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Effect of single and co-inoculation of
rhizobia and plant growth promoting
rhizobacteria isolates on chickpea (Cicer
arietinum L.) under greenhouse condition

ABSTRACT

This study was conducted to evaluate the effect of single and co-inoculation of
rhizobia and PGPR isolates on the symbiotic effectiveness of chickpea under
greenhouse conditions. Three rhizobia isolates were chosen based on eco-
physiological tolerance, antibiotic resistance, PGP, biocontrol properties and
symbiotic effectiveness. The PGPR isolates were selected based on PGP, biocontrol
properties, stress tolerance and antibiotic resistance abilities. In single inoculation,
the three rhizobia isolates induced nodule numbers ranging from 37-46 /plant in
Dembia soil and 35-42/plant in Adet soil. Co-inoculation treatments generally
showed an average increase in nodule numbers by 21-125% compared to single
inoculation treatments. The highest nodule dry weight, 301 and 237 mg/p was
accumulated by plants inoculated with the consortium on Dembia and Adet soils,
respectively. Regarding the shoot dry weight, in Dembia soil the highest shoot dry
weight (4.323 g/p) was accumulated by plants inoculated with consortium, followed
by 3.817 g/p and 3.536 g/p co-inoculated with GUCR-30 (Mesorhizobium sp.
HKG230) + GUCRB21 (Enterobacter mori) and GUCR-19 (Mesorhizobium
amorphae B19) + GUCRB76 (Serratia marcescens). Chickpea inoculated with
consortium followed by GUCR-30 (Mesorhizobium sp. HKG230) + GUCRB21
(Enterobacter mori) in Dembia soil and GUCR-30 (Mesorhizobium sp. HKG230) +
GUCRB76 (Serratia marcescens) in Adet soil displayed the highest shoot total
nitrogen content. Co-inoculation of rhizobia and PGPR isolates led to a significant
increase in nodule number, nodule dry weight, shoot dry weight and shoot total
nitrogen compared to single inoculations and controls. A further field experiment is
recommended for upgrading these isolates into chickpea inoculants.

Key words: chickpea, co-inoculation, consortium, symbiotic effectiveness, plant
growth promoting rhizobacteria

Introduction

The usage of chemical fertilizers to enrich soil with

innovative and environment-friendly technology for
improving soil fertility and plant growth (Ullah et al., 2020;
Fasusi et al., 2021).

Numerous agricultural systems depend on symbiotic

nutrients in high-input cropping systems is often deemed a
necessity to achieving optimal crop yields. However, their
efficiency is hindered by factors, such as volatilization,
denitrification and leaching (Fahde et al., 2023). Prolonged
use of chemical fertilizers can negatively impact soil ecology,
harm the environment, degrade soil fertility, and harm human
health (Pandey et al., 2012). Pollution problems leading to
public health hazards necessitated the development of
technologies that are sustainable and eco-friendly, which
could reduce the application of synthetic fertilizers (Zhang et
al., 2021). In sustainable agriculture, the application of
beneficial microbiomes as biofertilizers has emerged as an

http://www.jbb.uni-plovdiv.bg

relationships between leguminous plants and rhizobia. These
rhizobia create root nodules on leguminous plants and
transform atmospheric N, into a form that plants can use
(Abd El-Azeem, 2022). Environmental factors such as low
numbers of rhizobia in the soil, high temperature, salinity,
low clay content, and increased concentrations of heavy
metals and pH conditions that are harmful to the survival of
rhizobia in the soil, frequently cause a threat to the
production of legumes (Denton et al., 2013).

Bacteria obtained from the rhizosphere that can produce
and secrete metabolites, which promote plant growth after
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colonizing their roots are known as Plant growth-promoting
rhizobacteria (PGPR) (Beneduzi et al., 2012). PGPR includes
members from genera like Agrobacterium,
Arthrobacter, Alcaligenes, Azotobacter, Acinetobacter,
Actinoplanes, Bacillus, Frankia, Pseudomonas, Rhizobium,
Micrococcus, Streptomyces, Xanthomonas, Enterobacter,

various

Cellulomonas, Serratia, Flavobacterium, Thiobacillus etc.
(Glick & Gamalaro, 2021; Kumar et al., 2021). Different
PGPR have been reported to promote plant growth and crop
yield by increasing nutrient availability and uptake,
producing plant hormones and suppressing soil-borne
diseases (Santoyo et al., 2021).

Chickpea (Cicer arietinum L.) is one of the major food
legume crops grown in the tropics, subtropics and temperate
regions. In Africa, Ethiopia is the first country in chickpea
production and production area coverage (FAO, 2023).

Even if chickpea is widely grown in Ethiopia, its
productivity is still very low. It has been reported that the
mean chickpea yield in Ethiopia in farmers’ fields is below
2000 kg ha™!, which is far below its potential yield of > 5000
kg ha™ ! (Zewdie, 2018). The low productivity is mainly due
to several biotic and abiotic production constraints.
Consequently, chickpea production fluctuates annually with
an erratic harvest determined by biotic and abiotic stresses
(Aslam et al., 2018).

Currently, the combined inoculation of PGPR strains to
improve the nodulation and nitrogen fixing potential of the
rhizobial strains has received considerable attention. Upon
inoculation, PGPR helps the plant to withstand drought stress
(Ilyas et al., 2020), salinity (Bharti et al., 2016) and biotic
stress (Verma et al,, 2016). PGPR Inoculation has been
reported to enhance seed germination, soil fertility and plant
growth by producing auxins, ethylene, gibberellins etc. (Jang
et al., 2017; Tahir et al., 2017). Several studies (Mirza et al.,
2007; Rajendran et al., 2008; Hungria et al., 2013; Sanchez et
al., 2014; Korir et al., 2017; Laabas et al., 2017; Adal, 2018;
Sintie, 2018; Kumari et al., 2020) have demonstrated that co-
inoculation of PGPR and rhizobia enhance nodulation,
nitrogen fixation, and yield of several legumes including
chickpea. In Ethiopia, different research works have been
conducted on the diversity and symbiotic properties of
rhizobia of legume crops. However, there is no
comprehensive research conducted on the integrated
application of rhizobium and PGPR on chickpea except for a
screening study on phosphate solubilizing bacteria from the
rhizosphere of chickpea by Midekssa et al. (2016). Hence,
this study aimed to evaluate the effect of single and co-
inoculation of rhizobia and PGPR isolates on the growth and
symbiotic effectiveness of chickpea on soil culture under
greenhouse conditions.
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Materials and Methods

Sources of Rhizobia and PGPR

Rhizobia and PGPR isolates were previously collected
from the nodules and rhizospheric soils of chickpea from the
central and south Gondar zones of the Amhara region,
Ethiopia. The three rhizobia (GUCR 19, 30 and 55) and four
PGPR (GUCRB 4, 21, 76 and 124) isolates genetically
identified into the genus Mesorhizobium spp. and Alcaligenes
sp. (GUCRB 4), Enterobacter mori (GUCRB21), Serratia
(GUCRB76) and
(GUCRBI124), respectively deposited in culture collection
centers of biology department at Injibara University. The
isolates were used as sources of inoculants. The rhizobia
isolates were chosen based on eco-physiological tolerance,
utilizing different carbon and nitrogen sources, intrinsic
antibiotic resistance (IAR), plant growth promoting
properties (PGP), biocontrol properties and symbiotic
effectiveness (Table 1). The PGPR isolates were selected
based on their PGP, biocontrol properties, stress tolerance
and IAR abilities (Table 2).

marcescens Brevibacillus  brevis

Single and Co-inoculation experiments in different soil
conditions under greenhouse condition

The effect of single and co-inoculation of rhizobia and
PGPR isolates on the symbiotic effectiveness of chickpea
was studied in pot experiments under greenhouse conditions,
using two different soils. Two soil samples were collected
from the districts of Adet (11°28'42.6"N, 37°48'07.8"E),
which had never been inoculated previously, and Dembia
(12°23'26.2"N, 37°20'17.2"E) district, where chickpeas had
been grown for several years.

Soil analysis and determination of most probable number of
rhizobia (MPN)

Composite soil samples from both districts were collected
from ten randomly selected sites from a 1ha area at the depths
of 0-20 cm. Each composited soil sample was dried and
passed through a 2 mm sieve. The soil physicochemical
properties were analyzed following standard laboratory
procedures in the National Soil Testing Center (NSTC),
Addis Ababa. The rhizobia population from the soil was
determined using the most-probable-number (MPN) plant
infection method according to Howieson and Dilworth
(2016), by inoculating soil dilutions on the host. Ten grams
of soil was diluted in aseptic condition in 90 ml of sterilized
distilled water. Then a serial dilution was performed,
reaching a final dilution of 10'° and used to inoculate a
chickpea seedling adequately grown in acid-treated and
sterilized sand using pots in three replications. The MPN was
calculated from the number of units testing positive for each
dilution to determine the factor (f). This factor (f) found in
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Table 1. The eco-physiological, IAR, PGP and symbiotic effectiveness of the selected rhizobia strains.

Isolates GUCR-19 GUCR-30 GUCR-55
Relative species M. amorphae strain B 19 M. sp. strain HKG 230 M. sp. strain UFLAO1-919
Accession number PP529519 PP529520 PP529592
Temperature 15-45 20 - 45 15-45
Salt Max NaCl (%) 5 4 4

pH 6-10 5-10 5-10
Nitrogen source Utilization % 100 100 86

Carbon source Utilization % 100 100 100

IAR % 87.5 100 100
Phosphate solubilization (SI) 1.25 1.17 1.19

IAA production (ug/ml) 19.2 30.6 18.3
Antagonistic activity - + +
Symbiotic Effectiveness (%) 82 91 84

Legend: 1AR - Intrinsic antibiotic resistance; GUCR - Gondar University Chickpea rhizobia; IAA - Indole acetic acid, SE -

Symbiotic effectiveness

Table 2. Stress tolerance, Plant growth promotion and biocontrol properties of the selected PGPR isolates.

Isolates GUCRB4 GUCRB21 GUCRB76 GUCRBI124
Relative species Alcaligenes sp. Enterobacter mori  Serratia marcescens Brevibacillus brevis
Accession number PP499249 PP499248 PP508218 PP499250
Temperature 20-50 20-50 20 -50 10 - 45

Salt Max NaCl (%) 6 7 6 6

pH 5-9 6-10 5-9 5-10

IAR % 100 100 100 80
Phosphate solubilization (SI) 3.49 3.45 3.25 3.11

IAA production (ug/ml) 51.80 54.53 50.10 48.20
Ammonia Production + + + +

Cellulase Activity + + + +

Chitinase Production + + + +

Protease Activity + + + +
Siderophore Production + + + +

HCN Production + + + +
Antagonistic activity + + + +

Legend: GUCRB - Gondar University Chickpea Rhizobacteria; HCN - Hydrogen cyanide; IAA - Indole acetic acid; IAR - Intrinsic antibiotic

resistance.

MPN tables then multiplied by the lowest dilution before all
units were negative for nodulation.

The MPN was calculated from the most likely number
(m) in MPN tables.
Number of rhizobia = f x d,
f — factor from the table,

d — lowest dilution before all units were negative.

Inoculant preparation

The rhizobia and PGPR isolates selected from the stock
culture were streaked on yeast extract mannitol agar (YEMA)
and nutrient agar (NA) media, respectively and incubated at
2842 °C for 3-5 days. A single colony from each isolate was
inoculated into 100 ml yeast extract mannitol broth (YEMB)
and nutrient broth (NB) media for rhizobia and PGPR
respectively. The flasks were incubated at 28+2°C for 5-7
days on an incubator shaker at 120 rpm until it attained 10°
cfu/ml.

http://www.jbb.uni-plovdiv.bg

Evaluating the compatibility of the isolates

The compatibility of the PGPR and rhizobia isolates was
undertaken using cross streaking method on YEMA medium
according to Martins et al. (2004).

Treatments and experimental design

The experiment was conducted at Bahirdar University,
Department of Plant Science greenhouse. The composite soil
was properly mixed, sieved and filled in 3 kg capacity surface
sterilized plastic pots. Seeds of chickpea variety called
‘Natoli’ obtained from Debre Zeit Center, Ethiopian Institute
of Agricultural Research (EIAR), were surface sterilized
using 95% ethanol and 3% hypochlorite and rinsed in five
changes of distilled sterilized water (Somasagaren & Hoben,
1994). Before planting, the soils were watered to
approximately 75% field capacity. Five seeds of uniform size
were sown in each pot and later thinned down to three after
one week of germination. Each seedling was inoculated and
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co-inoculated with 1 ml (10° cfu/ml) of each isolate. The g — Shootdry weight ofplants inoculated with testisolate ',y

microbial treatments included three single inoculations, co- Shoot dry weight of plants supplied with nitrogen

inoculation, consortia and two controls. The experiment was

arranged in a completely randomized design (CRD) with 18 The isolates were categorized by their symbiotic

treatments in triplicates (as described below). The pots were
fertilized as per recommended by Somasegaran & Hoben
(1994). The experiment consisted of uninoculated but
nitrogen-fertilized pots as positive control and uninoculated
non-nitrogen-fertilized pots as negative controls.

T1=GUCR-19 (M. amorphae)

T2=GUCR-30 (M. sp. HKG 230)

T3=GUCR-55 (M. sp. UFLAO1-919)

T4=GUCR-19 (M. amorphae) + GUCRB4 (Alcaligenes sp.)
T5=GUCR-19 (M. amorphae) + GUCRB21 (Enterobacter
mori)

T6=GUCR-19 (M. amorphae) + GUCRB76 (Serratia
marcescens)

T7=GUCR-19 (M. amorphae) + GUCRBI124 (Brevibacillus
brevis)

T8=GUCR-30 (M. sp. HKG 230) + GUCRB4 (Alcaligenes
sp.)

T9=GUCR-30 (M. sp. HKG 230) + GUCRB21 (E. mori)

T10=GUCR30 (M. sp. HKG 230) + GUCRB76 (S.
marcescens)
T11=GUCR-30 (M. sp. HKG 230) + GUCRBI24

(Brevibacillus brevis)
T12=GUCR-55 (M. sp.
(Alcaligenes sp.)
T13=GUCR-55 (M. sp. UFLAO1-919) + GUCRB21 (E.
mori)

T14=GUCR-55 (M. sp. UFLAOI1-919) + GUCRB76 (S.
marcescens)

T15=GUCR-55 (M. sp. UFLAOI1-919) + GUCRBI124 (B.
brevis)

T16=Consortium [GUCR-19 (M. amorphae) + GUCR-30 (M.
sp. HKG 230) + GUCR-55 (M. sp. UFLAOI1-919) +
GUCRB4 (Alcaligenes sp.) + GUCRB21 (E. mori) +
GUCRBY76 (S. marcescens) + GUCRB124 (B. brevis)]
T17=non-inoculated and unfertilized control
T18=non-inoculated but fertilized control

UFLAO1-919) + GUCRB4

The pots were watered every two days and harvested after
8 weeks of planting to record the number of nodules (NN),
nodule dry weight (NDW) and shoot dry weight (SDW). The
number of nodules was counted as the mean number of
nodules per plant. The nodule dry weight and shoot dry
weight per plant were determined by oven drying the samples
to constant weight at 70 °C for 48 hours. Dried shoot samples
were finely ground to determine nitrogen content in (%)
using the Kjeldahl method (Sahlemedhin & Taye, 2000).
Symbiotic effectiveness (SE %) of each
calculated according to Date (1993).

isolate was
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effectiveness as ineffective, <35%; lowly-effective, 35-50%;
effective, 50-80%; and highly effective, >80%.

Statistical analysis

The data were analyzed and interpreted using ANOVA.
The experimental treatment means were compared and
contrasted against their control and with each other following
Duncan’s multiple range test (DMRT) at a significance level
of 0.05 using SPSS v. 25.

Results

The effect of single and co-inoculation of rhizobia and
PGPR isolates on the symbiotic effectiveness of chickpea
was studied in pot experiments under greenhouse conditions,
using two different soils (Table 3). The soil of the Dembia
district is categorized as Vertisols on which chickpea had
grown for several years and the soil of the Adet district is
classified as Nitisols and had no previous history of
inoculation. As indicated in Table 3, Dembia and Adet soils
exhibited relatively neutral pH. The Dembia and Adet soils
contained compatible native rhizobia of chickpea (Table 3),
making them suitable for evaluating the competitive abilities
of the rhizobia isolates against native field soil rhizobia. The
Dembia soils with a long cropping history of chickpea
harbored a relatively higher number of rhizobia nodulating
chickpea. A relatively lower number of rhizobia was
estimated in Adet soil which had no history of cropping
chickpea.

The symbiotic effectiveness of single and co-inoculation
with selected rhizobia (GUCR-19, 30 and 55) and PGPR
(GUCRB-4, 21, 76 and 124) isolates on two different soils
were presented in Tables 4 and 5.

Table 3. Chemical properties of the study soil.

Parameters Adet soil Dembia soil
pH 6.86 7.18
EC (dSm™) 0.003 0.13
CEC (cmol (+) kg™h) 32.6 41.6
Total nitrogen (%) 0.078 0.11
Organic carbon (%) 0.62 0.65
Available phosphorous (ppm)  1.34 2.9

Na (cmol (+) kg™!) 0.28 0.39

K (cmol (+) kg™ 1.1 1.23

Fe (ppm) 17.7 16.9
Mn (ppm) 20.28 17.8

Zn (ppm) 0.34 0.46

Cu (ppm) 0.76 2.41
MPN 3 X 10! 1 X 10?

DOI: 10.69085/jbb20251051
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Table 4. Symbiotic effectiveness of the rhizobia and PGPR isolates on Adet soil.

Treatments NN/p NDW (mg) SDW (g) (So]/i ) ;l;j)
GUCR-19 (M. amorphae) 36.8+1.0i 166.11+4.59f 2.600+0.025i 89 2.51
GUCR-30 (M. sp. HKG 230) 42.342.1hi 189.00+11.97d-f 2.868+0.039fg 98 2.70
GUCR-55 (M. sp. UFLAO1-919) 35.6+0.8i 158.78+2.73ef 2.696+0.043hi 92 248
GUCR-19 (M. amorphae) + GUCRB4 (Alcaligenes sp.) 46.9+1.6f-h 198.11£7.34c-e ~ 2.836+0.049f-h 97 2.83
GUCR-19 (M. amorphae) + GUCRB21 (Enterobacter mori) 55.0+0.5de 207.66+2.11b-e  2.903+0.008e-g 99 2.89
GUCR-19 (M. amorphae) + GUCRB76 (Serratia marcescens) 63.6+£3.3¢ 216.22+1.68a-c ~ 3.021+0.030de 104 2.93
GUCR-19 (M. amorphae) + GUCRB124 (Brevibacillus brevis) 51.2+0.8e-g 193.44+11.12¢-f 2.787+0.045f-h 96 2.79
GUCR-30 (M. sp. HKG 230) + GUCRB4 (4lcaligenes sp.) 53.0+2.0ef 192.56+£1.89¢c-f  3.118+0.014cd 107 3.07
GUCR-30 (M. sp. HKG 230) + GUCRB21 (Enterobacter mori) 74.7£3.1b 226.33+3.92ab 3.440+0.025b 118 3.16
GUCR-30 (M. sp. HKG 230) + GUCRB76 (Serratia marcescens) 64.3+0.8¢ 205.56+13.51b-e  3.216+0.025¢ 110 3.27
GUCR-30 (M. sp. HKG 230) + GUCRBI124 (Brevibacillus brevis) 55.2+1.7de 194.89+£10.00c-f 3.132+0.028cd 107 3.18
GUCR-55 (M. sp. UFLAO1-919) + GUCRB4 (Alcaligenes sp.) 44.442.5gh 194.00+£10.82¢c-f 2.757+£0.024gh 95 2.75
GUCR-55 (M. sp. UFLAO1-919) + GUCRB21 (Enterobacter mori) 60.9£1.9¢cd 204.33£19.46b-¢  2.92340.043ef 101 2.84
GUCR-55 (M. sp. UFLAO1-919) + GUCRB76 (Serratia marcescens)  53.2+3.6ef 211.55£5.15b-d  2.816+0.091f-h 97  2.80
GUCR-55(M. sp. UFLAO1-919) + GUCRB124 (Brevibacillus brevis) — 47.8+1.9e-h 186.67+£5.09d-f  2.783+0.018f-h 96 2.76
Consortium 91.0+£6.5a 237.00+£3.51a 3.636+0.024a 125 3.90
Non-inoculated and unfertilized control (-VE) 11.7+1.0k 77.33+0.66h 1.688+0.065k 1.67
Non-inoculated but fertilized control (+VE) 5.3+0.3k 41.34+£1.74i 2.907+0.011ef 2.73
Legend: Means followed by the same letter within a column are not significantly different at P<0.05 level, and all the data are the means of triplicates.

NN/P - nodule number per plant, NDW - nodule dry weight, SDW - shoot dry weight, TN (%) - total nitrogen, SE - symbiotic effectiveness.

Table 5. Symbiotic effectiveness of the rhizobia and PGPR isolates on Dembia soil.

Treatments NN/p NDW (mg) SDW (g) 2,}3) ;l;}j)
GUCR-19 (M. amorphae) 41.0£2.6hi 170.55+7.50h 2.839+0.021jj 101 2.76
GUCR-30 (M. sp. HKG 230) 46.9+1.4g-1 195.11+£9.98fg 3.116+0.034f-h 111 3.07
GUCR-55 (M. sp. UFLAO1-919) 37.6£1.51 173.67+3.38gh 2.777+0.068;j 99 2.59
GUCR-19 (M. amorphae) + GUCRB4 (Alcaligenes sp.) 58.44+0.8d-f 197.33+4.47¢ef 3.011+0.050hi 107 3.15
GUCR-19 (M. amorphae) + GUCRB21 (Enterobacter mori) 67.8+6.1cd 224.33+3.84¢c 3.303+0.059de 117 3.30
GUCR-19 (M. amorphae) + GUCRB76 (Serratia marcescens) 55.2+1.9e-g 202.33+£10.39d-f 3.536+0.005¢ 126 3.29
GUCR-19 (M. amorphae) + GUCRB124 (Brevibacillus brevis) 49.7+1.9f-h 203.67+£0.57d-f  3.214+0.053ef 114 3.21
GUCR-30 (M. sp. HKG 230) + GUCRB4 (Alcaligenes sp.) 59.1+0.4d-f 207.89+6.78¢c-f  3.263+0.012d-f 116 3.51
GUCR-30 (M. sp. HKG 230) + GUCRB21 (Enterobacter mori) 84.7£2.7b 260.00£1.73b 3.817+0.043b 136 3.93
GUCR-30 (M. sp. HKG 230) + GUCRB76 (Serratia marcescens) 68.4+2 .8cd 222.00+7.79¢ 3.518+0.009¢ 125 3.76
GUCR-30 (M. sp. HKG 230) + GUCRBI124 (Brevibacillus brevis) 63.8+3.9de 214.24+3.11c-e  3.431+£0.031cd 122 3.78
GUCR-55 (M. sp. UFLAO1-919) + GUCRB4 (Alcaligenes sp.) 51.4+2.2f-h 191.33£5.56f-h ~ 2.967+0.058h-j 105 3.24
GUCR-55 (M. sp. UFLAO1-919) + GUCRB21 (Enterobacter mori) 67.6£3.7cd 208.78+6.89c-f  3.197+0.104e-g 114 3.22
GUCR-55 (M. sp. UFLAO1-919) + GUCRB76 (Serratia marcescens)  76.3+£6.4bc 219.22+1.17cd 3.43240.038cd 122 3.13
GUCR-55(M. sp. UFLAO1-919) + GUCRB124 (Brevibacillus brevis) ~ 53.0£1.7f-h 194.67+6.99fg 3.033+0.039gh 108 3.16
Consortium 111.3+6.6a 301.00+2.08a 4.323+0.129a 154 4.11
Non-inoculated and unfertilized control (-VE) 14.3+£0.3k 92.33+0.66j 1.821+0.0301 1.92
Non-inoculated but fertilized control (+VE) 9.6+0.51 56.47+1.84k 2.810+0.051 j 3.08

Legend: Means followed by the same letter within a column are not significantly different at P<0.05 level, and all the data are the means of triplicates.
NN/P - nodule number per plant, NDW - nodule dry weight, SDW - shoot dry weight, TN (%) - total nitrogen, SE - symbiotic effectiveness.

Nodulation of chickpea

In single inoculation, the three rhizobia isolates induced
nodule numbers ranging from 37-46 /plant in Dembia soil
and 35-42/plant in Adet soil. GUCR-30 (M. sp. HKG 230)
scored the highest nodule number in both soils (Tables 4 and
5). Regarding the co-inoculation, the nodule number was in
the range of 44-111/p showing that co-inoculation induced
more nodule number than single inoculation. The highest
nodule number (111/p and 91/p) was recorded by plants co-
inoculated with the consortium in Dembia and Adet soil
respectively, followed by 84/plant from plants co-inoculated

http://www.jbb.uni-plovdiv.bg

with GUCR-30 (M.

sp. HKG

(Enterobacter mori) in Dembia soil.

Nodule dry weight

230) + GUCRB21

In this study, the nodule dry weight was between 158-195
mg/p in both soils in a single inoculation. The highest nodule
dry weight 301 and 237 mg/p was accumulated by plants
inoculated with consortium on Dembia and Adet soils
respectively. In the co-inoculation following the consortium,
the nodule dry weight was between 186-260mg/p (Tables 4
and 5). The highest (260 mg/p) was recorded from plants
inoculated with GUCR-30 (M. sp. HKG 230) + GUCRB21
(Enterobacter mori) in Dembia soil, the lowest (186mg/p)
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was recorded from plants inoculated with GUCR-55 (M. sp.
UFLAO1-919) + GUCRBI124 (Brevibacillus brevis) in Adet
soil.

Shoot dry weight

Regarding the shoot dry weight, in Dembia soil the
highest shoot dry weight (4.323 g/p) was accumulated by
plants inoculated with consortium followed by 3.817 g/p and
3.536 g/p co-inoculated with GUCR-30 (M. sp. HKG 230) +
GUCRB21 (Enterobacter mori) and GUCR-19 (M.
amorphae) + GUCRB76 (Serratia marcescens) which was
54%, 36% and 26% over the positive control respectively. In
Adet soil the highest shoot dry weight (3.636 g/p) was
accumulated by plants co-inoculated with consortium
followed by 3.44 g/p and 3.216 g/p co-inoculated with
GUCR-30 (M. sp. HKG 230) + GUCRB21 (Enterobacter
mori) and GUCR-30 (M. sp. HKG 230) + GUCRB76
(Serratia marcescens), which was 25%, 19% and 11% over
the positive control respectively (Tables 4 and 5).

Shoot total nitrogen

Regarding the shoot nitrogen content, chickpea inoculated
with GUCR-30 (M. sp. HKG 230) + GUCRB21
(Enterobacter mori) (3.93%) in Dembia soil and GUCR-30
(M. sp. HKG 230) + GUCRB76 (Serratia marcescens)
(3.27%) in Adet soil displayed the highest shoot nitrogen
content (Tables 4 and 5).

Symbiotic effectiveness

The consortium inoculation showed the highest symbiotic
effectiveness in both soils (154% in Dembia and 125% in
Adet soil). In Dembia soil the three rhizobia isolates showed
symbiotic effectiveness ranging from 99-111% and the co-
inoculated plants showed symbiotic effectiveness ranging
105-136%. Chickpea plants co-inoculated with GUCR-30
(M. sp. HKG 230) + GUCRB21 (Enterobacter mori) showed
the highest (136%) symbiotic effectiveness followed by
GUCR-19 (M. amorphae) + GUCRB76 (Serratia
marcescens) (126%). In Adet soil, the three rhizobia isolates
showed symbiotic effectiveness ranging from 89-99% and the
co-inoculated plants showed symbiotic effectiveness ranging
95-118%. Chickpea plants co-inoculated with GUCR-30 (M.
sp. HKG 230) + GUCRB21 (Enterobacter mori) showed the
highest (118%) symbiotic effectiveness followed by GUCR-
30 (M. sp. HKG 230) + GUCRB76 (Serratia marcescens)
(110%).

Discussion

This study result showed that single and co-inoculation
improved the nodulation, nodule dry weight and shoot dry
weight of chickpea on both Dembia and Adet soils compared
to the uninoculated negative controls (Figure 1). This
indicates that the isolates have the potential to improve the
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growth of chickpea by different mechanisms such as
increasing nutrient availability and uptake, producing plant
hormones and suppressing soil-borne diseases.

In this study, single inoculation and co-inoculation
induced a nodule difference of 23NN/p and 70NN/p over the
negative control respectively which is relatively higher than
Mirza et al. (2007) who reported that chickpea inoculated and
co-inoculated with Rhizobium alone and Rhizobium Rnl +
Enterobacter B showed a nodule number difference of 19
NN/p and 36 NN/p over the negative control, respectively. In
single and co-inoculation the highest nodule number was
scored in Dembia soil. This could be attributed to the
difference in the indigenous rhizobia population which is
higher in Dembia soil than Adet soil. Co-inoculation
treatments generally showed an average increase in nodule
numbers by 21-125% compared to single inoculation
treatments in both soils. This indicates that there was a
synergistic interaction between rhizobia and PGPR isolates.
However, Laabas et al. (2017) reported that mixed
inoculation with selected rhizobial and PGPR strains was
applied on two native soils, presenting a weak nodulation for
the first and a total absence of nodulation for the second.
Korir et al. (2017) reported that co-inoculation of the rhizobia
strains with the PGPR generally enhanced the nodulation of
common bean compared to single rhizobial inoculation. Adal
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Figure 1. Chickpea plant growth in the two soil types.
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(2018) reported an increase in nodule number by grass pea
plants when inoculated with rhizobia and PGPR and
consortium of the isolates than the single inoculation
respectively. Similarly, Sintie (2018) reported that co-
inoculation of rhizobia and PSRB isolates showed an almost
a 64% increment in nodule number compared to their
respective single inoculation of white lupin plant under pot
soil culture. Different researchers also reported on the
enhancement of nodulation by PGPR as they create more
infection sites on the root systems of legume plants (Verma et
al., 2010; Badawi et al., 2011; EI-Nahrawy & Omara, 2017).

Regarding nodule dry weight, co-inoculation treatments
showed an average increase in nodule dry weight up to 53%
compared to single inoculation treatments in both soils. In
this study, all single rhizobia and rhizobia + PGPR co-
inoculated plants showed a nodule dry weight increment
ranging from 78-168mg/p over the negative control in both
soils. Mirza et al. (2007) reported nodule dry weight
difference of 30mg/p and 20mg/p accumulated by chickpea
plants co-inoculated and inoculated with Rhizobium Rnl +
Enterobacter B and Rhizobium Rr2, respectively over the
negative control.

In this study, co-inoculation treatments showed an
average increment in shoot dry weight up to 25% compared
to single inoculation treatments in both soils. Korir et al.
(2017) reported that co-inoculation of rhizobia strains and
PGPR recorded a higher shoot dry weight than single
rhizobia inoculation in common beans.

In Dembia soil chickpea inoculated with GUCR-30 (M.
sp. HKG 230) + GUCRB21 (Enterobacter mori) displayed
the highest (3.93%) shoot nitrogen which showed 105%, 28%
and 28-52% increment over the negative control, positive
control and single inoculations. In Adet soil chickpea
inoculated with GUCR-30 (M. sp. HKG 230) + GUCRB76
(Serratia marcescens) displayed the highest (3.27%) shoot
nitrogen which showed 20 and 21-32% increment over the
positive control and single inoculation respectively. This
variation could be associated with the different adaptation
abilities of the isolates to the soil environment. Many other
studies have also shown positive effects of inoculation with
PGPR strains on the growth of chickpea under greenhouse
and field conditions (Valverd et al., 2007; Malik & Sindhu
2011; Verma et al., 2014) which could promote plant growth
through different mechanisms such as the production of IAA,
phosphates solubilization, siderophore production, and other
plant-growth-promoting activities.

The symbiotic effectiveness result of this study indicated

that single inoculated, co-inoculated and consortium
treatments were highly effective in their symbiotic
effectiveness.

In this study, among the inoculated, co-inoculated and
control treatments, plants co-inoculated with the consortium
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showed the highest records in all measured parameters, next
to the consortium plants co-inoculated with GUCR-30 (M. sp.
HKG 230) + GUCRB21 (Enterobacter mori), GUCR-30 (M.
sp. HKG 230) + GUCRB76 (Serratia marcescens) and
GUCR-19 (M. amorphae) + GUCRB21 (Enterobacter mori),
GUCR-19 (M. + GUCRB76
marcescens), showed the highest in all parameters measured.

amorphae) (Serratia

Conclusion

Co-inoculation of rhizobia and PGPR isolates led to a
significant increase in nodule number, nodule dry weights,
shoot dry weight and shoot total nitrogen compared to single
inoculations, positive and negative controls. The isolates that
showed the highest in all parameters measured can be used as
inoculants to improve the growth of chickpea in soils that
have similar soil characteristics as Dembia and Adet districts.
In this study, chickpea planted in Dembia soil showed a
better performance in all parameters than in Adet soil. A
further field experiment in different locations is
recommended for upgrading these isolates into chickpea
inoculants.
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