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arbuscular mycorrhizal fungi (Knowns and unknowns)
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Article Info Extended Abstract

Background and Objectives: The many advantages of establishing symbiosis between

Received: arbuscular mycorrhizal (AM) fungi and most plants, including agricultural and
July 6, 2024 horticultural plants, especially in terms of the growth and nutritional components
Accepted: of the host plant, have given special importance to this symbiosis. Increasing CO?
November 18, 2024 fixation by the host plants, they participate in the global carbon cycle, and as a

result, they increase the organic carbon stock of the soil and in a way participate in
the control of global temperature increase. It is now well documented that AM

ﬁeb’;v%"r?r?' fungi improve mineral nutrition, particularly phosphorus (P) nutrition of the host
E)?terﬁal-internal plant. This beneficial effect of AM symbiosis is due primarily to enhanced P
Hyphae uptake by mycorrhizal roots. Mycorrhizal colonization can also improve the
Homeostasis phosphorus nutrition of the host plant under abiotic and biotic stresses such as
PolyP drought, salinity, oil pollutants, heavy metals and plant diseases. The synergistic
P transporters effects between mycorrhizal fungi and a special group of useful soil

microorganisms such as nitrogen fixing bacteria and phosphate solubilizing
bacteria will lead to the improvement of plant phosphorus nutrition and ultimately
lead to an increase in plant growth components. The basis of this symbiosis is the
two-way exchange of nutrients that takes place in a unit consisting of the arbuscule
and the host plant cell as "the central unit of symbiosis or the heart of symbiosis".

Corresponding
author's email:
nadian_habib@yahoo.c

el Although the results of studies show the beneficial role of these fungi, due to the

specific complexities of symbiotic relationships, there is still no complete
DOI: understanding of the mechanisms of this symbiosis. Thus, extensive studies have
10.22092/SBJ.2024.36 been conducted with physiological, biochemical and molecular approaches.
6288.267 However, our understanding of the mechanism of this transfer, the exact route of

this transfer and the transporters involved in transferring P to the host plant are not
well known. The objective of this article is to review the new findings of P uptake
and transport mechanisms in AM plants. It is focused particularly on the routes of
P transfer, the contribution of each of these two symbionts in P uptake and transfer
it and the mechanisms involved. With the advancement of this knowledge and a
complete understanding of the hidden concepts of the fungus-plant relationship, it
is possible to develop strategies for plant products by increasing the productivity
of this symbiosis, especially in areas facing abiotic and biotic stresses.
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Materials and Methods: The materials and methods used in the studies of mycorrhizal
symbiosis including the mechanisms of phosphorus uptake and transfer and other
related topics, are very diverse, and only a few of them are mentioned here. The
use of labelled phosphorus and a compartment culture system has been used to
determine the contribution of each of the two symbionts in the uptake and transfer
of P. In genomic studies (Gene expression analysis), quantitative PCR have been
used to determine DNA and RNA. Fluorescence microscope and 4,6-diamidino-2-
phenylindole (DAPI) staining method are used to visible polyphosphates in
arbuscules (young arbuscules, mature arbuscules and degenerated arbuscules) and
intraradical hyphae of AM fungi.

Results: The findings of this review show that the P uptake and transport in AM plants takes
place through two different pathways, one directly through the plant root and the other
indirectly through the external hyphae of the fungus. These two paths interact with each
other in a complex and sometimes unknown way. Physiological approaches using labelled
phosphorus to trace the relative contribution of direct and fungal pathways in plant P
nutrition show that the contribution of the fungal pathway varies from negligible to almost
all plant phosphorus. The reported results indicate that not only the percentage of root
colonization, but also the total length of external hyphae and phosphorus concentration are
very important in determining the contribution of direct and indirect pathways. Transporters
involved in P uptake and transport belong to several families. The PHT family with 5
subfamilies (PHT1, PHT2, PHT3, PHT4, and PHT5) based on their sequence and location
has a vital role in P transport. Among these transporters, the PHT1 transporters play an
important role in P uptake from the rhizosphere, its distribution and homeostasis. The results
of molecular studies show that when Arabidopsis thaliana receives enough P, at least 4
transporters (PHT1,1-4) are involved in P uptake. Among these four transporters, PHT1,1
is the transporter that contributes the most to the uptake and transfer of P from the roots to
the leaves of the plant. Most of the P absorbed in the tonoplast is polymerized and a linear
chain of polyphosphate with high-energy bonds that can reach the number of 3 to thousands
of units is formed inside the vacuole. Polyphosphates are transported mainly through a
cytoplasmic stream along a tubular vacuole system towards the intraradical hyphae. How
and by what molecular mechanism P is delivered to the host plant is not well known.
However, three hypothetical pathways for P delivery to the plant have been proposed.

Conclusion: A set of plant and fungal transporters are responsible for absorbing,
translocation, distributing, accumulating and redistributing P (P homeostasis) in a
mycorrhizal plant in an interconnected, precise, complex and sometimes unknown
process. However, the mechanism of this transfer, the interaction of plant and
fungal transporters in the absorption and transfer of P and its delivery to the host
plant not well known. Much work conducted focusing on biomolecular and
physiological studies to better understand these mechanisms. Although many
advances have been made to elucidate the complex mechanisms for the integrated
roles of nutrient transport in AM symbiosis, much research work needs to be done
to improve our understanding of these mechanisms and to answer the key
questions. With the progress of this knowledge and a complete understanding of
the complex relationships between fungi and plants, it is possible to develop plant
product strategies by increasing the efficiency of this symbiosis, especially in areas

facing biotic and abiotic stresses.

Cite this article: Nadian Ghomsheh, H., 2024. Phosphorus uptake and transport mechanism in symbiotic plants
with arbuscular mycorrhizal fungi (Knowns and unknowns). Soil Biology Journal, 12 (2), 155-190.
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Background and Objectives:The leakage of petroleum compounds into ecosystems
Received: poses a severe risk to both environmental health and human safety. Various
September 14, 2024 physical and chemical methods are utilized to remediate oil-contaminated soils;
Accepted: however, many of these methods are underutilized due to high costs and adverse
December 29, 2024 environmental impacts. Physical methods are relatively cost-effective. However,
they often fail to completely eliminate contaminants and may cause phase
Keywords: transitions in pollutants. Chemical methods, including precipitation, chemical
Bioremediation oxidation, and the use of Fenton's reagent, are expensive and have adverse
Biosurfactant environmental consequences. Bioremediation, by contrast, is widely employed
crude oil approach for the treating petroleum-contaminated soils due to its economic and
drillingmud environmental advantages. This method relies on microorganisms to enzymatically
phosphate degrade petroleum compounds into water and carbon dioxide. One major challenge
solubilization in bioremediation is the limited availability of essential nutrients , particularly
phosphorus, in contaminated soils. Research indicates that oil contamination
Corresponding markedly reduces the bioavailable phosphorus in soil, creating a critical limitation
author's email: factor for plant growth and the success of bioremediation efforts. To address this
shayan_shariati@ut.ac.ir phosphorus deficiency, phosphate-solubilizing bacteria (PSBs) capable of
Pourbabaei@ut.ac.ir converting inorganic phosphate into a bioavailable form, can effectively mitigate
phosphorus deficiency in soil. This study aimed to isolate microorganisms with
DOI: dual capabilities of degrading crude oil and solubilizing phosphate from drilling
10.22092/SBJ.2024.36 mud and to assess their impact on soil phosphorus levels post-inoculation.
6874.268
Materials and Methods: Bacterial strains were isolated using enrichment techniques
from drilling mud with high total petroleum hydrocarbon (TPH) contamination to
enhance bioremediation and soil phosphorus availability. Their ability to utilize
crude oil as the sole carbon and energy source was evaluated through three assays:
growth on mineral salt medium (MSM) agar, growth in MSM, and crude oil
degradation in MSM using a gravimetric method. Then, phosphate solubilization
capability was determined using the spot-on-plate method in Sperber-agar,
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employing tricalcium phosphate [Cas(PQOa,)2] as the insoluble phosphate source.
Next, biosurfactant production was assessed using oil spreading, surface tension,
and emulsification index (E24) assays, with crude oil as the carbon source. The
isolates were phenotypically identified. Subsequently a soil microcosm experiment
was designed using a completely randomized design with two treatments and six
replicates in glass containers containing 300 grams of contaminated soil finally.
The three most effective isolates were combined in equal proportions and
inoculated into contaminated soil. The available phosphorus content in the soil was
measured using the sodium bicarbonate extraction method at the start (day 0) and
after 30 days of incubation at 27°C. Data analysis, including variance analysis and
graphical representation, was conducted using Minitab and Excel software,
respectively.

Results: Seven distinct bacterial isolates were obtained from contaminated drilling mud
following the enrichment stage. Crude oil degradation assays in MSM showed that
isolates NW1, NW5, and NW?7 achieved degradation rates of 20.6%, 19.66%, and
15.53%, respectively. Additionally, isolates NW2, NW7, and NW4 demonstrated
growth rates (ODggo) of 0.35, 0.35, and 0.31, respectively, over seven days.
Phosphate solubilization tests indicated that isolates NW7 and NW5 achieved the
highest solubilization indices of 3.76 and 2.83 on Sperber-agar, respectively
(p<0.05). Based on these results, isolates NW1, NW2, and NW7 were selected for
further experiments. In biosurfactant production tests, isolate NW2 exhibited the
largest oil spread zone (1.26 cm) and the highest emulsification index (46.7%),
significantly outperforming other isolates. The cumulative results indicated that
NW?2 was the most effective biosurfactant producer. Phenotypic identification
classified NW1, NW2, and NW?7 as belonging to the genera Pseudomonas,
Bacillus, and Rhodococcus, respectively. In the soil microcosm experiment, the
bacterial consortium significantly increased soil-available phosphorus from 3.4
mg/kg to 8.46 mg/kg compared to the control (p<0.05).

Conclusion: Qil compound spills have detrimental effects on ecosystems and human
health, and conventional remediation methods are costly and environmentally
unsustainable. In contrast, bioremediation provides a sustainable and economical
solution by employing microorganisms to degrade petroleum hydrocarbons.
However, nutrient deficiencies, especially phosphorus, in contaminated soils
restrict its efficiency. This study aims to isolate and evaluate oil-degrading and
phosphate-solubilizing microorganisms from contaminated drilling mud, with the
aim of increasing bioremediation efficiency and soil phosphorus levels. Among
the seven isolated bacteria, NW1, NW2, and NW7 showed promising hydrocarbon
degradation and phosphate solubilization capabilities and were identified as
Pseudomonas, Bacillus, and Rhodococcus, respectively. Inoculating these strains
significantly increased soil-available phosphorus, underscoring their potential to
improve both bioremediation efficiency and soil fertility. Future studies should
explore the phosphorus solubilization capabilities of these isolates in soils with
varying salinity, pH, and total phosphorus levels. Additionally, the impact of
bacterial immobilization on different carriers for phosphorus solubilization in soil
represents an interesting topic that has not yet been explored.
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Background and Objectives: In the past decades, due to the use of chemical fertilizers,

Received: there were many environmental effects, including water and soil pollution and
June 10, 2024 problems related to the health of humans and other living organisms. The policy of
Accepted: sustainable agriculture and sustainable development of agriculture led experts to
November 23, 2024 get more help from living organisms in the soil in order to meet the plant's

nutritional needs. Many studies are carried out in order to sustain hazelnut farming
and increase productivity. Work aimed at improving soil performance often
considers soil physical and chemical properties, but biological properties are
equally important and often neglected. One of the new solutions in sustainable
agriculture in order to reduce the negative effects of biological and environmental
stresses is the use of beneficial soil microorganisms as biological fertilizers.
Biological methods are one of the most useful and environmentally friendly
methods for improving the growth and nutrition of plants in harsh environmental
conditions. Microorganisms present in biofertilizers in different ways such as
production of plant hormones such as auxins, cytokinins, gibberellins, prevention
of ethylene production, biofixation of nitrogen, dissolution of mineral phosphates,
mineralization of organic phosphates and other food elements, as well Dealing with
plant pathogens by producing siderophores, making antibiotics, enzymes or
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m fungicidal compounds and competing with harmful microorganisms in the soil

improve the growth and performance of plants and their product quality.
DOl: Biofertilizers are less expensive and do not cause environmental pollution. Gilan
10.22092/SBJ.2024.36 province, having more than 19,000 hectares of hazelnut orchards, with the
6006.264 traditional nature of the orchards, the lack of use of modern methods of agricultural

operations, including nutrition, are the main factors of low yield and have recently
faced the problem dieback of branches. One of the new solutions in sustainable
agriculture is to evaluate the performance of plants under stressful conditions,
using beneficial soil microorganisms as biological fertilizers to reduce the damage
caused by environmental stress. Biological methods are one of the very useful and
environmentally friendly methods to improve the growth and nutrition of plants in

stressful conditions.
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Materials and Methods: In order to investigate the combined effect of chemical
fertilizers, Pseudomonas bacteria (PGPR) and Trichoderma fungi on some
morpho-physiological traits of orchards with red rot in two experimental orchards
of Rudsar city on hazelnut trees in a randomized complete block design with five
Treatment and three repetitions (each treatment and each repetition including three
trees) were carried out in the two crop years of 1401-1400. The treatments include:
T1- control (gardener custom) T2- soil consumption of 20 kilograms of animal
manure for each tree + chemical fertilizer recommendation based on the priority of
the feeding plan T3- (T2+ growth-improving bacteria) T4- (T2+ Trichoderma
mushroom) T5- (T2+ combination of Trichoderma fungi and growth-improving
bacteria). Trichoderma fungus will be equal in population (6x107) per gram and
Pseudomonas fluorescens bacterium (5x108) per gram, which was obtained as a
growth stimulant from Soil and Water Research Institute of Iran. In order to
inoculate trees with Trichoderma fungus and Pseudomonas bacteria, it was used
under each tree by mixing with animal manure and manure.

Results: According to the results of the variance analysis of the data related to the
concentration of macro and micro elements in the first year, the effect of chemical
fertilizers and the use of trichoderma fungi and growth-stimulating bacteria on the
concentration of nitrogen, potassium, zinc, manganese, calcium and magnesium
elements in the leaves of hazelnut trees with dieback It is not significant, but the
effect of these fungi, bacteria and chemical fertilizers on the concentration of
phosphorus and iron elements in the leaves of hazelnut trees is significant at the
level of five percent. The results showed that the fifth treatment (combination of
chemical fertilizer, organic matter and the use of Trichoderma fungus and
Pseudomonas bacteria) had the most positive effects on the studied traits. These
biological factors increased the absorption of nutrients, phosphorus, nitrogen, iron
and copper by 68.33, 28.13, 172.48 and 146.33% respectively in hazelnut trees,
which led to an increase in greenness and reduction of leaf necrosis in orchards.
The integrated use of chemical and biological fertilizers, especially in combination,
had an effective role in removing the slowness and stopping the growth and
improving the dieback of the branches. This treatment caused a significant increase
in vegetative parameters such as leaf width (39.53%), length of branch heads
(80.21%), chlorophyll index (100.70%) and yield (28.57%) of hazelnut trees.

Conclusion: The results showed that T4 and T5 treatments had the most effects on the
studied traits, and the use of Trichoderma fungi and growth-improving bacteria
together played a more effective role in significantly increasing vegetative
parameters such as leaf width, leaf weight, branch length, They had chlorophyll
index as well as performance characteristics such as fruit length, fruit width, fruit
weight and total yield. These biological factors improved the absorption of
nutrients such as phosphorus, copper and iron by hazelnut trees. Therefore, the
combined use of Trichoderma fungus and growth-improving bacteria along with
organic matter and chemical nutrients were recommended for hazelnut trees with

dieback in the region.

Cite this article: Lahiji, A., and Rejali, F., 2025. Investigating the effect of biofertilizers on improving the
absorption of nutrients, growth and yield of hazelnut (Corylus avellana L.) trees in Eshkavrat area of Rudsar city
in Gilan province. Soil Biology, 12 (2),213-233.

(cc) DOI: 10.22092/SBJ.2024.366006.264
Publisher: Soil Science Society of Iran


https://doi.org/10.22092/sbj.2024.366006.264

VONEY /Y oyl / VY > / S b ) ode 4

Aol Lad g0

https://shj.areeo.ac.ir/

ONS gl Bas ol s -’;\L‘-‘ PR ‘u_l‘.lé Fole Gl s 2 ) slas s SHIOr

Yg;“’.') :Lﬁfé‘g #\ .’:Y g;Lp

Wy giosS o ss sl lids glosle oIS aud b 5 soslas Sl 5 ol e ol S Clidw jiy ki)

lahigy 123@yahoo.com.l

Frejali@yah00.com .ol S« 5,58 mss Sl Olides slejlu a8 O 5 Sb Olidos v se Sib 53 sbiul —¥
125 JAVA SEO-JURVIRERY 2% 7} L SIEROFTFRRS

oS>

pae Jos 4 5 adle 53 el olS pl .Cansl 0313 Golaisl 355 4 1) KB V4 e v 51 Gy gorbiw OS Oliasl 53 Gib
5 20 9 (S NS s Judra by rizad 9 Gl 0 Khes b (il 41385 Logas 2105 4 Olbes (95 sl bs, Sl ool
Ologas p Loy i g g 4y S pme SLG AL (Gum) 9 (2loosd L39S (Audli 51 (o) »2 sobiis 4 .Cuwl oad alge 2L
b oLas JolS' seSsh 7 ,b )3 halo3T pudgy Olins e SolygSiil dbiio gl 93 55 (S AsKS o LIS G485 Slely s
T2 Il B ye) dals ~T1:Juld s 3590 Slasless b pdy plowl VF e —VFod ely3 Jlo 93 53 51,55 4w 5 sless g
o6+ T2) —Ta dpoliposgw s 5SL +T2) —Ts i alosds 395 dogi + S35 ,a $lp pSbS Ve Ole 43 (als 595 (S5 O pae
Iy Co OB g ity 45 515 OLiS gulis . Aad 45,5 5 53 (wligodsw 5L 9 Losdsso s g S 5 +T2) -Ts (Lloy3sC 0
DS g p) 2 390 Dliso ($9, (wlipedsw iz § S 9 Lops5T o7 76 51 03litul 9 JT 03k arlowid 395 S 3) ooy sloss
G203 VES/YY G AVY/EA YA/ANY SAYY 5 a5 gus 9 0T (059 508 i g2l puolie iz Gal3dl s ghans ) Julge o
Logas ) 9 2losd 5la3gS (il 30,15 .0 LS 53 53,5 JhalS 5 (S juw Glaldl 4 yomie 457 (W03,5 G Ol )5 5o
Mdsine Ghal38l camms slogs pal Cadls AL (5 0Shis oo S9ug 9 Ay BT 9 SIS 03,5 @5 50 93 5550 Yl (oS S i3 &
3,50 uimen 5 (L)oo /Ve) Jubo lS asli (BA-/¥Y) Laslipw Job (%Y/OF) S, gy sile iagy szl
Loy )6 Jol (g5 5ol 5 JT 3lse ciploosd sla35S (solo (inils slosi 31 03kl 13 . 033 ,8" Gasb i 55 (LYA/BY)
33,5 0 dpogi dibia 53 (S MSKiS pw G113 A LS sl elisedsw $ S 9
B loy2 s 7 warls (SuSis o (S (6355 ( olisess s 1 goulS sWojlg

(Corylus avellana L.)Gus ol 5o 5 Ses 5 ddy ( pldé ol Ol 35 5 s G258 il VY .G ) - oY bz

TAIY=IPF VY St b Gy OS Olial w5y Ol g il a0 ailais


mailto:Frejali@yahoo.com
https://orcid.org/0000-0002-9364-7756
https://orcid.org/0000-0001-6570-9430

e OMS Dbl B Bl 3 5 SKhas 5 ddy (2l A8 ols Ll g p Fme) W35S SI oy p /YN

Sk G shes 4 Jds g Ges 53 S
Ajili ) sl o LS G bl oMSis o age
S5 S Slesse> (Lahiji, and Basirat, 2018
Slhea S 5 Siax gble b e wlin wds
Slayaie Sl Fpcde Gl placus sl 508
Lyl s a6 S ool a8 s slel I3
Sl (Ko gl ole mlan 5 S (S5
Sl sl s skl b K55 b
358 o el S (gl g Gla L &S ol 2
S s [, S pleard 5 (S sl (Shs
Lpdp a5 sl G S s G Shs s
OLes 5 LS xw, (Kizilkaya et al.,2022)
sSL g5 aw b (Rostamikia et al.,2024)
s Pseudomonas putida Bacillus subtilis
ot sl s s, |, Enterobacter cloacae
5y sl il oIl g i (Ais el Ol 5 s
5 ks VWV Gratile YHM L i a0 S e
D3 IYIAY O35 0 LBl o iy 5 e el YY/AV
St 035 o it b salin (6 S a1 5 el
(S 355 a3 oI S O35ty ool
Pl b i clle o s 5 Wl 5 oS ot
G s ol Chle Jluie p xis el coes 4 putida
B. subtilis 5 P. putida slas SL L il 55 5 5 @
Wiy el oS W ged (5 Sens l s S sl
L5 o "(PGPR)LE, S e sl SL L adlg 5
Oldlg 5o 558 5 Wl Jlg U5 6l e (5,
Loslaallins, 55 UG Cubse ilsbl ioman
AL G il 5 sl alol mhe
(Rostamikia et al., 2022) 0l,Kea 5 LS oz
Lodd il Guib sladlg S eolinal Wz gad 5158
O e 5B s 35 Gk Sl sKe Slag B

J\.‘V‘j&jcw‘gwgioux\)ﬂ\ﬂ\%‘}ﬁcéﬁ

Ao e
5\ 5 Betulaceac osl gl 5l (glasast ;3 (s
5 o Gl L)l o olS -pl .ol Corylus
wlelis L 5 O Ciliss 658 Y0 0580 wsy jliis
Sl ss s oLS L(Hossein-Ava ,2019) ol s
2Dk Oliens 555 Jkine Slpa 5 O b odlil sl 3
33 oy Saslie Vol oS ) Col Kot Ol
Lo ol 2 03 2SS 5 Odamy 51 I3 5 50l b Lulis
5 s A e 5l S (sl 5 il sl
53 SE Sl e 5 s S L sl 5L Ll S e e
ALY b S e gl b il
Ajili Lahiji) ww o colus dw i 5081 S sl
Jl ;s (FAO, 2020) 158 oLl (etal ., 2016
FEVOYS 55d 3 Olgr 53 GAS iS5 e Y04
Glas 48 5 5538 4 Of o )3 PO 51 iy S w35 51
53 0bml,3T 5 I ol Ul (sl 528 S 3 51 day 5
olS opl el ams dr 3 Ll LIE da glaas,
© a8 3 Jld OBulees x5 )50 died)l
I 3 Sl 8 5 O3l by 528 5305 28 550
GousliS sl by anlsbl el il e ciS
Sede 55 HelS 53 OLd LS ) ck.ﬂ Avay Jle s
Gk O Olil 0 Aoy At 350 aS 5 4,8 YEVIA
Oy 0Lk (3 okl WS Sl da sl
B A 5 Ol e s 18 Sday slaas s 5o o8 5 L)
VA L ONS 45 WL e o5 YYYAY 50 0l s
(YT L O o YYRY L 3 sl 4
53 5 TOF L3 5 5 YVE L syl o5 OFF L Olni
SASES e 3 gl ol E e glees,
OIS Oleal s 3 Sas sdals ole S Olge 4 B3
bl Jelse s e & Ll by e &S s S - e
e Iy s O J 28 gla s, women 5 4o le
pom 5 S YL PH s S o g0 aallls ol

' - Plant Growth-Promoting Rhizobacteria



VIV /Y 0,led /Yt / SB alidins) oo 4,2

s b oS by o) 5 5Ke ol josas
Arzaneshetal.,) wib o b e alS sla,sds e
Ly e S el Kol W 5 3 b 5IPGPR (2013
ol oS ST 5 A3l e ol 55 4 elS el
O Leled DUl g 5 oLl 5 Sl glaads; sl
S 3 e 258 Sk ols (BIB
Kothari Boiero et al., 2007) . s o adlg (s ol
S S e S Lo wlise s (0L al., 1990;
YL QLIS s 4 &S Laes (g husld 5 A5
sdalio lalame iy 53 bapedlSyls Sn b b i)
skaS (Vyas and Gulati, 2009) W, .
Looss Jie obe SlagoB J 28 53 &S wlisesd s
Wil bty hey oS s il ks
Slosess My e B e daysdsste
3 035 i ol b g jiad Ol Al alS
Henry ) wss o oS diy Ko o clgan 31 5
wcdbos b S 26 e s 5 (et al., 2008
g5 s 4 s Sl OLlS ) b sles sl 8
Shgble miy e VL 2B, Cpl8 5 e e
PR T RGO I { P SN CRN | R P R S
OLLS o2S Jamme )3 o oslinal (glaz B cp sl
ols .(Kaewchai et al., 2010) .l 2L 5 =13
SV 01y SB35 kgl e slagy 5T b 5
Ol iy 3 obes oM Ghagny Ol S
655 g Sl poat Sl (G50 ez b gl e
Wl Sl o L2, e il gls
(Altomare et al., 1999; Harman et al., 2004)
Joo Mg cd b e hugns 5o L)osC 0 ol g
bl e dllasls [l Lol 2 55 Okl o5y oLl L
Sy s YL S b ol L gl dis Llize ol
Sl ALS slislen g Bl 3 WL caslas
lo)3 35 7 s S uaen (Benitez et al., 2004)

4 e &S o5k 4 L oS eed sl ok Esly

JUd 1 by (hasn iy 5 ol (Sl Lo s
Olesl Ulg e Srasn onl b wlel il anils
on SSdn s s Slie spe I Clb
R.irregularis T8 o 2o SrasSe sag B
Al el yesld rale (S sladlg =ik sl
> (Rostamikia et al., 2024) ol,s 5 LS jaiu
-eA3; » Trichoderma harzianum Rifai -G PN
~dlg &S Lo gad Olpe O sladlg wdss 5 4l e
b itk Conds 2B ) b Gdd el =20 s
s e ladly amils dals ladlg b awslis s
5590 Slawo sled b 5i T.harzianum gL il s
Srn G 5 55 s Gdle & G o
b Gl (o s PO dlg cpl s Sleels .l
S lros gy (ds s £/0Y gU) o s OV/Y agy
NWSSTS 074 CEPTA ¢ 2 R VA 7 NRUN I PURE SR PR
Sed YWIAYC 055 20 Jols S e jole bl
sonb badlg 4 e Loy YTV ("*ML:J* 5 YY/YY
Ol ks (S ol 3 als il S5 T 51 eals
bj..ij@;ﬁ g d odae glas S sleslanal ¢ oLl
Lo 0355 3 gdoee S 31 (gdae sl go Cdr &S ol 5 s
6@;1f&gu6\)4.6}@“\”“:;;&)@4.:@?)”
(Silvestri et ol Gud Sl Ad, =l Jsb o
oS s ol wds il cwwPGPR al., 2021)
Sl oS 2 53 e Cushy Glge SRIBIL 5 es S
Gl a3 5 ekl L bl SV S
Lol el bl ol 55 8,a0 5 x i L0
057 $pobe & s Sl PGPR &l 4 a5
ar g 5 Il sl i 5 Go b 511 s 5 055
robe ol Kl or el dms o RN 4k
(Yang oliSas 5 S sl fia 55 B pme S
i S AL b s ) shy,de ) set al., 2011)
sl st buy Jﬂ sl 5l s
Ahmad et) el o S STyl 5 f}gﬂﬂ-/‘

“ gJJ_.,aAVJ ole Cde A58l .@al., 2006



e OMS Oliwl B Bl 3 5 Shas 5 Ady (2l AE ols ol g p ) W3S 1wy /TVA

Sy a8 LSS 50 F ol e Ldleor 5l i
..L'..))..v sl LS S i Ve .19}.147- BE £x 7 J.A\)_e
SASES w5 S 63,5 ey S shls ol

..,U:ﬁ laasls S gd>ws

Sl S glesi 9 (S sr Sy 6 Sosll
Gud

¥ Gee Sl S b sl e v
Waed Sy A bl LS psb 4 S g e Sl
Slidss S e of 5 Sk Kbl & o S5kS s
5 Sexd Slhosas Sl Fn S s OAS
bols Slssat ol s S (6, Seslul O lass
o gl IS o pH (el By 4 S il
ol 53 (S S Ealin B glatota s S als
Ser S (S S g Caltn olSaws S eslizal L gl
sl s aealial LB Al 5 el sy 4 S
SECOMAM o5 4 il olSais ahewy a4 513
Sldie ¢ (audl a8 cxle UVLINE2600 Juw)
o BB ely Clle (SIS el Ess b Sl
Pichetal.,) s e g3als 5 g el Oloal 25, L s
3 SremSlaS sy 4 e s eelS (1992
olse 5 (Rayan et al., 2001) EDTA U ¢ gl 25
o3l ol s ey 4 e 5 Sas 5K (2]
Cottenie et al., ) ICE3500 J... Termoelmental
L3S 5 ,Se5lu1 (1980

Gud wlel s b il
Cj}p B s s Ay Sy @ CJL ol
Shisy Sy Jala S5k e o8 ol a5 slas
53 i e G S 5l sy s dbols oS Clas s
T Sl sk 4 el VY44 L ole g 1)

SlssS (355 o 5 S gl @b Wl

S ay Caaslie 5 J ez (55 55L sy anw s Al 5
(Vinale et al., 2008) ws 5 s oy & 50k o
<& b (Rudresh et al., 2005) ol ,\San 5 530,
loyasS 7 Ologan il oS Wlossai SIS o
el T(PSB) wilind oS > lags SU 5 pasis
oS 3 olS o )lutls i 5 05 oda Al
35 CamgmeS s I GlasS 5l eslialo
3 ol @l ole DA aal 3 el Ol 55l
Loy S e a0 se58 5 sl 2 Lol e 5 S
OLlS 5 Shes 5 Al S5 4 2o Sl 3 S 2l
ple 4 a5l (Yuvaraj etal., 2021) x5 . 21,3
—a 5L sy plend slas S 5l adkene Ol eslandd
adlaie 53 oSl il Dl s 5 bsdhesy ok
o 8 ol gladle 3wy Oliw,ed Oy S
BERCYEC W PREY: L;.L;Vw;- K} Lagfﬁ S35 o=l
23S el oY e os S Okl s Sl
358 Dy g S don Dl B DL 405 g ke
3,08 aadlas (hagsy opl elnil 5l Cda il )
o S b ey sl 5 T abed slas s
Jobs Ol o Ses Wy Sl s el Lase
L 3l SUSES 5 (6355 e &) 5 e

sl 03 0 addats 35 Ol s gla

gy 93 g0
gk sl Jow

Golen L FL s Slash pl plsl ol
Slwgy 55 53 Ol gl $5Hslis sl Olubayls
ST ey i oS, Olens il Sl gl 5 £l als
ol lamsie s S Ol O Ol s gy Ol g
X ITAZ N e slo) sl oo LD 208 4 SLL
CYSFOPATVE ¢ XS0FFRNED il ol 5 YSF2541A

Wl 5 G315 9) o35 51 Sl cpl Gs Ol s

¥ - Phosphate Solubilizing Bacteria



A\ARYAREM WA IFY1 AR { ﬂ?/dbwquwQﬁa

e ol o Ll il (ol b el
5 L (e Sl ey s bl e
el 3 S Sl b s A (5 S el Jle sl
A s S s (ol Jle glaasls Wl b e e
g S e b i 555 Ol s
(s 58 el £9.38Js Eijkelkamp) LG
S o3l st Jlo 53 55 b jzably ol ki (5,50 5100

A2 S

Guid Bl y3 Ly 33 glié yuolis clale ¢S 03100

L 5 3 55m g ole Olps a5 obo sls e s
oS bl (.JL.“ LS g (ol ol
G 5 T Sl e LS (sl e CARERRRE,
Lo gt SIS SIS 55 (B 8 5 5 S
s PO sl 4 L Oslys cele FA Sl
355 bl L st gas OF 51 o o § St o gk
2ok 3 g Sk sed Sl S S coslas g gl Al
St GUlsw Shay 4 s SKle axys 00 (sles
roedle Sy s ole 5 o3l gl A Sl
S5 ooy 4 S 3 ied Ol 53 0dd S5 sla oy,
Chapman and Pratt, ) <Isblsoladd se m;yi 555
Bremner and) Jius s, L 050 5 (1961
Semse ol ole s S (6,805l (Keeney, 1965
A3 S Sl Ul e s by S s
ST el g & 529

. Sheslind b Jool sleasls il ls 4 25
Ose3l Glae » o Sle awlis 5 MSTAT-C i35l
S Ao =y Jlez| ckw 53 Ol glawls L
o5 ool s laesls imeen b S 13 L)
el p 5l eslinal boab g e lasls gas 5 Wad s 5 )53
A S &l Excel ;s Word sls

P s Sl 5 dlr i b pled
bgloe ol 355 08 ShS Yo L e Bla Yo Gas 5T
Aok el 8 dlesl B s glasles
O JJ}A ‘SLA)LQ..:: J\.ib; oslal C,&.-JJM)‘J.{;
=Y (o ;,spfvnuuau, o) dals Ti-) el
AUl e SAS T e 4 pls o5 (S G, To
35) S Geil ulalp alewd glassS +os s
j.'.’.) 6(.&.5)5} 6; [AE r.;.wl:i QLL‘)M Lﬁﬁ*(}'&}s
+ ¥ s Ta=¥ olgosd s s ;SL+ Y Hlas Ta-Y (¢J§
szl S5 o+ Yol Ts0 a0 206

35 eligasa s S 7SG 5 LoyasS T

Loys s 7 B b B Ok 55 Giale 5 (55lmoslal
lisossm 6 SL

Comozr L Sbs s o500 0 L2 i )6
Loy oIS gl By, bl & xV+Y (CFU/gN)
5 (Y f e &) el ciS Gladass 1 eslizad
Corer b bl elpesse (65U
o 3l il wle o S8 s 0 X\ H(CFU/g)
&)@%»‘i’ﬁ%ﬂiﬁy];ﬁﬁ@u@ﬁ
lisasrpe 86 5 Lo)osC 0 2B L Gud Ol o
SMizee) 258br 5 ols 5,5 LS 5 i) 5l et 568
St b ss e p SV Ol w4 (pled 58
A3 S eslana

Guid Ol )3 (o 5y &l aslyly 68 03100
als iy, Sl el Jl sl s
ol i) S S 255 5 (Susee 2l
oSN G o e 250 5 Jsb s Shes Olie 0lr
Sy 2o e Sl elinad b basls Jsb s ¢S
“oll s Ged S B g o0 5 Jb oS
Loosee 5 S 0 O35 i 535 b 55 Shes i (6,8

L 0381 Cews 45 (8l dd (S o3Il s 5 5



..-C})‘gﬁs/ btnﬂ‘ éu\}é C)L"s’")é QJSJM}MJ ‘d.|-1.'9j~9t.° g.J-.X?. Jﬁﬁﬁ} ‘5‘.@5‘,5;‘ w)ﬁ /"Y'

sl T 0S5 (Sl culis s 51 s sl ol
robe 5ol Ll Lss psllas onss sl
e g ol 5 b LAS 3 S glls gl
5 VSl S U5 S sl 0l Sbt s

S TN Sl e SLL L S s 5 Sal Ol

cow g mb

S b

5oy w5 QLB Slaaly ) Gl Gus oo
ol ST LB e Fr CM Gasl Buid 4y anweys 2y
mdsed S Sllale 3 50 S e s 4 Ges

St slaosls b ol Cody b3 il 5 0 (s

aihio 01 EL 93 S (S5 9 (boud Cluogad (S i -) Jgua

S ‘-’”’f" Suwd pely S e gy ome ol 3K o e wb %o Sal ""’5?/0 Glasuie

- S (mg/k  (mg/lk  (mg/k  (mg/k  (mg/  (mg/  (mg/  (mglk Yo, Sk S .

EC  pH) 9 9) 9 9 ko) ko) 9 % oo MWV og 9
(dS/m) ol

Sandy adbio £l

-IvYY AIYY YIVS VY. V¥ \. ¥/ssYiss O¥Y  WW/SR YARY  YS/AD YT Clay SV VIAY o)l

Loam (Vseel)

adbie L

o

-IAOA V/AA SN\ A QY YAY MW SR AWAR a-/Ad YEAY  \FAY  Loam  f/F YV “’)

L

(Y 0215

UL 5 e (0 K3 Sl Ol s
g8 A s 3 5 (Hosseinzeynali et al., 2019)
Ol e aiy Ol 5o AR5 5 A, D 2 L2 7 sla
)‘JJLM Qj)ﬁﬂ&k&j L"J"j‘{‘.’_}"ré)g C-/\-.!J)A-;
Jamalifard et I, ) ol,\Sas 5 53 Jlax .conl ol
L s sl 5 slasles BU e, 5 (2015
wlASM&))ﬁ)&‘)LMWwjj:ﬁ('j)))w)b
5wl Jos roman 550 Hls sme bl Ll sl ol 38
X 505 Ol 5o (Doulati Baneh et al., 2020) ol

Ju.db ails dals L MQ”L&A L )}ﬁ‘ g}" BL

Aed Ol
Gl ol 3,05 S sl 0l s
s ol 5 O DL s plesd 5 2w gleo S
A s e 10 sl w5 Slestys S 5 i

O jangS 5 O pasy @I yole iz B led i)
Gokid Ol 3

(V dsdr) Geiloly s mls @ e b
3 L2 s0 7 250wl 5 alard slas S slaleg U
et 3 b ol CBIE gy k) fl8 iliped s 6 S
Ssgme 1Y sl o 53 ol 570 sl o o
Tl i o bt glass slasles S Ll sy
CBlE et fl el S s L2 S
03 2 5 peeedS S0 (S el (L5585 Sole
(Y 5V IS8 05 S s me i Ol 55 S

O35 i
e glajles 3 58 S sl Ol cl:q
Sl ol Gud DLl U3 aberd 5 s gla3 S
om0 I Ol s S 3 055 a0 e 2B
TXIN G Loy 6K 0 gl sles ealinal 3550 slasles
awsldo 53 [ IYANY il 05 i clale Ol s o YL

Ol ys S s (UYIYY 055 25 Ol o ,meS) dali L



YV NFF /Y o led VY A / SB alidcan) oole 45

Layeghhaghighi and ) esl;_le 5 ii=3Y bls )l
555 bl il as W5 5ed Ol e 50 (Abbaszadeh, 2022
Ol 5 Ly S oo Slag SL 5 o gaS s
Lippia) ol & Slys So e 5 el
ol el s el sais ls sxs (citriodora L.
ey SRS Ol 3 (ol me M 0 las S
5wl Has Lssed sl dals L oaslis 53 Sy
Olge 55 (Doulati Baneh et al., 2020) ol
FaS G Ol 53 S ey Olgn Sk oS 53 e

el 0l S35 w SIS szl s 8t e
> (Rostamikia et al., 2017) 0l,ea 5 LS aze;
3 e Do p Ady S e glag SLN o)
L3 sed Olpe 3 Josol O3 gladlg s gladss jobe
S5 g S ey SRS Do s lags S ol oS
Oar 5 A B L ames Losel sl
3055 g6 &b o s (Fattahi et al., 2017)
2 e gy S mis s ol YsS)
SLdlls o G845 Lsses Olge aney ladlgls
dalia olsy QU1 Ol 31 0T 03 5 S 2005e
3 o mE Ll pl sl ciles i
Olye &S (Hosseinzeynali et al., 2019) of,Ken
ol el Loy oK 0 25l Slad a8 5 )18 s s
Coslize s S dali b anglie s ol Sl Sl s

Sl r:*"\; ol

s glajsles 3 ol8 &S sl L @LJ

Fole Ol 5 G SBL s plend 5 gy glo S
Wﬁ@lbl.:ﬁj:@uobﬁ-ﬁgﬂﬁijb
3 EL )b(lyﬁj—gff"@")l—;) Ta sles o e 3 e lS
N PRV ¢ A TANN DU PR RFIRC B
455) To e Sl o a8 e 53 15 (gl 2 ¥ 500
@ orl Lols ottt s Y 51/ (plasd

gl S5 Ts sl 55 (L) S i Olie o i
Shao 3 SATY . iol5dl o wligos s 5 S 5 Lo)3 35 7
Shacals (af) wale Lol b oawslas s cds
Loarg b8 b 0 0 5o bl Jolize
Ot o ool (iS oot L S 3 aie 35S
Sd o 5 Sl SLt s jid SN 3 6 fge S
(Altomare et al., 1999) o, Kes 5 o1 il
2L (raiible) Laso 7 pUls Db s Sl
e ole Ol (Bl s S S aus Yl
bale) ol paw A dewyy jind e
Gk 5l saud cple Jsle (Azarmi et al., 2011)
L;Lm;w\6@1@)‘yu@j\giéu@\@z;
O e SRl 550 5 i el Rl o 2
o) (Wei et al.,, 2018) 1,5 » J5 4 olS Luy
OBl 5 1 O YL Ol el g 55 50
Silee 0L b Olge oS beg id ol
56 danly @ s il OLLS 53 s e )
P Abenya QM pole Sl Al RIH
b1 dled GR350 G b S5l s S il
08 W5 RIBl s bl 5T Lo sast il
ol Bl e 53 5 S g 5 eS| e Sl Al gl
Zaidi et al ,.) Wil o s,y adss adee 5 el
Hosseinzeynali) Ju ;e s b o o2l (2004
B b g Ol > il 5503 Ol e oS (e al., 2019
IR 53 s oL Al S e (5100250 7 sl
SRl el g B cal 38 il S s
L3S dald boaglie 53 S hed Bl b e

Cdls Cslas

pomliy i
e glajles 3 58 S sl Ol cl:q
- e SO Gd DLl sl 5 s slas S
L oanglas 55 Ol s S s el e ol 3 b
L5 e OF Vs op tege 31 S8 3, sl sl
ol s L adee laS s by chle 055 YL



e OMS Olinl B Bl 3 5 Kot 5 Ady (2l dE ols Sl g g ) WSS I oy /YYY

O 535 Jloxr didls of Sl 5SS &S
03 S wlsl &S K 45 Ol e Jamalifard et al., 2015)
3V L8 SRl el bl a5 53 @ oSt
5505 S 4 S s o8l hed Sl g
s S el @ s s 5 L)
A a8 sl Ol s K aie o sa s
Clr L plend 5 s slas s il Glasles
OLar 5 hjom 5d b 58 i
S W 4es Olge o (Hosseinzeynali et al., 2019)
A L, S e Slio b L35 5 glag )65 )8
S 203 5Ky Sl b an G g L

el a2 Ol s

C9) 9 g o
slas S Calises glajlas Sl as sl Ol @L‘J
Sgme Sy 5 e paie Dl p olend 5 e
J«.&J«M uﬁ)&).} Lﬁ)k—a.:d DL UKA JJLS.:A J'-’" J).u
Ts Jls s o Ol iy 39 ,ld gae 10 é@w
b (lisoasm 80 5 Las i 206 oS5 Jled)
“—gj_ b)l&...:r CL: L (r;jlts DL (sjfé..» \/\/\) d‘jud
055 koo VYY) dali Sl b aslin 53 VPR 2330

sls (p§}l.§)>
Hosseinzeynali et ) o1, Kes 5 o5
4S A3 ga Ol g atewy Ol 3 £0s5 5 A S5 5 AL
58 s e hle s e 5 2B slales
chle gl me U bl el w3l Ol s S
5 oo Jls ol ag Oty S oGy e
L3500 Olge 5o Jamalifard et al., 2015) of e
Sl sl bl a1 55 4 5 Sk 03 S Sl S
Y0 Ul i 5 e ole Sl
I S TR N L VRN S NS SISERT-E BT
o dins OLES 5 545 Sls gme 5o olel Bl 51 2al53l oyl

sam 3 pobe bl Ol s By s LS Al

Glad s LBl il e ol sl s O Sl
Al Ogmen JI ol w35 L oSS
G bl las Sl g Al 5 S ol (S SIS
03,5 J= a5l amd jo 5 LS e el 1) 2
sy el S 5 al slagdingy (e «Slind
OLea 5 5,3 J> (Harman et al, 2004)
slols 36w, o> (Jamalifard et al., 2015)
Olpe iy o35 53 53 wlisedswr 8L 5 (213 255
ol o Gl el ulin s (5 Sl 48 53 a3
05003 dess W 5 Y Ol 4 i 5 @ e 5 el
S ORIl e Al W05 5y bl d s
S bl ol Sl ee bl Bl
S « (Hosseinzeynali et al., 2019) 0,Kea
Olomind y g SUEL 3 L3550 5 lag,B 30 et S

.w\;&LbHJJ;ﬁWJS)Qj}J:ﬁJﬂt.&QﬁE}ﬁ

JETP R QUL
il glajles 3 4 sl Ol mls
Sp0 ool pme Clr p pbend 5 s oS
e st s g T (llat a3 Buid Ol s
S5 Ts slad 53 (8 kS 2 08 o AQY) (] Ul
WYA Gl 33l wlisos s 558U 5 L2557 26
2op Sk TTV) dals Jlad b oalie 3 o
il (Lol s bajles Jlize i cails | (p S ks
o mbe 5 mi=GY oy Jsme 1) mae 3 5
ol s (Layeghhaghighi and Abbaszadeh, 2022)
S e 5L 5 o znS s T35S Bl 10 ol
S50 3 5K ol polie p ped @ ks s Al
3 S Sl eag e Aoy S Jleil mha o
5 3 olles s (Rasouli et al., 2008) ol,SKes
L35 e o8 pelipod e (5 7S 45 dizils 0Ly S
o 55 age A el el oS 53 5555w A5 L
708 i (L, 2015) Olen 5 J sl andls By

Conolt s w0 olS ) i s sl ole L) sC s



2)

e

cJA\ S ‘Mﬂuwﬁ

S
B oS

jmd

slas S ol W sl Ol se s (Aalipour et al., 2015)

Obwﬁ)ﬁéb 6L‘QL@LL U'i‘ R 639 (S "L.

D

LY

5 e

N

Lo sls 258l

S

R

B

(=TT

25U ebe -V IS

lows

(1 [

&3S T2 (aald T1 1 pas yy polic Cda il g,

Sl duoyd i g )3 (5,15 Sxe WS 395 g

YYEAEF /Y oylad /Y dle ) Sl

i Sl S it iy i oligasges (555s LoysSe 3 (50 6) + ¥ lod T5 o355 3 ,6+Y jlo T4 polisosssen 555

3 A
)
=~
k]
]
.
..m O
t3
3
X —
3 Y a
3 £ :
— ©
P 4
2 ©
4
9 o
en
N o 1O «H 1 o =
: : s O O O O O O O O O o o
N — o O O O O O © © © o© o
~ SO & © <~ © L ¥ ® N «d
- —
+

215 3ot (o) S et (A $9K )

eSilie —Y JS5

;Lo
Cowl daoyd i w13 (5,10 Sme WS 3gag

FY o T3 S g0l obolys (stloowed 50355 T2 cadlid T1 2 puaa o5 puolis nien o cilieo o lai yoils
s Sl S e By o wligegaw (535 Lg Loy395y 55 s g )8) + ¥ Lo TS clo 3950 35 ) B+Y Lo T4 wligagdgmn 5 5SL



e r OMS Slil B Bl 3 5 Khes 5 Ady (2l AE ols ol g p ) L3S 1wy /Y

s 9 ol (S1lod il ot 5 S 51 9,50 g 9,5 lo ol B (lxs 0 (i) iy ylg LT Y g

Oies Aad paly S e $9s ol o o a0 &be
(%) (%) (%) (%) (%) (mglkg) (mg/kg) (mg/kg) (mg/kg) &l Ol
DAY 7 SRY R LS VVN 7 SRV ' § Y P v YEVV/AA® FYYYAV/OA® YEEIVA® OF/¥E™ \ o5
NAYd oo A oy . AR oY-A YA/Y VPO ¥ 129

SYVYT e feey® AN AR ey FAF/AQ™ Frav.f/eye FYIAS VOAY/YYTe \i Jlow

AT ofeev® of 50" o0 ofe o™ TOY/YY"S FEYVAQ/VYe® £a/vo® A¥D/- 5" ¥

ol
-/¥0- /e o[¥ o/¥ . YyYY VYASD YSIY g \$ Uas

ol or il edin 8 G sladlg chasy A, il
s~ b (Estaunetal., 2003) ol \San 5 & sl cbisl
Lyl i 50 0555 sbdle S slag Ll il
ol 48 sls Ol bl 3,5 Jled 3 4o e 5 Ollg
5 S L badlg s A a5l Esl L
&84S W,k ol - (Singh et al., 2010) O,Ken
i sl ge lor LI s 4 o207 (2B e

K o OlalS Wiy il sl

Ep05s s Kap o
2 b 5 ey il glasles Lol
Dol g TN Gl e 53 S 055 5 Sy 20
Loy Dl Ta s 00 Sy o o e
U amslis 3 sdoss YAOF 2l53l Guals VV/AS)
S 5 35 Ao oy eils (e ks AO) dals Lo
gl 5 s 580 S5 sles (Ts e 5o
Sl bl 53 g0l 53 Rl (p S VYD) Le)a s 7
Sl Sis s, Shee bl cils 1 (o8 H/A) dals
Gub Sl aady,y Sl mlaw G151 s Wl e A
©olS s fhall 5 S s 26 el 358
(Sonar et al.,, 2013) 53 Sk 5l g iy >

gl s e mbe el Go b 5l asl 5 e 55 lags S

Mxe pé g 2oy o g i Josn] zolaw 3 b ime cuip 41 NS o FF X

Ly o gy Cldw p byl Sl
45U o Ay

bassls Sl amd Joe 5l ol ol
Cila slajles ol 3148 15 0L (F 5 ¥ Jlas)
Y gl o s Laasli o by aloard 5 f
03 basli s oy A, Olgee op il 25 Jlo e
rlizease S SL 5 L2008 S5 Ts e
03 1y Gdoys AV Wiy il e sl ATE/9)
il (a5l VO/A) sl U acylis

Hosseinzeynali et ) o1, es 5 L5 s
05 Loy S sz, )..SU L5 sol8 ql., 2019
I (Kot 5 5 ld Tl 5 s g Ol s adis
OOA s 5 4 (55 S p a5 il sl 5 4 La
Sl il dals ol s U amglie 3 Ao ys 005 YV/Y,
S Wosed Olge 55 (VEY) OLKea 5 elS e,
e i e sl POF b _elisl isy o it
S YO TVOVL S s il ady; 035
b el 31 s s T L G sladlg o o S O/
dals gladly @ O Jlude 2S5 Loy 7 zb
b LopasK 0 ol a5 Lased s e
o dadlg alyy mhao Sl Bl glads ) e 350
o 3938 Jeged oS Bg ) gl obe 5



YYO/NE Y/ Y oylad/ VY JJs?./‘SB LS‘"L“:'C’“""-J&QJ‘“

S 5 Llesls i laenST 5 VB Al éuﬁﬂ
"t e e 5 5SS L85 IS s 3 b 5T

(Kavino et al., 2010) s ;.
L (Zainli Bafghi et al., 2018) ol \SKan 5 5L Ly
sk, Sliv ) S e glag SU BE s
T SIS 550 Dl iy Ol (S5
2l Bl S5 A, S e lags SL il
ols e LIl el o1y sbarls o)
slil glasled 5o osar 4 A, el
RS ool gen &S g Sl Jolse ol 5l oS 5
baxls p iy 5 Ll Jld o by s b atls
e ot Wl A2l o (6580 2008 e 4y b o
Sk b eslial Dl 4y by S L35S (Slsis
RO oo a2 350 53 (RB) Ul S e

A3 ged Olge elsl

Ol s 5 ,Shes sla o Lli
Laesls ibsly 4 Jod 51 ol Cu
Cilie slajlas Lol 1S sls 0L (F 5 Jolas)
s Ses Wil (95 Shae Clin 0 oled 5 2
Rl w3 s 250 5 s Jsb e O35
Dl Ts Sl 5o 5 Sles Jldds o 2l 5 lo s
YAOY il (MY Kgltree) o SU s 206 oS5
Sls olas 1 8y kgltree) aals b oacslis 53 gdwo s
5 G5 YN0 i aepe Jsb s U5 A
s ey (Lo)a 55 7 G)G) Ta jles 55 (G eV V/50)
OLE 1 sdoss VIV 5 YANYE 2l dals Sl L
oo sdhes YAAQ) T jlas 55 0500 2,8 o iy Ll
sb il | dals b acglie 53 (ko) +/OF il 53l
Sl yertls Cunsy 3o Col la G)L“e Sheslazal JS
Slalllan 5l (6ol 255 00 QLS 5o Liags 5 ol
Tokl s ey 03 SSL Heem 6 dad e 0L
bt la 3 s 53 Sols e BT O 5n ol Jaeis s
b33l a5 5 olS (Sidp s 5 S5

Slo pas g e oS 5L e GleSs g
Sladenl W55 IR S s 5 (S b
IR G b 3 e s 25 A el (T ]
g by BB s iy ok bis 5 elS uaglis
Mokaram-) sise s 35 1y olS Ay amd o
.(Kashtiban et al., 2020

Hosseinzeynali et ) ol \Sas 5 L5
Sl slag b b ) s 5 (@l 2019
Olge atns Oty 4laS 5 L) 25 2 M) S e
B Dbl A bedd il Glajlad a5 s e
(7 Barls dob Jold (2o 55 gl melly LS5 5
53 (L0 B Sy mlaw (T b iy &l sl
Oy Aals b anslie 5o (ola pme 5sb 4 any Ol o
OLKes 5 LS eiuy Ll esls 058 il
ki oy Pl o i (Rostamikia et al., 2017)
3 Sl YPIM L s e ool S sladle
Cows 4 PGPR 65w adls s 55 e oo VIV
s 5L S 5 5 Ve ol 53 S e ol ]
Nazeri et) o, 5 gk 55 ;S50 Jals 4 s
o L3550 5 706 il s a0 0Ly 55 (@l 2023
Sl Sdle S T e s Jlaae Sl
A aals gladlg b anglio 55 sl Ol s ol

osls sl a3 dsdr 31 ol s

Cilien slasles Lol 1 a8 3l 0L (F 5T Jylas)
Sla mhaw 53 b5 IS Gaxls ol pland 5 S
T less 55 S J25 5 Olee o s 2250 ls gime 1)
awslin 5 g VooV sl VF/YY) (6 SL Sl
s Sy o 4l L (VYY) wals [l L
Ll ol O (5 ol iy ol g 15
Ol s IS olastle sl 25 &S
“ e B S S Olpn 2 ol pa3 s (5 S S
s Ll s S Ll el a2ls ol


https://hpn.shahed.ac.ir/article_1111_20e329263af9b295b36e378e904e17c3.pdf
https://hpn.shahed.ac.ir/article_1111_20e329263af9b295b36e378e904e17c3.pdf
https://hpn.shahed.ac.ir/article_1111_20e329263af9b295b36e378e904e17c3.pdf
https://hpn.shahed.ac.ir/article_1111_20e329263af9b295b36e378e904e17c3.pdf

e OMS Dbl B Bl 3 5 SKhas 5 ddy (2l A8 ols Ll g p Fme) W3S SI oy p /YYE

.(Egamberdiyevaetal., 2004) 5, 51 o 1 J gzms
ol e (Farrokhvand et al., 2020) ol ,\SKes 5 L 5 3
3l 33T o a SU 53 L35 7 5 g 4 e g
ols I8 555 e olS sl Dl BB S obe
e 3 olS it esle Olgee 5 Ay il Lo g
s Wi~ (Cuevas, 2006) 55 5 o allS S oo
o 2« (Haghighatnia And Rejali, 2022) , -,
R e e P P
o300 8 o500 055 03 Shas SRl o sad Ol )35
Sp b G Bl (S e Csby S S S
OLer 5wl glo, s S Of Gas LIS
S 555 3l o, » 53 (Rezaei Chianeh et al., 2017)
G S Sleosar 55 Slas o s
wils 5, Shoe o il 3503 Olge s il s 53 (6 60
Sl (s o sn 5 S se 5 Shas puilal (g gos
355 s gmaS ayy Aoy VO &8 4w S5 led
5 el s o plesd 355 Aoy YO + e
7=l s 5e5 0Ly 5 (Nazeri et al., 2023) o, \SKes
Szt osle 5 055 sls s Rl L2 sG55
Sladlg b analis 53 sha Olemys sl =il ladlg

Al dals



YIVAFF /Y led / VY A / SB wlidcan) ool 45

s 9 cstloonnd (S8 o ;i Codl aid 33 (93,8Mas 5 (ouigy o il lg FIUI-Y Jgua

ogs0 3,5 hes Sy oo 039 039 Jgb s o
m . = . >) s s
I Lo S Sy ddels o o920 290 Ry Oyt gl
(kg/tree) (cm) (mm) (0) (0) (mm)  (mm) ’
O/ VEOVV/YSEE AV YISA*® AZASNASRYAL CULRY I\ r ofoAs S ) Jw
AR avAV G VAV (oY YY/FEEE SIVENEE VARV L WVEE ey AR \ )
-[avy s A-AR TS DA SIVYEREONFYETS LRAREE L LAFA ™ <[sYA™S \ O x Jlw
W/ YY¥ .Y /-0 Y/ o/o¥ AR 1% A 1278
OY/AV* A-YE/5E"® VA/AA®® Anas SNV YaulY I i SIN® OIAY*® ¥ slowd
FIYA S YoV/YA™ [0 ARSS AN/ Y BV LR VARE b NN ¥ JUw X ylowd
o/ya=* YY¥/ov ™ Y/oA " AASSU 1AV DARYNY AZNS Al ¥ oK x ylowd
Y/ v ™ SV/AAY " y/aas " AT N a/yaF* oA JVevE VAN ¥ OBox Jlwx jlowd
¥/ov WY A7) VAT YIVE of-0 -IY¥ -Iv¥ Y s

oo puE 9 2o )d S5 g iy Jlois] zolaw 53 I gxe iy 41 NS o

*% ‘*

B3 U5 )3 (63 5ok 9 (olagy Olho 11 St j g load (S lond 03l O 51 (ke dulio —F Jga

. . A 2sE ) 5 Slos
o9 Job P 0N s Srois . Sl i B los
(mm)  (mm)age (o) - (0) e T P e
(mm) (cm) (kg/tree)
VO/AN® NS Vv P /vy © <Ay © AAs © YO/AY © #lyat L slowi— Y
VEIAVP YA/ONE Y/ v @ \Y/ys @ V/ys P W7k VV/AD P YIAY @ 2 boans 43435 Lo -Y
+ o bowd ag d5-Y
NlAtas VA/SY? vive® NAnk VY P D WEA- Aey? T R
Sy BB 390t (5 45
Ty + o aydii-¥
W/so? YWY B2 Y/Xo @ \Y/AA P iz VV/AY @ WAy ? v/ay @ )
bo;295 55
+ g2 o 49 435-0
/oA R VA/AR3 /vy @ /vy P V5o VV/ay NN Ay 2 Sy DR dgmet (658
boyd95% 5 @)+

ol Mo yd iy s )d (6 pxe BWB] dgng pis Sily S yidio By >



e NS Ol B Bl 3 5 SKhas 5 Ady (2l AE ols ol g p ) W3S 1wy /YYA

SSles ki, Gl (SASE e s S
)l Al s, Sl il G Ol
5 el oA sl S il 3,8 36 Wl S e Gedos
L Sl 005l rlol b Glas S 51 onlin ks

& 3) sl
Ol (53,58 sl Olajle 5 OB 58 Al son s
ol lall 3 pe oo (SBT Ol 03540 (DS
Ol plS pudign SBT3 Ol (6355158 sler Olajlo 35
ol g Ll e s edige GBI 5 e e

M&yﬂ)ﬁMaJJﬁéuwﬂUJLﬁ

B oS i) S e o glaa S 5008

P03 e B (elised e 586 5 LSO T
Olgpe b ) ile Lugy Olosas s e
63 Shas Sl a5 S 5 055 S p Sy« Jds S
3 Ses Wlg 505 O35 5 03 28 o g Jsb Lile
Ol i) Sl sS ol 3,008 il (A ol
Gls sma ssb by ol 5 e i Al ol ole
O 555 ol 5 elizal isls 21531 Guis Oty 5o
L2 o goB) oS 5 s b S Lk
Lol yor ey glassS Olye & (Uolipoasw 650 5
2 oals S ele Sl LS e plend slas S



YYQANF Y/ Y ol / VY -u’/‘st’wqu‘-;ﬁbﬁf:d

Refrences

1.

Aalipour, H., Nikbakht, A., Etemidi, N.,
Noorbakhsh, F. and Rejali, F. 2015.
Investigating the effect of mycorrhizal
fungi on the growth and nutrient
absorption of plantain trees. Crop and
Horticulture Processing Production, 6
(21), 81-89. (In persian)

Ahmad, F., Ahmad I., and Khan, M.S.
2006.  Screening  of  free-living
rhizospheric bacteria for their multiple
plant growth promoting activities.
Microbial Research 36: 1-9.

Ajili Lahiji, A. Basirat, M .2018.
Investigating the chemical and physical
characteristics of the soils of hazelnut
orchards in Gilan province. The 16th
Iran Soil Science Congress, Aug, 5.
2018, Zanjan, Iran. (In Persian)

Ajili Lahiji, A., Javadi Mojadad, D.,
Mahboob Khomami, A., Padasht
Dahkaei, M., Almasi, M., Adili A,
Mirhosseini, K., Shirin Fekar, A. and
Mohammadpour, P. 2016. Investigating
the nutritional status of hazelnut
orchards in Gilan province, final report
of the research project, Soil and Water
Research Institute, Gilan Agricultural
and Natural Resources Research Center.
(In persian)

Altomare, C., Norvell, WA., Bjérkman,
T., and Harman, GE. 1999
Solubilization of phosphates and
micronutrients by the plant-growth-
promoting and biocontrol  fungus
Trichoderma  harzianum  1295-22.
Applied and Environmental
Microbiology, 65, 2926-2933.

Anith, K.N., Faseela, K.M., Archana,
P.A., and Prathapan, K.D. 2011.
Compatibility of Piriformospora indica
and Trichoderma harzianum as dual
inoculants in blackpepper (Piper nigrum
L.). Symbiosis 55, 11-17.

Arzanesh, M., Beeny Aghil, N.,
Ghorbanli, M. and Shahbazi, M. 2013.
Effect of plant growth stimulating
bacteria on growth parameters and
concentration of low consumption
elements in two canola cultivars under
salt stress. Journal of Soil Management
and Sustainable Production, 2(2), 153-
163. (In persian)

8.

Azarmi, R., Hajieghrari, B., and Giglou,
A. 2011. Effect of Trichoderma isolates
on tomato seedling growth response and
nutrient uptake. African Journal of
Biotechnology10: 5850-5855.

Benitez, T., Rincon, AM., Limon, MC,,
and Codon, AC. 2004. Biocontrol
mechanisms of Trichoderma strains.
International Microbiology, 7 (4), 249-
260.

Bjorkman, T., Blanchard, LM., and
Harman, GE. 1998. Growth
enhancement of shrunken-2 (sh2) sweet
corn by Trichoderma harzianum 1295-
22, effect of environmental stress.
Journal of American Society for
Horticultural Science 123(1), 35-40.
Boiero, L., Perrig, D., Masciarelli, O.,
Pena, C., Cassan, F. and Luna, V. 2007.
Phytohormone production by strains of
Bradyrhizobium japonicum and possible
physiological and technological
implications. Applied Microbiology and
Biotechnology 74(4), 874-880.
Bremner, J.M., and Keeney, D.R. 1965.
Steam  distillation  methods  for
determination of ammonium nitrate and
nitrate. Analytica Chimica Acta 32: 465-
495,

Caravaca, F., Barea, J.M., Figueroa, D.,
and Roldan, A. 2002. Assessing the
effectiveness of mycorrhizal inoculation
and soil compost addition for enhancing
reafforestation with Olea europaea
subsp. sylvestris through changes in soil
biological and physical parameters.
Applied Soil Ecology 20, 107-118.
Chapman, H.D., and Pratt, F.P. 1961.
Ammonium vandate-molybdate method
for determination of phosphorus.
Methods of analysis for soils, Plants and
Water, 11, 83-94.

Contreras-Cornejo, H. A., Ortiz-Castro,
R. and Lopez-Bucio, J. 2013. Promotion
of plant growth and the induction of
systemic defence by Trichoderma
Physiology, genetics and  gene
expression. Trichoderma Biology and
Applications., 21, 175-196.

Copping, L.G .1998. The Biopesticide

manual. 1 st ed. British Crop Protection
Council, UK, 333 P.P.

Cottenie, A. 1980. Methods of plant
analysis. In soil and plant testing as a



..-C})‘gﬁs/ btnﬂ‘ éu\}é oh'P"Jé bjg-ﬁﬁj-)uﬁ) ‘d’|i§j¢u g.J-.X?. Jﬁﬂﬁ} 6“5;;‘ w)ﬁ /"Y"

basis of fertilizer recommendations.
FAO Soils Bulletin, Rome, ltaly, 64-
100.

Cuevas, C. 2006. Soil Inoculation with
Trichoderma  pseudokoningii  rifai
enhances yield of rice. Philippine
Science 135(1), 31-37.

Doulati Baneh, H., Ghanishayeste, F.,
and Nourjou, A. 2020. Effect of
arbuscular mycorrhizal fungus
treatments on growth and some nutrient
elements uptake of grapevine cv ‘Rasha’
(Vitis vinifera L.) under deficitirrigation
stress condition’, Iranian Journal of
Horticultural Science, 51(1), pp. 109-
121. (In persian)

Egamberdiyeva, D., Juraeva, D.,
Poberejskaya, S., Myachina, O,
Teryuhova, P., Seydalieva, L. and Aliev,
A. 2004. Improvement of wheat and
cotton growth and nutrient uptake by
phosphate solubilizing bacteria.
Proceedings of the 26th Southern
Conservation Tillage Conference for
Sustainable Agriculture. Raleigh, North
Carolina, June 8-9, Pp, 58-66.

Elad, Y., Lifshitz, R., and Baker, R.
1985. Enzymatic activity of the
mycoparasite Pythium nunn during
interaction with host and non-host fungi.
Physiological Plant Pathology, 27, 131-
148.

Estaun, V., Camprub, A., and Calvet, C.
2003. Nursery and field response of
olive tree inoculated with two
arbuscular mycorrhiza fungi Glomus
intraradices and Glomus mosseae.
Journal of the American Society for
Horticultural Science, 128 (5), 767-775.
Fallah Nosratabad, A. and Khoshru, B.
2024. Potentials and challenges of
biofertilizers in sustainable agriculture,
Journal of Soil Biology, 12(1), 19-63.
FAO, 2020. Statistical database of FAO.
Available online at: http://www.fao.org.
Farrokhvand, 1., Reezi, S., Barzegar, R.,
Fattahi, M. 2020. Effect of symbiosis of
several mycorrhiza arbuscular fungi
species on some quality and
physiological indices of potted lisianthus
flower (Eustoma grandiflorum ‘Matador
Blue’), Iranian Journal of Horticultural
Science, 50 (4), 815-824. (In persian)

26.

27.

28.

29.

30.

31.

32.

Fattahi, M., Shamshiri, M.H., and
Naslolahpourmoghadam, S. 2017. Effect
of arbuscular mycorrhizal (Glomus
mosseae) on the uptake and distribution
of elements (P, K, Ca, Mg, Na, CI, Cu
and Zn) in Pistachio seedlings ‘Sarakhs’,
‘Abareghi’ and ‘Bane Baqi’® (P.
eurycarpa x P. mutica) in salinity
conditions', Iranian  Journal  of
Horticultural Science, 48(1), pp. 175-
189. (In persian)

Gharghani A., Hosseini, A. and Zarei,
M. 2016. The effect of arbuscular root
fungi on seasonal changes of some
growth and physiological indicators of
apple rootstocks in a calcareous soil.
Iranian Journal of Horticultural Sciences
and Techniques, 18 (3), 315-328. (In
persian)

Ghasimnejad, A. and Bababizad, V.
2012. The influence of piri fungus
(Priformospora indica) on vegetative
growth and the content of caffeic acid of
leaves of artichoke (Cynara scolymus L.)
plant, Plant Production Research, 18 (1),
133-140. (In persian)

Glick, BR. 2005. Modalation of plant
ethylene levels by the bacterial enzyme
ACC deaminase. FEMS Microbiology
Letters, 251, 1-7.

Gupta, ML., Prasad, A., Ram, M., and
Kumar, S. 2002. Effect of the vesicul
ararbuscular  mycorrhizal (VAM)
fungus Glomus fasiculatum on the
essential oil yield related characters and
nutrient acquisition in the crops of
different cultivars of menthol mint

(Mentha  arvensis) under field
conditions. Bioresource Technology
81(4), 77-79.

Harman, GE., Howell, CR., Viterbo, A.,
Chet, 1., and Lorito, M. 2004.
Trichoderma species-opportunistic,
avirulent plant symbionts. Nature

Reviews 2, 43-56.

Henry, S., Texier, S., Hallet, S., Bru, D.,
Dambreville, C., Chéneby, D., Bizouard,
F., Germon, J.C. and Philippot, L. 2008.
Disentangling the rhizosphere effect on
nitrate reducers and denitrifiers, insight
into the role of root exudates.
Environmental Microbiology, 10 (11),
3082-3092.



YA NEF /Y o led /Y A/ SB wlidcan) ol 45

33.

40.

Hossein-Ava, S., Razavi Ahri, v. and
Javadi, D. 2019. Identification and
registration of some genotypes of
hazelnut using morphological
characteristics, final report of Seedling
and Seed Breeding Research Institute,
Horticulture  Research  Department,
Karaj. (In persian)

Hosseini, S. S., Rejali, F. and Keshavarz,
P. 2024. Effect of Some Biofertilizers on
the Physiological Characteristics of
Wheat Flag Leaves and Rhizosphere
Enzyme Activities at Different Irrigation
Levels. Journal of Soil Biology, 12(1),
65-88.

Hosseinzeynali, A., Abbaszadeh Dehaji,
P., Alaei, H., Hosseinifard, J. and
Akhgar, A. 2019. Investigating the effect
of growth-stimulating Trichoderma
fungi on improving the growth and
nutrition of pistachio trees in garden
conditions, Journal of Soil Biology, 8
(2), 115-128. (In persian)

Jamalifard, A., Abbas zadeh Dehiji, P.
and Akhgar, A. 2015. Investigation of
the response of two pistachio cultivars,
Zarand and Qazvini, in terms of growth
and nutrition, to the application of cow
manure and fluorescent Pseudomonas,
Journal of Soil Biology, 4 (2), 177-188.
(In persian)

Kaewchai, S., Soytong, K., Hyde, KD.
2010. Mycofungicides and fungal
biofertilizers. Fungal Diversity, 38, 25-
50.

Kavino, M., Harish, S., Kumar, N.,
Saravanakumar, D. and Samiyappan, R.
2010. Effectof chitinolytic PGPR on
growth, yield and physiological
attributes of banana (Musa spp.) under
field conditions. Applied Soil Ecology,
45, 71-77.

Kizilkaya, R., and Dumbadze, G.,
GULSER, C., and Jgenti, L. 2022.
Impact of NPK fertilization on hazelnut
yield and soil chemical-microbiological
properties of Hazelnut Orchards in
estern Georgia. Eusian Journal of Soil
Scince (EJSS), 11, 206-215.
https://doi.org/10.18393/ejss.1060314.
Kothari, S.K., Marschner, H., and
Romheld, V. 1990. Direct and indirect
effects of VA mycorrhiza fungi and
rhizosphere microorganisms on
acquisition of mineral nutrients by maize

41.

42,

44,

45,

46.

47.

in a calcareous soil. New Phytology,
116, 637-645
Layeghhaghighi, M., Abbaszadeh, B.
2022. Evaluation guantitative,
qualitative  traits and  elements
adsorption of lemon verbena (Lippia
citriodora L.) under biochar,
vermicompost and plant growth
promoting rhizobacteria. Horticultural
Sciences of Iran, 53 (3), 679-667. (In
persian)
Li, RX,, Cai, F., Pang, G., Shen, QR., Li,
R. and Chen, W. 2015. Solubilisation of
phosphate and micronutrients by
Trichoderma  harzianum and its
relationship with the promotion of
tomato plant growth. PLoS One. 10(6):
e013008.
Mohammadi Eshkaftaki, M. and Rejali,
F. 2021. Effect of mychorhizal
symbiosis on growth properties and
colonization of common Almond
rootstock at water deficit conditions.
Journal of Soil Biology, 9(1), 15-28.
Mohammadi, Kh., Qalavand, A., Agha
Alikhani, M., Sohrabi, Y. and Heydari,
G. 2019. The effectiveness of chickpea
seed quality from different systems of
increasing  soil fertility. Crop
Production, 3(1): 103-119. (In persian)
Mokaram-Kashtiban, S., Hosseini, S.
M., Tabari Kouchaksaraie, M., and
Younesi, H. 2020. Bioavailability of soil
heavy metals as influenced by biochar
and rhizosphere bacteria in the white
willow (Salix alba L.) phytoremediation
process, Applied Soil Research,
7(4),196-211. (In persian)
Moradi, R., Nasiri Mahalati, M., Rizvani
Moghadam, P., Lekzian, A., and Nejad
Ali, A. 2018. The Effect of Application
of Organic and Biological Fertilizers on
Quantity and Quality Essential Oil of
(Foeniculum vulgare Mill.) Fennel.
Horticultural Sciences, 25 (1), 25-33. (In
persian)
Nazeri, M., Tabatabai, J. and Sharfi, Y.
2023. Evaluation of Yield and Quality of
Peach Fruit (Prunus persica var Red
Top) Cultivated under Split Roots
System, Inoculated with Fungi and
Irrigated  with  different  Levels
Horticultural Sciences, 37 (1),119-105.
(In persian)



e r OMS Oliwl B Bl 3 5 Kot 5 Ady (2l dE ols Sl g g ) SO S I oy /TYY

48.

49.

Nicolosi, E., Leotta, G., and Raiti, G.,
2009. Effect of foliar fertilization on
hazelnuts growing in Mount Etna area.
Acta Horticulturae 845, 373-378.

Olsen, J.L.; Cacka, J.F. 2009. Foliar
Fertilizers on Hazelnuts in Oregon,
USA. Acta Hortic, 845, 349-352.

Pich, A.L., Miller, R.H. and Keeney,
D.R. 1992. Method of Soil Analysis.
Part Il: Chemical and Mineralogical
Properties (2nded.). Madison,
Wisconsin.

Rafiee, H. Naghdi Badi, H. Mehrafarin,
A. Qaderi, A, Zarinpanjeh, N. Sekara, A.
and Zand, E. 2016. Application of Plant
Biostimulants as New Approach to
Improve the Biological Responses of
Medicinal Plants- A Critical Review.
Journal of Medicinal Plants, 15(59), 6-
39.

Rasouli, M.H.S., Barin, M., and Jalili, F.
2008. The effect of PGPR inoculation on
the growth of wheat. International
meeting on soil fertility land
management and  agroclimatology.
Turkey, Pp, 891-898.

Rayan, J.R., Estefan, G. and Rashid, A.
2001. Soil and Plant Analysis
Laboratory Manual (2nded.). ICADRA.
Syria.

Rejali, F. And Haghighat, H. 2022.
Effects of arbuscular mycorrhizal fungi
and irrigation levels on yield and growth
characteristics of lemon trees (Citrus
aurantifolia) in Darab, Soil Biology,
10(1), 21-32. (In persian)

Rezaei Chianeh, A., Faridvand, Sh.,
Amirnia, R., Mahdavi Kia, H. and
Rahimi, A. 2017. Effect of Organic and
Biofertilizers on Yield and Some
Qualitative  Characteristics of the
Dragon's Head (Lallemantia iberica) in
Dryfarming Conditions, Agricultural
Knowledge and Sustainable Production,
28(4), 25-40. (In persian)

Rostamikia, Y., Matinizadeh, M. and
Rahmani, A. 2022. The effect of seed
origin and mycorrhizal inoculation on
the vegetative and physiological
characteristics of hazelnut seedlings in
Fandoghlo region, Journal of Forest and
Wood Products, 72 (2): 153-141. (In
persian)

57.

58.

59.

60.

61.

62.

63.

64.

Rostamikia, Y., Matinizadeh, M. and
Rahmani, A. 2024. The effect of Rifai
fungus Trichoderma harzianum on the
survival, growth and nutrition of forest
hazelnut seedlings in the conditions of
the forest area of Fandaghlo, Wood and
Forest Science and Technology
Research, 31 (1), 61-43. (In persian)
Rostamikia, Y., Tabari Kochaksaraei,
M., Asgharzadeh, A. and Rahmani, A.
2017. The effect of growth-promoting
bacteria on vegetative traits and
nutritional  elements of  hazelnut
seedlings (Corylus avellana) in Ardabil
Hazelnut Nursery, Iran Forest and
Poplar Research, 25 (1), 116-126. (In
persian)

Rudresh, D.L., Shivaprakash, M.K., and
Prasad, R.D. 2005. Effect of combined
application of Rhizobium, phosphate
solubilizing bacterium and Trichoderma
spp. on growth, nutrient uptake and yield
of chickpea (Cicer aritenium L.).
Applied Soil Ecological, 28, 139-146.
Silvestri, C.; Bacchetta, L.; Bellincontro,
A., and Cristofori, V. 2021. Advances in
Cultivar Choice, Hazelnut Orchard
Management, and Nut Storage to
Enhance Product Quality and Safety. An
Overview. Journal of the Science of
Food and Agriculture, 101, 27-43.
Singh, V., Singh, P., Yadav, R,
Awasthi, S., Joshi, B., Singh, R., Lal, R.
and Duttamajumder, S. 2010. Increasing
the efficacy of Trichoderma harzianum
for nutrient uptake and control of red rot
in sugarcane. Journal of Horticulture and
Forestry, 2, 66-71.

Snare, L. 2008. Hazelnut production.
Primefacts. Profitable & Sustainable
Primary Industry. Primefact 765, 8p.
Available at:
https://www.dpi.nsw.gov.au/data/assets/
pdf_file/0007/247939/Hazelnut-

production.
Sonar, B.A., Kamble, V.R., and Chavan,
P.D. 2013. Native AM fungal

colonization in three Hibiscus species
under NaCl induced salinity. Journal of
Pharmaceutical and Biological Sciences,
5(6), 7-13.

Tous, J., Romero, A., Plana, J., Sentis,
X., and Ferran, J. 2004. Effect of
nitrogen, boron and iron fertilization on



YFNEF /Y o led /Y A/ SB wlidcan) ol 45

yield and nut quality of Negret hazelnut
trees. ISHS Acta Horticulturae 686: VI
International Congress on Hazelnut. Pp.
277-280.

Vaid, S.K., Kumar, B., Sharma, A.,
Shukla, A.K. and Srivastava, P.C. 2014.
Effect of zinc solubilizing bacteria on
growth promotion and zinc nutrition of
rice. Journal of Soil Science and Plant
Nutrition, 14(4), 889-910.

Vinale, F., Sivasithamparam, K,
Ghisalberti, E.L., Marra, R., Woo, S.L.
and Lorito, M. 2008. Trichoderma—
plant-pathogen interactions.  Soil
Biology and Biochemistry, 40, 1-10.
Vyas, P., and Gulati, A. 2009. Organic
acid production in vitro and plant growth
promotion in maize under controlled
environment by phosphate-solubilizing
fluorescent ~ Pseudomonas. BMC
Microbiology 9(1), 174-183.

Wei, L., and Zhai, Q. 2010. The
dynamics and correlation between
nitrogen, phosphorus, potassium and
calcium in a hazelnut fruit during its
development. Frontiers of Agriculture in
China, 4(3), 352-357.

Wei, Y., Zhao, Y., Shi, M., Cao, Z., Lu,
Q., Yang, T., Fan, Y. and Wei, Z. 2018.
Effect of organic acids production and
bacterial community on the possible
mechanism of phosphorus solubilization
during composting with enriched
phosphate-solubilizing bacteria
inoculation. Bioresource Technology,
247,190 -199.

Wu, Q.S, and Xia, R.X. 2006.
Arbuscular mycorrhizal fungi influence
growth, osmotic  adjustment and
photosynthesis of citrus under well-
watered and water stress conditions.
Journal of Plant Physiology, 163, 417-
425.

Yadidia, I., Srivastva, A.K., Kapulnik,
Y. and Chet, |. 2001. Effect of

72.

73.

74.

75.

76.

77.

Trichoderma harizanum on
microelement  concentrations  and
increased growth of cucumber plants.
Plant and Soil, 235 (2), 235-242.

Yang, M.M., Mavrodi, D.V., Mavrodi,
O.V., Bonsall, R.F., Parejko, J.A,
Paulitz, T.C., Thomashow, L.S., Yang,
H.T., Weller, D.M., and Guo J.H. 2011.
Biological control of take-all by
fluorescent Pseudomonas spp. from
Chinese wheat fields. Phytopathology,
101 (14), 81-91.

Yuvaraj, A, Thangaraj, R., Ravindran,

B, Chang, S., and Karmegam, N. 2021.

Centrality of cattle solid wastes in
vermicomposting technology: A cleaner
resource recovery and biowaste
recycling option for agricultural and
environmental sustainability.
Environmental Pollution, 268, 115688.
Zaidi, A., Khan, M.S. and Aamil, M.
2004.  Bioassociative  effect  of
rhizospheric microorganisms on growth,
yield and nutrient uptake of greengram.
Journal of Plant Nutrition 27, 599-610.
Zainli Bafghi, M., Gholamnejad, J.,
Esmailzadeh Hosseini, A., Shirmardi,
M. and Jafari, A. 2018. The effect of
growth-promoting bacteria on growth
and physiological traits of pistachio in
saline soil, Garden Plant Nutrition
Journal, (2) 2, 107-129. (In persian)
Zhang, X., Wu, N., and Li, C. 2005.
Physiological and growth responses of
Populus davidiana ecotypes to different
soil water contents. Arid Environment,
60, 567-579.

Zhao, L., Wang, F., Zhang, Y., and
Zhang, J. 2014. Involvement of
Trichoderma asperellum strain T6 in
regulating iron acquisition in plants.
Journal Basic Microbiology, 54, 115-
124.






235-260/Journal of Soil Biology Vol. 12, No. 2, 2025

Publisher: Soil Science Society of Iran

Soil Biology Journal

https://shj.areeo.ac.ir/

Research article

Evaluation and comparative analysis of plant growth-promoting traits in

Akram Otadi?

diverse groups of rhizosphere bacteria

, Hassan Etesami 2, Houshang Khosravi‘* ** and Hosseinali Alikhani*

1-Soil and Water Research Institute Karaj, Iran, email:_mahnaz.otadi@gmail.com-
2-Associate Professor, University of Tehran; E-mail: hassanetesami@ut.ac.ir
3-Associate Professor, Soil Biology Department, Soil and Water Research Institute, P.O.BOX: 31785-11. Karaj, Iran, email:

hkhosravi@areeo.ac.ir

4-Professor, Department of Soil Sciences, Faculty of Agriculture, University of Tehran; E-mail: halikhan@ut.ac.ir

Article Info Extended Abstract

Received:
October21,2024
Accepted:
February 18, 2025

Keywords:

Auxin, Azotobacter,
Exopolysaccharides,
Pseudomonas,
Rhizosphere,
Siderophore

Corresponding
author's email:
hkhosravi@areeo.ac.ir
om

DOI:
10.22092/SBJ.2025.36
7286.271

Background and Objectives: Using chemical fertilizers is the primary method of plant
nutrition in agriculture, however, it has a high potential for contamination of water,
soil, plants, animals and humans; therefore, it is crucial to provide solutions based
on sustainable development for crop production. One of the solutions is to use the
potential of beneficial soil microorganisms including plant growth-promoting
rhizobacteria (PGPR). The PGPR are a large group of beneficial soil bacteria that
affect plant growth through various mechanisms including, production growth-
promoting substances such as auxin, solubilization of insoluble organic and
inorganic phosphates, production of siderophores, and potassium releasing from soil
clay minerals such as biotite and moscuvite. Having positive impact of PGPR on
plant growth has led to their use as biofertilizers or inoculants in agriculture. One of
the most essential components of a biofertilizer is microorganisms. The most
important and well-known PGPRs include Azotobacter, Pseudomonas, Bacillus,
and Azospirillum. The aim of this research was to compare these four groups, native
to Iraninan soils regarding plant growth-promoting characteristics and to identify
superior strains that can be investigated in future research as biofertilizers. Such a
comparison has not been done in the country on different groups of PGPR.

Materials and Methods:In this research, 63 strains of PGPR including 13 Azotobacter,
10 Azospirillum, 21 Bacillus, and 19 Pseudomonas strains were used obtained from
the microbial culture collection of Soil and Water Research Institute which were
previously isolated across from different agricultural soils of Iran. The strains were
screened and compared regarding plant growth-promoting characteristics. The
ability of strains to produce auxin evaluated using Salkowski reagent method at the
levels 0 and 50 mg/L L-tryptophan. The siderophore assayed using the CAS-agar
method, calculating the ration of halo-to-colony diameter. The extracellular
polysaccharides (EPS) were measured weighting the dried precipitated substances.
The ability to solubilize inorganic and organic phosphates was investigated by
calculating the ratio of halo to colony diameter in Pikovskaya's agar medium.
Alexandrov's method was used to investigate the ability of released potassium from
muscovite and biotite soil clay minerals. The NBRIP culture medium, was used to
evaluate the ability to dissolve insoluble iron phosphate. All experiments were
performed in triplicate and the statistical analysis of data done using SAS software.
Means were compared and grouped by the least significant difference (LSD)
method at the 5% probability level.


mailto:mahnaz.otadi@gmail.com
mailto:hassanetesami@ut.ac.ir
mailto:hkhosravi@areeo.ac.ir
mailto:halikhan@ut.ac.ir
mailto:hkhosravi@areeo.ac.ir
mailto:hkhosravi@areeo.ac.ir
mailto:hkhosravi@areeo.ac.ir
https://doi.org/10.22092/sbj.2025.367286.271
https://doi.org/10.22092/sbj.2025.367286.271
https://orcid.org/0009-0007-1177-385X
https://orcid.org/0000-0003-3618-1985

SAws s Sl ASL it glaoy 5 55 ol s, S e Sl aalis g 2b3,) /1YY

Results: The results showed that Pseudomonas strain P214 produced 51.68 pg/mL of
auxin at 50 mg/L of L-tryptophan and 48.72 ug/mL in the absence of L-tryptophan
(0 mg/L). For mineral and organic phosphate solubilization, Pseudomonas P187 and
P186 demonstrated the highest indices, with halo-to-colony diameter ratios of 2.59
and 4.13, respectively. Siderophore production by the Pseudomonas group was
significantly higher than that of the other three groups, with strain P188 exhibiting
the greatest capacity, achieving a halo-to-colony diameter ratio of 3.38.
Additionally, Pseudomonas exhibited the strongest ability to solubilize insoluble
iron phosphate, with strain P192 recording the highest halo-to-colony diameter ratio
of 4.45. Among potassium-releasing strains, Bacillus B517 showed the highest
release from biotite, with a value of 33.33 g/L, while B326 exhibited the highest
release from muscovite, with a value of 24.67 g/L. Finally, strain P526 produced
the highest quantity of extracellular polysaccharides, with a value of 84.6 g/L.

Conclusion:In this research, 63 strains belonging to four groups of plant growth
promoting rhizobacteria (PGPR) native to Iranian soils obtained from culture
collection of Soil and Water Research institute including Pseudomonas (19 strains),
Azotobacter (13 strains), Bacillus (21strains) and Azospirillum (10 strains) were
investigated and compared in terms of plant growth-promoting characteristics. The
results showed that the Pseudomonas group showed a significant difference from
the other groups regarding siderophore production, solubilization of insoluble iron
phosphate, extracellular polysaccharides, and solubility of mineral and organic
phosphates. Pseudomonas and Azotobacter groups produced the highest indole
acetic acid at 0 and 50 mg/L L-tryptophan levels. The Bacillus group had the highest
ability to release potassium from biotite and Pseudomonas from muscovite. The
Pseudomonas had superior strains in most of the plant growth-promoting
characteristics, however, considering that other groups showed superiority in some
other characteristics, it is suggested to use a Consortium of superstrains of each
group should be used as inoculants or biofertilizers in the future research.
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Analysis of Plant Growth-Promoting Traits in Diverse Groups of Rhizosphere Bacteria. Soil Biology Journal, 12
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Background and objective:Legumes are one of the most important vegetable sources
rich in protein and the second most important human food source after cereals. 64% of
the cultivated area of legumes in Iran is related to the cultivation of chickpeas, which
ranks third among the crops in terms of cultivated area, after wheat and barley.
Chickpeas are often cultivated in dry conditions and the yield of this crop in Iran is
very low compared to the global average yield of chickpea producing countries.
Waterdeficit is one of the important factors that reduce the yield of this plant.The
present study has identified the most effective nitrogen-fixing rhizobium bacterium for
chickpea of Anna variety and investigated its interaction with arbuscular mycorrhizal
fungus (Rhizophagusintraradices) in the yield and quality of chickpea seeds.

Material and Methods:This project was done in three stages: In the first stage, 53
rhizobium isolates available in the microbial collection of the Soil and Water Research
Institute of Iran were cultured. The second phase of the project was a greenhouse,
which was carried out in two phases: the purpose of the first phase of this stage was to
determine the most effective rhizobium bacteria symbiotic with the pea plant (Anna
cultivar). For this purpose, rhizobium isolates were inoculated into chickpea plants and
subjected to the plant contamination test. After about a month, the presence or absence
of nodules on the roots of chickpea seedlings was checked. The isolates that were able
to form nodules on the chickpea root system were transferred to the next phase. In the
second phase of the second stage, during another greenhouse test and in comparison
with specific levels of nitrogen, the molecular stabilization ability of the selected
isolates using leonard jar containers and then measuring the amount of nitrogen by the
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Keldahl method as well as measuring the acetylene reduction process. Among the
tested, the isolates which had the best result, was transferred to the next phase. The
third (final) stage of the research was carried out in the fields of Sararood rain research
station in the cropping season of 1400-1401. Chickpea cultivation in this area is done
in a rainfed manner. In this factorial experiment, in the form of randomized complete
block design, The first factor, fungal treatment in two levels of inoculation with
arbuscular mycorrhizal fungus and without arbuscular mycorrhizal fungus. The second
factor, bacterial treatment at two levels of inoculation with C-110 bacteria and without
bacteria. The third factor was the levels of chemical fertilizers in two levels without
fertilizer and optimal fertilizer consumption (50 kg/ha of urea before planting, 50 kg/ha
of urea and 25 kg/ha of potassium sulfate containing zinc chelate in the form of side-
dressing fertilizer in the spring season).The seed inoculation method was used to use
mycorrhizal fungi and rhizobium bacteria. After the growth period, grain yield,
biomas, number of side branches per plant and quality of chickpea seeds were
measured.

Results: Among the 53 isolates of rhizobium, 42 isolates were able to form nodules on
the chickpea root system, and after testing the second phase of the second stage, isolate
C-110 had the best result and was transferred to the next phase. The results of the third
stage showed that the application of mycorrhizal bacteria, rhizobium C-110 and
fertilizer, increased grain yield, biomas, number of side branches per plant and grain
quality (nitrogen, phosphorus and zinc) in Sararood research stations.

Conclusion:The general results of this research indicated that although the waterdeficit
in rainy conditions caused a decrease in the examined traits, the use of microorganisms
(arbuscular mycorrhizal fungus and rhizobium C-110 bacteria) could reduce the
negative effect of Waterdeficit and In the regions of the country where legumes are
grown and there is water stress, the use of these two microorganisms can reduce the
negative effects of water stress, and since climate change and some agricultural
management practices, such as tillage and excessive use of chemical fertilizers, in have
played a role in the destruction of soil fertility, these microorganisms can be used for
ecosystem health and increasing productivity in agriculture. It is obvious that the
symbiosis of mycorrhizal fungi and rhizobium bacteria in each stress and each plant
should be investigated separately in order to be able to identify the appropriate species
for those conditions so that plants can be helped by the correct use of this triple
symbiosis. In other words, the condition for effective symbiosis is the existence of a
completely efficient and specific bacterial isolate for the host plant And it should be
provided in sufficient quantity from the initial stages of growth. But in general, it can
be said that the symbiosis between mycorrhizal fungi and rhizobium bacteria in
legumes improves plant growth and makes plants more tolerant of living and non-
living stresses. The efficiency potential of these materials will be revealed when all
agricultural operations are carried out at the right time and place with the help of
appropriate tools.
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Background and objective: The growing global population and increasing food demand
necessitate sustainable agricultural practices that enhance productivity while minimizing
environmental impact. Conventional agriculture's reliance on synthetic inputs has led to
significant environmental degradation. In this context, integrating biotechnological approaches,
particularly using plant growth-promoting bacteria (PGPR) and nanotechnology, offers a
promising strategy. PGPR, a diverse group of rhizosphere bacteria, promote plant growth
through direct mechanisms like enhancing nutrient availability (nitrogen fixation, phosphorus
solubilization, potassium mobilization), producing phytohormones (auxins, gibberellins,
cytokinins), and synthesizing siderophores. Indirect mechanisms involve suppressing pathogens
through antibiotics, lytic enzymes, and induced systemic resistance (ISR). Nanoparticles, with
their unique physicochemical properties (high surface area-to-volume ratio, quantum effects,
enhanced reactivity), offer advantages in agriculture. They act as carriers for targeted delivery
of nutrients and agrochemicals, improving efficiency and reducing contamination. They also
directly influence plant physiological processes. Combining PGPR and nanoparticles shows
promising synergistic effects, potentially leading to greater improvements in plant growth and
yield. This synergy stems from enhanced bacterial colonization, improved nutrient delivery, and
direct effects on plant physiology. This study aims to: (1) review the mechanisms by which
PGPR and nanoparticles influence plant growth; (2) investigate their synergistic interactions; (3)
analyze their practical applications; (4) discuss challenges and limitations; and (5) provide future
research recommendations for optimizing their application in sustainable agriculture.

Material and Methods:This study employed a comprehensive literature review of existing
research on PGPR and nanoparticle applications in agriculture. Scientific articles, reports, books,
reviews, and conference proceedings were collected from databases like Scopus, Web of
Science, PubMed, Google Scholar, and Sciencedirect. Keywords and Boolean operators were
used for the search, including "plant growth-promoting bacteria,” "PGPR," "nanoparticles,"”
"nanotechnology in agriculture,” "Nutrient uptake,” "Plant hormones," "Biotic/abiotic stress,"”
"Sustainable agriculture," "Nanofertilizers," and related terms. The collected literature was
critically evaluated for relevance, methodological rigor, and scientific quality. Studies
investigating the synergistic effects of combining PGPR and nanoparticles were prioritized.
Information extracted included types of PGPR and nanoparticles, application methods, plant
species, experimental conditions, and measured parameters (plant growth, yield, nutrient uptake,
stress tolerance).
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Results: The literature review provides compelling evidence of the beneficial effects of PGPR
and nanoparticles on plant growth and yield. PGPR have consistently been shown to enhance
nutrient availability, stimulate root development, improve water use efficiency, and increase
plant resistance to various biotic and abiotic stresses. Numerous studies have demonstrated the
ability of PGPR to fix atmospheric nitrogen, solubilize insoluble phosphorus, and mobilize
potassium, making these essential nutrients available to plants. Furthermore, PGPR are known
to produce various phytohormones, such as auxins, gibberellins, and cytokinins, which play
crucial roles in regulating plant growth and development, including cell elongation, cell division,
and differentiation. The production of siderophores by PGPR has also been shown to improve
iron uptake by plants, especially in calcareous soils. Nanoparticles, with their unique properties,
serve as effective carriers for delivering nutrients, pesticides, and other agrochemicals to plants,
improving their efficiency and reducing environmental contamination. Studies have also
demonstrated the direct effects of nanoparticles on plant physiological processes, such as
enhancing photosynthesis by improving chlorophyll content and photosynthetic efficiency, and
influencing stomatal regulation. The combined application of PGPR and nanoparticles
consistently results in synergistic effects, leading to greater improvements in plant growth and
yield compared to the application of either technology alone. This synergy can be attributed to
several factors. Nanoparticles can enhance the colonization of plant roots by PGPR by providing
a protective microenvironment and improving bacterial attachment. Conversely, PGPR can
facilitate the uptake and translocation of nanoparticles within the plant. The combination of
PGPR and nanoparticles has been shown to improve plant tolerance to various abiotic stresses,
such as drought, salinity, and heavy metal toxicity.

Conclusion:The combined application of PGPR and nanoparticles represents a promising and
sustainable approach for enhancing agricultural productivity and minimizing environmental
impact. The synergistic interactions between these two technologies offer significant potential
for improving plant growth, yield, and quality. PGPR contribute by enhancing nutrient
availability, producing phytohormones, and inducing systemic resistance, while nanoparticles
act as efficient delivery systems for nutrients and other agrochemicals and directly influence
plant physiological processes. The combined application of these technologies often results in
greater improvements in plant growth and yield compared to individual applications,
demonstrating a clear synergistic effect. However, several challenges need to be addressed
before widespread adoption of this approach. These challenges include the potential toxicity of
certain nanoparticles to plants and soil microorganisms, the need for further research on the long-
term environmental impacts of nanoparticles, the cost-effectiveness of nanoparticle production
and application, and the development of standardized protocols for application. Furthermore,
understanding the precise mechanisms of interaction between specific PGPR strains and
different types of nanoparticles is crucial. Future research should focus on: (1) elucidating the
complex interactions between PGPR, nanoparticles, plants, and the soil microbiome at the
molecular level; (2) conducting comprehensive risk assessments to evaluate the potential
environmental and human health impacts of nanoparticles used in agriculture; (3) developing
sustainable and cost-effective methods for producing and applying nanoparticles in agriculture;
(4) optimizing the application methods and formulations of PGPR and nanoparticles for different
crops and environmental conditions; (5) establishing clear regulatory frameworks for the use of
nanoparticles in agriculture; (6) investigating the long-term effects of repeated applications of
nanoparticles on soil health and ecosystem functioning; and (7) exploring the potential of using
nanobiosensors for monitoring the effects of nanoparticles in the environment. By addressing
these challenges and pursuing these research directions, the synergistic potential of PGPR and
nanoparticles can be fully exploited to contribute to a more sustainable and productive
agricultural future.
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Enhancing agricultural productivity using PGPR and nanoparticles: mechanisms, challenges, and future directions
Soil Biology, 12 (2)<279-313.

@ DOI: 10.22092/SBJ.2025.368425.277
Publisher: Soil Science Society of Iran


https://doi.org/10.22092/sbj.2025.368425.277

YAY NER) Y oyl /Yt / S wlida ) ole 4

eldasd 92

https://shj.areeo.ac.ir/

290 o
1350 5 oS sy e sl S b 5,slaS O e (60 S
o] slos S 5 bl iS55

3%

- - . Z & T - . - o & .
VQL{.\U&dera:‘ijlw\‘v&Jﬁ:&zﬁjbl{QMCWDJAL‘ \j,&y&«@q
bahmankhoshru@yaho0.com o1 sl S «s355Le8 s 5 Gisel «lidos plosle 528 O 5 S Slidios ann g d S5y Fima)

a.r.fallah1350@gmail.com.o\ »l iz S «s355LaS s 5 (rosel i plosle 528 T 5 S Sl e yo slanl-Y
khosravi_1971@yah00.com , .| 1 ¢z S «s355WS s 5 (2osel eliios plosle 5508 O 5 S Sliios dem o Hlils—Y

a_asgharzadeh_2000@yahoo.com
laleh.faridian@gmail.com | 1 o lio! (ol8ul;53) plgaol anly (ol o1 olails (S o 5ke o5 S-F

VEFNV e bl VEY NS el o

oS>

oy S yme Sl 4Bl lul3dl slodnl;s ssb 4y crmb @lie 51 550 615 200 9 Ull SIS 4 azg el sladas o
KoS (5509UiS DY game CudsS 9 by Sgae 4 Nilauslys (57 9laS S o9l s 13 g8 Sa9Ld 93 Ulgie 4 6L DIy 9 (PGPR) oLS
Some ) VLS L) paitine yud 9 paiitine 5L, 95l G2 b 51 4S Attt (53515 ko slas 3STL )l o950 09,5 WPGPR .aus’ JbLs
15 a9 A g0 il (5309 LiS 55 (530 (Sla S (395 3,94y puasrie silaends 9 (K25 S 329 L U DD K0 saw il iy o
830 0L lagus 2 3551355 5T olS (S Solsn 5ud SlasnT 3 s Lowiine 9 03,5 Jou L ES'ST 5 s3ke Slse Jige slafal> Olsic 4
WJls Olgie 4y .abl 4zils 559iS C¥pamae 3,5has 1 4755 BB lBled SIS Kl e Sly350L 9 PGPR 1 S 5 03l 45
oizred (Cuwl 02 (Jlgie Jlw 93 13 &ild 3 ,Shoe (50033 FF 394 iul33l 4y jomie 1315 £ 5150 53 NPK 55" L Bacillus subtilis > 5,
0315 OLas 1, &ils 5,8as 55 she 3 AN ez iuljsl paiS 55 Azotobacter L ol ea Zn-Fe o BT (89, 3uwST S1y3636 51 oLzl
23,5 Lgw )3 03505 00,3 VF iul3dl cage posiben Oly3956 9 Actinobacterium sp. cuS 5 « S5 (Sagll s Byl 55 .ol
2o VY 9 YO i a1, 5k 5 059 Pseudomonas moraviensis ¢ Bacillus pumilus b o ,a &ly3906 51 esliiwl ol 1 ogde
39m 9 A5 43 Ja28 L33l coalS Ay sOges9n Sulsi s ide dlge iz 35me G2 b Il Ylainl (l3Blen 3T gl amsl 0313 a1
ol 51 oolitusl a8 Jlgssel guls cal 3579 b .35 g0 S50 LS (hasl s K505 9 (Shie e iz dguy sy OpmslislS
g sl 2)lalwl S dSSs s (e 45 5 el s Sdeaids OLST L3 (B Jloiz] Cuonw il 2L L b )5l

el § 9.0 BOT Jor Slapusle JalS 53 5 S 5 ol 3,01 ilwdisg sl 6 i Olisiod (ol lis sl o ot O s 9

J..f&) qus Lsu&jsb L L;)'J}L.‘:S U‘Y}M o304 umibﬁ.\V"\c ‘quli.,\i)ﬁ g.‘uib'j;h&\ ‘.0‘6})%-7. ‘.CJL_T C)Ja.l CW g.g&jff:}ﬁ- bl

TVA-FIY AY(NS L b S 4,8 odol glag S 5 b il a8l i3 6b 5 olS


mailto:bahmankhoshru@yahoo.com
mailto:khosravi_1971@yahoo.com
https://orcid.org/0000-0002-7575-4654

...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 U.'Iu‘ﬁ‘/"/\"

2 A Gl A s Ll ole o s
Wl e uf.i: Sk (_;J?J.pb- E) olcg L uziljﬁ\
(Glick, 1995; Goswami et al., 2016) ..s
i 2 s ol S Olen s 6l g,k
Sl 5 Gose e IR o YL il (gsliS
(All et al, 2018) k;wu\ OJ‘J UL:.J 6))_51,:5 éuw
355 5 3 pasie Sleo pax s (NPS") U <l ,3
jYLV.»MChMWc&a-;UUJ\J?E
(e yole Ol s s 5o LS e ol e S
el il 2als 5 b isesl 5 s s LS il
.(Vega-Celedon et al., 2021) .5 . 3l i&
Ao OLIGLr5, b S0 goukd S 5 (ramen
(s sled,ole 5, S Olpsa WPGPRUL
Sl iosls a plaes Gl gl sl
b S 5 aS Las e Ol ot Sladllas L ol 05 428
9 Lg)ﬁ{)'@-f u:“i‘_)-e‘ DL L;ﬁi.a.:.:- GLD PGPR B };L:
Jahangiretal., ) coul axils of o & (3,3LS olLL
oS 5 Jle Olgea (2020; Kapoor et al., 2023
Bacillus subtilis ¢ =SU L (Ag-NPs) « & 4L &l)3
JJIJSJ eL;§ .,\.J.'.:J u,:.;b.e\ o 90 CJ).J g:,...iSJJ
Goa s 35U oS wonl sas 26 slasles
Ol 3glen Gla Sl 2alS 5olS i) 35 3 1)
s ladllas > (Ghazy et al., 2021) aas
GSL L ol aa (Fes0a) ol 5b ol 5l eslazd
» w5 B o5t Pseudomonas fluorescens
mlclesls DL (g5 00 4 J‘oujv.ﬁfes\}ﬁ AL
e DAL Ay gl obe Sl s LS S
Soso 2 8 oD J..i\jé‘ “ J.>L~a ‘}::l.)w..Sl 6@&.3
JJ{JS ‘U""%M (Aghael et al., 2024) Sl 0l eL:.f
Azospirillum o s & (SiO2) ke 5L il
2 s B Sb S el ead ), lipoferum

69“)) eL:f‘)J Lf’J'M bl)ﬂ g_)Ju?—_}‘\.‘.:».‘:h) Ju;:) J,J_‘J_?\

Ao dlde
el a L s Sl Camer 053, A3,
LGk mle Sl edul olspe e (S5 gl
Ol sty 3,3LS Ole cpl s ol wle L bl
Sl Sl el Lol s i 5l S
el 4z S5 galaml 5 e ) dl gl Ll
osben bt Sl iSC3l 5 S as) p s
Sl S 3 S (35l N pramn A5 A1
SalS (S o s 4 Sdedds s Ll il 035 g
ol odd e Ceilase (S3l 5 sl gl
«Bles -l (Atieno et al., 2020; Zhou et al., 2024)
3 80es 3 sl LS 5 Il sla s 8L e )
S W ST sl e L ooslsS oY e
Sl Garl 8l ol (6,8 Ol e I (s3,LES
W5 0bs dolas B o] 5 ol sla s lie
15 AST Lelazat ol 5 o s e ool (g3Latil
s g5 SR sl e (Sogll Sl s
(bt psew 5 LS Sl 4y o eslandd I AU
03,8 JIET iy 5l i 15 3,005 ol 44 IS s
2 ob0ks S Sl b Lesa Sl (5oslis Ll
Loasdy S o S8 b mle Lis 4 G lane
Sheslanal 55U @lyd Wb g sl s ,8 8w
oS i) Sme las Bl Omen dide UL
Sl s S 5 g0, sl 4 Ll s (PGPRY)
Loablis 55 S5 o8 5055 SGS pland slbreslg 4
AL ($5lS St S1 Bem 5 el i

.(Antoun and Prevost, 2005)
ol Gl ke sl ol (S
Osmmad o) SLa2 S5, 5l ealiad Gl g5 58
ol 12l (PGPR) 6lS iy S e slags 8L 5 08

oo Sl s Gl Gk 5l dode DL 5

' Plant Growth-Promoting Rhizobacteria
¥ Nano particles



YAV NEoR/ Y oyled /Yt / S wlbidcam ) oole 4

&5 WPGPR .(Bulgarelli et al., 2013) ws S
O LY s5u) Jausins (a5 ool 51 S5 S oo
R PUTRI WA L P AW
b goosles ol s S goal p o gl
5l il sls .o .(Antoun and Prevost, 2005)
Burkholderia  Arthrobacter L L s
Azotobacter

Bacillus Azospirillum

Llods 5lulls PGPR Ol g o .6 5 Pseudomonas
S elS Ay gl s il glas Shee L S a8

(Vega-Celeddn et al., 2021) (v Jsu) Lls
L) e Olgsas WPGPR 1 eslinad ol sladle 53
ool B 4 led slass sl (b
3 oS way e Grae 1 A0 e
RCOEPE R S e S TP B I IR S PO foe
Lis 5 placd slpe 4 (Soely 2alS L agg sSL o
S Il (555515 Sl it 5 4 (S D
ST sl 05 L PGPR e ey (slas S .S e
Sosor Ol Cadlo b sl o e
(Atienoetal., dws o [il5l 1 6555LiS Y pams
sbos g 3l PGPR e 2.8 slas s .2020)
GlSL 5 bt 4 OllS caslie gl b s
53 ol slasgme 31 (S 1 Ol (s Jas
Sl o3 S bad g5uliS sl Slids

.(Shah et al., 2021a; Khosravi et al., 2024)

PGPR ¢ ;188 1 sl ;8" 93
osbas ol S5 S e (5, sl S
LS o 30 LS ann s 5 sy s i 5 s
Slodmy 5 ¢ 520 LS 5k Ga b 5 6,138 56 a5
53t b WPGPR s S35l 53 13,5 o s
S (S e Ghe slpe 038 alp s ol Lk
Olgsar S o Wl olS i) Rl 5o ey LG
5 S e S ) eadl 055 20 s SL pl el
Ll S ol 5 ) el i B e olie

5B Al Olies 43S 6 il a3l DL S
Cosd 4 oS Sl PGPR 55U s s ag Joles
o) (Akhtar et al., 2021) .S . S als, (s
PGPR ; 50U &ly3 s & skasOlis e Gil.:;
G Sy SRS s ll ousliS 4 plaas s

e bt slas S
s SL 55U oy L8 (s adles ol s
G030 il QLS Wiy 35 53 olS Uiy S e
Dy g ety SIS S 5 (g5uslS
Sl iy Wl e ol ol G
Ol o 5al Dl e 8 sj.iij) 33 ol slagdasl g
Gl bis 5 gsliS s Shes spe o)y W
oo 5 b b omens Sl Gl
b S |3 G 390 aggsl cpl Sl estinal 3 gy

.w‘

oS Wiy S ow slag xS
Ol geas (PGPR) ol ai; S s slags SL
3550 ML 3558w s 5o Sl slead s 5l (S
Mo S O, ol Lla S 13 g
A p O te SISl 5 S 035 08 lS QLIS
SoslES 3 Ses 35 03 SIS 2B @lS anwy s
PGPR C:kh.ol (Khoshru et al., 2020) .5 . |
O 5 polS Jaw 5 VAV was o L s <l
o Sl les puS Slllas Ole O 515 A b jae
(Glick, ol s plowil Lags SL ol 30 sl 550
L sty LU 5wl 3 b 51 LWPGPR 1995)
S atay Wy ORI R e 8 Ol OlalS
Alro oS cuslis CoE 5 olis ols Ol
Khoshru ) s o Wl 1y teswd 5 e sla i
Jols (et al,, 2024; Khosravi et al., 2024
oSS sl S Ol 5 5 OLS s e SV b
Sl ol (ol Sk, gl skl LPGPR

Qiulk\@)bﬁjogwbjhvﬁ@b;uﬁds



...sLbJLS}_}Lu Q‘JS}JU}#KMJ JJM ‘5Lb‘5j§lil-1‘5j_)_5u§ CJY‘,M EPELE, ] U:u“}.é‘/“/\f

bl D5k Kb 0 o S
Sl S Ao slacdabe 5 LS S
A TealS sl Ws L LPGPR (oes
Slge gl <ol 5 T, 5 Claslis S Slaslas
Ly iy e Sl Gl 0500 ol 5 (sdaa
bl GUls Wl (opl p O3l S s ang olS (g0
0 aS Ll 1y ollS L3 (ISRY) ol Seatomes s sl
S b Sl Sl gles 28 Cab L ables
Meena et al., 2020; Islam et al., ) .5 . S
c»!.(2016; Berg et al., 2017; Sayyed et al., 2019
5 Olsea e PGPRAS 552 0 sl Ls,lS 550

() w
@S sesn J

~

Rhizosphere

Bacterial nodule —

4
1
e\

Mucilage

Root cap

rl g edhe XS e b olS (gl o LB S
Lo eS| s ALS (sla0pas 8 o oo 5 ki
S 3kl 5 Sl el o e oS e
Ly S 4 e 45 Sl 0T iites (sla 15500
Parray et al., 2016; Kalam et ) 5,5 s olS sai 5

al., 2020; Gouda et al., 2018; Fallah Nosratabab
.(and Khoshru, 2024

LPGPR i o S350 s (g5

bl S aze olS Caglie il 5 Cudle 5 i
e s A b Sl oS e Gk Sl b St
0SSl S e Uyl slablons 55 e Ol 5

Ao SlS Sl bels Lp e S8 4 sk ) 6l

2531 adg3
sbaels-AcCC

PGPR ib.w‘j) ol.;g Ju.«l) &i)?u“ 6&)\5}){«4—\ ‘}i..:'

Sl gl jole mg ol 5 Slads ) i ann s
ol 315l omaean (Patel and Saraf, 2017) W,
Pl (B3s 00 Gl Al Sl ol g eal b

30 pobe by 3LaslT 5 ol slaclins

* Proteases
¥ Induced systemic resistance

‘5)’)3\.25)3 PGPR ‘slbéjg)‘:
L5 Llas SU cpl sl OS5 Slae 5 dly il 58

s oo Oy e 5 ST ke ALS (ladse ) sn

¥ Lytic enzymes
¥ Chitinases
® Glucanases



YAO MNEAY/ X oled / VY Ml /| S wlbidCon ) oko 4 55

3 Shes 3540 55 L PGPR Jae 35U Ciliss lalas
S eslizal @ ged Ol geas . lesls OLES OlalS Cwodle
Cel f,\f c.:S s Pseudomonas fluorescens
Sl 0dd b ol RIH5 ak, LS s
Azospirillum .. .c>.s (Adesemoye et al., 2009)
I S 4 @b olS Jas e sbas Drasilense
ot oS Ll 3 e A a4 e 5 esls 5l
Rhizobium (Bashan et al., 2014) ..
S50 50 OlS b s jen 3 soleguminosarum
O s e Sl |y S 05 cl il g
(Peoples et al., .5 S im0 s S G s
AJ 5 L Bacillus subtilis s s les &y e ,5.2009)
Shesy Solew i Sl g St glacd gl
Choudhary ) el es S (g, sl K a8 5l
Pseudomonas s ,.,S «.>ea .(@nd Johri, 2009
alS o ge i 3w es T las= s putida
(Weyens ol o OlalS ol 5 5 5 St Cane
L WPGPRS s o 0L mls oyl €t al., 2009b)
Soses IR Gl G5 slaslnl g sne slas s
s Jaeen s Ik g 5 LS

(Constantia and Ferniah, .S o2l oS
sl is w1, oblS ceslis WPGPR .2020)
S Dl 5 VL (slas (g5 o SIS St 8
aOnST ST 5 e gol a5 U 5 ns o Sl 53
Lidy o 2 Aol Lils L1 0L 850

(Silambarasan et al., 2019; Belimov et al., 2020,
g L g sL ool Shirinbayan et al., 2019)

3 Bl Jolse b i) (o5 Seds slac ) sl
(bbb Sop Sl St Swslie U
e p s 2 5l 503 5 (S S led 5 oL S
! » (Chandran et al., 2021) pas o ialS |
535 Ulgea Dl gsliS s PGPR 2s (Ll
o Sl s el aier Sl ey S
OV pame iS5 ey a1 plecd slasss
Wl g BLle 5 b sdia slge B 115 (5505l
Sl L SL pl «s5,5lS (ol 5o das o
e N O e R L
S0 s el sl Nuewws 5 (PHASY
Weyens et al., 2009b; Evangelou and ) .5, .

.(Deram, 2014

» Polyhydroxyalkanoates



...sLbJLS}_}Lu Q‘JS}JU}#KMJ JJM ‘5Lb‘5j§lil-1‘5j_)jw CJY‘,M EPELE, ] U:ub.é‘/“/\?

lisee O e (59, Ll 51 ol pad 4 (55,9LiS 3 BLS wwdy S e S5 SL 3,5 - Joua

&r Wy SIS byl bl Jgpaze LSl sbagw a3,
. o < T e le Enterobacter hormaechei .
(Admassie etal., o5 xln ) Ceglie oM 0ad il GlalS s ) esliatul - wlxlS s Rhizobi Pseud \
2022) ol L Ty oYL adyy 5 ablos Job (K25 o goils 120 '“TI SPp. 5 Pseudomonas
uorescence
Sclerotome rolfsii ade 5,5 1o eyl T
L 5l ealax -4 . T
(Farhaoui et al., Sz Slost jop g kb Linls gSace 7 g Bacillus subtilis (MW644678,
' , Lokt Jlog ibyitis abyuis MW644686, MW644650, Y
2022) ady) g alom plal Jobo (b8l riozen ey Sk MW644649)
b a5 olS SS9 )
9 @x QLS A3) ) ($3gue 0dd Jlag lalS Streptomyces corchorusii
(Ngalimat et al., Uil el opMe 3l L5 4l 5 Slas 31 oslizul b —alsds TKR8, Streptomyces
2022 ; Sbabes § s e et & corchorusii JAS2 and Y
) Br 2l adp Suwn o 0 oud il s Streptomyces misionensis
A5 odaliie 04 Hle Sy (BPBR) TBS5
I, ol 15, PGPB ,; itus (clop sy b SIS igloj] '
(Wang etal, podlS oS gl y s b Ll ek S el P S sl ¥
2022) g ® & o * g 1 PGPB") ol&
s sl 1y, S ] s g S 5 posodlS 4 o35l 5 ( ) ok
(Costaa\:umor o Tl b o 43 9 Syjsln i (slaasls Lulyd )3 43, Enterobacter cloacae , N
2020) <8l JhliE PGPB Kbl - Burkholderia cepacia
bgp b (gdie dlge CusS g aly 3 Shos Methylobacterium oryzae
(Rani et al . s S
2021) N 2 oo Hliml (Jb e jd .8l Sy pudls acyi0 S b Paenibacillus, MNL7 4
cdly Lol il gk (elblagi b duglis = polymyxa MaAL70
Paenibacillus taichungensis «
(Andrade etal,  ooheS! (5l clld gise dlge LSl age bulyd 2 ol il LB o081 Enterobacter sp. Rhizobium v
2023) ol IS sy a8l g ol e g el Kbl Sy sp. Paenibacillus sp. .
Pseudomonas sp.
o3 JyuS kil Pseudomonas gessardii EU
i oY A5y da e St S 51 eslal
(Dez\gzezt)al" - “" "l G‘)‘f‘ Eatand o’ a5 yie) b 5 () egyd b Erwinia LUNA-25 A
3 Gl (8 8kes 5 0) {stales] rhapontici EU-B1SP1
L 03§ ) Mg
258l | L5y WPGPR 53,8 lgzxo 3l ool Acinetobacter calcoaceticus
. il Jgame oS0 Slye .
(Khairina et al., ’ . | Ol 5 oS iyt cile P23, Pseudomonas fulva Ps6 X
2020) o T Q9 NS and Chryseobacterium
b olie dlge 45,8 strains
YU K
Ol 4 e ((SuiS iS cod lS mdls
(Ki t al Al S ol gl 08wl g ol 0 5 A. jAzotobacter chroococum
iran et al., e ) . :
2022 OB e Sy (Mg 9 Ca ‘K) ol Tolaw (2yxe obredls . .. Ve
) i . I vinelandii
Odon 9 8 SlaS 5 (liee wizmed g Ay 0 Sl 5 Gl

e 2SCsl 5 lassS edad 18 ilay 5 (les xS
Cusd 5 S @M pole 4 s S

* Bacterial Panicle Blight
' Plant Growth-Promoting Bacteria
" Lemna sp.

‘53”\.&5 ) }'b Q‘)b

S Ly gp alid oy laakin 5 wlsls sl K

Shabli= 5 oIl (o0 4 25 03 e P LB B




YAV /NEY/ Y oyl / VY -\.1?/ S wu;’;«gJ ;;J&‘L}_j:a

DWLS (sl dm b8 opal s 3 55 VU Uy s o
T T o I e o R T
Kashyap et ) x,i o Jyame 3 Shas 5 s, il
L (CUNPS) o 5U ol onl p esde @l., 2020
LT W o B TR P TS TS W RUWIES
el Olgea 5oy ol sl i oL SL oy
C)'J]a} .L.:‘fLSAASJ;]aJJ L;QJ.LA LS;.L_'A.:.Z' 6““'}:56‘)6 6‘]:
3 a3 SIS B 5 038 Jes 3550 Ol e
Spp 5 Mdy Glalse e Wy e 51 Ol (S35 50
Sbys 3l eslatsl a8 Wlesls OLaS Sldlas . Llazils &l cuasS
ssba e s eS8 b JLLS WS, Kls e ) S0
(Zhang et al., 2021; s _nlpl ey kG
53 56 o3 ol sblse sts s Mazhar et al., 2023)
2 BOT Jlazt Sl 3V alS lagsslen o ke
.LZ) SJ:».A 6\.&&}5\4.4.1».7-)" ‘JL"J‘:‘“JJ;:‘W
LLM_}Y)‘ oslatl 9 5}5)\)—5 4})3 J)j‘j:-.’ ¢ (PGPR)DS

.Jﬁ%@)ywtﬁﬁﬁ)gbﬁj%&éﬁﬁ)ﬁ

S $6 ol
sbd sl Mo s ls (S gLl
533 parie Sl Ws 0 035 5 (CNTSY) s
arn g g A S 03 e plend 5 (Su5d ol
Gl s w LoJs S e Wl g B OLLS
Sla ol Olsea Wil odr Vb b 5 aled
Jhaand ) ws fus wi; slaeteS olas 5 sdie slpe s
e bl s w5s s cd st .(Yaday, 2023
Wis o 3 | sdRe 3lge 5 T JUESH(aLS slacils w
L Jpame 3, Shoe aly) iy 5 oy b3 G b Sl s
58S nl »esle (Hao et al., 2023) was . )
5 Sl BT ol b3S st asle o Slinte
sl i Sl als s wly e oS dals VL s b
(Zahedi et al., 2023) il j3e b 5 i

'* Zinc nanoparticles
Y Fullerenes
'* Carbon nanotubes
'* Graphene

oslital (o3 5 i Aile) tew b 5 (SBT
(Kahetal., 2018) ., .

P 9

epb ) es B) 3 sdoee s Wl 031050 a5 50 &l
oAl Sl e 4 s Js a5 ol LIS
3 g DL 35 5l (S 5 (b (S 2B e
G Sl Y st 6y S5 Jols s S5 ol
Oy odidy Wle plimal (o5 ol sl Rl 3l
S a5 05T a0 A e ) T e
A a5 (b lans 2SN el S5 4 2ol 3
(ommen (RA0 et al., 2021) ol wslsyg S~ 5
L Lol g Jobo 5 358 oKl olpd ol S sS o51l
5 0blS lie 5 Sl ojlps aibe (aan slajl=l
gl b obd Slhosast ol sl e wald ) s S
el 03,87 s il (slas )8 sl kel 8 slal )
Gleslsl gl s el Ol g 5L I3 Sl g3,5lS 5o
Sl opl S s e eslinal e 2SSl 5 lasyS eaid xS
L ey e DI 5 esls (Al Laesleg (5550 4
Cools S0 3 Gl S edlea das s Jals
S S b S olen plp 5o Mlg e 5 Ll 05 Sads
Loy 51 glos 2S cab j3 1, 5Ll 3 Siy oplanil
2208 (a5 a5l U (53l g)ls 5 55,55LS 5
(Bhattacharyya et al., 2016) <ol o3 S teai sl

& 66 ol yd
B v C G P RV U IS B3 LRV VG X
slesd 5 (S ool 4 S Lo 5slis
ealital 35 50 Lo )l 51 (gles S il 53 o555 ey i
s Sy K4 AGNPS) e & 5 o3 k6,8 el 3
AL Glaslen Cu e 3 (bS5 ol SLas g8
B sbons O 0, Ay Al g5 o 536 3l ils 58
L, 1, Pseudomonas syringae , Fusarium ..
(FENPS) " - aT st <3 (Singh etal., 2021) s

'Y Surface Plasmon

'" Silver nanoparticles
'* Iron nanoparticles

'* Copper nanoparticles



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 Ja‘ﬁ‘/"/\/\

Sl e S B b | b iSEdl G 5 das
SisS 50 ld eaean . (Grillo et al., 2014) aas
St 3 g o3 6lS 55 0555 355 Jal Ol ey
(Raliya et Wlesls OLas oLS wiy 5 055,50 wd 5o

al., 2016)

My gelS 5

Losb ohs 31 S50 dacysnels st
(S ol s e s b T sl oS b
S33LS 53 Gloges slr casls sy S 5 mboors
el e 05 7S Hsbay slge cpl Wles S My O)de
byl CdS s 5 Lo S (Gose e SRl S
s oy YL ks éa“ M L,
3 e alge dald 2 4 2B sl g ol a5 5ls 5L
5 4 s Hsbay oS Ao OT (g3lsl3l J 8
S5 5el8 U pimman LS o SGS OLS axw s
g L RUSL. B\ =) AL Ty
LS o Wl SlL 65,0l 5 sege B (e
sl 5el8 50 Js sl .(Menossi et al., 2022)
xS ol bl 5 5 U Sl sl
@ olS o x5 edls el | SR cde Llanldl g
(MiloSevic et al., 2020) was (il 1, gl sl
SOl 52S lacyjselS 50 nl o oDl
S Wlesls OLE 035,55 355 sl Jol 0 ey eda S|
Olily 5 a8 5131 ey l5 oy gomts |y 055,20 Sl e
(Fertahi et al., 2021) wise 35 15 555 5l eslizul

oS Wiy sl olyd 5b
sy o 3o pe OLS U, sU s b
355 w1y Glos xS Slii &S cl gk
5 Sidmd ke gl 5 el ol
oS Wlosls OLis lllas 5,8 o 5 5515 0lS (S5 505 550

" Nanocomposites

2 oS slad sl 5l eslaal oS Wilesls OLa Olallas
Sl eals u’:"L‘J'e' b 4...’:.;“) Juj:) 9 oals S e

1Sl wmes (Khodakovskaya et al., 2012)
P a5 Soxd s Sl el s 1S
Sl (ST ST Gl 5T b il b 5 e s
(Zhang et ol saisn 3 s 1y o sllaols Loyl 5 L OlalS
Sl lSa b JoSa 5b & il 5 e 11 o AL, 2020)
b 25 & Jaod sdin slse oz 550 53 PGPR S Sles
S el ply s iS Jes OS5 Shes (215 Culg s
Sl 3 oo 8B wlsly ool Olpea S sU

S o el Il (g5,5LS

) 9 Sk U Ol
J:b T SO TS ” vt VY] F G P
Lol 5 YL bl (g pdias Ao
e Sl oslaS o les 1S 5,8 (gl
ol d 1S Jilay 3 gege LB $b 3 opl .Lles S
S S e Wl b iscsl 5 s ale laesly
Pavithran et) .S . ¢ .8 dr  slad 30 S 50a
3 Yseme S sk adyssUo.@l, 2024
el ol Lol s (PLA™) al sy L
b L ST o s (s3lasl3l 5 o 4 3B s e
w3l s Cose S ool e sdae sl
i ol Blas 4o belg 5 S Gy
(o (Vejan et al., 2021) 550 o Joseens
Lo g, ibe ando slge 5l ediad 8 sy S0 l3
5 Ceihe Gl SV el Sl L
P30 SIS oo 3k 03 5 Al e ) ls g s
S eslaal 4 Wlesls Olis Sladllas (Jle (gl 5 s
T ol 2> LISl (sl (s acky slad 5SSt

Sl Ao 00 Bl bl J xS LK el adl g

' Polylactic Acid



YAQ/NEY/ Y o las / VY -\.1?/ S wu;’;«gJ ;;J&‘L}_j:a

o 5b oy pl Ll &S S Lasie o gu » (CU)
b gLl ahax 51 bl la bl (Sols s 55k
s e Gl el SIS 055 5 030 05 e
SSe3ILl gl oS oLl LT oaus 31 eslazad L
Sb s S Ad oS Grest o)l s s IS
Ll s L olS A e (I L e
Sly5 aS das e Ol (Sutuliené et al., 2022)
St ST s 00 WIS B e S
il gl hass i (IS b 4 il e olS
el lais 2ome > (B8 3 S s e DL
Ly il LS Wiy 5 5 Sl Llg e 5l ol
p ool o ciie Sl S 58 S5l bl iy s s
Lol 5 ek asmie b5 sb 4 jse OLLS
il o 450 ¢ Libe Jalse ol iy Olidss
SIS S o 53 oS g5 5 ke ¢ mbae 5L (S
sy L .(Francis et al., 2024) s i 56 <3
JUEL 5 2555 05 Suo i Jolss 5 b Sy o
WOl Sl 585 s gl OLS Sl 53 Sol)3 50
JUisl 5 Sl calises (gl s ¥ IS Lol (650
50 dlax 31 iS o psal a |y OlalS js Sl sl
Gl 3 SLr bty G b 5l ol s S s
Sl B e 5 Sl 5 el

T ol 3 Shes g slacs S

sl jpar O b S 2 el glaclle
o5 M sk & 5 e e B o DI e
Xinet) as oo 1) byl Siale 5 bl s,
D5 ks & eSS w3 oli ol @l 2020
o 53 S kes Sl e e Ll 5 e g Lo Bl
04l (Jle Ol s 4y L5 (65,508 DY pams kS
2 S e Ve chle L @ZNO) (5, St 5L
Dl e LS 6 s oS S 5 s 2 A
ol OQlaioes Al 55 olS 03 S 5 e sl aSL
A5 3 g g )3 5 P g Il 2 el )
das e olid opl (Rossietal., 2019) wsls s olS
L Sy K Olge ¢ tlp e ZN0 L oy oS
Sy 1 ey Al 5 038 Jas Vo Ol L
SU b3 el cble oS sl ol (6,55 andllas s
S o 1y b glakily A, Ll e (FR) opal
ol 5L s oS sl OlEs o Sy Koo o 5 452
slws il dex 5l oS il s s sl U
Q\)seqdj(;wpdwéu&ml)uwm;ﬁ
LT slaains v s oS poan 5 ol L s
4 s Hsb & (23 Sl 5 O I la je)
o) .(Nechitailo et al., 2018) s . SaS olS us,
3 Sae 5 oltle s e s U 3 2 5l Sl anl

e 56 oL G s 53 ol alS slapll



...‘LbJLg}J'Lw :Q‘JS}JU}bL‘g-\&J JJPM 6&@,:5&\.1‘5_}))&5&\13@ EPELE, ] u:‘u‘}é‘/"ﬂ'

Lfg-” ‘_th.)_ﬁ)U

sbols TN

I P Ry SBog e
2,138 o i B iy @ b 51 O350

Sads P s
dxmes Jl> ,e
o)bl a5 d.mu)
ubb,ab 29,8

Mé‘:a 1 A.mA) @

Coilae Sl 2bli= 5 3oslis s golik
Gla el 5l S 5 abulse Sl i ol ast
il ol 350 e el S 5 e sl
2 sPH S JTesle Jols St clS 0 e S
e sl el s bl 25 slge ol s
SaS e Wl S e gbbas 5 Lis 5 olalS

e 3250 5 ol34il ds
g < e sladise,

.e:,b ..\.:WT JaSdes

S o St )ul)o,ab [WPRV S
\ Jo5ri oS
= /m—‘-"
> y o+ o~ Sos et Ty

8 | ST g

32 STOT 590 i

(Khan et al., 2022) &S Glisee gl Wd b jd @134l JWS! 9 39,9 1 gowo Jloa! 950 =T JSWS

S cwdS 66 ol 5
SAS gl 3 S Olpea S
los Shas 5l (glos 1S il (e Gba gt S|
3oL gislas b 5l ssls sdge 1 SS5HS)
5o Ses gl S S e b ca s Cblas
jryre )j]d.wﬂu ‘Lff‘) )\ oaleial 9 WJS\ dLAoJJJ&u
Bl 5 Gl CdS (IS () SO0
Vermaetal., ) el ol i 25 Ol o= 5 olS Cdls
2022; Anikwe and Ife, 2023; Sharma et al.,



\CA WAL ES JAR I Y T PRT { FRS FRTCHNG SN PR

315 5 54: PGPR L NPS 51 as1us eslinal b acslis s
5 Sun .(Akhtar et al., 2021; Rajput et al., 2023a)
FeO sb )y 8548 ws s 5158 (2022) ol ,Sn
&5 PGPR L el jen (AS) Syl 4 ol St L
ssba s Lad e 8w Providencia vermicola
2ol s 4 (55 f e 5 8L s a5 G
P. Sl oS5 oslizal & ol Ol bl ulad
55 1) Koyl e Ll 55 o FEO-NPs 5 vermicola
olS S5 5 Ay 5 esls SRals Mol laasalS
TS Gk Sl Gl iy s e Ol A5 Cow
(Sun et al., 2022) 1s sdalie JI glaal Jslase
SV b 6 s e L ey ol bty
Gl (Six 5 Olegen J2alS 5 S Ol 6,1
ol Comar Sl Cxrge 5 038 Cusi |, WPGPR
a oy sl lag ;Sh opl 4 55 &5 50
(Ahmad et al., 2022) sas o el 5 530 JSC2
il glaaior 35 5> D350 VL Jeily 525 L
Lo gla sl g Ko LS Lol 3l eslizal (s 3,5Li8
ol ot 4 |y (g3daze (L 5e Ll 55 o PGPR 635 4 (S
e Ll 0 PGPR 5 35U Jolas il axils
slge e il 5l elS Ay 3 s o sl Al ol e
i b olen Cu e 5 b A0 4 Jeod W) (e
A3 sz a i Sos e andllas ) Gda Gla i s
St axws 5> LOT 25 5 b iSen ol
sy el L (6555l

#b oy s PGPR
5,555, S Ol PGPR 5 5L oy s 5
S |3 am g e ) SSS anu g 3 Slysl
d s lay s s ehsa Ll sl pl Lol
s Sl Slash s o d s s b ann g
M3 45U Sls ol a2l o en & (SlodsS sl

YL 38 CE—N o J‘ 4= JJ.‘M_:W u.pb?'-

Sl Bl s ot S s
Szl 5 055,50 DS Gdan (2,8 03 5 s
S Cond sy o did 0L oS 03 Skl e i
Al ke Oy, Sl 5 S a)
Al S B S sbgarle rmes
Sk Ul 4 T eSS o b s okl ool
Nielsen) . ls o jlal Of Lam 5 olS 1, 51 Slaxiy s
.(@and Winding, 2002; Bunemann et al., 2018
PGPR ; (NPs) 4L «ild 5,58 ol gadle s
el 03 S s a1 OS5 ) ol a5
5 50 O3 Olojen 3,8 &S Wlesls QLS Slidss
5 S iS5 JB 5L L5 PGPR
SLIL U old sl axils (65,5l (g0, il
bl i i slge 035 (a3 5 Sas ol
S o eal b e PGPRGU: 5 s o1 1y lave:
&5l 3 PGPR LIS s 4 e 2lsbles ool
Nayana et al., 2020;) 5 5 o Sbt 2oy slaas]
Sostd 55 ol Olesen 5,8 ((Akhtar et al., 2021
el 4l s B30 OalS (5550 40 Ll 55 o L
(S esle glgme St S gl jaxls ssg
ol b bl ks el cdl
@33LpS b sddy 25 S po ehsa ns 2,0,
Llg o520l S sl 5 olesl sl 2V Jeils
250 S mle JlL oy e 5o e Sl S Ol geas
(Alharbi et al., 2023) 5 .5 )| 3 eslizl

<13 5PGPR S 55 0,8 & b 5l St kS 55
Sl s i slas Shas LS 53 Jols b
S sl ol SIS A e el |, Ses s
Sleeoze S b il 4 S Ol lime S Kn
ssba PGPR 5 NPS Olejan 5,55 (il ials
S cslan PH 5 ol pasls e s LG
L Jlesle 5 2l BB oly ind (o 23 (EC)

" Trachyspermum ammi



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 U.'Iu‘ﬁ‘/"«"

S i plp 3 0blS Cuslie 55 Sas iy il 38l
L5 PGPR (¢l glse slge sy eal 3 2ol
oly3 b
s ool Al L sl s e (NPs) )3 50
Ol s 434S 3wl (PGPR) oLS Wi, S e (slas sSU
Vo35 o s 4 (FEB304) ol ST 3 50 o Jlee
53,8 331 James 3 sl 1y ol ¢ Ss oy <Ll
Pseudomonas fluorescens 1ils s PGPR . s 55
o Sl b s 05 L 6L cpl s e 18
(Rai et al., 2021) das o il |y olS g oyal
Al e (MHA) Csll S50 O3 60 ccpioman
Glaclivs Il (21531 L 563 S sl e | i
1LPGPR Law 5 oiipeds 5 55l Tl oJ il
eﬁbjMubﬂ\f‘mwé.&Sg@ﬁ

(Chenetal., 2020) 5,2 .

ol Law 5 ily3 66 30 el | b odr s
PGPR &S &
Aol 5 Gsessnsid Sl G b ) aPGPR
LolS a3 350 Cldr Al s s Jaes
5 (AA) (ST Ll S ol S LS
Tl 5038 So ) Al drw 55 A (S s
wdllas SO s s o Rl e Ol
Wiy x5 il 5l C 5e AZOSpIrillum brasilense
35 15 (ZN0) (g5, S350 ol 502 paS s
L LPGPR .l o5 (Kaliaetal., 2022) s iz
S8 L3 st sl g e T sladead 5 8050 225
S SOl olS (ol | ol w5035 > 1
55 ol a s Sl sl Jlie ol e
oAl 5 eds J= 5a - Pseudomonas putida , yz>

(Rajputetal., 2021) 1S o ool b olS (515 (5 2t

Sllasws )y w0 358 B 5 VL pled g oy STy
PGPR (las L 2Ll 25 03 il o0 (5 So
31 Ol eslizal 8 das oo OLES s ia gy A3l i3
sl len S Wl 2 PGPR (slags L 5 5L ol
Ssg by e 53 a5 Shee a5 A8 sl K b
Malusa and Vassilev, 2014; Prasad et ) .is
orl aS Wlesls olas Sldlas ol 5 ba (@l 2017
S SL us 0550 Sl spe 4 e S
St hols  aois 64 48 0 035 S e
Timmusk et al., ) s,ls Jsams o504 Sl s
A.ii) Q)} a\:f obj;CMm.i)' uﬁ;.:\f\ ‘ui‘ » aj))\s‘— (2018
Bl s 5l S b 4 s 25 35 5 S 0 s
sl (Merineroetal., 2022) ¢l s 5158 e
Ja...uj; (IAA) w...Sl J.:.S}J c.,bj;& )‘jﬁ e;\.&;.,;l
dnngs 5 by e 3G S e G L S
Ql}«_&d.: b j_vLi s_)b.) J:JL CM.:Q.A‘ Lﬁwl.; Q)'L‘ ..))‘J aL;
51 % S (Malusé and Vassilev, 2014) 5L
L OLLS Cuslie Il (S5l e glaas
S 5 i ged Olpe s Dl (3 18 5 s Gl 1S
oS Sl S 5 Sis (goss il ola i
el s i Waa Ylas) Sl 3 ol ey il 58l
)\ S ol Jédei.:w 6LAJ.:M..A r.:ﬁ;:) el:§ éﬁj‘y\:ﬂ

(Prasad et al., 2017) .62 o Wl S 5 ol (5 5m

PGPR 5 &35 56 o (21810 612l
5 L1s e PGPR 5 ol 3l Ol jan Jolas
o 25 ol Rl b il o S G b
Cleis olS s D3 gL Ol 3 s ((sdke 3140
4SSk L s gla S a5 Lk S pbis
23 (or G el ) 35 e o iles S



YAV N/ Y ol / VY Al S wlidia ) ok 4 5

Gl ez Slopt o b amis ol L 4
55 Chbles 5 e Glag e GUIS AL S5l >~
dede OLIMG L 5y 51 L5 o ams sl 25 01
S opl S Cladles 1y a3 sS 3 5 g
L YL slales dle cosieon oo Lol 5 s Ll g5 e
a1y O 55 ol ity elysle a3l 5 0l
(Verma et al., 2022) aas 2l58l g5 LG Olsee
Llg o 503 LPGPR as iy (Jls Olse &
Ol g das S |y Jasee 25 el se O o O
Verma et ) .S wal 3 15 0I5 s GV 5k sl
.@al., 2024

A el S5 b SU Syl edle
Salls Jlmt YL e ol 5 SoS ol
S onl S e g |y adu, 15 4 O
Ll 5038 oS iy, 53 i S g ol @
Olidde D131 aS sl kS o 505 olS laaiy ) &
1, PGPR sl lgsa dol o cpl oS dlesl Wil 5 o |
s s OLLS b Lol ol oSl cdisy o 5 s
5 S Gl 4 s s j5b 4 45 LS e
.(Verma et al.,, 2024) s,: » 0LLS o Al
Libs L ol Olgsas 5L b3 51 eslizal (pioen
@S s SRl b st (S sbe b Ll e
IS TR RGO AT P P G I P
Ol sy o0 o i (Sl 5 (S A5
AUl e (2153108) S5 Jolad o) o5 Lilesls
3 SolaS SN pame ose e Al » s LB
Verma) asb azils ol glassS o Saaoly jhals
(etal., 2024
o Jol s 4 caglie iyl 590

i OLIL L 515 5 $6 S3 Ole jen 3,8
Sla 25 DA Al s ege 2 PGPR o554
S5 opl ool ossliS SN e i R
O LS Jom dliss glappilSe 5o b 5l 15 o0

cd)ﬁjcb&ud'd)‘w.::b Q‘)L....}L‘jo.)?:éq Lper

o3liiwl F1 43 ol y3 S plas Ol o
PGPR 3 &3 60 31 Ol o
Ll 0 PGPR 5 &l,5 50 31 Obs e oslinn |
S LS byl oS 3 s B SUske Ol s
5 ) SRS 4 Ceeglde 5 Ay Ll 4 e
L (TH02) sl AT S350 5o e 8
oS Al e 55 gD sp 5 s IS U5 Ll
B. iils SLaPGPR (Olsjen s o Jislsl |y
Slge Ol ssp s b 05 a8 L Losubtilis
(Wang et al., aus o oo 5@ 1) olS 5 Slas (sds
SRl g s 4 il S pl 2023)
S A5 plp 5o olS o slie sl s Jbw (535

.Jﬁwﬁdﬁ_}é‘w‘

S350 o edttens (2 bead 5 (SO b SNl

PGPR
PGPR L ekt psbas LIS e D350
Jle Olge a8 o ) LOT cllad 5658 Jalas
5 Ay el slaclile s (AgNPS) & olys 5t
535 S5 |, Pooaeruginosa by oL g Ay
Shang et al., ) was o il |y s S 03 50
s sSL 5l Cbli o e Las bald 0l (2022
5 e ol Sk Npd e sl Jalge pln o
et S o 3l oS iy b5 S5 el
SL Sy &b Zn0 wile g3l lys st
L s edd Jeame PGPR Jolo o505 4 Sliul s S
iy Some OS5 A5 (680 e plie S o5

(Dasetal., 2021) xas o il s53l

$6 3 sPGPR S 5 bl

IS Cdlad g Ly )58
LPGPR Sl jon 5,08 Ll sbls 5l S
U sln il s San Sadlad 5 Uy il 3l 56



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 J“‘J'ﬂ/“«f

S plie 5 olS IS sl s 53 kS
1 olS onslin ¢ olos o 3T s oy 58 5 4 56
WJle gl dms o il oy Koo glassie ol s
sbsSbas ol s 4 (Ag NPs) o8 5L ol)3
L oten Jalse Ay Jlgs SIS 0 2 BS
S alS slaggolen b ablin 55 OlalS 4 5 a2l
sls S Kos s sl (Vermaetal., 2024) as .
23 Sl bl L PGPR (glags 8L (5l s
A5 5l 2 e SRE 0 Seeds DLS 5 =
(Wang et al., 2024) w5 o Lyl sl Jolse
S LS o 5 Sl s sy s S S S
33 ) 2DE e s BB sk w5 en S sl alsles
ol (S5 18 e S5 cpl ey GBI el
ks sl esls Rl ad ) adle s Lde o5 S
LS xS xS sla S lay aa g
53 U ol sl eslec ol L(Karunakaran et al. 2024)
L el ool i Ll o s Slad S s b
DA Al e eSS Dl sk
lgs So st Lol promen S 5 pl o0 oben
Ll 2l slacdpbe g ll 5 0blS Jil o
ol ol 53 ol Cnslin @ oS 55 e TS 20

.(Abdelghany et al., 2022) 1S o &S 135 lew

G, Sy 9 s $U Oljer 3,8 L5
0l 3 Shas 5 ddy Sl Bl ddy Sz
S Olallas
S Olse 4 PGPR 5 5L wilyd oS 5 el i
Do 03 G el (30sWES 3 s Kl
opl il el Ol OLLE cde 5 3 Shas (A
2l s 58 Sl sl LUl o S,
ol OIS Sl s eadaze sla IS 55l s oo &S1) Lol ge

Sa 3l ge o tes ol adles St fs LS S

¥ Phytoalexins

SealS 1y & Sl ol 5 VL clales ( Sis
3 leslita | (s 25 Jal e s (Jle gl das
Bacillus slas SU of w4 (CUO) aSt s 5L
sals e 5L Lactobacillus casei sspp.

oS DS 55 DNA s Shite 55040 s DNA T
o Sl 4 e Do Vg (nl i Tosls DL
3500 5 B s 5 0l (o0 5 4 OlalS
el s S sl bl 3l Ces OaLS ax— s
5L bl cpizen (Hosseinpour et al., 2021)
S il slsbime 3l ledis w81k
Ll 350 53 o L bl 15l PGPR (slas ;SL
el S e el OlalS s e SU ol Ol 50 4lS
(EPS) i 7ol lat S b 55 b 13
Cod b et 5o 508 S LPGPR g
O3 s o bl (eSS 5 O (g 1eSS
e b (S 25l d s T b nl dies
0Lz Ol o slin 55 5 OLLS o3 5y JRls3l o
Old Cate ol 3L (Fetsiukh et al., 2021) Klesls
3o 39dome 35050l 4 PEPRL oS 5 55 5t
S w3l Callad s Gk 5l L5 e S5
Jei gla & S W5 2als QLS s oSl &l
LS e e L1 il 5 (ROS™) o5es]

oS 53 5ler ol 38 0 Cuoglin o151
(s s S 5 U D S 5 slilse
e sl Jolse 2l 55 OALS Caslie )53l
GL«S/CMMJJL;L_&\&JEJJJ|JJ‘15‘5&LA§J5‘-}%‘
o 5 okS el Gla il S 0K S
Dobew Jolse by 51 &S dde 29 S el
$U oy .(Verma et al., 2024) 1S o 5,8 5>
&b'%f.llﬁ 03 (83,8 s L;,U‘j:’ shyls 05 94
Gk 3 Sl s QLS 15 el (gl gl

" Reactive Oxygen Species



YOO MNEAY/ Y o led / VY M/ S wlidia ) ok 4 55

(Ageel et al., 2021) 15 . SaS pSw ol
Ol ) S5 onl e T (eodain (635 50 Dlalllas
5ZN0 56 s Sl el eslizal (Jle Ol e 4 Lilesls
oS gLl Sl pme Sl s, Azospirillum L
oS 53 L5 IS Ol 5 plsm plll 5 ady; Sat 055
Lidme e L @ ele Clx el
5 058k $6 wlyd S 5 (Aghaei et al., 2024)
s 50s s Bacillus methylotrophicus ¢ =sU
sesls Gl saw plsn ol 5 dy ) S
Viani et al., ) a5 o Slee 1 p5 Sty @obow
Szl Al Wil e o8 S 3 (romen (2020
(Tripathi et al., 2017) s s |, Sl gl bes
Lo O 525 5 3 6L 51 2 Olegen 5,8 50

C,u.«l‘ ol 45‘)‘\‘ d}.k?— DL QLQL;JJ

Sdaa slge el Olge 4 5L 3 5 Ses 3 b 5l &S
(Slawd Plsl 05520 cws 5> WPGPR el
Dimkpa et ) 5 o fol= o, 5 laygh,0n A5
bl s 5l 58 olS msl s G (@, 2020
ol Glagal (ledled b gl Sls ol S 5
(s Sl Wb slaslSssle L WPGPR 5 sls
S St aslin W 5 S sl Ay
22 Bolen Jolse 2l 03 g5 bl (ISR)
Ghorbani et al., 2021; Kumar et al.,) 1S .
S Gob 3l et s Sas 5 skl 5 (2022
SLisersn A5 5 50 Db bu g als s anw sl 5 LS,
slge o o Al 4 e WPGPR L 5 alS
ol cowamen (Nair et al., 2016) s 52 0 f 5 (gdre
b g OS5l lam 3T s L1 L oS 5
4 (LPGPR L. g biles LS 5 0y 5 50 Ol

5 Soss o Sia il Jaes la 25 L alilis 55 olS



...sLbJLS}_}Lu Q‘JS}JU}#KMJ JJM ‘5Lb‘5j§lil-1‘5j_)jw CJY‘,M EPELE, ] U:ub.é‘/“«?

OBLS 2 oy Inla 2y 9 95U O1y5 (ouS 5 50,18 25T - Jgae

& =W oS g9 oLS ) S e 555 $60,5 ylude $U oy
| s s Azotobacter o s ]
ol Blond oo 5 Y g /YO [0 YD
Kamarietal, 2017 & 0™ Iy A C|’:II"(;I0COCI(.3UTT;, ? . (Zn0) 55, 245
Q> gy 9 g9y e zospirillum lipoferum s e
and Pseudomonas putida
Achasi etal.. 2024 Lulyd )3 0, 80es ialél S Azospirillum lipoferum T 5 onl 2SIl
g " o Cudgioe 2y and Pseudomonas putida el OSaluwgl
dyy 21305 Ol
Hamzei et al., 2014 5 =y clbyasls 20 2959 Mesorhizobium ciceri FUTRES ol oM
aily 3 Slas
Guan et al., 2020 Ol i ol 3] ) . 2P S ke 0
N e o paS S lagg Koo b (CUO) e 25081
CalS 9 olS A, pSokS
adyy 4 68k Gleme
NPS Ly
. o @l mails Bacillus thuringiensis, 3 as 8. _
T'mn;%sfSSt al, ] 5 &l 9 pAS Paenibacillus polymyxa, G f)us”&ﬂ (Si02) yuslws
S 2 ooyl il Alcaligenes faecalis #
l) oS 035 Sk
ol Galzel
. o Pseudomonas stutzeri
Boroumand etal., ekl <SS G plidl ol Pl +/+0
2020 —
g o Mesorhizobium spp A"
- - l"
s u»dL:s b Slawd dlbo.\.l.’.f&
i D65 § ¢ v - H
Rangg(r)?Aet al, S gt das st o WS i oSS L SolS 3 05 10 (SI02) sk
9
L';J
S gie dlgo (glgine A
. e Bacillus megaterium
Kurdish et al., 2 Shop A o8l . : .
2015 e s 0,8 Jals Bacillus FABP PR
S g L5 Brevis
& Ay ) S ol 58
.Shankar et al 2 Al ) S o139 als S g S ol [RVAY (AU) S
2004 alon pll
a5 Jgo il
il daw el
. el . . Azotobacter spp. LE N
Mardalipour et al O3 Al > &l Hass . P 5G9y o2
A5 Pseudomonas LSa > d A g ¥
2014 slass 5 ails her Spp e s (Mn 5 Zn Fe)
Esb 4 ey B oo,
Seisle
A5y sy
) g Ghbmialyy )
Pallavi et al. Hlpizlog iy SIS e 0 AQ) o,
2016 Dy Al S92 Pl 2 @ ( g) (e
el il
S odalidio (6 i R
Azospirillum
5w Los ool lipoferum, Bacillus
Alharbi et al., 2023 o ST ")Mi)a puS coagulans, Bacillus Yl pS e B0 (ZNO) g4y 3uuS'
Sy ol ypd circulance, and Bacillus

subtilis

lassS 3PGPR 5 5L &ilys o ol la sl
Sosre wd pl Sh iy Gl SLbl s 5 o
SU o3 alles S0l SLaIS e 1
e I T SRCILI T
Rehmanullah etal.,) 5,05 5 5 ae ool 55 Olseen

.(2020; Rai et al., 2023

5 ety WSS sl b lag e ot SLEIS (2 e
5 Vi Ll 0T mwiie S5 G s
Sheslimal ajls s an ol 5o Olamen pla s
ol 55 Olomes 2w glassS 5 5L old oS5
sl sl i Slides L3l 5 eile L 355 a5

Ca\:— 6)3 w‘ ol J)‘Jil;'.m\ L;Lﬁjjé 9 udﬂ‘y-}‘ﬁ



YAV AT/ Y o led / VY A/ S b ) ok 4 55

Lol OLES e 5 0ila3b Sl 3 (s 0 5 s
sl cble ol sl (Tripathi et al., 2022)
Ly, 2 5 PGPR & 8 )35l g5 a0 axr 5 L ag
el G e 2B Sl 4 gl gl ciS
o 5 L SRl s e Sl LalS ) slaes
gl b e al gladse wN e b 5l sy 5 e
sl 2S5 oS 3 B oo osla ol s iy
S L3 €650 55 (pl 058 @l b lams 5o 5 50
SPGPR i e lla 4l cdas o 2alS 1 o5l

(Zhang et al., 2024) Lize s 55 50 1, S350

03 ¢l &
OV Sl 0335l ol ¢ 5 Sl
Sl b 5 S B S0 2oy s S
Llesls L Sldlas 3405 oS 5 Shes 55 sSPGPR
V9) el slacdle 53 (ZN0) (s, LS| S5 66 &S
b ol Rl s e (R 53 e S (e O U
SaS olS i, w PGPR o5l cdled 35 5 ol
5 Sl o T e VL laclale s Ll s
(Tripathi et Wy s o e SL s picsy Jials
s 4 (AgNPs) & & ol )3 56 Llis s al., 2022)
IS Gl @V Jeily 8 s Serds Lol
ol sl sl bl B solen Jalse
Llosls olid 50 PGPR s (gloiyls 3L ool 31 ol 3 40
L dee slas SU s Shas 5 (6 plycsy Ll 0 oS
(Patel et al., 2021) s> ials
sleiiy PGPR i ise I 2alS ol
O3 sl dile a8 Cpa b S350 5543
55 (Fe-NPs) ol =l 346 L (Si-NPs) 0,80
O3 opl s eslital gl s o35S Ogen Vg b
Car 3 milin (OlL VL (853 Js 4 5
So 1y ol i, PGPRw el s Al 55 o ol
oAl O3 sl copiemen (Wang et al., 2023) s

S s fals s bgliangya i bl L

$U ) s 58 (s jlwesleT
e 31 S 56 s slas S 5l ealel
350 el Cas S 5 S 35 5o S
@35l g bl i nl s .o W PGPR
SIS Tl 5 GV g b o by g ale
s s PGPR (g plicnss i 55w lal 22
CBe o Wlosls DLt ot sla sty b s 38
Colled 5 elS Al Wl e D30 eS IS 5 ol
e WU slac il o b s ot 3 PGPR
Rl pedle 2pd (o Gyl s BB 5 e
SL3SU Sl S Al Qg Va3 o 8 Sla A
L iy i b S5 sla ey 02
5135k 3 (3 56 LPGPR s las alS
olB eSS 5 ol 5 Ll e Bl 4l
Glos ol gy OIS ol 2 (g s s e
ol i gl ienbie PH 5 K6 s o0l
ol | a5 5t gL 5 PGPR oy
s S S 3 Shes 35 4 SIS LS s «Jolse

sl ez 2155 OlS (50 g il 5 U

Oy 6l ang chale
s sl chale 45 Wlesls OLES sdaze Slalas
5ol 5 Shas PCPRs iy o iis b
b iy b S o b olie ol Ol
Sl b 5l 5wl glaclile oS el O 5l St
Sl G 53 8 e 00 B Ve s s Ysana)
A 5 3l Sl Wl A 0SS o
Ll o SV glackle &5 Jb= ;s W aPGPR
53l ISl Ws (Jihe glis oy 55 4 e
Lopez-Valdez et ) 5,5 PGPR (s pibcns; JialS
53 Jls Ol g 4 @l 2021; Shaikh et al., 2023
slackle 53 (Zn0) gy, st S350 (s
3ot 3 At R o G 53 e S ke Y Ll
Vo) VWL glackls s Lla s PGPR Ul



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 Ja‘ﬁ‘/"«/\

Lol ) siiS ol b Jelse b ld 6l as A Sy
Lo ol 25 esliul (L b ey S L
Sl 53 ol st s PGPR I (6 i bl Wil s s
ORIB L S ses dsb s e S el e Lalse
s
O st 30,8 Sla d 9

G $U a3 Gl o bs O Vs 2
S5 3 PGPR o 350 Conw 2S5 age
o sl s (S el g sl dsame SIS
S 5 gr 48 Ll S I3 o 3550 OV g b
il Lol s il g esls L2alS | &b ot e
2> &l gl ile A S e sla iy, 3 LSS
G b ol b 535 b S5 gla ey
S ssb e 3L sk 5 ekid xS Shla, Cesl
S sl PGPR L Lol a5l iy 5 oo ilas

AL PR ol JSL gdas sl JlD) s
shestazul (ol » osoe (Chhipa & Joshi, 2016)
Kl Ol e (BiO-COALING) s sla i i
3150 LPGPR (55 ool 5o cmud sl slgig s
Lo, L L 0l aS ol 3T asle ack bl
S bl ol s fdy cpl s A3t
G 23 3 ok 3 90 elylab ol 3 1 sPGPR
(Rai et al., was o il oo 3 1, ool o0
Ol PG A5 e sy Sl id g amen 2021)
(e sla 5 4 Jesv 3540 s PGPR 5,5 L
S as e Ll a3 ) SU s slan S s Sas
SISl Ol 5 Gk md Sla0 ¥ s b iy
PGPR 5 &30« osy cpl 53 Lledi 5 me o g

ol Sl s oSS 5l SO s Olejer s @

a8 oS 5 PGPR i sos cllab a0yl S|
S 5 Sl sV g b (5SS iy ol > S
Gl sy sla ey L lpd 6l as nd 5 ale)
s gesls Jals 1 el Coaw DI LS

&K L)
Lz 55 Gl Lol i b (651065 Ll 2
sl S 53 PGPR g plsc s 5 2350 ool
Glos 4 Llosls Oz Slalllas ol 56 s
08 5 Gilme 3 Ol Do (Jskme PH (5,106

st sPGPR s g,v.“.tﬁfdw.af.obbu

(Elmer & White, 2018) . ls i3 5b slews
S i e olgin PGOPR e B> )
(s 453 Y=A) Gl oo )3 50 s Slas S
Ll opl s eSS Sax 5 b lalasa
ol oo dsb il s bags SU pmd sbie J2alS Eoly
S b 3 M s 353 0
S S sl S350 O gl 5 olard 0 sla 2S5
(Singh et 55, = . Lol LIS Lials 5l Blsess

al., 2020)
Slp L oIl B 55 sage Jule 5 Jle PH
S sladloes (35U s b e Sl (5 S Sl
(FIO-VIO) oz a0 Sosp PH 5o b 56 358
e Kl o 03 9mes ol 5l ol PH L sd (1S
Redle 2 Sl oLl L PGPR (6550 &
s eddl s gdome LU 55 (g3lwe 203 Oloy oo ¢yl
Sleodi s J2alS 4 o Ll e 1SS ey il
O N S R - ] VR LS VP L SR PP (
ST P RPTIPRE PRI FRE SO BT PCQICH IS 1
(Zhao Wi o,d LS il sl ole 7 B Y 3l
O o slS 5 Bl Lulssl ol et al., 2021)
2 PGPR (g3l dl s s il (5la Ik la s )

RSy By C U5 AR VNS S T et



\CCWAL Y JAR I WY T PRT { FRS FRTCHING SN PR

)y}rbu‘ek:f

s g g b il
ool s a s5,slis 5s SU Sl 5,08
b shestana 1Ll aspls (gl s (sLl 5o el 3 a i
M)L::AS&L_M‘ °‘J’°‘AJ':’L§3J‘*:'° Lsuu’:‘n%'bd)jb

Sl 9 Sl Jlasl o O]
S
Coao Jlaz=l (ol sls SIS 51 S
L S ‘_;LAV,M:;@)U;:U olals il wls et
b5l SU olyd S as Wlesls gl Dlallan
558 OLlS ads; o il g e (AG NPS) o & 45U il
JUl badils wile 03,5555 b6 sbacand & 2= 503
Ol cadl v gl sl g ol opl &Sl
Olse o .(Yan and Chen, 2019) 5, 5 o sy
sladls 5 s L daads, s 0,8 5L I3 (xS o gel
ol Ruietal., 2017) col odems; DU & s splal
e LS sl sl s 0l 5 e immen 5L D3
S 358 s Slaslir w4 g il e Sl
Llesls ol 5 s wllas (Fouda et al., 2020)
Aoy b 3l adlg e (AU NPS) ML o6 ol s o«
s 5 S 55 5 el DlalS s v s
Feichtmeier et al., ) ..U — LS sl ise
Sl ST gL ey aS e s 5158 (2015
Zn0) 55 4! 5 (CUO NPS) s 45| 56 3
oals ok ) (Joho Slle Ol 4ty 4 3,58 L (NPs
(Rajput et al., 2020) L 5o o @elS Coaw sl g

ﬁ@dﬁ)&wd})}u&bbw\@edcr&fotﬁfjb

Mahanty et al., ) s 55 o 3l Jolse ol 55 ol
(2022

A Jalse plo
295 RIS Jolse v (eSS i
e SIS ST S0 s 38 3 8 5 (5lmeslal
Sl (Jolss onl Sl S Ll 813 0050
Lol e PGPR L 3 66 (3l o Kan 5 Lo
Li> ¢, PGPR L o3l ol 5 oS
o b e 1S 5 s S g i
(S0 g gol Al oo syl (655 00 I3 50
4 Ll e SO il R b 85l el A
SaS sV 08 55 D3 SL L 5 Sty 155
50l s Jele (Mukherjee et al., 2020) .S
Oldlas .ol as 30 55 S0 23 355 5 558 s
iy adsl Jele 5o (S 5 L ke 45 Wlesls OLES
3,8 a8 J s adas Sl Ol oLl Ll5 e
Lot Jolas 55,05 o Vb I Sl
(e . (Lateef et al., 2021) s . 5 PGPR
15 358 i 53 e GBS0 sl 5 LS
Bl e O3l s 5l i glachle b, S )S
oS Callad Jals 5 S s u,;ﬂ@,; G e
Slow-) iajazeal lad sV o 5 caely cpl 53 0353
o ila, Al S e oS Wleds slg i, (release
St b bis e s 5 a3 S JS 1, Ol3st
Las 5alS | PGPR o el oo elS d,
ol >N wwmles s (Kumar et al., 2021)
g a5 53 bl 55,8 Oy s eseans
sl 5 bl s Sld 5l s )8 Jle Olge
3L LS e (i b (Sl b)) e
(ol by b 138 35U oS s Shee s PGPR 1S

Sde SYsb Sl gl oLl s ol su i sle iy

' Phytotoxicity



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 Ja‘ﬁ‘/\‘"

Sl 5035 e 15 a0l 5 Shase ( J s slagu 5l s
(Raietal, 2012) Wi o DNA i 5

L 8l sl DIyd 56 o 5 ol 50
il Jalge 3l o Lo SL e 350 e
P R P S K g P I PP PISTf
oo 3 SIS ale (0,350 ¢ 5 | Lol clle
Ao S e 508 O30 (Jle Ol e s soal O
AL S D3 L 4 ol s 2l S
ax S o Wl pege BB 58 lp3 60 el I
Lt bl gh b2l S s Sl st
Lol 5,50 Ao s i 5 Ll b SL lad s
J=—= (Morones et al., 2005) 1L . sl

Slallas 3,138 o 5b o Ul 55 S350

e L pdaials (sla S5 b o3 56 oS Wlesls 0L
N B P RT3 R Y W PRV ST WO Y%,
Wyems jsbay )l Cowal 55 D180
Sl s SN S e s 4 e S gl 3 5L
S oS A Sl g S e 5l lis b
o S s 356 ke (ol s esSe 0
sdalie (6 iy Caan YU laclale (3 sl Coa
Bl S il Sla B S s 20

Al azdls ede s5lge

9 S ade o Sy ol gk ol ,$h
Sl @yliS 6 s 0T sladaly

S PGPR s 0f e ol b s J xS 1y

St nslie Sl 5 LS Lo o550 W5

J).l& J&LS}“?W;) L.SLA(":—“‘"."J‘ )L:?.-L_w‘)bjxfij “
s 3,05e 5s (Lahutaetal., 2022) ol ois ais
TiO2 ) rﬁ;t:;" 5 (Fe20O3 NPs) UAT LS gl olys
C&L{)o.ﬂb)bﬁ J,:J‘UQ&J‘) QL&LS 6J”JTVJ—"":—“’
5 F 5 553 ek (ke sl 5 T e kS
COUW P W S O U DR P Pt e S e
Slidss & ol el (Katarina et al., 2021)
@JJ'{“‘A Ca\j} 2 .LJ‘_}JL;& Q\)Jﬁb aS Wleals Ol_is
Cﬂﬂ%d@jh&ib&ib&&lﬁ\ﬂi&l}-

.(Dimkpa et al., 2013) 5,1i&, 3t sk

s 2 © b o9 S 4o Ol ]
Ll (63 20 e s gla S35 s 4 S350
Sl b @b 58Ty 5 Vb oh s plaw (S S o510
SOl s b SU ade 8 o Sl s
S i e lesl Lils (sls o ilSe 3 b
(ROS) 038t i slas )8 ) 5 ¢ ool (sl puns (o
(0%) A4Sl (OH) oS 5508 sadSCsl, e
i & b S ol .ol (H202) 055,48 ST 5
i) e s 035 T S DNA 5 ey
S ol 0o s b 5 Slas s Pt sl S|
%3 oo . (Kumar et al., 2020) .4 55 o (5 S
o i wSle S350 ol Sk slid 4 pdies o]
St slbadshe st stnd Glis b, dnS)
Frb Slsome S i sl Lol 503 S S s
3 8 ee 5> I 5 o (5 sl ol )3 DD
S 5L aS S | (6 K3 e S50 33 DNA 5 a5
Aipd o lags S Sl slac e 51 Bl 0T G b S

J,ﬁ?"" éLﬁa)Jfﬂ\.:JL_ﬁaleejL CJ\)J).:L: LJUAQU.J«M

* Apical Meristems



YOV NEY Y o led VY dl /S el ok 4

SalS 4 Ll 5 e 35U e Pl L sl
etal., 2020)

$3Ladl 4,0 9 O s g A 5 Glaay o
o olde 5 Vb CaS L ol S A g
PR CPTS PN ARPES JERLIY PPSVISS I g C
ol i b bt g diile Glodmy (sla] 3
@i Hles Ll g e a8 L;jl_wu.ajl}chw
A g ausa esdle (Shah et al., 2021b) sl
ol s il b (JE s Jom Ll Sl laa sa
i cpl 5,108 i sl S 58 CadS
Slp g b canw i = 5 gla) 328 3 0% g0
o5 OUsliS w5 (65l opl es S 5l
Sl 5l s LS e sl Les 5 Ol 5LiS
el sl g 65,8 sl a e (gaL a3l
L 25l sl 5 Sl S I s ol S35
Las il sl olS s Shae Gdeel S s ol Sas
3 Lile) b OF ot il ool —al sl 15e ol 3l
syl Glawysa JalS L 558 O, as o8
Sl (6 i Dl sl Olizman ((plad
solwal &b s Jilsil ol (Parisi et al., 2015)
o3liial by oy dibe) SO1 i Glaigy anm 55
Slwaingy 5 (el Sn b aLS slae Lz
Sl s, 5 DB ae 350 28 Gk sl it LU

Sl s, sl b dbe) dedda (65 8

&AG‘)QPQAJJJJS LgLA‘L%JA.b\)JL;c ‘(a.lﬁi':djﬁs
M}@_aﬂﬁw\cja‘)) \)6)_5[.".5&').“:‘&;:]_{.:\.;‘5@:\3
(Khan et al., 2020) s

&.LJ\&Q slas il g d,.m 393 Ol e
Loz llliw | 5 s forll) s 5 o - b 3

55 S35l oS Wlesls ol Sldlas (b=l ot ls
b a5 g5 5 0053 Ll e YU slaclale
LS s ) S la il collad g esls el
<3 5L Jie sl (Simonin & Richaume, 2015)
Cudlad g wilg o VL slases 53 e A —S]
Pseudomonas fluorescens il siis sl s SL
5 Sles pam 3 503 S Llge |, Bacillus subtilis
o) (Wang et al., 2020) x 1K, i 5b oL S
ol (S cldS a4 e LS e Al e
ol O3, 2 o2 5 S00LiS Y 5 ame (o508

D SB e S

i) SBol 3 S s gl
3L Vb gy Sl 5 S S o5l
Ll oo o Sb e 5 el 31 8 Lol 55 03 04
A 53 Sy B 53 OT S o 5l 4 e
AL azils ol pen a1y as s glac 5 Sk S
(Tourinho et al., 2012; de Moraes et al., 2021)
R I P PR { I T P Y] PPV (WS
35 gy LSl w,:;tzﬁs LSt ol gl wisb)
530 La gl o Jlan| (3 S gls s
crl a5 Ol e 5 S n s sl b
S s S Sl 53 8 4 e Ll s meS
Gla dsl 3 s DDt 5ol 3 Dls g g (Sl Cpaw
<lls (Rashid et al., 2017) 55 & b o)
o il gladnl b 5 b 5l olys S aS Wlesls ol
5 IS L oA oSS b (el
Sl cilise gla e 53 Jolaze Hlid, Al S e o Sdae
WJ= L (Sharma et al., 2019) was olis 5 =
5 5dows Slsman LOT Costotily Sl 5 C i Sy
Sliass (Jlol ol s 335 oL 55l ¢l o
LS 5L RS e JUS) Sl a3 (6 s
el 3 3pge S gla s Se G0 5 S

6uu:5}) ols L;’LALSJ.}[—“Q 4_&__...4} LW



...‘LbJLS}_}Lw :Q‘JS}JUJQL:f.\.ﬁJ JJN ,_sngsJisbLugs_)J)w CJY‘,M S0 4 U.'Iu‘ﬁ‘/“"’

Oli g5 sl J= > .(Rizwan et al., 2017
(153 56 I (slan slSn s b (gl (520
5 oo Jlaml wske) Lol Jasc oy oy
2 St gy bl s (O 5 S s a0
Sldlas pl sl gH5 0 A8l $HsliS kgl.a:(..:m“wf
WSB pams Sen p red 5 apr S o L
S e 5 Ol 8 Sl ol § e
Sl Ikl o IS5 5 an 55 (ol o sdle L5151
SouslaS 3 DBl il 55 8 O s e b A
ol b b S5 5 ol ol Sl 55 5 oV Cnl
SHu0be) o mae 555 Sl p pate Sla fandl) s
sl (ppmman LS L el (63,58 G ) 5w e
GIES 5 amany s SIS ke esls slael KL
Pl 5 Sy S e S K5 e Sl 50

(FAOQ, 2020) &S S sl Ol 20

) &}5 Pl s\i\)j\.‘é T YW PRE S
L Olomes PGPR 5 46 &3 3 1,08 5 anw 5
ey gdoms cpl .l 5ya 5, al5ks Glacys s
Gl el U b ols b s Sy Jel
iy Ol pges w5k 5 g YU glaaypa ol
Gl S Lo 55 WOT Jobes sl 5 bl ol
< .(Grieger et al., 2012; Shah et al., 2021b)
55U O3 el Sl (sldS gla SIS 1 s
sl b Gt ST s s £ 55 2 PGPR
Llg o S o Som el S 5 5 bl 3 oS
sla 5,558 5 gl sla oy n pstael
PR {E PR LIPS S W A P S
B e s S (it el (Ses OlalS
D B B e S B FPIALY
Sl s 5 a3l 550 5e ol (Dimkpa et al., 2013)
ekl 3 e o5 S G3s L 5 mel
Gob Sl Ol O 4 50 Sl 555 pmoman Ll

Jl}r_.r‘\ L;T-ﬁ})\.w 6\f&‘;}d}$\j&&\ﬂ}\}ﬁu%ﬁ

Sl sl s gy el T 5> SiosliS
S dpo s e ol esline | 4y e Wil e 55
el § a1 U DI 5 st oS 58 D3 U
Aas o il 3l 1 Olas) oM (sl Sl blea
sl 5w sba s s (Rizwan et al., 2017)
S300iS SV s ame 5 350 i £l 6l
Ll Doy 5 glan Sk (el Dlided el
Aile) S350 sl iS58 gla S5 il Lalse
S phard S5 5 e L (JSS Il
5 il (Kes olS la S 5 el il s
LS o b (65sliS lame 53 D3 SL ks,
e sales 350 ol e (Khan et al., 2019)
iy s Ko il csledlse 5 o sloas 0k
aobsl Jle 6hys el (6555LaS 55 Sy 5L 03 2§
Sy 2l ey 3 el K e Ll
I s gl i85 & p a8 Jb s oyls ot
(FAO, daun Lasin gl sla IS5 5 BB axc
Ml les Sl Bl Ll o Sualenls 1. 2020)
s a s SIS pne 5sl S DY sa e
Sl 3okl Sl IS5 5 s LS 5 el (sl
S =2 D38l e 595 5 oL (e 2L
5 Sl e 3l S e 5 s |
Ll 5 oo 350 55,5l 5 e s Ol ST o

S Db o & 4z 5 b O s 4o
S 0> D3l YU sl 3 L
350 03 35mse Dlell Ll 4 (63008 (S50
ol Sl Gy ey Cdeds
Lol o b= Jl= 5 slse pl 63,2 S G pa s o &
glollS 5 Az ll Sldlas 4 STl bla>|
5ok s Shes Shll € 55 GlediiS sl gl
S daled Ll losls 0Lis glde o be Cdor 35
235 S ol s g5l pl ol 5 el )
Khan et al., 2019; ) s,l05 55> s ooloie



LKA AR ) VAR BFR1 PO WARR | -\.1?/ S wu;’;«gJ ;;J&‘L}_j:a

356 5 PGPR (655l 51 e osli ol 5 ba 2llr
1 S e 5 sl ST Dl 25 e slgidg
3 SN S Sl SGEs ey s
o554 s PGPR 5 0LlS 3ol Jl S5l 50
S el abol e s il (55,8 as 50 Ll 2 s
53 ol 5 TS s D3 5L Coen 5 ey
Sb gy Son e 0T 6 S e5 Lo iy
adls Ol alae (pioman 3l (Glos s el
52 5 OLLS 5l g mmy ik » 350 PGPR

Gl G55 Gk o Bl e Gl Ll 2
S i) a5 LS SaS s ol > (55l
Sleslite | il (3 50 55 Sy L 5 e A5
et ST LIS o B L LS glaelas
S8 s cble il wang opl 5 Oslaas alS
5 WPGPR . a0l e (288 (gl S350 5 ens
S el pizman 5 SIE dde (gl slS s S sl
s Al (a0 g Vg b 5 (3l g S sla s,
b S o San b S350 it s olad K15 e
gl s ey Gl 1y Cgllal Ol ST 5 es S s gds
b Joddly e s 5 Mdlon slas il | 55 w1
0> ol b s s lS ad s gl e la
S 5L 0 e rmen el (s 2 SIsLES
o Sl 5olS DY s glie 250l 5 oS
LU e LS 5 5 ol ST 2T ¢ o1 o e Ol e
gl 53 3,8 13 el sla e SIS S ws s
Sl p by i 5060 dSle 8 slas, sl Sl (6, Se e
Ol pmetd 5 Gy Joes j3 O350 Ol ST AL
FREou B YU PR R S S LA;;T@?;
ol ol b pmmen 53 1S (S8 (55565l ot
Jemily 51015 s a5 pe gla Al 8 5 Slides
S 03 §S S Dot D50 5 PGPR (VL
5 SV pa e (g0 GRIBl Ol Gl S A 5
J ol 3eils 13 0 50 Ol 5 s Jas CasDls Laim

GL'...A qu_..a}h vg‘ﬂ.hjd)}\ﬁﬁj;b 4&)}[&5;3—«.{)'

At O (e WSl

& oS s
Sl AL Joily malr (o 2 b 205 02
Sose e sl 53 S350 5 (PGPR) ol iy S s
Soskd 3 (plas das o DL (65,50 ol
CadS 53 Shes s Gl G lai B Glalnl p s
Sl 55l L PGPR .tz s 5555l oYy e
e obe s bl aler 51O SUS
S 5 Al eiS ol sladsey 8 M5 (o5 ,—2
(St 5 Gy SRS 2l 53 elS ol
Ll ol cud w55 Sas Jilidl js Sl i
L e}ijcbd Jos s 3 st s (w3 S
Olgea gdan sl Jomm CohB 5L 5 ndy 2S15
5035 Jee ol —olie JUsl sl ie sla fels
S i e s L olS S5 s a3
4 S Pl DI L s Sess 50 )
CatS 5 CaeS Rl 4 e s A2l a2l ol e
ol oy (3550 Dlalllae 353 (65,5l N pame
s PGPR il 5,5 &5 wS o b i ol o
Sl olS 5 Shas 53 e s BB Glas s (S350
03 S sl Jaes gla 5w Cwslie 5 plle L ole
RS PRI EYGIEP i e g [ e ] VG
L | i o st L3l aS 51 sy e
35U S a5 JalS 054 ansl il
WOl Jlaz! o ama s gla 5L 0LS
PGPR ; wlseb 4 il O LS b 55
oz lblul sy 5 D5t 5 )8 5 5 slaa 5a
ool e SHa 0T 5leslinul 5 g gl Lase e
2o gl Ogladl Ol e gar i s il
Joles Wl o (PGPRLLL) S s sla (5 SL
S by ez oMl 503 Je ) S g S
Leadds 5ol 3J 1S 5,08 g, opl 5ldas L5 5t

u—.’.‘@)d‘fV—“\LSJJJ—'ALS))}\—:‘S)éa\)J}"L



...‘LbJLs;_}Lw Q‘J)}Jb‘;bg %) J_,?u L;Lbéﬁbbéjuhzf QY}M S0 4 U.'Iu‘ﬁ‘/“'f

Oyde d)JJuSdezéuﬁb Ju\jSL;a s 2

3L Il s LS

Refrences

1.

Adesemoye, A.O., Torbert, H.A.
and Kloepper, J.W., 2009. Enhanced
plant nutrient use efficiency with
PGPR and AMF in an integrated

parameters on microencapsulation
of probiotic bacteria using alginate.
Process  Biochemistry, 38(11),
pp.1713-1718.

nutrient  management  system. 8. Artursson, V., Finlay, R.D. and
Canadian Journal of Microbiology, Jansson, J.K., 2006. Interactions
55(8), pp.876-884. between arbuscular mycorrhizal
2. Aghaei, F., Sharifi, R.S. and fungi and bacteria and their potential
Farzaneh, S., 2024. Effects of Nano for stimulating plant growth.
Iron-Silicon Oxide on Yield and Environmental Microbiology, 8(1),
Some Biochemical and pp.1-10.
Physiological Characteristics of 9. Bashan, Y., 1986. Alginate beads as
Triticale Under Salinity Stress. synthetic inoculant carriers for the
Silicon, pp.1-13. slow release of bacteria that affect
3. Aizawa, S., 2014. Sinorhizobium plant  growth.  Applied and
meliloti-nitrogen-fixer  in  the Environmental Microbiology, 51,
grassland. The Flagellar World: pp.1089-1098.
Electron Microscopic Images of 10. Bashan, Y., de-Bashan, L.E. and
Bacterial Flagella and Related Prabhu, S.R., 2016. Superior
Surface Structures. First Edition, polymeric formulations and
Academic Press, pp.82-83. emerging innovative products of
4. Akhtar, N., llyas, N., Hayat, R, bacterial inoculants for sustainable
Yasmin, H., Noureldeen, A. and agriculture and the environment. In:
Ahmad, P., 2021. Synergistic effects Agriculturally important
of plant growth  promoting microorganisms:
rhizobacteria and silicon dioxide Commercialization and regulatory
nano-particles for amelioration of requirements in Asia. Singapore:
drought stress in wheat. Plant Springer Singapore, pp.15-46.
Physiology and Biochemistry, 166, 11. Beck, D.P., Materon, L.A. and
pp.160-176. Afandi, F., 1993. Practical
5. Al-Hasani, F.J., Hamad, Q.A. and Rhizobium-Legume Technology
Faheed, N.K., 2024. Enhancing the Manual. Technical Manual No. 19.
cell viability and antibacterial ICARDA, Aleppo, Syria.
properties of alginate-based 12. Bhattacharyya, P. and Jha, D.K,,
composite layer by adding active 2012. Plant  growth-promoting
particulates.  Discover  Applied rhizobacteria: A critical review.
Sciences, 6(2), p.70. Biotechnology Advances, 30(4),
6. Ali, S., Shafique, O., Mahmood, T., pp.965-979.
Hanif, M.A., Ahmed, I. and Khan, 13. Cao, Y., Glass, A.D. and Crawford,
B.A.,, 2018. A review about N.M., 2022. Understanding the
perspectives of nanotechnology in transport and  regulation  of
agriculture. Pakistan Journal of potassium and its importance for
Agricultural ~ Research,  30(2), plant nutrition: Insights from genetic
pp.116-121. and  molecular tools. Plant
7. Anal, AK., Singh, H. and Khare, Physiology, 188(1), pp.27-38.

S.K., 2003. Effect of process



YO NEN Y yled /Yt / S by oo 4

14.

Cassidy, M.B., Lee, H. and Trevors,
J.T, 1996. Environmental
applications of immobilized
microbial cells: a review. Journal of
Industrial Microbiology  and
Biotechnology, 16, pp.79-101.
Chen, J., Dou, Z., Zhang, Y. and Shi,
J., 2020. Enhanced phosphorus
availability by  hydroxyapatite
nanoparticles and  phosphate-
solubilizing bacteria. Environmental
Science and Pollution Research,
27(4), pp.4290-4298.

Chen, J., Li, J., Zhang, H., Hu, J. and
Li, W., 2018. Effects of potassium-
solubilizing bacteria on potassium
availability and microbial activity in
a black soil in Northeast China.
Frontiers in  Microbiology, 9,
p.1565.

Chhipa, H. and Joshi, P., 2016.
Nanofertilizers, nanopesticides,
nanosensors in agriculture.
Environmental Chemistry Letters,
14(2), pp.229-240.

Corbo, M.R., Bevilacqua, A.,
Speranza, B., Di Maggio, B., Gallo,
M. and Sinigaglia, M., 2016. Use of
alginate beads as carriers for lactic
acid bacteria in a structured system
and preliminary validation in a meat
product. Meat Science, 111, pp.98—
203.

Cui, S. and Zhou, K., 2017. A
comparison of the predictive
potential of various vegetation
indices for leaf chlorophyll content.
Earth Science Informatics, 10,
pp.169-181.

Das, S., Dash, P. and Mishra, S.,
2021.  Synergistic  effect  of
nanoparticles and PGPR on growth
and stress tolerance in plants. Plant
and Soil, 466(1), pp.101-120.

Devi, S.H., Bhupenchandra, |I.,
Sinyorita, S., Chongtham, S.K. and
Devi, E.L., 2021. Mycorrhizal fungi
and sustainable agriculture.
Nitrogen in Agriculture—
Physiological, Agricultural and
Ecological Aspects, pp.1-19.
Dobermann, A., 2005. Nitrogen use
efficiency — state of the art.
Agronomy & Horticulture Faculty
Publications, 316, pp.1-16.

23.

Draget, K.I., Taylor, C., Smidsred,
O. and Stokke, B.T., 2020.
Alginates. In:  Handbook of
Hydrocolloids. Woodhead
Publishing, pp.649-689.

Dzul Rashidi, N.F., Jamali, N.S.,
Mahamad, S.S., lbrahim, M.F,,
Abdullah, N., Ismail, S.F. and
Siajam, S.I., 2020. Effects of
alginate and chitosan on activated
carbon as immobilisation beads in
biohydrogen production. Processes,
8(10), p.1254.

Elmer, W.H. and White, J.F., 2018.
The use of soil amendments and
beneficial microbes to manage plant
diseases. Biological Control, 121,
pp.476-486.

Etesami, H., Jeong, B.R. and Glick,
B.R., 2021. Contribution of
arbuscular  mycorrhizal  fungi,
phosphate—solubilizing bacteria, and
silicon to P uptake by plant.
Frontiers in Plant Science, 12,
p.699618.

Fageria, N.K., Baligar, V.C. and
Clark, R.B., 2001. Physiology of
Crop Production. New York: CRC
Press.

Fallah Nosratabab, A., Khoshru, B.,
2024. Potentials and challenges of

biofertilizers in sustainable
agriculture. Soil Biology Journal, 12
(1), 19-63.

Feichtmeier, N.S., Walther, P. and
Leopold, K., 2015. Uptake, effects,
and regeneration of barley plants
exposed to gold nanoparticles.
Environmental Science and
Pollution Research, 22, pp.8549—
8558.

Fenice, M., Selbman, L., Federici, F.
and Vassilev, N., 1999. Application
of encapsulated Penicillium
variabile P16 in solubilization of
rock  phosphate.  Bioresource
Technology, 73, pp.157-162.
Fouda, M.M., Abdelsalam, N.R., El-
Naggar, M.E., Zaitoun, A.F., Salim,
B.M., Bin-Jumah, M., Allam, A A,
Abo-Marzoka, S.A. and Kandil,
E.E., 2020. Impact of high
throughput green synthesized silver
nanoparticles on agronomic traits of
onion. International Journal of



...‘LbJLs;_}Lw Q‘J)}Jb‘;bg %) J_,?u L;Lbéﬁbbéjuhzf QY}M S0 4 J“‘J'ﬂ/“.;

Biological Macromolecules, 149,
pp.1304-1317.

Francis, D.V., Abdalla, AK.,
Mahakham, W., Sarmah, A.K. and
Ahmed, Z.F., 2024. Interaction of
plants and metal nanoparticles:
Exploring its molecular mechanisms
for sustainable agriculture and crop
improvement. Environment
International, p.108859.

Franken, P., 2012. The plant
strengthening  root  endophyte
Piriformospora indica: potential
application and the biology behind.
Applied Microbiology and
Biotechnology, 96, pp.1455-1464.
Ghazy, N.A., Abd El-Hafez, O.A,,
El-Bakery, A.M. and El-Geddawy,
D.l, 2021. Impact of silver
nanoparticles and two biological
treatments to control soft rot disease
in sugar beet (Beta wvulgaris L).
Egyptian Journal of Biological Pest
Control, 31, pp.1-12.

Gill, S.S., Gill, R., Trivedi, D.K.,
Anjum, N.A., Sharma, K.K., Ansari,
M.W., et al., 2016. Piriformospora
indica: potential and significance in
plant stress tolerance. Frontiers in
Microbiology, 7, p.332.

Glaeser, S.P., Imani, J., Alabid, I.,
Guo, H., Kumar, N., Kampfer, P., et
al., 2016. Non-pathogenic
rhizobium radiobacter F4 deploys
plant beneficial activity independent
of its host Piriformospora indica.
The ISME Journal, 10, pp.871-884.
Guzman-Guzman, P., Kumar, A., de
Los Santos-Villalobos, S., Parra-
Cota, F.l., Orozco-Mosgueda,
M.D.C., Fadiji, A.E., Hyder, S.,
Babalola, O.0. and Santoyo, G.,
2023. Trichoderma species: Our best
fungal allies in the biocontrol of
plant diseases—A review. Plants,
12(3), p.432.

Hao, Y., Yu, Y., Sun, G., Gong, X.,
Jiang, Y., Lv, G,, Zhang, Y., Li, L.,
Zhao, Y., Sun, D. and Gu, W., 2023.
Effects of multi-walled carbon
nanotubes and nano-silica on root
development, leaf photosynthesis,
active  oxygen and nitrogen
metabolism in maize. Plants, 12(8),
p.1604.

39.

Hatami, M. and Ghorbanpour, M.,
2024. Metal and metal oxide
nanoparticles-induced reactive
oxygen species: Phytotoxicity and
detoxification mechanisms in plant
cell.  Plant  Physiology and
Biochemistry, p.108847.

Hayat, R., Ali, S., Amara, U.,
Khalid, R. and Ahmed, 1., 2010. Soil
beneficial bacteria and their role in
plant growth promotion: a review.
Annals of Microbiology, 60(4),
pp.579-598.

He, Y., Wu, Z., Tu, L., Han, Y.,
Zhang, G. and Li, C., 2015.
Encapsulation and characterization
of slow-release microbial fertilizer
from the composites of bentonite
and alginate. Applied Clay Science,
109-110, pp.68-75.

Hodge, A. and Storer, K., 2015.
Arbuscular mycorrhiza and
nitrogen: implications for individual
plants through to ecosystems. Plant
Soil, 386(1-2), pp.1-19.

Hussain, A., Al-Dakheel, A.J.,
Rehman, S.U.,, et al., 2018. Role of
potassium-solubilizing
microorganisms to enhance soil
fertility, plant growth, and
potassium  content.  Sustainable
Agriculture Research, 7(4), pp.1-
11.

Ivanova, E., Chipeva, V., Ivanova,
I, Dousset, X. and Poncelet, D.,
2002. Encapsulation of lactic acid
bacteria in calcium alginate beads
for bacteriocin production. Journal
of Culture Collection, 3, pp.53-58.
Ivanova, E., Teunou, E. and
Poncelet, D., 2005. Alginate-based
macro capsules as inoculants
carriers for production of nitrogen
biofertilizers. Proceedings of the
Balkan Scientific Conference of
Biology, Plovdiv, Bulgaria, pp.90—
108.

Jahangir, S., Javed, K. and Bano, A.,
2020. Nanoparticles and plant
growth promoting rhizobacteria
(PGPR) modulate the physiology of
onion plant under salt stress. Pak. J.
Bot., 52(4), pp.1473-1480.

Jangir, P., Shekhawat, P.K,,
Bishnoi, A., Ram, H. and Sonin, P.,



YOV AR Y led /Y al / S b oke 48

48.

49,

2021. Role of Serendipita indica in
enhancing drought tolerance in
crops. Physiological and Molecular
Plant Pathology, 116, p.101691.
Jha, S. and Yadav, A., 2023.
Assessment of carbon and fullerene
nanomaterials for sustainable crop
plants growth and production. In
Engineered  Nanomaterials  for
Sustainable Agricultural
Production, Soil Improvement and
Stress Management (pp.145-160).
Academic Press.

John, R.P., Tyagi, R.D., Brar, S.K,,
Surampalli, R.Y. and Prevost, D.,
2011. Bio-encapsulation of
microbial cells for target agricultural
delivery. Crit. Rev. Biotechnol., 31,
pp.211-226.

Jordan, D.C. Family Il
Rhizobiaceae. In: Bergey’s Manual
of Systematic Bacteriology, pp.234—
242.

Kalayu, G., 2019. Phosphate
solubilizing microorganisms:
promising approach as biofertilizers.
International Journal of Agronomy,
2019(1), p.4917256.

Kalia, A., Sood, S. and Bhardwaj, S.,
2022. Role of plant growth-
promoting rhizobacteria in
enhancing ZnO nanoparticle uptake
by wheat. Environmental
Nanotechnology, Monitoring &
Management, 18, 100711.

Kalra, Y.P., 1998. Handbook of
Reference Methods for Plant
Analysis. Boca Raton, Florida, USA:
CRC Press.

Kapoor, D., Yadav, S., Sharma,
M.M.M. and Sharma, P., 2023.
Interaction between metal
nanoparticles and PGPR on the plant
growth and development. In
Nanomaterials and Nanocomposites
Exposures to Plants: Response,
Interaction,  Phytotoxicity  and
Defense Mechanisms (pp.327-351).
Singapore: Springer Nature
Singapore.

Katarina, K., Masarovicova, E. and
Jampilek, J., 2021. Risks and
benefits of metal-based
nanoparticles for vascular plants. In
Handbook of Plant and Crop

Physiology (pp.922-963). CRC
Press.

Khan, 1., Awan, S.A., Rizwan, M.,
Hassan, Z.U., Akram, M.A., Tariq,
R., Brestic, M. and Xie, W., 2022.
Nanoparticle’s uptake and
translocation mechanisms in plants
via seed priming, foliar treatment,
and root exposure: A review.
Environmental Science and
Pollution Research, 29(60),
pp.89823-89833.

Khan, M.S., Zaidi, A. and Wani,
P.A., 2009. Role of phosphate-
solubilizing  microorganisms in
sustainable agriculture—a review.
Agron. Sustain. Dev., 27(1), pp.29-
43.

Khoshru, B., Fallah Nosratabad, A.,
Mahjenabadi, V.A.J., Knezevi¢, M.,
Hinojosa, A.C., Fadiji, A.E.,
Enagbonma, B.J., Qaderi, S., Patel,
M., Baktash, E.M. and Dawood,
M.F.A.M., 2024. Multidimensional
role of Pseudomonas: from
biofertilizers to bioremediation and
soil ecology to sustainable
agriculture.  Journal of Plant
Nutrition, pp.1-27.

Khosravi, H., Khoshru, B.,,
Nosratabad, A.F. and Mitra, D.,
2024. Exploring the landscape of
biofertilizers  containing  plant
growth-promoting rhizobacteria in
Iran:  Progress and research
prospects. Current Research in
Microbial Sciences, p.100268.

Kim, Y.J., Park, H.G., Yang, Y.L.,
Yoon, Y., Kim, S. and Oh, E., 2005.
Multifunctional  drug  delivery
system using starch-alginate beads
for controlled release. Biol. Pharm.
Bull., 28, pp.394-397.

Klute, A., 1986. Methods of Soil
Analysis. Part 1. Physical and
Mineralogical Methods. Second
Edition. ASA-CSSA-SSSA
Publisher, Madison, Wisconsin,
USA.

Kowalska, E., Ziarno, M., Ekielski,
A. and Zelazinski, T., 2022.
Materials used for the
microencapsulation of probiotic
bacteria in the food industry.
Molecules, 27(10), p.3321.



...‘LbJLs;_}Lw Q‘J)}Jb‘;bg %) J_,?u L;Lbéﬁbbéjuhzf QY}M S0 4 Ja‘ﬁ‘/“'/\

Kumar, S., Nehra, M. and Dilbaghi,
N., 2021. Nanotechnology-based
sustainable agriculture:  Current
status and future implications.
Biotechnology Reports, 30, e00677.
Kumaresan, G. and Reetha, D.,
2012. Development of gel-based
formulation enriched with different
additives for long term survival of
Azospirillum inoculant.
International Journal of Recent
Scientific Research, 3, p.11.
Lahuta, L.B., Szablinska-Piernik, J.,
Glowacka, K., Statanowska, K.,
Railean-Plugaru, V., Horbowicz,
M., Pomastowski, P. and
Buszewski, B., 2022. The effect of
bio-synthesized silver nanoparticles
on germination, early seedling
development, and metabolome of
wheat (Triticum aestivum L.).
Molecules, 27(7), p.2303.

Lambers, H., 2022. Phosphorus
acquisition and utilization in plants.
Annual Review of Plant Biology,
73(1), pp.17-42.

Lateef, A., Nazir, R., Jamil, N. and
Shah, R., 2021. Sustainable
agricultural  practices  through
application of bio-nanofertilizers:
An emerging perspective.
Environmental Research, 197,
111023.

Lee, B.B., Ibrahim, R., Chu, S.Y.,
Zulkifli, N.A. and Ravindra, P.,
2015. Alginate liquid core capsule
formation using the simple extrusion
dripping method. Journal of
Polymer  Engineering,  35(4),
pp.311-318.

Ley, J., Barrio-Duque, A.D., Samad,
A., Antonielli, L., Sessitsch, A. and
Compant, S., 2019. Beneficial
endophytic bacteria-Serendipita
indica interaction  for  crop
enhancement and resistance to
phytopathogens. Front. Microbiol.,
10, p.3398.

Lopez-Valdez, F., Fernandez-
Luquefio, F. and de la Rosa, G.,
2021. Nanotechnology and plant-
microbe interactions: A strategy for
improving agricultural
sustainability. Frontiers in
Microbiology, 12, 671791.

71.

Lucy, M., Reed, E. and Glick, B.R.,
2004. Applications of free living
plant growth-promoting
rhizobacteria. Antonie van
Leeuwenhoek, 86(1), pp.1-25.
Mahanty, T., Bhattacharjee, S.,
Goswami, M. and Tribedi, P., 2022.
Nano-biofertilizer ~ and nano-
biopesticide: A sustainable approach
for agricultural applications.
Frontiers in Microbiology, 13,
854932.

Malusa, E., Sas-Paszt, L. and
Ciesielska, J., 2012. Technologies
for  beneficial microorganisms
inocula used as biofertilizers. The
Scientific World Journal, 2012,
pp.1-12.

Marschner, P., 2012. Marschner's
Mineral Nutrition of Higher Plants.
3rd ed. London: Academic Press.
Martinez, Y., Ribera, J., Schwarze,
F.W. and De France, K., 2023.
Biotechnological development of
Trichoderma-based formulations for
biological control. Applied
Microbiology and Biotechnology,
107(18), pp.5595-5612.
Martinez-Cano, B., Mendoza-
Meneses, C.J., Garcia-Trejo, J.F.,
Macias-Bobadilla, G., Aguirre-
Becerra, H., Soto-Zarazla, G.M. and
Feregrino-Pérez, AA., 2022.
Review and perspectives of the use
of alginate as a polymer matrix for
microorganisms applied in agro-
industry. Molecules, 27(13), p.4248.
Mazhar, Z., Akhtar, J., Alhodaib, A.,
Naz, T., Zafar, M.1., Ighal, M.M.,
Fatima, H. and Naz, ., 2023.
Efficacy of ZnO nanoparticles in Zn
fortification and partitioning of
wheat and rice grains under salt
stress. Scientific Reports, 13(1),
p.2022.

Meirelles, L.N., Mesquita, E.,
Corréa, T.A., Bitencourt, R.D.O.B.,
Oliveira, J.L., Fraceto, L.F,
Camargo, M.G. and Bittencourt,
V.R.E.P., 2023. Encapsulation of
entomopathogenic fungal conidia:
evaluation of stability and control
potential of Rhipicephalus
microplus. Ticks and Tick-Borne
Diseases, 14(4), p.102184.



Yo NEN Y led /Yt S by ke 4

79.

Mendoza, J., Romero-Perdomo, F.,
Hernandez, J.P. and Uribe-Velez,
D., 2021. Bacillus strains
immobilized in alginate macro beads
enhance drought stress adaptation of
guinea grass. Rhizosphere, 19(14),
p.100385.

Menossi, M., Casalongué, C. and
Alvarez, V.A., 2022. Bio-
nanocomposites for modern

agricultural applications. In
Handbook of Consumer
Nanoproducts (pp.1201-1237).
Singapore: Springer Nature
Singapore.

Merinero, M., Alcudia, A., Begines,
B., Martinez, G., Martin-Valero,
M.J., Pérez-Romero, J.A., Mateos-
Naranjo, E., Redondo-Gomez, S.,
Navarro-Torre, S., Torres, Y. and
Merchan, F., 2022. Assessing the
biofortification of wheat plants by
combining a plant  growth-
promoting rhizobacterium (PGPR)
and polymeric Fe-nanoparticles:
allies or enemies?. Agronomy, 12(1),
p.228.

Mukherjee, A., Majumdar, S. and
Servin, A., 2020. Interaction of
engineered nanomaterials with soil
microbiota and plants: A review.
Frontiers in Microbiology, 11,
606084.

Patel, S., Singh, M. and Husain, M.,
2021. Silver nanoparticles:
Mechanisms of antimicrobial action
and their potential application in
agriculture. Journal of Applied
Microbiology, 131(4), pp.1867—
1883.

Narayan, O.M., Verma, N., Jogawat,
A., Dua, M. and Johri, A.K., 2021.
Sulfur transfer from the endophytic
fungus Serendipita indica improves
maize growth and requires the
sulfate transporter. Plant Cell, 33(4),
pp.1268-1285.

Nascimento, F.C., Santos, C.H.,
Kandasamy, S. and Rigobelo, E.,
2019. Efficacy of alginate-and clay-
encapsulated microorganisms on the
growth of Araca-Boi seedlings
(Eugenia stipitata). Acta
Scientiarum. Biological Sciences,
41, p.43936.

85.

Nechitailo, G.S., Bogoslovskaya,
0.A., Ol’khovskaya, I.P. and
Glushchenko, N.N., 2018. Influence
of iron, zinc, and copper
nanoparticles on some growth
indices  of  pepper plants.
Nanotechnologies in Russia, 13,
pp.161-167.

Nedovi¢, V.A., Kalusevic, A.,
Manojlovic, V., Levic, S., Bugarski,
B. and GoO6kmen, V. 2017.
Encapsulation of food bioactive
compounds. In Food Bioactive
Compounds (pp.285-325). Cham:
Springer.

Page, A.L., Miller, RH. and
Keeney, D.R., 1982. Methods of Sail
Analysis. Part 2. Chemical and
Microbiological Properties. ASA-
CSSA-SSSA  Publisher, Madison,
Wisconsin, USA.

Park, J.K. and Chang, H.N., 2000.
Microencapsulation of microbial
cells. Biotechnol Adv, 18, pp.303-
319.

Pavithran, R.K., Reddy, S.G.,
Kumar, B.S. and Kugabalasooriar,
S., 2024. Enhancing sustainability in
agriculture: natural polymer-based
controlled release systems for
effective pest management and
environmental protection. ES Food
& Agroforestry, 18, p.1276.

Perret, X., Staehelin, C. and
Broughton, W.J., 2000. Molecular
basis of symbiotic promiscuity.
Microbiology and  Molecular
Biology Reviews, 64(1), p.1.
Pitaktamrong, P., Kingkaew, J.,
Yooyongwech, S., Cha-um, S. and
Phisalaphong, M., 2018.
Development of arbuscular
mycorrhizal fungi-organic fertilizer
pellets encapsulated with alginate
film. Engineering Journal, 22(6),
pp.65-79.

Rai, M., Bonde, S., Yadav, A. and
Ingle, A.P., 2021. Nanotechnology
in biofertilizers: Recent trends and
future perspectives. Environmental
Chemistry Letters, 19(3), pp.1911-
1928.

Shaikh, S., Nazam, N. and Rizvi,
M.A., 2023. Nanoparticles and their
bio-interaction with plant growth-



...‘LbJLs;_}Lw Q‘J)}Jb‘;bg %) J_,?u L;Lbéﬁbbéjuhzf QY}M S0 4 U.'Iu‘ﬁ‘/\‘\'

promoting rhizobacteria:
Implications for sustainable
agriculture. Journal of

Nanobiotechnology, 21(1), 115.
Rai, P.K., Lee, S.S., Zhang, M. and
Tsang, D.C.W., 2021. Nanoparticles
and plant-microbe interactions:
Synergistic effects on plant growth
and sustainability. Journal of
Hazardous Materials, 403, 123102.
Rai, P.K., Rai, A., Sharma, N.K.,
Singh, T. and Kumar, Y., 2023.
Limitations of biofertilizers and
their revitalization through
nanotechnology. Journal of Cleaner
Production, p.138194.

Rajput, V., Minkina, T., Sushkova,
S., Behal, A., Maksimov, A.,
Blicharska, E., Ghazaryan, K,
Movsesyan, H. and Barsova, N.,
2020. ZnO and CuO nanoparticles: a
threat to soil organisms, plants, and
human  health.  Environmental
Geochemistry and Health, 42,
pp.147-158.

Rajput, V.D., Minkina, T. and
Mandzhieva, S., 2021. Effects of
metal oxide nanoparticles on soil,
plants, and growth promoting
rhizobacteria. Ecotoxicology and
Environmental Safety, 208, 111687.
Regnault-Roger, C., 2011. Trends
for commercialization of biocontrol
agent (biopesticide) products. In
Plant Defence: Biological Control
(pp.139-160). Dordrecht: Springer
Netherlands.

Rehmanullah, Muhammad, Z.,
Inayat, N. and Majeed, A., 2020.
Application of nanoparticles in
agriculture as fertilizers and
pesticides: challenges and
opportunities. In New Frontiers in
Stress Management for Durable
Agriculture (pp.281-293).

Rezaei Cherati, S., Anas, M., Liu, S.,
Shanmugam, S., Pandey, K,
Angtuaco, S., Shelton, R.,
Khalfaoui, A.N., Alena, S.V.
Porter, E. and Fite, T., 2022.
Comprehensive risk assessment of
carbon  nanotubes used  for
agricultural applications. ACS Nano,
16(8), pp.12061-12072.

100.

101.

102.

103.

104.

105.

106.

Richardson, A.E. and Simpson, R.J.,
2011. Soil microorganisms
mediating phosphorus availability:
update on microbial phosphorus.
Plant Physiology, 156(3), pp.989—
996.

Rizwan, M., Ali, S., ur Rehman,
M.Z., Riaz, M., Adrees, M.,
Hussain, A., Zahir, Z.A. and
Rinklebe, J., 2021. Effects of
nanoparticles on trace element
uptake and toxicity in plants: A

review. Ecotoxicology and
Environmental Safety, 221,
p.112437.

Rossi, L., Fedenia, L.N., Sharifan,
H., Ma, X. and Lombardini, L.,
2019. Effects of foliar application of
zinc sulfate and zinc nanoparticlesin
coffee (Coffea arabica L.) plants.
Plant Physiology and Biochemistry,
135, pp.160-166.

Rui, M., Ma, C., Tang, X., Yang, J.,
Jiang, F., Pan, Y., Xiang, Z., Hao,
Y., Rui, Y., Cao, W. and Xing, B.,
2017. Phytotoxicity —of silver
nanoparticles to peanut (Arachis
hypogaea L.): physiological
responses and food safety. ACS
Sustainable Chemistry &
Engineering, 5(8), pp.6557—-6567.
Saberi Riseh, R., Ebrahimi-Zarandi,
M., Gholizadeh Vazvani, M. and
Skorik, Y.A., 2021. Reducing
drought stress in plants by
encapsulating plant growth-
promoting bacteria with
polysaccharides. International
Journal of Molecular Science, 22,
p.12979.

Saberi Riseh, R., Skorik, Y.A.,
Kumar Thakur, V., Moradi Pour,
M., Tamanadar, E. and Shahidi
Noghabi, S., 2021. Encapsulation of
plant biocontrol bacteria with
alginate as a main polymer material.
International Journal of Molecular
Sciences, 22, p.11165.

Schoebitz, M., Roldan, A. and
Lopez, M.D., 2013.
Bioencapsulation of  microbial
inoculants for better soil-plant
fertilization. Agronomy for
Sustainable  Development, 33,
pp.751-765.



YAV AER Y led /Yt / S el oo 4

107.

108.

109.

110.

111.

112.

113.

114.

Schwartz, A.R., Ortiz, 1., Maymon,
M., Herbold, C.W., Fujishig, N.A.,
Vijanderan, J.A., Villella, W,
Hanamoto, K., Diener, A., Sanders,
E.R., DeMason, D.A. and Hirsch,
A.M., 2013. Bacillus simplex—A
little known PGPB with anti-fungal
activity—alters pea legume root
architecture and nodule morphology
when coinoculated with Rhizobium
leguminosarum bv. Viciae.
Agronomy, 3, pp.595-620.

Shang, Y., Hasan, M. and Akin, D.,
2022. Nanoparticle-induced biofilm
formation by plant growth-
promoting bacteria: Mechanisms
and applications. Environmental
Nanotechnology, Monitoring &
Management, 19, 100733.

Sharma, M., Schmid, M.,
Rothballer, M., Hause, G., Zuccaro,
A., Imani, J. et al., 2008. Detection
and identification of bacteria
intimately associated with fungi of
the order  Sebacinales.  Cell
Microbiol., 10, pp.2235-2246.
Sharma, S.B., Sayyed, R.Z., Trivedi,
M.H. and Gobi, T.A., 2021
Phosphate solubilizing microbes:
sustainable approach for managing
phosphorus deficiency in
agricultural soils.  SpringerPlus,
2(1), pp.587-612.

Siddhanta, S., Paidi, S.K., Bushley,
K., Prasad, R. and Barman, I., 2017.
Exploring  morphological  and
biochemical linkages in fungal
growth with label-free light sheet

microscopy and Raman
spectroscopy. Chem Phys Chem, 18,
pp.72-78.

Silva, D., Ribeiro, AJ. and Reis,
C.P., 2022. Microencapsulation of
probiotics: a review of the different
methods and their applications.
Foods, 11(13), p.1952.

Singh, J., Kumar, V. and Kim, K.H.,
2020. Nanoparticle-based fertilizers
and their application in modern
agriculture. Environmental
Nanotechnology, Monitoring &
Management, 14, 100308.

Singhal, U., Khanuja, M., Prasad, R.
and Varma, A., 2017. Impact of
synergistic association of ZnO-

115.

116.

117.

118.

119.

120.

121.

nanorods and symbiotic fungus
Piriformospora indica DSM 11827
on Brassica oleracea var. botrytis
(broccoli). Frontiers in
Microbiology, 8, p.1909.
Sivakumar, P.K., Parthasarthi, R.,
and Lakshmipriya, V.P., 2014.
Encapsulation of plant growth
promoting inoculant in bacterial
alginate beads enriched with humic
acid. International Journal of
Current Microbiology and Applied
Sciences, 3, p.6.

Smit, E., Wolters, A.C., Lee, H.,
Trevors, J.T., and van Elsas, J.D.,
1996. Interaction between a
genetically marked Pseudomonas
fluorescens strain and bacteriophage
gR2f in soil: Effects of nutrients,
alginate encapsulation, and the
wheat  rhizosphere.  Microbial
Ecology, 31, pp.125-140.

Smith, S.E., and Read, D.J., 2008.
Mycorrhizal Symbiosis. 3rd ed. San
Diego: Academic Press.

Soares da Costa, L., Henrique
Grazziotti, P., Christofaro Silva, A.,
and et al, 2019. Alginate gel
entrapped ectomycorrhizal
inoculum promoted growth of
Eucalyptus clones cutting under
nursery  conditions.  Canadian
Journal of Forest Research.
Sutuliené, R., Ragelien¢, L.,
Duchovskis, P., and Miliauskiené,
J., 2022, The effects of nano-copper,
-molybdenum, -boron, and -silica on
pea (Pisum sativum L.) growth,
antioxidant properties, and mineral
uptake. Journal of Soil Science and
Plant Nutrition, pp.1-14.

Syers, J.K., Johnston, A.E., and
Curtin, D., 2008. Efficiency of soil
and fertilizer phosphorus use. FAO
Fertilizer and Plant Nutrition
Bulletin, 18(108), pp.5-50.
Szekalska, M., Pucitowska, A.,
Szymanska, E., Ciosek, P., and
Winnicka, K., 2016. Alginate:
current use and future perspectives
in pharmaceutical and biomedical
applications. International Journal
of Polymer Science, 2016(1),
p.7697031.



122.

123.

124.

125.

126.

127.

128.

129.

...‘LbJLs;_}Lw Q‘J)}Jb‘;bg %) J_,?u L;Lbéﬁbbéjuhzf QY}M S0 4 U.'Iu‘ﬁ‘/“\"

Takei, T., Yoshida, M., Hatate, Y.,
Shiomori, K., and Kiyoyma, Sh.,
2008. Lactic acid bacteria-enclosing
poly (e-caprolactone) microcapsules
as soil bioamendment. Journal of
Bioscience and Bioengineering,
pp.268-272.

Tarig, A., Pan, K., Olatunji, O.A.,,
Graciano, C., Li, Z., Sun, F., Sun,
X., and et al., 2017. Phosphorus
application  improves  drought
tolerance of Phoebe zhennan.
Frontiers in Plant Science, 8,
p.5644.

Timmusk, S., Seisenbaeva, G., and
Behers, L., 2018. Titania (TiO2)
nanoparticles enhance the
performance of growth-promoting
rhizobacteria. Scientific Reports,
8(1), p.617.

Trevors, J.T., van Elsas, J.D., Lee,
H., and Wolters, A.C., 1993.
Survival of alginate encapsulated
Pseudomonas fluorescens cells in
soil. Applied Microbiology and
Biotechnology, 39, pp.637-643.
Tripathi, D.K., Singh, S., Singh,
V.P. and Prasad, S.M., 2022. Zinc
oxide nanoparticles and their
interactions with beneficial soil
microbes: A review on mechanisms
and applications. Environmental
Nanotechnology, Monitoring &
Management, 18, 100732.

Van Wylick, A., De Laet, L.,
Peeters, E., and Rahier, H., 2023.
Encapsulation of fungal spores for
fungi-mediated self-healing
concrete. In MATEC Web of
Conferences (Vol. 378, p.02002).
EDP Sciences.

Varma, A., Verma, S., Sahay, N.,
Bitehorn, B., and Franken, P., 1999.
Piriformospora indica: a cultivable
plant-growth-promoting root
endophyte. Applied and
Environmental Microbiology, 65,
pp.2741-2744.

Vassilev, N., Vassileva, M., Martos,
V., Garcia del Moral, L.F,
Kowalska, J., Tylkowski, B., and
Eligio, M., 2020. Formulation of
microbial inoculants by
encapsulation in natural
polysaccharides: focus on beneficial

130.

131.

132.

133.

134.

135.

136.

137.

properties of carrier additives and
derivatives. Frontiers in Plant
Science, 11, p.270.

Vejan, P., Khadiran, T., Abdullah,
R., and Ahmad, N., 2021. Controlled
release fertilizer: A review on
developments, applications, and
potential in agriculture. Journal of
Controlled Release, 339, pp.321-
334.

Vejan, P., Khadiran, T., Abdullah,
R., Ismail, S., and Dadrasnia, A.,
2019. Encapsulation of plant growth
promoting rhizobacteria—prospects
and potential in agricultural sector: a
review. Journal of Plant Nutrition,
42(19), pp.2600-2623.

Verma, K.K., Joshi, A., Song, X.P.,
Singh, S., Kumari, A., Arora, J.,
Singh, S.K., Solanki, M.K., Seth,
C.S.,and Li, Y.R., 2024. Synergistic
interactions of nanoparticles and
plant growth promoting
rhizobacteria enhancing soil-plant
systems: a  multigenerational
perspective. Frontiers in Plant
Science, 15, p.1376214.

Vessey, J.K., 2003. Plant growth
promoting rhizobacteria as
biofertilizers. Plant and Soil, 255(2),
pp.571-586.

Vitousek, P.M., Menge, D.N.L.,
Reed, S.C., and Cleveland, C.C.,
2013. Biological nitrogen fixation:
rates, patterns and ecological
controls in terrestrial ecosystems.
Biological Sciences, 368, p.1621.
Wang, N., Wang, B., Wan, Y., Gao,
B., and Rajput, V.D., 2023.
Alginate-based composites as novel
soil conditioners for sustainable
applications in agriculture: A critical
review. Journal of Environmental
Management, 348, p.119133.
Wang, P., Menzies, N.W. and
Lombi, E., 2023. Silicon
nanoparticles in agriculture:
Potential benefits and risks for plant
growth and soil health. Frontiers in
Plant Science, 14, 1187321.

Wang, Q., Liu, J.,and Zhu, H., 2018.
Genetic and molecular mechanisms
underlying symbiotic specificity in
legume-rhizobium interactions.
Plant Science, 9, p.313.



\AA} 23 VAR SN NCY/R S JRTVRE (IS tICICNS SN PP

138.

139.

140.

141.

142.

143.

144.

145,

Wang, Y., Zhang, X. and Li, J.,
2023. Synergistic effects of PGPR
and TiO2 nanoparticles on plant
growth and stress tolerance. Science
of The Total Environment, 866,
161380.

Weir, S.C., Dupuis, S.P., Providenti,
M.A., Lee, H., and Trevors, J.T.,
1995. Nutrient enhanced survival of
and phenanthrene mineralization by
alginate-encapsulated and  free
Pseudomonas sp. UG14Lr cells in
creosote-contaminated soil slurries.
Applied Microbiology and
Biotechnology, 43, pp.946-951.
Westerman, R.L., 1990. Soil Testing
and Plant Analysis. 3rd ed. Book
Series No. 3, SSSA, USA.
Wiwattanapatapee, R., Chumthong,
A, Penagnoo, A, and
Kanjanamaneesathian, M., 2013.
Preparation and evaluation of
Bacillus  megaterium  alginate
microcapsules for control of rice
sheath blight disease. World Journal
of Microbiology and Biotechnology,
29, pp.1487-1497.

Wu, Z., Zhao, Y., Kaleem, I., and Li,
C., 2011. Preparation of calcium—
alginate microcapsuled microbial
fertilizer coating Klebsiella oxytoca
Rs-5 and its performance under
salinity stress. European Journal of
Soil Biology, 47, pp.152-159.

Xin, X., Zhao, F., Rho, J.Y.,
Goodrich, S.L., Sumerlin, B.S., and
He, Z., 2020. Use of polymeric
nanoparticles to improve seed
germination and plant growth under
copper stress. Science of the Total
Environment, 745, p.141055.

Yan, A., and Chen, Z., 20109.
Impacts of silver nanoparticles on
plants: a focus on the phytotoxicity
and underlying mechanism.
International Journal of Molecular
Sciences, 20(5), p.1003.

Younes, N.A., Dawood, M.F., and
Wardany, A.A., 2019. Biosafety

146.

147.

148.

149.

150.

151.

assessment of graphene nanosheets
on leaf ultrastructure, physiological,
and yield traits of Capsicum annuum
L. and Solanum melongena L.
Chemosphere, 228, pp.318-327.
Young, C.C., Rekha, P.D., Lai,
W.A., and Arun, A.B., 2006.
Bioencapsulation of plant growth-
promoting bacteria in alginate beads
enriched with  humic  acid.
Biotechnology and Bioengineering,
1, pp.76-83.

Zahedi, S.M., Abolhassani, M.,
Hadian-Deljou, M., Feyzi, H.,
Akbari, A., Rasouli, F., Kocak,
M.Z., Kulak, M., and Gohari, G.,
2023. Proline-functionalized
graphene oxide nanoparticles (GO-
pro NPs): A new engineered
nanoparticle to ameliorate salinity
stress on grape (Vitis vinifera L. cv
Sultana). Plant Stress, 7, p.100128.
Zhang, H., Wang, R., Chen, Z., Cui,
P., Lu, H., Yang, Y., and Zhang, H.,
2021. The effect of zinc oxide
nanoparticles for enhancing rice
(Oryza sativa L.) yield and quality.
Agriculture, 11(12), p.1247.

Zhang, Y., Li, X. and Chen, G,

2024.  Controlled release  of
nanoparticles ~ for  agricultural
applications:  Enhancing  plant
growth while minimizing

environmental impact. Journal of
Agricultural and Food Chemistry,
72(4), pp.1123-1135.,

Zhao, L., Huang, Y. and Hu, J.,
2021. Nanotechnology for
sustainable agriculture:
Applications and  perspectives.
Science of the Total Environment,
755, 142466.

Zohar-Perez, C., Ritte, E., Chernin,
L., Chet, I., and Nussinovitch, A.,
2002. Preservation of chitinolytic
Pantoea agglomerans in a viable
form by cellular dried alginate-based
carriers. Biotechnology Progress,
18, pp.1133-1140.



Contents
Subject Page

Phosphorus uptake and transport mechanism in symbiotic plants with arbuscular
mycorrhizal fungi (Knowns and UNKNOWNS)...........cccecviiiiieiiiie e 155

Habiballah Nadian Ghomsheh

The efficiency of oil-degrading and phosphate-solubilizing bacteria in phosphorus
availability of an oil-contaminated calcareous SOil............c.ccceviiiieiie i, 191

Komeil Zeynali, Shayan Shariati, Ahmad Ali Pourbabaee and Mehdi Shorafa

Investigating the effect of biofertilizers on improving the absorption of nutrients,growth
and yield of hazelnut (Corylus avellana L.) trees in Eshkavrat area of Rudsar city in
(1] P T T o] oY/ Lo =SSOSR 213

Ali Lahiji and Farhad Rejali

Evaluation and Comparative Analysis of Plant Growth-Promoting Traits in Diverse
Groups of RNIZOSPNEre BACLEIIa.........cccveiuiiieiieiieie e 235

Akram Otadi, Hassan Etesami, Houshang Khosravi and Hosseinali Alikhani

Screening and identification of the most effective rhizobial
isolate(Mezorhizobiumciceri)and investigating its interaction with arbuscular
mycorrhizal fungus in the yield and quality of chickpea seeds of AnNna........cccceeuueeee. 261

Mehrzad Ansari, Mohammad Jafar Malakouti, Farhad Rejali, Ali Mokhtassi Bidgoli and Saber Golkari

Enhancing agricultural productivity using PGPR and nanoparticles: mechanisms,

challenges, and fUtUre direCtiONS. ..cevuieiieieieriernterrernrtsmnmeensessasesessasesessasnsssnsnne 279
Bahman Khoshru, Alireza Fallah Nosratabad, Houshang Khosravi, Ahmad Asgharzadeh and Laleh
Faridian



Soil Science Society of Iran  Soil and Water Research Institute

Journal of Soil Biology

Vol. 12, No 2

2025
Manager-in—-Charge; K. Bazargan, PhD

Associate Professor, Soil and Water Research Institute
Editor-in—Chief: Alireza Fallah Nosratabad, PhD
Professor (Research), Soil and Water Research Institute

Hadi Asadi Rahmani, PhD
Hossein Ali Alikhani, phD

Naser Aliasgharzad, PhD

Hossein Besharati, PhD

Alireza Fallah Nosratabad, PhD
Ahmad Golchin, PhD

Amir Lakzian, PhD

Habibollah Nadian Ghomshe, PhD
Farshid Norbakhsh, PhD

Abdol Hossein. Ziaeian, PhD

English Editor:
Type and design:

Editorial Board

Professor (Research), Soil and Water Research Institute

Professor, University of Tehran

Professor, University of Tabriz

Professor, Soil and Water Research Institute

Associate Professor, Soil and Water Research Institute

Professor, University of Zanjan

Professor, Ferdowsi University of Mashhad

Professor, Ramin Agricultural and Natural Resources University of Khuzestan
Professor, Isfahan University of Technology

Associate Professor of Agricultural and Natural Resources Research Center of Fars

Amir Lakzian, PhD
Eng. Kiana khamehchi

Address: P. O. Box: 31785-311, Karaj — IRAN
Tel / Fax: 026-36208796
SSSI Website: www.soiliran.org
Soil and Water Research Institute Website: www.swri.ir
Journal Website: www.sbj.areeo.ir
E-mail: jsb.soilbiology@yahoo.com


http://www.iranswri.com/
http://www.sbj.areeo.ir/
mailto:jsb.soilbiology@yahoo.com

Semiannual

Journal of %,

Soil Biology ==

Contents
Subject Page

Phosphorus uptake and transport mechanism in symbiotic plants with arbuscular
mycorrhizal fungi (Knowns and UnKNOWRNS).....cciieiieiiniiainiiaecesinneascsssnseas R — 155

Habiballah Nadian Ghomsheh

The efficiency of oil-degrading and phosphate-solubilizing bacteria in phosphorus
availability of an oil-contaminated calcareous SOil.......uuererieiirinrieinnieiiicnrenisnennna. eeneen 191

Komeil Zeynali, Shayan Shariati, Ahmad Ali Pourbabaee and Mehdi Shorafa

Investigating the effect of biofertilizers on improving the absorption of nutrients.growth
and yield of hazelnut (Corylus avellana L.) trees in Eshkavrat area of Rudsar city in
GIAI PrOVIIICE i iiiniiiieeieiientuniatesssssisessns saesassastes sosonssasens sateasnssns sasess snsesssnsessssssensens sasesssassases 213

Ali Lahiji and Farhad Rejali

Evaluation and Comparative Analysis of Plant Growth-Promoting Traits in Diverse
Groups of Rhizosphere Bacteria.........eeiericrierencrceserioreenennoneens e niSiRestsisseimsssSsmsessssSines 235

Akram Otadi, Hassan Etecsami, Houshang Khosravi and Hosscinali Alikhani

Screening and identification of the most effective rhizobial
isolate(Mezorhizobiumciceri)and investigating its interaction with arbuscular
mycorrhizal fungus in the yield and quality of chickpea seeds of Anna..............cceea. 261

Mchrzad Ansari, Mohammad Jafar Malakouti, Farhad Rejali, Ali Mokhtassi Bidgoli and Saber Golkari

Enhancing agricultural productivity using PGPR and nanoparticles: mechanisms,

challenges, and future direCtions.....c.ceviereiirerrirercernesiinmienssnresssnssssssssransnessnesn 279
Bahman Khoshru, Alireza Fallah Nosratabad, Houshang Khosravi, Ahmad Asgharzadeh and Laleh
Faridian

www.sbj.areeo.ir

o~
)

'Ws
<



