils
can lead to the variation in rate of biological nitrogen fixa-
tion (Chen et al. 2019). The influence of cultivar on relative
density of diazotrophic abundance was observed as the plant
genotype also affect the indigenous functional microbial
guilds of rhizosphere (Liu et al. 2019). Our earlier study
also showed a clear-cut evidence that microbial populations
in the spatial compartments of field grown chickpea are
distinct (Swarnalakshmi and Annapurna 2019) and diazo-
trophic abundance was more in rhizosphere soil than bulk
soil (Sharma et al. 2020).

The CLPP was proposed (Garland and Mills 1991) as a
rapid screening means to characterize microbial communi-
ties from different habitats using BIOLOG plate and is being
used to assess microbial community function and functional
diversity (Preston-Matham et al. 2002; Rutgers et al. 2016;
Al-Dhabaan and Bakhali 2017). In the present study, there
was clear discrimination between the carbon utilization pat-
terns between bulk and rhizosphere soils evaluated using
BIOLOG assay. The lower AWCD and McIntosh evenness in
bulk soil is presumably due to the rhizosphere influence on
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microbial community function. Further, microbial activities
between bulk and rhizosphere soils of two chickpea culti-
var showed significant difference. This difference may be
due to presence of diverse microbial communities and their
metabolic capabilities. Further carbohydrates, amino acids,
carboxylic acids were the substrates chiefly accountable for
this distinction as plants may differ in exudation of these
compounds (Grayston 1997).

In our study, both soil type and cultivar influenced the
available N, P, K and organic carbon content of the soil. The
nutrient content was higher in rhizosphere soil in contrast to
bulk soil. This could be due to root-induced organic matter
decomposition and mineral weathering and this result was
consistent with the findings of Ai et al. (2012). The available
N, P, K in the soil increased the activity of soil microorgan-
isms (Ge et al. 2008) but Treseder (2008) has demonstrated
a contrast result where soil nutrient status had little or no
effect on either soil microbial activity or diversity. Soil pH
and EC of rhizosphere and bulk soil was not significantly
different, which was in contrast to results obtained by Fan
(2017).

The microbial metabolic activity measured in terms of
soil enzymes also varied significantly with cultivar and soil
type. The extracellular enzyme secreted by the soil microor-
ganisms are the negotiators of organic matter formation and
decomposition. Our results indicated that both soil types as
well as soil fractions (rhizosphere and bulk soil) differed
significantly for the enzyme activities and were not equally
distributed between them. Variation in enzyme activities
in different soil fraction was reported by Ai et al. (2012).
In our study, all enzyme activities varied with soil types
as well as cultivar, and at New Delhi location, site I and

Fig.6 PCA biplot grouped soil
types based on chemical, bio-
logical and plant parameters 1.0

Variables - PCA

IT indicates significant influence of previous crop (rice and
maize) on soil biological activities. We observed higher
dehydrogenase and p-glucosidase enzyme activity in rhizo-
sphere soils which may be due to rhizosphere effect. Dehy-
drogenase activity denotes over all microbial activity in the
soil whereas microbial glucosidase activity is involved in
C cycle. The later hydrolyze complex sugars and carbohy-
drates in the rhizosphere region and is considered as one
of the soil quality indicators (Utobo and Tewari 2015). In
our study, alkaline phosphatase and urease activity signifi-
cantly differed with cultivar. Soil phosphatases (phosphoric
monoester hydrolases) are classified as acid phosphatase
(ACP) or alkaline phosphatase (ALP) by their optimum pH.
Plant roots are the major producers of ACP whereas ALP
is produced mainly by soil microbes and considered as a
key driver of microbial P transformation (Nannipieri et al.
2011). Soil urease activity is important in N mineralization
of applied fertilizer and regulate the N availability for plant
growth (Piotrowska-Dlugosz and Charzynski 2015). Plant
cultivar significantly influenced soil microbial activities. The
genetic variation in plant cultivar may attribute differences
in root exudation which in turn caused this observed changes
in rhizosphere microbial community function (Monchgesang
et al. 2016).

Principal component analysis (Fig. 6) and K-means non-
hierarchical cluster mapping (Fig. 7) showed three groups
of locations (soil types) in which group 1 consist of New
Delhi site I, group 2 comprised Pune Site I, Pune Site II
and New Delhi site II and group 3 had Kanpur, Varanasi,
Haryana, Dharwad and Jharkhand locations. In New Delhi
site I (group 1), the most important contributors are available
nitrogen, available phosphorus and alkaline phosphatase. In
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Fig.7 Custer plot of soil types based on K means hierarchical clustering method

group 2, pH is the significant contributor followed by avail-
able K. Dehydrogenase and urease activities influenced the
group 3 locations.Collectively, our results suggest the pres-
ence of distinct microbial composition and distribution pat-
terns among the various bulk and rhizosphere soils which
may result in potential function differentiation (Fan 2017).
Soil type (Zachowet al. 2008) as well as cultivar (Graneret
al. 2003) have a considerable influence on the structure and
function of microbial communities inhabiting the chickpea
rhizosphere. Hence, there is no general conclusion about
the key player involved, both soil type (Da Silva et al. 2003)
and cultivar (Milling et al. 2004) can dominate depending
on the biotic and abiotic conditions of the system. From
the previous studies, it can be established that the microbial
community composition in the rhizosphere is influenced by
a complex interaction between soil type, plant type and root
zone location (Marschner 2001).

The plant biomass and plant N content were insignifi-
cant with cultivar however soil types and interactive effect
of soil and cultivar showed significant influence. Plant P
content was influenced by both cultivarand soil types. The
plant nutrient was found to vary significantly with soil
types whereas within locations the nutrient content was less
affected by the cultivars. Chekanai (2018) showed that the
cultivareffect was not significant with plant N and P content
of biomass. The two cultivars showed little or no response
with regard to plant dry weight, N and P content in same
soil type. However, between the soil types the chickpea
growth and nutrient status was found to differ, indicating soil

type to be the key factor to influence the chickpea growth
across various locations. The study signifies the interaction
between soil type and cultivar together has more impact on
soil microbial activities rather than the soil type and cultivar
alone.
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