v

Environmental Resources Research (ERR) %@ »

Gorgan University of
Agricultural Sciences
and Natural Resources

Wa>

Print ISSN: 2345 - 430X
Online ISSN: 2345 - 4318

Influence of seed inoculation with promoting rhizobacteria on
the germination and growth traits of Astragalus cyclophyllon

Reihane Hajhashemi' | Elham Ghehsareh Ardestani®”

Beck under drought stress

areh Ardestay | Ataollah Ebrahimi® |
Farzaneh Nikookha

'M.Sc, Department of Rangeland and Watershed Management, Faculty of Natural Resources and Earth Sciences, Shahrekord
University, Shahrekord, Iran, Email: reihan7117@gmail.com

?Assistant Professor, Department of Rangeland and Watershed Management, Faculty of Natural Resources and Earth Sciences,
Shahrekord University, Shahrekord, Iran, Email: elham.ghehsareh@nres.sku.ac.ir

®Associate Professor, Department of Rangeland and Watershed Management, Faculty of Natural Resources and Earth Sciences,
Shahrekord University, Shahrekord, Iran, Email: ataollah.ebrahimi@sku.ac.ir

* Assistant Professor, Department of Fishery Science, Faculty of Natural Resources and Earth Sciences, Shahrekord University,
Shahrekord, Iran, Email: f_nikookhah@yahoo.com

Article Info

Abstract

Article type:
Research Article

Avrticle history:
Received: January 2021
Accepted: September 2021

Corresponding author:
elham.ghehsareh@nres.sku.ac.ir

Keywords:

Legumes

Germination
Plant-microbe interactions
Plant stress tolerance

The plant growth-promoting rhizobacteria (PGPR) are one of the famous
sources when applying drought stress management in rangeland plants.
This research was conducted to investigate the effect of PGPRs on the
germination and growth of Astragalus cyclophyllon Beck under drought
stress. A factorial experiment in a completely randomized design with
three replications, was conducted in the seed laboratory. The effects of
the main factors of PGPR inoculation as well as control and drought
stress at four levels and their interactions on weight, length, and
germination indices were investigated. Bacillus cereus had the highest
effect on increasing shoot, seedling dry weight, and vigour indices.
Pseudomonas aeruginosa had the highest effect on promoting radicle
length. Additionally, results revealed that -0.8 MPa drought stress had a
significant effect on radicle and shoot fresh weight, shoot and seedling
length, germination percentage, germination rate and mean daily
germination as compared to 0.0, -0.2 and -0.4 MPa indicating A.
cyclophyllon is a drought stress resistance species. B. cereus at the
control level of drought stress significantly increased shoot and seedling
dry weight and vigour indices, whilst, P. aeruginosa at the drought
stress level of -0.8 MPa significantly increased shoot lengths compared
to control. In general, B. cereus significantly increased biomass by
increasing shoot and seedling dry weight but P. aeruginosa affected
elongation growth of the plant by increasing radicle and shoot lengths of
A. cyclophyllon. Suitable PGPR as biotic elicitors can enhance the
growth of the rangeland plants.
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Introduction

Rangelands are present on all continents
and occupy 30 to 50% of the Earth’s land
surface spreading over arid and semi-arid
regions (Friedel et al., 2000). In the last few
decades, desertification has increased in all
arid and semi-arid rangelands of the world
due to anthropogenic effects (e.g.,
cultivation, overgrazing, etc.) and climate
change (Rowlinson et al., 2008). Drought
stress can hinder germination or growth and
production of plants. In addition to drought
(water shortage), nitrogen scarcity is the
most important factor- limiting the growth
of plants in these regions. When the soil
moisture is sufficient, nitrogen restricts the
growth and development of plants in these
regions (Kowaljow et al., 2010). The
application of plant growth-promoting
rhizobacteria (PGPR) is one of the
approaches to deal with drought stress and
nitrogen deficiency in plants. Therefore,
PGPR inoculation is considered as an
appropriate and natural solution for
reducing drought stress and supplying
nitrogen in plants (Santoyo et al., 2016).
Studies have reported that PGPRs have
direct and/or indirect, positive, and negative
effects on the growth and development of
plants. In general, PGPRs promote plant
growth, produce antibiotics, enzymes, and
fungicidal compounds to fight
phytopathogenic microorganisms, naturally
fixing nitrogen, make phytohormones,
dissolve the nutrients in water, and also are
known as bio-fertilizers (Ehteshami et al.,
2018; Gholami et al., 2009; Lopez-Bucio et
al., 2007; Mantelin and Touraine, 2004;
Numan et al., 2018; Valencia-Cantero et al.,
2007; Yang et al., 2009).

Some PGPR as an alternative of
chemical fertilizer also raise plant
resistance against both environmental
stresses (drought stress) and diseases
(Gholami et al., 2009; Jahanian et al., 2012;
Kumar and Verma, 2018; Numan et al.,
2018).

Drought stress has a high negative
impact on seed germination and plant
growth, which menaces global food
security (Gouda et al., 2018). However
some of the plants are inherently equipped
with drought resistance mechanisms such as

ion exchange and hormonal stimulation
(Gouda et al., 2018; Noumavo et al., 2013;
Numan et al., 2018; Stamenov et al., 2018;
Szczech et al., 2016).

Astragalus cyclophyllon Beck as a
valuable forb species is a member of the
family Papilionaceae which belongs to the
largest genus of plants in the world i.e.,
Astragalus containing about 4,000 herbal
and shrub species (Maassoumi, 2000). A.
cyclophyllon is an endemic perennial
species in Iran’s rangelands. Astragalus
genus contains valuable plants that have
various ecological functions on rangelands
but their seed production and germination
are severely diminished in drought
conditions and water shortage availability,
specifically under grazing in drought
conditions which is a commonplace
phenomenon in the rangelands around the
world. Like others, A. cyclophyllon as a
palatable species is of great importance in
rangelands because of providing livestock
feeds with high forage quality, nutrient
richness, soil conservation, facilitating
water infiltration, carbon sequestration,
nitrogen fixation, etc (Ardestani et al.,
2015; Ghahremaninejad et al., 2016;
Maassoumi,  2000).  However, the
regeneration of this species is restricted due
to the low germination capacity,
specifically in drought conditions.

This species was introduced to be at the
brink of extinction due to human activities
(severe grazing intensity and frequency)
and climate change (Ardestani et al., 2015;
Jalili and Jamzad, 1999; Maassoumi, 1998).
Therefore, studies on this species is
warranted and specifically its germination
under water deficiency and drought stress
are important issues for rehabilitation,
which is lacking.

To the best of our knowledge, a few
studies have been carried out on the
inoculation of rangeland seeds with PGPR
under drought stress for the restoration of
rangeland degradation (Delshadi et al.,
2017a, 2017b; Gholami et al., 2009;
Radnezhad et al., 2015). Starting from these
motivations, the purpose of this research is
defined to study the effects of PGPR
(Bacillus  cereus  (Ptcc  No0:1816),
Pseudomonas aeruginosa (Atcc N0:9027),
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Azotobacter chroococcum (Ptcc No: 9D)
and Azospirillum lipoferm (Ptcc No: 12D)
under drought stress on germination and
growth indicators of A. cyclophyllon. We
hypothesized that the effect of PGPR on
germination and growth of A. cyclophyllon
would increase after inoculation with PGPR
due to a sustained improvement of
biological traits.

Materials and methods

Preparation of Petri dishes

This study was performed in 2019 in the
seed laboratory of the Faculty of Natural
Resources and Earth Science, Shahrekord
University, Iran. A factorial experiment in a
completely randomized design with three
replications was designed. To do so, four
PGPR inoculation was applied including B.
cereus, P. aeruginosa, A. chroococcum, and
A. lipoferm with control (no PGPR
inoculation). Moreover, four levels of
drought stress including control (without
polyethylene glycol (PEG) 6000: double-
distilled water), -0.2, -0.4 and -0.8 MPa was
conducted.

The seeds of A. cyclophyllon were prepared
by Pakan Bazr Esfahan Company, Iran. The
seeds were sterilized with sodium
hypochlorite 10% for 30 seconds and then
rinsed quickly five times in double-distilled
water. Seeds were scraped using sandpaper
to break plants seed coats. Then seeds were
drenched for one hour at the inoculation of
PGPR separately. Twenty seeds were
planted in each Petri-dish (8 cm diameter).
Equation 1 was used to calculate the
amount of required PEG for drought stress
(osmotic pressure) (Michel and Kaufmann,
1973).

Osmotic pressure in terms of Bar (ys):

ys = -(1.18x10%) C — (1.8x10%) C? +
(2.67x10™) CT+(8.39x107) CT
Equation (1)

in which: C = the concentration of PEG
6000 g/kg water (g/kg H20), T=
temperature in terms of centigrade.

The experiment was performed in Plant
Growth Chamber with a temperature of 16-
20 °C (day and night), at 70% relative
humidity and 8-h dark lighting, and 16-h of
light conditions. Germinated seeds with
root length of more than 2 mm were

counted (Kaya et al., 2006). Afterwards,
fresh, dry weight and length of the radicle,
shoot and seedling, percentage and rate of
germination, mean germination time, the
coefficient velocity of germination, mean
daily germination, allometric coefficient,
and vigour indices (1 and 2) were
determined. The studied variables were
calculated based on the following
equations:

Germination percentage (GP);

GP = (N/S) x 100 Equation (2)
In which: N = the number of germinated seeds

S = total number of seeds

Germination rate (GR):

GR =X (Ni/Di) Equation (3)
In which: Ni = the number of germinated seeds
in daily intervals

Di = the number of days from the beginning of
germination

Mean germination time (MGT):

MGT= ZNiDi/N Equation (4)
In which: Ni = the number of seeds in daily
intervals

Di = the number of days counted from the
beginning of germination

N = the number of germinated seeds

Mean daily germination (MDG):

MDG= FGP/D Equation (5)
In which: FGP= final germination percentage

D = the number of days to reach the maximum
final germination

The coefficient velocity of germination (CVG):

k K
CVG = (O f, /> £,%)100
i=1 i=1

Equation (6)
In which: fi = the number of seeds newly
germinated on day i
X; = the number of days from sowing
k = last day of germination
Allometric coefficient (AC):

Equation (7)
AC = MRL/ MSL
In which: MRL = mean root length
MSL = mean shoot length
Vigor index (1) [VI (D]:
VI (1) = (MRL+MSL) x GP

Equation (8)
In which: MRL = mean root length
MSL = mean shoot length
GP = germination percentage
Vigor index (2) [VI (2)]:
VI (2) = (MRDW+MSDW) x GP

Equation (9)
In which: MRDW = mean root dry weight
MSDW = mean shoot dry weight
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GP = germination percentage (Abdul-Baki and
Anderson, 1973; Agrawal and Dadlani, 1995;
Jahanian et al., 2012; Kavandi et al., 2018).

Statistical analyses

The statistical analyses were carried out
using a General Linear Model (GLM) to
determine the treatment effects (inoculation
with PGPR and drought stress as the main
effects and their interactions) on different
growth indices employing IBM SPSS
statistics 25. Duncan test was performed to
determine the significant differences
between treatments means (P<0.05).

Results

Effects of PGPR

The results showed that PGPR (main effect)

significantly affected on the shoot and

seedling dry weight, radicle and seedling

length, allometric coefficient, and vigour

indices (1 and 2) (P<0.01, 0.05) (Table 1).
The highest enhancement of shoot and

seedling dry weight and vigour indices (1

and 2) were observed in the treatment of B.
cereus that was 4, 2.33, 2.56, and 10 times
more than the control treatment,
respectively (Table 2) whilst no significant
difference was found in other PGPR
treatments. P. aeruginosa treatment
significantly increased radicle length by
1.24 in comparison of the other treatments
with the control treatment. There was no
significant difference among B. cereus, A.
chroococcum, and control treatments on
radicle length of A. cyclophyllon. The
lowest radicle length was observed when A.
lipoferum treatment was applied (Table 2).
There was a negative effect on radicle
length by A. lipoferum compared to control
treatment. A. chroococcum and A.
lipoferum negatively affected seedling
length relative to control. B. cereus had the
highest effects on the allometric coefficient
compared to P. aeruginosa, A.
chroococcum, and control but not with A.
lipoferum (Table 2).

Table 1. Analysis of variance of measured parameters of seed germination indicators of A. cyclophyllon
under different PGPR (Plant growth-promoting rhizobacteria) inoculation and drought stress levels
(Statistically significant values are indicated: *P, 0.05; **P, 0.01).

Source of Variation

Mean square

PGPR Drought stress PGPR x Drought

stress
df 4,000 3.000 12.000
Fresh weight Radicle 0.002" 0.009” 0.002"
Shoot 0.007™ 0.027 0.004"™
Seedling 0.025" 0.331" 0.023"
Growth Radicle 0.000™ 7.306E-6™ 6.382E-5™
traits Dry weight Shoot 0.002" 0.002" 0.002™
Seedling 0.003” 0.004™ 0.004”
Radicle 0.670" 1.654™ 0.161™
Length Shoot 0.198" 0.952" 0.267"
Seedling 1.018" 3.827" 0.605"
Germination percentage 282.917™ 2194.444™ 199.306™
Germination rate 0.231" 1.791" 0.163"™
Germination Mean germination time 0.247™ 1.099" 0.411™
indices Coefficient of velocity of germination 0.002" 0.021" 0.006"
Mean daily germination 5.773" 44.783™ 4,068"
Allometric coefficient 0.583" 0.488" 0.352"
Growth Vigour index 1 0.035" 0.061™ 0.041™
indices Vigour index 2 0.000" 0.000" 0.000"

Main effect of drought stress
The drought stress significantly affects on
the fresh weight, shoot and seedling dry

weight, length, germination percentage,
germination rate, mean daily germination,
and vigour indices (1 and 2) (Table 1).



203

Reihan Hajhashemi et al. / Environmental Resources Research 9, 2 (2021)

4S000°0F100°0  9100°0FZ00'0  9100°0F200'0  BSO0'0F600'0  4S000'0F100°0  9100°0FZ00°0  9100°0F200°0 q100°0F200'0  BF00'0F10°0 T XopuIInoBIA
OZO'0FSO'0  9990°0FIT0  9BSO'OFFI'0  BOI'OFITO 4S0°0F¢80°0 q90°0F11°0 qL0'0F60°0 qS0°0F1°0 BOI'0FIT0 [ Xapui Ino3IA
ez 0F0F [ eZEOFCIL BOC0F86'0  BOECOFOO qZE0F66'0  qe8TOFIC ] q9T0F20'1 QIE0FL60 e160F9t' [ JUBIDIJJA0D OLIAWO[[ Y/
QST IFECL  BOGOFSOIT  BSLOFTSOI B06'0FE 01 BOO' IFII'6 ROV IFHTOI BE0' 159901 8900 0FET'6 BSI'IFET6 uoneuruids Kjrep :S_M
UOTJe Ul LD
BEOO'OFIE0  BEOO'0FIEOD  BTOO'OF6ED  BYOO'0FSE0 BEOO'0FSE0  BYOO'0FCEOD  BTHO'OFCEO BZ00'0FSE0  BSO00FSE0 JO K)190[0A JUAIDYJA0D)
B0 0F b1 € BLTOF61°E BT OF6LT  BIF0F00°E BOC 0FOI'€ BOEOFSE'E BLYOFSI'E BSTOFI0'E B6I'0FI0E  (Kep) own UOHRUILIDE UBDIA
Q9% 0F9F' 1 BOCOFPIT BOCOFCT  BI9COFOIT BIH0F90°C BLSOFCY'] B9 0FLYOT BLTOFIEIT ey 0FPY’| (Aep/ou) ajer uonEUIULIAL)
QITSFECTS  BSHOFECLL  BOTSTFLYEL  BTE9FSOTL BLI'LFSLE9  BTOIFLYIL BT 01F8S HL BECHFRSHY  BRO'SFIOHY (%) 23eyuacad uoneur D
ASE0FLE'T BT OFHL'T BICOFOI'E  BTLOFI6T ept 0FL6'T Q9T 0FSH'T qSTOFIE'T BOYOFIOE  QB8FOFHYT Supaag
AvT OFH6'0 eZI'0F0€' | ANGES A epTOFIS | BOC OFHE | ep1 0FSI'I ep'0FLI eI 0FHY | BT 0FLE | 100y§
OITOFSL0 a81°0F€T 1 epTOFPS T QRLIOFCK | ALI'0FLT 1 OE1'0F16°0 qTTOFET 1 ey 0FLS | AreOFHT | daIpey (wo) p3udy
9%00'0F€0'0  99800°0FF0'0  4SO0'0FFO'0  BIO0FLOO 4s00'0F€0'0  9L00°0FF0°0 Q1007700 q10°0¥50°0 ©[0°0FL00 Supaag
qc00'0F10°0  9ZO0'0FI00  9T00°0FI00  BFOO0FE0D0 qzOO'0FIO0  9QF00'0FI00  9T000F10°0 qz00'0FI00  BTOO0FH0'0 1004s
BG00'0FI0°0  BZOO'OFIO0  BTOO'OFIO0  BEOO'OFIO0 BZ00'0FI00  BZOO'OFIO0  BIOO'OFIO0 BL00°0FI00  BF00'0FI00 apipey  (3) wyBom LiQg
990'0F€T 0 Q90'0FSH0  QBSO'0FOS'0  BSO'OFLSO BLOOFLEO ©60'0FHF 0 BI0FEY 0 ©LO0F6F0 BET'OFLY0 Supaag
q€0°0760°0 B0 0FH10 BZO'OFLI'0  BROOFSI0 ©Z0'0FCI°0 eH0"0FE10 BLO0FELD B0 0FLI0 260 0FLI0 100y§ ®
4500'0F£0°0 210 0FL00 B[0'0F60'0  BTO'0FLOO e10'0FS0°0 210°0FS0°0 ©Z0'0FL00 e100FLO0 2€00F80°0 opaIpey  IyBIom ysal
80 0" 0 [onuo) w.2fodl] 'y Un2202004Yd " pSOUI3NA2D " SN2420 g
(edJN) SSa1s 1yBN0I (Ju/NAD 401x5) ADd Xopul pue Jies ],

(1070 ‘dsex SO0 ‘ds :pILdIpUI AIB SAN[EA JUBOYIUSIS A[[BINSIEIS) SSAS JYSNOIP JO S[9AI] JUSIYIP PUB Uuone[nooul (BLI2I0BqOZIYI
Sunowoid-ymois jue[d) YdDd JO SuoWILd JUARYIP Jopun uojdydoppdd> “p Jo uoneuruIdl Jo safe)s Sa0Ipul uonBUIWIdS pue Sjel] ‘g d[qe]



204 Reihan Hajhashemi et al. / Environmental Resources Research 9, 2 (2021)

Applying the -0.8 MPa level of drought
stress caused the lowest radicle and shoot
fresh weight, shoot and seedling length,
germination percentage, germination rate
and mean daily germination while there
was no significant difference in applying 0,
-0.2, -0.4 MPa drought stress on these
indicators (Table 2). The highest shoot and
seedling dry weight, and vigour index 2
observed when control drought stress was
applied (Table 2). The highest seedling
fresh weight, radicle length, and vigour
index 1 were observed at -0.2 MPa and
controls but no significant differences were

found between these two indicators at -0.2
and control (Table 2).

PGPR by drought stress interaction effects
The interaction of PGPR and drought stress
significantly affects on the shoot and
seedling dry weight, shoot length, and
vigour indices (1 and 2) (Table 1).

Shoot dry weight, seedling dry weight, and
vigour indices (1 and 2) significantly
increased by implementing B. cereus at the
level of control when compared with all the
other treatments including PGPR and
drought stress (Figure 1a, b, d, €).
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Figure 1. Shoot dry weight (a), seedling dry weight (b), shoot length (c), vigour index 1 (d), and vigour
index 2 (e) of A. cyclophyllon, Duncan test (P< 0.05). Different small letters indicate significant
differences between means of the plant growth-promoting rhizobacteria under drought conditions.

P. aeruginosa significantly enhanced
seedling dry weight in comparison to no
PGPR inoculation at the control drought
stress level (Figure 1b). Moreover, P.
aeruginosa inoculation at the level of -0.8
MPa drought stress significantly raised
shoot length in comparison to control at the
same level of drought stress (Figure 1c).

Application of A. lipoferum and A.
chrooccum had a negative effect on shoot
length at control (without PGPR) when no
drought stress applied (Figure 1c).

Correlation between traits

There was a significant and positive
correlation between radicle fresh weight and
seedling fresh weight (r=0.812). Shoot fresh
weight had a significant positive correlation
with seedling fresh weight (r= 0.852). There
was a significant and positive correlation
between shoot dry weight and seedling dry
weight (r=0.931), vigour index 1 (r= 0.920),
vigour index 2 (r= 0.966). Seedling dry
weight had a significant positive correlation
with vigour index 1 (r= 0.980) and vigour
index 2 (r= 0.952). There was a significant
and positive correlation between radicle
length and seedling length (r= 0.800).

Germination percentage had a significant
positive correlation with mean daily
germination (r= 0.999). There was a
significant and positive correlation between
germination rate and mean daily germination
(r= 0.999). Mean germination time had a
significant negative correlation coefficient
with the velocity of germination (r=-0.941).
There was a significant and positive
correlation between vigour index 1 and
vigour index 2 (r=0.941) (Table 3).

Discussion

Drought stress, grazing, and anthropogenic
effects have put some of the valuable
rangeland species of the Astragalus genus
in the red book as the species at the brink of
extinction (Jalili and Jamzad, 1999). A.
cyclophyllon, amongst other species of this
genus, is a valuable rangeland species and
its germination and reproduction have been
subject of much concern in recent years.
Therefore, increasing germination and
growth of the seeds of this species through
inoculation of rhizobacteria as biotic
promoting plant germination and growth is
important from an ecological point of view,
which is studied in this research.
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This study revealed that under laboratory
conditions, seed inoculation of A,
cyclophyllon with some PGPR strains
improved shoot and seedling dry weight,
radicle length, allometric coefficient, and
vigour indices relative to the controls
indicating that PGPRs generally improve
some indicators of plant growth. By
enhancing the volume and root development,
The PGPR increased the plant’s access to
nutrients and water, thereby increasing
absorption of the nutrients by the plant. The
plant nutrient uptake enhanced the plant
shoot growth (Delshadi et al., 2017a,
2017b).

Similar improvement of plant traits by
PGPRs has been reported (Delshadi et al.,
2017a, 2017b; Gholami et al., 2009;
Jahanian et al., 2012; Noumavo et al., 2013).

Inoculation of seeds of A. cyclophyllon
with B. cereus significantly increased shoot
and seedling dry weight relative to control
(no PGPR) at different drought stress
levels. Increasing shoot and seedling dry
weight as two indicators of biomass assured
that B. cereus affected directly on biomass
indicators of plants as also reported by
Jetiyanon et al. (2008), Jetiyanon and
Plianbangchang (2010) and Widnyana and
Javandira (2016). They demonstrated that
the indoleacetic acid (IAA) (the plant
growth regulators) extracted from B. cereus
would be one of the substances for plant
growth enhancement and it can, directly
and indirectly, provide favorable conditions
for plant growth (Glick et al., 2007;
Nadeem et al., 2014).

P. aeruginosa increased radicle length
suggesting the radicle length elongation
may increase water accessibility. Existing
literature reveals that inoculation of some
plants with PGPR provided plants with
more access to water and nutrients by
increasing the length and volume of roots
(Davoodifard et al., 2012; Gholami et al.,
2009; Widnyana and Javandira, 2016).
Therefore, we expect that a significant
increase of A. cyclophyllon radicle length
by inoculation of P. aeruginosa will
consequently increase plant resistance to
drought via root increment and more water
accessibility, though, reactions of plant
growth to inoculation with PGPR depend

on PGPR strain, plant genotype, and growth
conditions (Gholami et al., 2009; Khalid et
al., 2004).

In contrast to P. aeruginosa, inoculation
of A. cyclophyllon seeds with A. lipoferum
had a significant negative effect on radicle
length. Moreover, the inoculation of A.
chrooccum and A. lipoferum also resulted in
a significant negative effect on the plant
seedling length. This could be due to the
ability of some PGPR to produce hydrogen
cyanide gas, which inhibits the germination
and growth of plant roots (Stamenov et al.,
2018), these PGPR deal with pathogens
decreased access to iron, resulting in
decreased plant growth (Alstrom and
Burns, 1989). On the other hand, Khosravi
and Mohmoudi (2013) demonstrated a
similar reduction in wheat growth in the
presence of Azotobacter. One of the
materials that can prevent and reduce plant
height and the transfer of auxin is ethylene
acetic acid (Vacheron et al., 2013). Drought
stress increases the ethylene concentration
of plant species. Also, the decreased plant
height, is a result of applying drought stress
conditions. This can be displayed to
damage photosynthesis due to the
dehydration and decreased production of
materials for submission to the plant
growing parts (Jamshidi et al., 2012).
Moreover, in contrast to the current study,
Shaukat et al. (2006) reported that the
introduction of  Azospirillum  and
Azotobacter in the rhizosphere of sunflower
and wheat had a positive effect on the
germination and the length of the seedlings
whilst, Stamenov et al. (2018) also reported
a negative effect of PGPR on the
germination and growth of Allium cepa L.,
therefore, considering this contradictory
results, we may conclude that applied
treatments of PGPR had a different effect
on the germination and growth indicators of
different species.

The drought stress significantly effects
on the fresh weight, shoot and seedling dry
weight, length, germination percentage and
rate, mean daily germination, and vigour
indices (1 and 2) are all negatively related
with drought stress, indicating that this
species needs more  conservative
management decisions in the drought
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condition, which is a commonplace
phenomenon of the arid rangelands.
However, comparison of means revealed
that shoot and seedling dry weight and
vigour index 2 significantly decreased with
reducing available water (drought stress),
but radicle and shoot fresh weight, shoot
and seedling length, percentage and rate of
germination and mean daily germination at
the level of 0.2, -0.4 MPa and control
(without drought stress) were not affected
significantly. However, applying the -0.8
MPa level of drought stress caused the
lowest the above mentioned traits.
Therefore, it can be stated that A.
cyclophyllon  fairly  exhibits  drought
resistance mechanisms. Also, A
cyclophyllon reveals drought tolerance in
seedling fresh weight, radicle length and
vigour index 1 in low drought stress level
(-0.2 MPa). These results proved that
A. cyclophyllon is moderately resistant to
drought stress as stated by Zandi Esfahani
and Azarnivand (2013). The findings
suggest that rehabilitation of this species in
abandoned rangelands should be prevented
in low rainfall years with water deficiency
and consequently drought stress in the arid
rangelands.

Shoot dry weight, seedling dry weight
and vigour indices (1 and 2) significantly
increased by inoculation of B. cereus at the
control level when compared with all the
other treatments including PGPR and
drought stress, suggesting that B. cereus
significantly increased biomass indicators
in no-drought stress conditions. Therefore,
we recommend facilitating B. cereus
increment through seed inoculation in the
absence of drought conditions or
rehabilitation practices. P. aeruginosa also
significantly enhanced seedling dry weight
in comparison to no PGPR inoculation at
the control drought stress level (Fig. 1b). In
a natural environment without stress, many
of the mechanisms used by PGPR for
growth increase are common. One of the
mechanisms of increasing the plant growth
and yield by PGPR s the ability to decrease
siderophore and raise the level of iron in the
plant (Bhattacharyya and Jha, 2012).
However, increased plant dry weight can be
displayed as the ability of the PGPR. Under

difficult and stressful conditions, some
species cannot react with the host plant and,
the PGPR are not efficient on the plant
growth and development. Moreover, P.
aeruginosa inoculation at the level of -0.8
MPa drought stress significantly raised
shoot length in comparison to control
(without inoculation) at the same level of
drought stress (Figure 1c). These results
convinced us that both B. cereus and P.
aeruginosa are promising PGPR that
mutually increase biomass (i.e., shoot dry
weight, seedling dry weight) and
establishment indicators of plants (shoot
length and vigour indices). Nevertheless,
their reciprocal effects should be studied in
future research.

Increasing shoot length of A.
cyclophyllon by inoculation of
P. aeruginosa at the level of -0.8 MPa
reveals that P. aeruginosa is one of the best
choices for increasing rehabilitation chance
of the species in drought condition due to
increasing water accessibility through shoot
length increment. We should underline that
both biomass (shoot and seedling dry
weight, shoot length) and plant vigour
(vigour indices) are simultaneously affected
by mutual effects of PGPR and drought.

Considering the results of PGPR
inoculations and correlation between
germination indicators reveals that PGPRs
do not significantly increase the inter-
correlated indicators of germination (i.e.,
germination percentage with mean daily
germination; germination rate and mean
daily germination; mean germination time
coefficient with the velocity of germination)
(Table 3). In other words, PGPRs affects
germination indicators of seeds and not
seed dormancy indicators.

Positive and significant correlation
between (i) radicle and shoot fresh weight
with seedling fresh weight and (ii) shoot
dry weight with seedling dry weight were
observed indicating a direct relationship
between the seedling growth and seedling
components. Also, a strong and positive
relationship between shoot and seedling dry
weight with vigour index 1 was seen
representing seedling strength and growth
rate that consequently affects seedling
efficiency. The highest correlation was
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observed between mean germination time
with the percentage and rate of germination
which can be an indication of rapid seedling
growth and plant reestablishment.

Enhanced plant growth through seed
treatment with PGPR can be due to the
impact of the PGPR on the metabolic and
physiological activities of the plant species.
As well as nitrogen fixation, another part of
this additive impact is on the increased
plant efficiency by the hormones cytokinin
and auxin produced by these PGPR,
stimulating the uptake of water and
nutrients (Delshadi et al., 2017a, 2017b).
The results of the study showed that PGPR
can be regarded as an organic approach to
improve seed establishment and efficiency.
Taking into account climatic changes and
drought stress conditions, which is
commonplace phenomena of arid lands,
enforce us to conduct further research on
the effects of PGPRs on the plant seed
germination and establishment indicators,
specifically, for those plant species which
are on the brink of extinction such as A.
cyclophyllon. It should be noted that
selecting appropriate PGPR may depend on
the desired seed indicator to be promoted or
restricted, climatic conditions, and the
species under consideration. Therefore,
mutual interactions of the PGPRs, as well
as responses of different species to PGPRS'
inoculation, need to be studied further,
specifically, in the field.

Conclusions
In the coming years, land degradation will
be the greatest threat to food safety.
Accordingly, the critical issue is how to
feed the growing population of the Earth
where the universal loss of plant production
due to degradation of arid rangeland soils
lowers to as little as 5% due to its extensive
use.

Seed inoculation with PGPR could have
a capability for the rehabilitation of
degraded soils because PGPR can create an
interdependent  effect  for  nutrient
absorption as well as formation and
stabilization of soil aggregate.

The major aim of this study was to
understand the effect of seed inoculation
with PGPR for restoration of degraded

rangelands. In the process, a mixture of
management practices and decisions were
found to be essential. These include
reintroduction of rangeland plant species
and inoculation of their seeds with bio-
fertilizers and other associated components.
The present study showed that the use of
some PGPR increased the production of A.
cyclophyllon. The fertilizers were efficient
in raising plant growth and nutrient
acquisition. Therefore, drought stress had
little influence on the studied plant. These
impacts can be made better when the plants
are strong in terms of nutrients and carbon
materials.

Furthermore, our study exhibits the
likelihood of replacing chemical fertilizers
with PGPR, which in turn will help to
prevent the considerable global problem of
biosphere pollution. Also, as a result of low
costs in the production of elements required
by plants (N and P), some tested PGPR in
our study may well be fitted to obtain
sustainable of rangeland plants production
without reducing yield.

The results could be applied to decrease
the use of chemical fertilizers. Therefore,
the question as to at what range can the
PGPR raise the host plant’s resistance to
drought stress effects requires further
research. In general, scientists should focus
more on examination of what strains of the
PGPR are suitable for increasing plant
growth and decreasing drought stress in
arid rangelands. However, this research
emphasizes PGPRs and rangeland plants to
increase the speed of the rehabilitation of
degraded rangelands.

In general, it can be stated that PGPR
had both a positive and negative effect on
seed germination indicators. B. cereus and
P. aeruginosa rhizobacteria increased plant
seeds indicator that may help in higher
production and establishment of the
rangeland plant. In  Contrast A,
chroococcum and A. lipoferm had a
negative effect on shoot length and outlined
that these last two PGPR should not be
implemented.
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