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Abstract

Recent climate changes have significantly impacted agricultural productivity, prompting researchers
to investigate the intricate interactions between plants and microorganisms. This article explores the
profound influence of microbial allies, including plant growth-promoting bacteria (PGPB), endophytes, and
arbuscular mycorrhizal fungi (AMF), on enhancing wheat's drought tolerance. These microorganisms play
pivotal roles in promoting plant growth, enhancing productivity, and conferring resilience to stress factors.
Through various mechanisms such as improving root and shoot growth, photosynthetic rate, and antioxidant
activity, microbial symbiotes contribute to bolstering wheat's drought resilience. The targeted application
of drought-tolerant microorganisms offers promising strategies for enhancing wheat's drought tolerance
and ensuring agricultural sustainability in the face of changing climatic conditions. This research
underscores the importance of harnessing microbial symbiotes to develop resilient wheat cultivars capable
of withstanding drought stress, thereby addressing food security challenges in drought-prone regions.
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In the realm of agriculture, the quest for sustainable solutions to combat the challenges posed
by climate change, particularly drought stress, has led researchers to explore the intricate world of
plant-microbe interactions. The rhizosphere, a dynamic zone bustling with diverse microbes
attracted by root exudates, holds immense potential in shaping plant health and resilience [1]. This
article delves into the transformative role of microbial allies, including Plant Growth-Promoting
Rhizobacteria (PGPR), endophytes, and Arbuscular Mycorrhizal Fungi (AMF), in bolstering
wheat's drought tolerance.

The symbiotic relationship between plants and microbes in the rhizosphere is a fascinating
interplay that significantly impacts plant growth and stress resilience. Studies have highlighted the
dynamic nature of the rhizosphere microbiome, which adapts to environmental stressors like
drought, influencing plant acclimatization [2]. Root exudates play a pivotal role in shaping the
microbial community, with specific microbes demonstrating enhanced growth under stress
conditions, thereby promoting plant survival [3,4].

The utilization of PGPR has emerged as a promising strategy to enhance wheat's drought
resistance [2,5]. Various PGPR strains have been identified for their ability to improve wheat
growth under drought conditions through mechanisms such as the production of
exopolysaccharides, indole-3-acetic acid, and ACC deaminase. These beneficial bacteria not only
enhance root morphology and seedling vigor but also facilitate nutrient solubilization and
antioxidant enzyme activities, collectively contributing to enhanced drought tolerance in wheat

[6].
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Endophytic microorganisms, residing within plant tissues without causing harm, have also
emerged as potent allies in promoting plant growth and resilience. Endophytes demonstrate
effectiveness in stimulating plant growth, enhancing productivity, and conferring non-specific
resistance to stress factors [7]. By promoting osmotic regulation and antioxidant activity within
host plant cells, endophytes play a crucial role in enhancing wheat's tolerance to severe drought
conditions [8].

Furthermore, the symbiotic relationship between wheat and Arbuscular Mycorrhizal Fungi
(AMF) has been shown to significantly enhance the plant's water uptake and stress tolerance. AMF
colonization improves wheat's water relations, mitigates drought stress-induced damage to the
photosynthetic apparatus, and enhances the plant's moisture availability and photosynthetic
efficiency under water-limited conditions [9].

Plant growth-promoting rhizobacteria

The utilization of Plant Growth-Promoting Rhizobacteria (PGPR) has emerged as a
promising strategy to enhance drought resistance in wheat, a staple food crop with significant
global importance. Research has identified various PGPR strains capable of improving wheat's
drought tolerance through different mechanisms, including the production of exopolysaccharides
(EPS), indole-3-acetic acid (IAA), and the enzyme 1-Aminocyclopropane-1-Carboxylate (ACC)
deaminase, which plays a crucial role in mitigating ethylene-induced stress effects[10][11][12].
Studies have demonstrated that specific PGPR strains, such as Chryseobacterium sp.,
Acinetobacter sp., Klebsiella sp., Bacillus megaterium, and Bacillus licheniformis, not only
enhance wheat growth under drought conditions but also improve root morphology, seedling vigor,
and overall plant biomass[13][14]. These beneficial bacteria facilitate plant growth by solubilizing
essential nutrients like phosphorus and zinc, producing plant hormones, and increasing antioxidant
enzyme activities, which collectively contribute to enhanced drought tolerance[15][16]. Moreover,
the combined application of PGPR with other amendments, such as Biogas Slurry (BGs) or
biochar, has shown to further improve water relations, chlorophyll content, grain yield, and quality
in wheat under drought stress[17]. This synergistic approach underscores the potential of
integrating PGPR with organic amendments to bolster wheat's resilience to water scarcity. In
addition to bacterial inoculants, research has also explored the development of drought-enduring
stress-resistance compound regulators and microbial preparations based on endophytic
microorganisms isolated from drought-resistant plants. These innovations aim to enhance wheat's
capacity to withstand drought and other abiotic stresses, offering a multifaceted approach to
securing wheat production in the face of increasing drought challenges. Collectively, these studies
highlight the significant potential of PGPR and related technologies in developing sustainable, bio-
based strategies to improve drought resistance in wheat, thereby contributing to food security in
drought-prone regions.

PGPR Influence on Wheat Drought Tolerance

PGPR inoculation enhances biochemical parameters like chlorophyll, proline, total soluble
sugar, and protein content in wheat under drought stress, indicating improved physiological status.
PGPR treatment reduces oxidative damage in wheat by lowering malondialdehyde (MDA)
accumulation, a marker of membrane damage during drought [18]. Specific PGPR strains
significantly improve wheat growth parameters such as shoot and root length, weight, and root
number under drought conditions, demonstrating their role in ameliorating drought effects. PGPR
inoculation modulates the expression of drought-responsive genes (DREB2A and CAT1) in wheat,
suggesting a genetic basis for enhanced drought tolerance [19]. PGPR inoculation enhances
chlorophyll, proline, total soluble sugar, and protein content in wheat under drought conditions.
Reduction in oxidative damage through lower malondialdehyde accumulation in PGPR-treated
wheat indicates improved drought resistance.

Inoculation with PGPR leads to significant improvements in root and shoot dry weight in
wheat varieties under drought stress. PGPR treatment results in better root growth, facilitating
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increased nutrient and water assimilation. PGPR inoculation modulates the expression of drought-
responsive genes, including upregulation of DREB2A and CAT1, enhancing drought tolerance.
Attenuated transcript levels of stress-related genes in PGPR-inoculated plants suggest improved
drought tolerance due to PGPR interaction. Drought mitigation by PGPRs has been well observed
in wheat plants inoculated with Klebsiella sp., Enterobacter ludwigii, and Flavobacterium sp. [19].
Wheat plants inoculated with PGPR strains also showed better vegetative growth, high RWC, low
MDA content, increased accumulation of pro-line, as well as other stress-related metabolites [19].

Endophytes

Endophytic microorganisms, residing within plant tissues without causing harm, have
emerged as potent allies promoting plant growth and resilience. Compared to rhizospheric bacteria,
endophytes demonstrate greater effectiveness in stimulating plant growth, enhancing productivity,
protecting against environmental pollutants, supplying essential minerals, and defending against
diseases, pathogens, and pests [20, 21]. This unique partnership between plants and endophytes
has captured significant research interest.

While the intricate details of these interactions remain under investigation, recent studies
highlight the crucial role of endophytes in bolstering plants' non-specific resistance to various
stress factors [22]. Endophytes can enhance plant growth even under severe drought conditions by
promoting osmotic regulation and antioxidant activity within the host plant cells [23, 24]. For
instance, endophytic fungi have been shown to improve wheat tolerance to drought and heat stress
[25]. Similarly, endophytic strains of Bacillus subtilis have demonstrated a protective effect
against a multitude of environmental stressors, including heavy metals, salinity, and drought [26,
27, 28]. Notably, researchers have successfully utilized endophytes to confer heat tolerance in
soybean plants [29].

Despite these advancements, a complete understanding of the mechanisms governing
endophytic bacterial-plant mutualism remains elusive. A comprehensive research approach is
necessary to elucidate the specific actions of endophytic bacterial strains on plant organisms under
stress conditions. This approach should also explore how endophytes interact with other beneficial
microorganisms within the plant, potentially leading to synergistic effects in promoting plant
health and stress resilience. By delving deeper into these complex interactions, researchers can
unlock the full potential of endophytes for sustainable agriculture in the face of a changing climate.

Arbuscular mycorrhizal fungi

Arbuscular Mycorrhizal Fungi (AMF) play a crucial role in enhancing the drought resistance
of wheat by establishing a symbiotic relationship that improves the plant's water uptake and stress
tolerance. The method involving the use of AM fungi, specifically glomus monosporum and
acaulospora laevis, has been shown to promote wheat growth and improve its adaptability to
drought conditions by fostering a beneficial symbiosis under controlled conditions [30]. This is
further supported by experimental evidence demonstrating that AMF colonization can mitigate
drought stress-induced damage to the photosynthetic apparatus of wheat, leading to increased
relative water content in both leaves and soil, thereby enhancing the plant's moisture availability
and sustaining its photosynthetic efficiency under drought stress [31]. The significance of
developing drought-resistant wheat varieties is underscored by the challenges posed by climate
change, which is expected to reduce water availability and exacerbate drought conditions in wheat-
growing areas. Genetic diversity among wheat cultivars, including ancient varieties, offers
potential for improving drought resistance. For instance, the ancient Portuguese cultivar '‘Mestico'
has shown promising early drought stress resistance and genetic distinctiveness, suggesting that it
may possess unique traits beneficial for germination and growth in dry conditions [9]. Moreover,
the exploration of genetic determinants and molecular mechanisms underlying drought resistance
in wheat has highlighted the regulatory role of abscisic acid (ABA) and the involvement of various
transcription factors and osmoprotectants in the plant's response to water deficit [32]. This
molecular insight complements the practical approaches to enhancing drought tolerance, such as
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the selection of drought-resistant genotypes based on seedling traits under simulated drought stress
[33] and the development of wheat compound fertilizers designed to improve drought resistance
[34]. In summary, the integration of AMF symbiosis with genetic and molecular strategies offers
a comprehensive approach to enhancing wheat's drought resistance, which is crucial for
maintaining productivity in the face of increasing drought stress due to climate change [35, 36,
37]. Arbuscular Mycorrhizal Fungi (AMF) form a symbiotic relationship with plant roots,
extending their reach and enhancing nutrient and water uptake. This partnership plays a critical
role in improving drought tolerance in wheat. AMF colonization allows wheat roots to access
water from a larger soil volume, improving plant-water relations and mitigating drought stress.

Beyond water acquisition, AMF symbiosis strengthens wheat's physiological resilience to
drought. Studies have shown that AMF inoculation increases antioxidant activity and water use
efficiency in wheat [39]. This bolstered antioxidant defense system helps wheat scavenge harmful
free radicals produced under drought stress. Additionally, AMF enhances water use efficiency,
allowing wheat to optimize water utilization for growth and development [40].

The influence of AMF on wheat extends to hormonal regulation, osmotic adjustment, and
nutrient uptake. This multifaceted symbiosis alters wheat's physiological performance, enabling it
to better cope with drought conditions. AMF can influence hormonal balance, promoting the
production of beneficial hormones and potentially reducing stress hormone production [41].
Furthermore, AMF can contribute to osmotic adjustment in wheat by promoting the accumulation
of compatible solutes. These solutes help maintain cell turgor and vital physiological processes
under drought stress. Additionally, AMF can enhance nutrient uptake by wheat, ensuring it has
access to essential minerals for growth and stress defense [42].

Recent research suggests that the response of wheat to drought stress, including sulfur
homeostasis, can be influenced by AMF in a genotype-specific manner [43]. This finding
highlights the potential for harnessing this interaction to develop drought-resistant wheat varieties.
By understanding how AMF genotypes interact with different wheat cultivars, researchers can
leverage this knowledge to develop targeted breeding strategies for improved drought tolerance
[44, 45].

Targeted application of drought-tolerant microorganisms

The targeted application of drought-tolerant microorganisms, including plant growth-
promoting bacteria (PGPB), arbuscular mycorrhiza fungi (AMF), and specific bacterial strains,
has been shown to significantly increase wheat drought tolerance through various mechanisms.
These microorganisms enhance the morphological, physico-biochemical, and ultrastructural
characteristics of wheat under drought conditions by improving root and shoot growth,
photosynthetic rate, and enhancing the accumulation of osmoprotectants and antioxidants, thereby
reducing oxidative stress and improving water and nutrient uptake [46]. For instance, the novel
rhizospheric bacterium SH-8, isolated from the rhizospheric soil of Artemisia plants, demonstrated
a high tolerance to oxidative stress and significantly enhanced the drought tolerance and
germination potential of wheat seeds through biopriming, indicating its potential as a biofertilizer
under drought conditions [47]. Similarly, strategies for selecting drought-adapted
rhizomicrobiomes and targeted PGPR consortia have been suggested to improve plant drought
tolerance, emphasizing the importance of host-mediated selection and integrated omics-level
analysis for optimal PGPR selection [48]. Research has also identified specific bacterial strains,
such as Bacillus wiedmannii, which increased wheat tolerance to drought when applied to seeds,
highlighting the role of PGPR in enhancing plant yield under abiotic stress [49]. Additionally, the
co-application of Azospirillum brasilense and ZnO nanoparticles has been found to synergistically
enhance wheat productivity under drought by improving water relations, chlorophyll synthesis,
and antioxidant activity [50, 51]. Exopolysaccharide (EPS)-producing PGPR, such as strains
identified as Chryseobacterium sp., Acinetobacter sp., and Klebsiella sp., have shown promise in
inducing drought stress tolerance in wheat by improving root morphology and seedling growth
[52]. Moreover, Rhizobium leguminosarum strains have been found to alleviate drought stress in
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wheat by improving growth parameters, chlorophyll content, and reducing oxidative stress
markers [53]. Biofilm-forming bacterial isolates from arid grasslands also demonstrated the ability
to promote wheat growth under water deficit by enhancing root traits and the antioxidant defense
system [54, 55].

The practical application of various bacteria and fungi for enhancing wheat drought
resistance involves utilizing beneficial microbial communities to support plant growth and
resilience under water-deficit conditions [56]. For instance, the use of plant growth-promoting
rhizobacteria (PGPR) and mycorrhizal fungi can significantly improve nutrient uptake efficiency,
increase biomass production, and enhance drought tolerance in wheat crops [57]. Specific
microorganisms like Enterobacter cloacae, Achromobacter xylosoxidans, and Mortierella alpina
have been identified for their ability to stimulate plant growth, increase photosynthetic efficiency,
and synthesize growth-promoting compounds, ultimately aiding wheat plants in coping with
drought stress [58]. By harnessing the mechanisms of microbiome-enhanced drought resistance,
farmers and researchers can apply these beneficial bacteria and fungi to cultivate drought-resistant
wheat cultivars with improved root and shoot biomass, nutrient content, and overall resilience to
water scarcity [59, 60].

The potential of drought-tolerant microbes in enhancing plant resistance under osmotic stress
is well-documented, with the next step being their translation from laboratory to field conditions
through the development of microbe-based biofertilizers [61]. Effective biofertilizer formulations
should contain metabolically active organisms, have a longer shelf life, and be environmentally
friendly and biodegradable [62]. Application of mycorrhizas in combination with Azotobacter and
Azospirillum has shown to enhance root and shoot biomass, proline, carotenoids, essential oils,
nitrogen, and potassium content in Valeriana officinalis under drought stress [63]. A
bioformulation consisting of Enterobacter cloacae, Achromobacter xylosoxidans, Leclercia
adecarboxylata, and timber waste biochar significantly improved the drought tolerance of maize,
as evidenced by increased growth rate, yield, gas exchange ratio, and concentration of
photosynthetic pigments [64].

Host-mediated Microbiome Engineering (HMME) is a method where scientists use plants to
naturally select helpful tiny organisms in the soil to improve the plant's ability to handle dry
conditions by repeatedly growing plants under these conditions and picking the best performers to
breed the next generation of plants with a beneficial soil community [65]. This process involves
mixing soil from around the roots of the best-performing plants with a sterile growing medium
and then using this mix to grow the next generation of plants, aiming to enhance the plants' drought
resistance over several cycles [66]. During lab experiments HMME facilitated a 5-day delay in the
onset of drought stress symptoms in wheat seedlings, indicating enhanced drought tolerance.
HMME inoculum significantly increased plant biomass, root dry weight, total root length, and
surface area [67]

Conclusion

In conclusion, harnessing microbial allies presents a promising avenue for enhancing wheat's
drought tolerance in the face of climate change challenges. The synergistic interactions between
plants and beneficial microbes pave the way for sustainable, bio-based strategies to ensure food
security in drought-prone regions. By unlocking the full potential of microbial allies, researchers
and farmers can cultivate resilient wheat cultivars capable of withstanding the rigors of drought
stress, thereby securing agricultural productivity in a changing climate landscape. The targeted
application of drought-tolerant microorganisms, including PGPB, AMF, and specific bacterial
strains, offers a promising approach to enhancing wheat drought tolerance. By improving root and
shoot growth, photosynthetic rate, and antioxidant activity, these microorganisms contribute to
improved growth, stress resilience, and yield under water-limited conditions.
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AHHOTANUA

[locnennne wW3MEHEHMs KIMMaTa 3HAYUTEIBHO TMOBIMSUIM HA  CEIbCKOXO3SHCTBEHHYIO
IPOLYKTUBHOCTh, IIOOYAUB HCCIIEA0OBATEIEH N3ydaTh CIIOXKHbBIE B3aMMOJACHCTBUS MEXIY PacTEHUSIMU U
MHUKpoOpranu3MaMu. B maHHOW craThe paccMaTpuBaeTcsl IIyOOKO€ BIHSHHE MHKPOOHBIX COIO3HHKOB,
BKIIIo4ass Oaktepuu, crocoOcTBytomue pocty pactenuid (PGPB), sumodurer u apOyckymnspHble
MukopusHbie rpulbl (AMF), Ha MOBBINICHHE YCTORYMBOCTH IMIICHMIIBI K 3aCyXe. DTH MHKPOOPIaHU3MbI
UT'PAOT KJIIOYEBBIE POJIU B CTUMYJIUPOBAHUY POCTa PACTCHUHN, YBEIUUYEHUH IPOLYKTUBHOCTHU U IIPUAAHUU
YCTOMYMBOCTH K CTpeccoBbIM (pakTopam. Uepe3 pasnuuHble MEXaHU3MBI, TAKHE KaK YJIy4ylIeHHE pocTa
KOpHEH M To0eroB, ()OTOCHHTETHUECKOW AKTHBHOCTH M aHTHOKCHJIAHTHOW aKTHBHOCTH, MHKpPOOHBIC
CUMOHMOHTBI CITOCOOCTBYIOT YKPEIICHUIO YCTOHYMBOCTH IIICHUIIBI K 3acyxe. HamnpaBieHHOe TpuMeHeHne
MHUKPOOPraHU3MOB, YCTOHUMBBIX K 3acyxe, IpeajaracT MHOIOOOCIIAIONINEe CTPATerHH ISl TTOBBIICHUS
YCTOMYMBOCTH MILIEHUIBI K 3aCyXe M OOECIEUEeHHUS] yCTOWYMBOCTU CEIBCKOTO XO35ICTBAa B YCIOBHSX
U3MEHSIOIIETOCS KIMMaTa. DTH WCCIEIOBAHUS MOJUYEPKUBAIOT BAKHOCTh HCIIONBL30BAHUS MHUKPOOHBIX
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CUMOMOHTOB Ui Pa3paOOTKH YCTOHYMBBIX COPTOB MIICHUIIBI, CIIOCOOHBIX BBIICPKHBATH 3aCYILIHBBIC
YCIIOBHSI, TEM CaMbIM pelras MpoOieMbl TPOJAOBOJIILCTBEHHON OE30MaCHOCTH B PETHOHAX C 3aCYILITUBBIM
KITUMaTOM.

KuoueBrble ¢j10Ba: 3aCyX0yCTOHYMBOCTb, MIIICHUIA, CAMOMOTUIECKHIIA MUKPOOHOM.

B obmactu cenbCcKOTO XO3SMCTBA CTPEMJICHHE K CO3JaHHMIO0 YCTOMYMBBIX DPEIICHUM IS
O00pbOBI C BBI30BAMH, CO3/aHHBIMH HW3MEHEHHEM KJIMMara, OCOOCHHO 3aCyXOH, NpPHUBEIO
HCCIIEIOBATEIICH K M3YYEHHIO CII0KHOTO MUPa B3aUMOJEHCTBUS PACTEHUM ¢ MUKPOOPTraHU3MaMH.
Puzocepa, auHammueckas 30HA, KOTOpas KHIIUT Pa3HOOOPa3HBIMH MHUKPOOPTaHU3MaMH,
MPUBJICYCHHBIMU KOPHEBBIMH JKCCyIaTaMHU, UMEET OIPOMHBIA MOTEHIUaI Al (OpMUPOBAHUS
3I0pOBbS  pacTeHWidi © uX ycrodumBoctu [l]. Drta crates TIyOOKO WUCClEeayeT
TpaHC(HOPMAITMOHHYIO POJIb MHKPOOHBIX COIO3HHMKOB, BKJIIOYas OaKTEpUH, CIIOCOOCTBYIOIIHE
pocty pactrenuii (PGPR), sumodputsl u apOyskymspHble MuKopusHbele rpudsl (AMF), B
YKPEIIEHUU YCTOMUMBOCTH MILIEHUIIBI K 3aCyXe.

CuMOMOTHYECKHME OTHOIICHUS MEXKIYy pacTeHHsIMH M MUKpobamu B pusochepe
MPEJICTaBISIIOT COOOM 3aXBaThIBalOlIee B3aUMOJIEICTBIE, KOTOPOE 3HAUUTEIHHO BIMSIET HA POCT
pacTeHui U UX YCTOMYMBOCTB K cTpeccy. McecnenoBanus oq4epKuBaOT JMHAMUYHBINA XapakTep
MUKpoOroma puzochepsl, KOTOPBIH aAaNTUPYETCS K CTPECCOPaM OKPYIKaloIel Cpeibl, TAKUM Kak
3acyxa, BJIMSS Ha aKKJIMMaTH3aluio pacteHuit [2]. KopHeBble skccyaThl UTPAIOT KIIFOUYEBYIO POJIb
B (hopMupoBaHUU MUKPOOHOTO COOOIIECTBA, ITPU 3TOM KOHKPETHBIE MUKPOOBI JEMOHCTPHUPYIOT
YCUJICHHBIM POCT B YCIOBHSIX CTpECCa, TEM CaAMbIM CITOCOOCTBYSI BBDKUBAHUIO pacTeHuit [3,4].

Hcnons3zoBanne PGPR BBIABHHYIOCH KaK MHOTOOOCIIAOIIAS CTpATETHsl ISl yAydIICHUS
YCTOWYMBOCTH MINEHUIIHI K 3acyxe [2,5]. Paznuunbie mrammbl PGPR Obu1H BEISIBICHBI OMarogapst
UX CIIOCOOHOCTH yJy4ylIaTh POCT MIICHUIBI B YCIOBUSAX 3aCyXHU 3@ CYET TAKUX MEXaHHU3MOB, KaK
MPOMYKIUS IK30IOJIMCaXapuIoB, HWHIO0J-3-yKcycHOM kucinotel U  ACC-ge3amuHasbl. OTH
MOJIC3HBIE OAKTEPUHM HE TONBKO YAy4YIIalOT MOP(OIOTHIO KOpPHEH M CHIIy POCTKAa, HO U
CIOCOOCTBYIOT PAacTBOPEHUIO HEOOXOJUMBIX MHUTATEIbHBIX BEIIECTB, CHHTE3y PACTUTEIbHBIX
TOPMOHOB U YBETUYCHUIO AKTHBHOCTH AHTHOKCHUIAHTHBIX (PEPMEHTOB, YTO B COBOKYITHOCTHU
CIOCOOCTBYET YBEIMYCHHIO YCTOWYMUBOCTH K 3aCyXe y MIIEHUIIHI [6].

DHI0PUTHBIE MUKPOOPTaHU3MBI, OOMTAIOIINE B TKAHSIX PACTCHUN, HE MPUYHHSIS BpeEIa,
TaKk)K€ BBICTYNAIOT KaK MOIIHBIE COIO3HMKH B IMOOIIPEHUH POCTa M YCTOMYMBOCTH PACTCHHM.
OHI0PUTH YHPEKTUBHO CTUMYIHPYIOT POCT PACTEHUH, YBEIUYHBAIOT MPOU3BOAUTEIHHOCTh U
00ecIeurnBaOT HEHAMPABICHHYI0 YCTOWYMBOCTh K cTpeccoBbiM daktopam [7]. Tlommeprkusas
OCMOTHYECKYIO PETyIsiUI0 U aKTUBHOCTh AHTHOKCHUJIAHTOB B KJIETKaX pPaCTEHUI-XO035EB,
SHAO(UTHI UTPAIOT KIIFOUYEBYIO POJIb B MOBBIILIEHUN TOJEPAHTHOCTH MIIEHUIIBI K CHIIBHOH 3acyxe
[8].

Kpome TOro, cuMOuoTHuYecKWe OTHOLIEHUS MEXAYy MIIeHUIeH u apOy3KyIspHBIMU
MUKOpH3HbIMU TpubamMu (AMF) 3HAYUTENBHO YBEIMYUBAIOT BOJOOTOOP M YCTOHYHBOCTH K
crpeccy y pacrenuid. Kononuzamus AMF ynydmaer BogHbIe OTHOIIEHUS MINEHULBI, CMATYAECT
MOBPEXACHUS (POTOCMHTETHUYECKOTO ammapara, BbI3BaHHBIE 3aCyXOW, M  YBEIMYMBACT
JOCTYMHOCTh BJiard U 3¢ ¢GeKTUBHOCTh (OTOCUHTE3a Y PACTEHHUS B YCIOBHUSAX OIPaHUYEHHOTO
BojionoTpebneHus [9].

Bansinne PGPR Ha ycTOHYMBOCTH MIIEHUIBI K 3acyXe

Nuokymsimuss PGPR  ynydmmaer OmoxuMuueckne mapaMmeTphbl, TakKhe KaK COJACp)KaHHE
XJIopouIUIa, MPOJMHA, OOLIMI PacTBOPUMBIA caxap M colep)KaHHe Oelka B MIICHULE IPH
CTpecce 3aCyXH, 4YTO YKa3bIBaeT Ha yiIydlIeHue pusnonorndaeckoro coctostaust. Oopadorka PGPR
CHM)KAET OKCHJATUBHBIE TNIOBPEXACHHUS B MIIEHUIE IYTEM CHW)KEHHUS HAKOIUIEHUs
Manonauanpaeruaa (MDA), mapkepa moBpexaeHus: MeMOpaHbl Bo BpeMs 3acyxH [18]. Ocobbie
mramMmmbl PGPR 3HauuTeNpHO yiydaroT napaMeTpbl pocTa MIIEHHUIIbI, TAKUE KaK JUIMHA T00EroB
U KOpHEHl, BEC U KOJIMYECTBO KOPHEW B yCIOBUSX 3aCyXH, AEMOHCTPUPYSI CBOIO POJIb B YIyUIIEHUN
s dexToB 3acyxu. Unokymsauus PGPR moaynupyer skcnpeccuio reHOB, pearupyronmx Ha 3aCyXy
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(DREB2A u CAT1) B mmieHwmie, 4TO yKa3blBaeT HA TE€HETHYECKYID OCHOBY TOBBIIICHHOMN
yctoitunBoctd K 3acyxe [19]. Mnokynsuus PGPR yBenmuuuBaer comeprkanue xiopoduiia,
IpoJinHa, OOIIero pacTBOPUMOro caxapa M Oeika B MiIeHHUEe nOpu 3acyxe. CHUKEHHE
OKCHJIaTUBHBIX TMOBPEXKICHHM 3a CUET CHWXKEHUS HAKOIUIEHWS MAaJOHAHAIbJIErUAa B
oOpaboranHoit PGPR nienuie yka3piBaeT Ha yaydIIeHHYIO YCTOWYHBOCTD K 3acCyXe.

Nuokynsiusa PGPR npuBoauT K 3HAYUTEIbHOMY YIYYIIEHUIO CYXOMl Macchl KOpPHEH U
no0eroB B pa3IMYHBIX COpTax MIIEHUIIBI Mpu crpecce 3acyxu. Obpadorka PGPR mpuomut x
Jy4lIeMy POCTY KOpHEH, ciocoOCTBYsI YBENTUUYEHHUIO YCBOEHUSI MUTATENbHBIX BEUIECTB U BOJIBI.
WNnokynsauus PGPR Moapynupyer skcnpeccuio TI'€HOB, PEarupyrolux Ha 3acyXy, BKIIIOuas
yBenuuenne skcnpeccun DREB2A u CATI1, ycunuBas ycToiumBOCTh K 3acyxe. CHH)KEHHBIE
YPOBHHU TPAaHCKPUITOB I'€HOB, CBSI3aHHBIX cO cTpeccoM, B PGPR-MHOKYIMpOBaHHBIX pacTEHUSIX
CBUJICTEIILCTBYIOT 00 YJIYUIICHHOW YCTOMYMBOCTH K 3acyxe Omaroaps B3aumoaeiicteuto ¢ PGPR.
Muturanus 3acyxu ¢ nomombio PGPR xopomo nHaGmionanace y MNIIEHWYHBIX PpacTEHUM,
uHokynupoBanHbix Klebsiella sp., Enterobacter ludwigii u Flavobacterium sp. [19]. [Tirenuusnbie
pacTeHusl, HHOKyJIupoBaHHble TaMMamMu PGPR, Takke nmposiBUIM Tydinii BEreTaTUBHBIN POCT,
BbIcOKO€ 3HaueHne RWC, Huskoe coaepxxkanne MDA, yBeIUYEHHYIO aKKyMYJIAIMIO MPOJIMHA, a
TaKXe JPYTruX CBA3aHHBIX CO cTpeccoM MeTabonuToB [19].

IHa0puTHI

OHI0(QUTHBIE MUKPOOPIaHU3MbI, OOUTAIONINE B TKAHAX PACTEHUU, HE HAHOCS UM Bpela,
CTaJll MOIIHBIMH COIO3HUKAMH, CIIOCOOCTBYIOIIMMHU pOCTYy M ycToiuuBocTH pacteHuil. Ilo
CpaBHEHHUIO C pu3oCcPepHBIMU  OaKTepUsAMH, OSHIOPUTHI  JIEMOHCTPUPYIOT  OOJIBIIYIO
3QPEKTUBHOCTh B CTUMYJIMPOBAHUHU POCTA PACTEHUH, YBEIUYCHUN NPOJYKTUBHOCTH, 3aIIUTE OT
3arpsI3HUTENICH OKPYXKAIOMIeH Cpe/bl, TTOCTABKE Ba)KHBIX MUHEPAJIOB M 3aIIUTE OT OOJIE3HEH,
naToreHoB M Bpeautenent [20, 21]. DTOT yHUKaNbHBINA NAPTHEPCKUIN COI03 MEKIY PACTEHUSIMU U
SHA0(UTaMU IPUBJIEK 3HAYUTEIBHBIN HHTEPEC UCCIIEI0BATENEH.

XOTsI TOHKHE JETAIM O3THX B3aUMOAECHCTBHM OCTAlOTCS IMOJ BOIPOCOM, HEIABHUE
UCCJIEIOBaHMS TOJUYEPKUBAIOT BAXXKHYIO pPOJb SHAO(DUTOB B YCHIEHHUU Hecmerupuieckon
YCTOMYMBOCTU pAaCTEHUH K pa3iMyHBIM CTPeccoBbIM ¢akTopam [22]. DHAO(UTHI MOTYT
CTUMYJIMPOBATh POCT PACTEHUM J1aKe B YCIOBUSAX CHIIBHOM 3aCyXH, CIIOCOOCTBYSI OCMOTHYECKOMN
peryisiiMM M aHTHOKCUJAHTHOM aKTHBHOCTHM B KJIETKaxX pacTeHuii-xosses [23, 24]. Hanpuwmep,
SHI0(GUTHBIE TPUOBI OBUIM MOKa3aHbI, KaK CIOCOOHBIC YBEIWYUTh YCTOWYMBOCTH TIICHHUIIBI K
3acyxe u xape [25]. Touno Tak ke, s3H10puTHBIC ITaMMBbI Bacillus subtilis mposiBuim 3anmrHoe
JeiiCTBUE MPOTHUB MHOXKECTBA CTPECCOPOB OKPY’KAIOILIECH Cpe/bl, BKIIOYAs TSAXKeJIble METaJlIbl,
COJIGHOCTh U 3acyxy [26, 27, 28]. OTMeuyeHO, YTO HUCCIENOBATEIU YCIEIIHO HCIOIb30BaIN
SHIO0(UTHI JIJIs1 TPUIAHMS TETUIOCTOMKOCTH COEBBIM pacTeHusM [29].

Hecmotpss Ha 3TM NOCTM)KEHHs, IOJHOE IIOHUMAaHME MEXAHU3MOB, PETryIMPYIOIINX
MYTYaJIU3M MEXAY SHIOPUTHBIMU OaKTEpUsIMHU U pacTECHHUSIMH, ocTaeTcsi HesicHbIM. HeoOxonum
KOMILIEKCHBIN TOJXOJ] K MCCIEIOBAHUIO JJIS1 BBISICHEHUS! KOHKPETHBIX NEHCTBUN SHAO(MUTHBIX
OaxkTepuaJbHBIX IITAMMOB Ha pPAacTeHHUs B YCIOBHSIX CTpecca. DTOT MOAXOJA TakKe JOKEH
UCCIIEIOBaTh, KaK SHIO(PHUTH B3aUMOJCHCTBYIOT C APYIMMHU IOJIE3HBIMH MHUKPOOPTaHU3MaMU
BHYTPU PACTEHHUS, YTO MOXKET MPHUBECTH K CHHepreTHueckuM dddextam B HPOABHKECHUU
3I0pPOBbsSI pacTeHUl M ycTOMUMBOCTH K crpeccy. Ilorpyxkasch ray0xke B O3TH CIIOXKHBIC
B3aMMOJICHCTBHS, HCCIENOBAaTEId MOTYT PACKPBITh MOJHBIM MOTEHUMAN SHAOQUTOB IS
YCTOHYMBOTO CENBCKOI0 X0341CTBA B YCIOBHIX U3MEHSIOIIErOCs KJIMMaTa.

ApOyCKyJasipHble MUKOpH3HbIe IpnObI (AMF)

ApOyCkynsapuble Mukopu3Hble TpuObl (AMF) wurpator kitoueByl0 pojib B YCHICHUH
YCTOWYMBOCTH TMIICHUIIBI K 3acyXe, YCTAaHABIMBAash CUMOMOTHYECKHE OTHOIIEHHUS, KOTOPBIC
yIy4IIalOT BOJOMOIJIOIIEHNE PACTEHHUS U €r0 TOJIEPAHTHOCTh K cTpeccy. MeToll, BKIIOYaroIui
ucrosb3oBanue rpuboB AM, B yactHoctu Glomus monosporum u Acaulospora laevis, moka3an,
YTO OH CIIOCOOCTBYET POCTY MIIEHUIIBI U YIyYIlIaeT €€ alalTUBHOCTh K 3aCyXe MyTeM CO3/IaHus
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OnmaronmpusATHOM cUMOMO3a B KOHTpPOJIMpyeMbIX ycioBusx [30]. DTo  IOMOJHUTENHHO
HNOJATBEPAKIACTCA IKCIEPUMEHTANBHBIMU JaHHBIMHU, JIEMOHCTPUPYIOIIUMH, YTO KOJIOHHM3alHs
AMF MOXeT CMSr4uTh MOBpEXIeHUE (POTOCHMHTETHYECKOTO armapaTta MIIEHHUIIbI, BBI3BAaHHOE
3aCyXOH, YTO IPUBOJUT K YBEJIMYEHUIO OTHOCUTEIIBHOTO COJIEPKAHUS BOJIbI KaK B JINCThSIX, TAK U
B II0YBE, TEM CaMbIM YBEJIMYMBAs IOCTYIHOCTb BJaru JUIsl PacT€HUs U MOIAEPKHUBas €ro
s dexTuBHOCTh (PoTOCHHTE3a TIpH 3acyxe [31]. 3HaYUMOCTh pa3pabOTKH YyCTOWUYMBBIX K 3aCyXe
COPTOB INIICHHWLBI NOJYEPKUBAECTCA BBI3OBAMM, CTOSIIIMMM Ieped  KIMMaTHYEeCKUMU
U3MEHEHUSMHU, KOTOpBIE OKUAAIOTCS YMEHBIINUTh JOCTYMHOCTh BOJABI M YCYI'YOMTH YCIOBHS
3acyxu B 00JacTsX, I/ie BBIpAIIMBAETCS MIIEHHUIA. [ eHeTrnueckoe pazHooOpasue cpeiyd COpToB
NIIEHUIIBI, BKJIOYas IPEBHUE COPTA, MpeylaraeT MOTeHIal Ui yJIydlleHUus: YCTOMUYUBOCTH K
3acyxe. Hampumep, apeBHHI mopTyraabCkuil copT 'MecTHKO' MoKa3al MHOTr000EIIaoNIyIo
PaHHIOI YCTOWYMBOCTb K 3aCyX€ M T'€HETHUYECKYI0 YHUKAJIBHOCTb, YTO YKa3bIBACT HA HAIUYHE
YHHUKAQJIbHBIX XapaKTEPUCTHUK, MTOJIE3HBIX ISl IPOPACTaHMsI U pocTa B CyXUX ycioBusx [9]. bonee
TOTO, W3y4€HHE TC€HETUYECKUX AETEPMUHAHTOB M MOJEKYJSIPHBIX MEXaHM3MOB, JEKAaIlUX B
OCHOBE YCTOMUMBOCTH K 3aCyX€ y MIICHHUIIbI, TOAUYEPKHYIO PETYIATOPHYIO POJIb aOCIU30BOU
KucnoTsel (ABA) u ydacTue pa3iavyHbIX TPAHCKPUILMOHHBIX (PAaKTOPOB U OCMOIIPOTEKTAaHTOB B
peakuuu pacteHus Ha naepunut Boabl [32]. DTO MOJIEKYISPHOE MMOHWMAHUE JOTOJTHSET
IPaKTUYECKHE OIXO/bI K MOBBILIEHHUIO TOJEPAHTHOCTH K 3aCyXe, TaKue KakK BbIOOp YCTOMYMBBIX
K 3aCyX€ T€HOTUIIOB Ha OCHOBE NPU3HAKOB CEMSIH IIPY UMUTHUPOBAHHOM CTpecce oT 3acyxu [33] u
pa3paboTka cMeceil ynoOpeHuil Ui MIIEHUIIbI, TPU3BaHHBIX YIY4IIUTh YCTOMUUBOCTD K 3aCyXe
[34]. B uenom, unrerpanus cum6uoza AMF ¢ reHeTH4eCKUMU U MOJIEKYJISIPHBIMH CTPATETHUSMU
npeiaraeT KOMIUIEKCHBIM OJXO0/ K YCHJICHHIO YCTOHUMBOCTH MILEHUIIBI K 3aCyX€, UTO SABJISIETCA
BaYXHBIM JJI51 TOIEP>KAHUSI IPOJYKTUBHOCTH B YCIIOBUSAX YBEJIMYMBAIOLIETOCS CTPECCa OT 3aCyXHU
BCJICACTBUE U3MEHEHUS Kiaumara [35, 36, 37].

LlenenanpaB/ieHHOe NpUMeHeHHe MUKPOOPTAaHU3MOB

LenenanpaBieHHOE MPUMEHEHHE MUKPOOPTraHU3MOB, YCTOMUMBBIX K 3acyXe, BKIIIOYast
OakTepuu, ciocoocTByromIME pocTy pacteruii (PGPB), rpuosr apOy3kynsapHoit mukopu3ssl (AMF)
U OTIpeJIeIIEHHBIC BUIBI OAKTEPUIA, TOKA3aJI0 CYIIIECTBEHHOE TOBBIIIICHHE YCTOMYUBOCTH MIIICHUITBI
K 3aCyX€ 3a CUeT Pa3IMYHbIX MEXaHU3MOB. DTH MUKPOOPTaHU3MbI YIy4IlIaloT MOp(doioruueckue,
(GU3UKO-OMOXMMHYECKHUE U YIBTPACTPYKTYPHBIC XapAKTEPUCTUKHU IMIIICHUIIBI B YCIOBUSAX 3aCyXH,
yJydinasi pocT KOpHel U Mo0eroB, GOTOCHHTETHYECKYIO aKTUBHOCTD U CITIOCOOCTBYS HAKOTJIEHUIO
OCMOIIPOTEKTOPOB M aHTHOKCUIAHTOB, TEM CAMBIM CHUXasi OKCHUAATHBHBIM CTpecC W yiydlnas
BOJIONIOTJIONIEHHE W TIOYBEHHOE YCBOEHHME MNUTATENIbHBIX BemiecTB [46]. Hampumep, HOBBII
pusochepubiit 6akrepuyMm SH-8, BbimeneHHBIM W3 puU3oChEpHON MOYBBI pacTeHHW Artemisia,
MPOJEMOHCTPUPOBANI BBICOKYIO TOJIEPAHTHOCTH K OKHCIUTEIBHOMY CTpECCY W 3HAUYUTEIHHO
YCHIIUJ YCTOMYMBOCTH K 3aCyX€ U MOTSHIIMAN BCXOXKECTH CEMSH MIICHUIIBI Yepe3 OUOTPOIUTKY,
yKa3bIBas Ha €ro MOTEHIMAJ B Ka4yeCTBE OMOYI0OpEeHHUs B YCIOBUSX 3acyXxH [47]. AHamoru4so,
OBLIH MTPEAJIOKEHBI CTPATErMH BEIOOPA aIaITUPOBAHHBIX K 3aCyXe PU3OMUKPOOUOMOB U IIENIEBBIX
acconuanuii PGPR 115t moBbIIEHUS] YCTOMYMBOCTU PACTEHUN K 3aCyXe, MOTYEPKUBAs BaXKHOCTh
CEJIeKLIUH, OCYIIECTBISIEMON XO3SIMHOM, M MHTETPUPOBAHHBIM aHAIU3 HAa YPOBHE OMHUKC ISt
ontumanbHOoro BbiOOpa PGPR [48]. MccnemoBanusi Takyke BBISBHJIM OIPEIACICHHBIC BHJIBI
Oakrepuii, Takue kak Bacillus wiedmannii, koTopbie MOBBILIAIOT YCTOHYMBOCTH MINEHHIBI K
3acyxe mpu 00paboTke ceMsH, moadepkuBas poiab PGPR B yBennuenun yposkailHOCTH pacTeHUN
npu abnotryeckoM crpecce [49]. Kpome toro, coBmectnoe npumenenue Azospirillum brasilense
u HaHovacTull ZnO Takxe 0OHapyKEHO CHHEPTHUYECKOe YBEINUEHNE MPOAYKTUBHOCTH MILEHUIIbI
OpU 3acyxe 3a CYeT YNy4IIeHHWs BOJHOTO PEXHMa, CHHTE3a XJIOpOopWwia U aKTUBHOCTU
anTrokcuanToB [50, 51]. Beinenennsie PGPR, mpousBogsmue sx3ononucaxapuasl (EPS), Takue
kak mrammel Chryseobacterium sp., Acinetobacter sp. u Klebsiella sp., moka3anu norennuan B
MHAYKIIUH TOJIEPAHTHOCTH K 3acCyX€ y MIICHUIIbI 32 CUET YJIy4lIeHHUs KOpHEeBOW Mopdonoruu u
pocta BcxomoB [52]. Bomee toro, mrammber Rhizobium leguminosarum 6butn oOHapyxeHBI B
YMEHBILIEHUH CTPecca OT 3aCyXHU y MIICHUIIBI ITyTeM YIIy4IlIEHUS TapaMeTPOB pOCTa, COAEP>KaHUs
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XJopo(UIUla U YMEHBIIEHUS MapKepOB OKHUCIUTENBLHOTO cTpecca [53]. M3onsaTel OGakrepwii,
dbopMmupyroie ONOIUIEHKH U3 MOYB apUAHBIX JTYTOB, TAKXKE IPOAEMOHCTPUPOBAIIA CIOCOOHOCTh
CTUMYJHUPOBATh POCT TIICHHUIBI TpH JAeDUIUTE BOABI 3a CUET YIAYYIICHHS KOPHEBBIX
XapaKTEPUCTUK M aHTUOKCUAAHTHOM CUCTEMBI 3alUThI [54, 55].

[IpakTHyeckoe MpUMEHEHHE pa3IMYHbIX OaKTepUil U rPUOOB IS YCHIICHHS YCTOWYUBOCTH
NIICHUIIBI K 3aCyX€ BKJIIOYAET MCIOJb30BaHHE OJIArONMPHUSATHBIX MHUKPOOHBIX COOOIIECTB MAJIs
HOJJICP’KKH pOCTa M YCTOMYMBOCTH PAcTEHUM B YCIOBHUAX Aeduumra Boxsl [56]. Hampuwmep,
WCIIOJIB30BaHUE pHU300aKkTepuid, crocoOcTByromux pocty pacteHuid (PGPR), m Mukopu3HBIX
IpuOOB MOXET 3HAYUTENBHO YIYUYIIUTh 3(PPEKTUBHOCTh YCBOCHHS IMUTATEIbHBIX BEILECTB,
YBEJIMYUTH POU3BOJICTBO OMOMACCHI U MOBBICUTh YCTOMYHUBOCTE K 3aCyX€ B KYJIbTYpax MIIEHUIIbI
[57]. Omnpenenennbie MUKpPOOpraHW3MbI, Takue kak Enterobacter cloacae, Achromobacter
xylosoxidans u Mortierella alpina, 6sl1H BBIICIEHBI 32 UX CIIOCOOHOCTH CTHUMYJIHPOBATh POCT
pacteHuil, yBennuuBaTh 3PPEKTUBHOCTH (POTOCHHTE3A U CHHTE3UPOBATh POCTO-CTUMYIIUPYIOLIHE
COEMHEHUS, YTO B KOHEYHOM HTOT'€ MTOMOTaeT PaCTEHUSM IMILIEHUIbI CIIPABISATHCS CO CTPECCOM
ot 3acyxu [58]. IlyreM ncnonbp30BaHUS MEXaHU3MOB ITOBBIILIEHUSI YCTOMUMBOCTH K 3aCyX€ 3a CUET
MHUKpoOHoMa (GepMepbl U HCCIECIOBATEIN MOTYT MPUMEHITh 3TH OJaronpusTHbIC OaKTepUH U
IpuObI 7S BHIPALIMBAHUSA YCTOMUUBBIX K 3aCyX€ COPTOB IMIICHUIIBI C YIy4IIEHHOW OHoMaccoit
KOpHEH U MoOeroB, cofiepKaHNUeM MUTATEIbHBIX BEIIECTB U 00IIel YCTONYMBOCTHIO K AEPUIUTY
BOJIbI [59, 60].

[loTeHMan yCTOMYMBBIX K 3aCyX€ MHUKPOOPraHW3MOB B YCWJIEHHUHU PACTUTEIbHOU
YCTOMYMBOCTU K OCMOTHYECKOMY CTPECCY XOPOLIO JAOKYMEHTHUPOBAH, U CIEAYIOLIUM IIaroM
ABIIIETCS UX TPAHCISIIMSA U3 JTa0OpaTOPHBIX YCIOBUI B IMOJIEBbIE YCJIOBHS uepe3 pa3padoTKy
MHUKpoOHonornyeckux Ouoynobpennii [61]. DddextuBHble Qopmynauuun OuoymnodpeHuit
JOJIKHBI COIepKAaTh METaOOIMYECKH aKTUBHBIE OPTaHU3Mbl, UMETh UTUTEIbHBIA CPOK TOTHOCTU
U OBITh DKOJIOTHYECKM Oe30MacHBIMH U OuoperpaaupyembeiMu [62]. TIpuMeHeHne MHKOpPH3 B
COYETaHUM C a30TOOAKTEPOM U a30CIUPUILION IMOKa3alo yBEIWYeHHEe OMOMacchl KOpHEH u
no0eroB, MpoJIMHA, KAPOTUHOUAOB, d3(UPHBIX Maceld, a3oTa U Kainus B Valeriana officinalis mpu
ctpecce ot 3acyxu [63]. buodopmymsius, cocrosias u3 Enterobacter cloacae, Achromobacter
xylosoxidans, Leclercia adecarboxylata u npeBecHoro oTxona OHOYTIIs, 3HAYUTEIBHO YIYYIIHIA
YCTOMYMBOCTh K 3aCyXe KYyKypy3bl, YTO TOJTBEP)KIACTCS YBEIMYEHHEM CKOPOCTHU pOCTa,
ypoKaHOCTH, Kod(duImMeHTa ra3000MeHa U KOHIIEHTpAauu (POTOCHHTETUYECKUX MMUTMEHTOB
[64].

X0341icTBEeHHOE-Me AN HHXHHUPUHT MUKpoornoma (HMME) - 3To MeToa, mpu KOTOpoM
yU€HbI€ UCIOJIB3YIOT PACTEHUS /111 €CTECTBEHHOT0 0TOOpa MOJIE3HBIX MUKPOOPTaHU3MOB B [TOYBE
C LENbI0 YITYYIIEHHs] CIIOCOOHOCTH PACTEHHsI CHPABIATHCS C CYXUMH YCIOBHMSMH, BBIpAIINUBasi
pacTeHHsl B 3TUX YCIOBHUSAX U BBIOMpAs JIydlIMe BUJIbI JJI pa3BEeICHUS CIIEAYIONUIErO MOKOJICHHUS
pacTeHmii ¢ OJarompusATHBIM IOYBEHHBIM cOOOIIecTBOM [65]. DTOT mporecc BKIOYAET
CMEITMBAaHNUE TIOYBBI BOKPYT KOPHEH JTYUIINX PaCTeHUI ¢ O€30MacHOM MOYBOM M UCIIOJIH30BAHUE
ATOH CMECH JJs BBIPALIMBAHUS CIEAYIOIIErO IOKOJIEHUS PACTEHUN C II€JIbI0 IOBBIIIECHUS
YCTOMYMBOCTHU K 3aCyXe 4epe3 HECKOJIbKO MHUKJIOB [66]. B xome 1abopaTOpHBIX SKCIIEPUMEHTOB
HMME ob6ecrnieunsi OTCpOUKYy B 5 JHEH MOSIBICHUS CHMIITOMOB CTpecca OT 3aCyXH y BCXOJOB
MIICHMIIBI, YTO YKa3bIBAET HAa MOBBINICHHYIO YCTOMYMBOCTH K 3acyxe. Muokymsuus HMME
3HAYUTEIBHO YBEIMUYMIa OMOMaccy pacTeHUH, CyXylo Maccy KOpHeH, oOIIylo ATUHY KOpHEH u
IJI0IIaAb TOBEPXHOCTH [67].

3akiaioueHue

I/ICHOHBSOBaHI/IC MI/IKpOGHBIX IIOMOIIIHUKOB OTKpBIBaeT HepCHeKTI/IBHIale BO3MOXHOCTHU OJIs1
VIYYIICHUS yCTOWYMBOCTH TIICHHUIBI K 3acyXe B YCIOBHSAX HW3MEHSIONIETOCS KiMMaTa.
CuHepreTuyeckre B3aUMOJCHCTBUS MEXKIY PACTCHHUSMU U ONAaronpusTHBIMH MHKpOOaMu
MPOJIAXXUBAIOT TYTh K YCTOMYHMBBIM, OHOOCHOBAaHHBIM CTpaTeTUsM I oOOecreueHus
HpOI[OBOHBCTBCHHOﬁ 6630HaCHOCTI/I B peI‘I/IOHaX, HO,Z[Bep)KeHHBIX 3aCy1_H.HI/IBI>IM yCJ'IOBI/ISIM.
Pa306510knpoBaB MOTHBIN MOTEHIIMAT MUKPOOHBIX COIO3HUKOB, HCCIICIOBATENH M (hepMEPHI MOTYT
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BBIpAIIMBATh YCTOWYMBBIE COPTA MILIEHHIIBI, CTIOCOOHBIE BBIICPKHUBATD TATOTHI CTPECCa OT 3aCyXH,
TEM caMbIM OO0ecreunBas CeIbCKOXO3SUCTBEHHYIO MPOAYKTUBHOCTb B H3MEHSAIOIIEMCS
KIUMaTudeckoM  JaHmmadte. HampaBrieHHoe  NpUMEHEHHE  yCTOWYHMBBIX K 3acyxe
MUKpoopranu3moB, Bkimodas PGPB, AMF wu onpenenennbie OakTepuaibHBIC IITaMMBI,
IIpEeJIaracT MEPCIEKTUBHBIN MTOAXO0 K YIYUYIICHUIO YCTOMYMBOCTH IIIEHUIIBI K 3acyxe. Ilyrem
yIIy4IIEeHUs pocTa KOpHEH 1 moOeros, CKOpocT POTOCUHTE3a M AaKTUBHOCTH aHTHOKCHUIAHTOB 3TU
MUKPOOPTaHU3MBI CITIOCOOCTBYIOT YIYUIICHHIO POCTa, YCTOWYMBOCTU K CTPECCY U YpOKaHHOCTH
B YCIIOBUSIX OIPAaHUYEHHOTO JIOCTYIIA K BOJIE.

Jluteparypa:

1 Holly, Hone., Ross, Mann., Guodong, Yang., Jatinder, Kaur., Tannenbaum, lan, Ross., Tongda, Li.,
German, Spangenberg., Tim, Sawbridge. "Profiling, isolation and characterisation of beneficial microbes from
the seed microbiomes of drought tolerant wheat.” Scientific Reports, 11 (2021).:11916-11916. (doi:
10.1038/541598-021-91351-8)

2 Zhaoyu, Kong., Hongguang, Liu. "Modification of Rhizosphere Microbial Communities: A Possible
Mechanism of Plant Growth Promoting Rhizobacteria Enhancing Plant Growth and Fitness.” Frontiers in Plant
Science, 13 (2022). (doi: 10.3389/fpls.2022.920813)

3 Yalin, Chen., Zongmu, Yao., Yu, Sun., Enze, Wang., Chunjie, Tian., Yang, Sun., Juan, Liu., Chunyu,
Sun., Lei, Tian. "Current Studies of the Effects of Drought Stress on Root Exudates and Rhizosphere
Microbiomes of Crop Plant Species.” International Journal of Molecular Sciences, 23 (2022).:2374-2374. (doi:
10.3390/ijms23042374)

4 M., D., Mashabela., Lizelle, A., Piater., lan, A., Dubery., Fidele, Tugizimana., Msizi, I., Mhlongo.
"Rhizosphere Tripartite Interactions and PGPR-Mediated Metabolic Reprogramming towards ISR and Plant
Priming: A Metabolomics Review." Biology, 11 (2022).:346-346. (doi: 10.3390/biology11030346)

5 Sharma, Sandeep, and Kailash Chand Kumawat. "Role of rhizospheric microbiome in enhancing plant
attributes and soil health for sustainable agriculture.” Core microbiome: improving crop quality and productivity
(2022): 139-162. (doi: 10.1002/9781119830795.ch8)

6 Zia, Rabisa, et al. "Seed inoculation of desert-plant growth-promoting rhizobacteria induce biochemical
alterations and develop resistance against water stress in wheat." Physiologia Plantarum 172.2 (2021): 990-
1006. D0i:10.1111/ppl.13362

7 Yandigeri, Mahesh S., et al. "Drought-tolerant endophytic actinobacteria promote growth of wheat
(Triticum aestivum) under water stress conditions.” Plant Growth Regulation 68 (2012): 411-420.
D0i:10.1007/s10725-012-9730-2

8 Llorens, Eugenio, et al. "Endophytes from wild cereals protect wheat plants from drought by alteration
of physiological responses of the plants to water stress.” Environmental microbiology 21.9 (2019): 3299-3312.
doi.:10.1111/1462-2920.14530

9 Sonal, Mathur., Rupal, Singh, Tomar., Anjana, Jajoo. "Arbuscular Mycorrhizal fungi (AMF) protects
photosynthetic apparatus of wheat under drought stress.” Photosynthesis Research, 139 (2019).:227-238. (doi:
10.1007/S11120-018-0538-4)

10 Muhammad, Latif., Syed, Asad, Hussain, Bukhari., A., Alrajhi., Fahad, E., Alotaibi., Magshoof,
Ahmad., Ahmad, Naeem, Shahzad., Ahmed, Z., Dewidar., Mohamed, A., Mattar. “Inducing Drought Tolerance
in Wheat through Exopolysaccharide-Producing Rhizobacteria.” Agronomy, 12 (2022).:1140-1140. (doi:
10.3390/agronomy12051140)

11 Raza, Muhammad Aown Sammar, et al. "Amelioration of Drought Stress in Wheat by Using Plant
Growth Promoting Rhizobacteria (PGPR) and Biogas Slurry.” Doi: 10.21203/rs.3.rs-3073631/v1 (2023).

12 Urooj, Rashid., Humaira, Yasmin., Muhammad, Nadeem, Hassan., Rabia, Naz., Asia, Nosheen.,
Muhammad, Sajjad., Noshin, Ilyas., Rumana, Keyani., Zahra, Jabeen., Saqgib, Mumtaz., Mohammed, Nasser,
Alyemeni., Parvaiz, Ahmad., Parvaiz, Ahmad. "Drought-tolerant Bacillus megaterium isolated from semi-arid
conditions induces systemic tolerance of wheat under drought conditions.” Plant Cell Reports, (2021).:1-21.
(doi: 10.1007/S00299-020-02640-X)

13 Firoz, Ahmad, Ansari., Musarrat, Jabeen., Igbal, Ahmad. "Pseudomonas azotoformans FAP5, a novel
biofilm-forming PGPR strain, alleviates drought stress in wheat plant.” International Journal of Environmental
Science and Technology, 18 (2021).:1-16. (doi: 10.1007/S13762-020-03045-9)

14 Amir, Khan., Ajay, Veer, Singh. "Multifarious effect of ACC deaminase and EPS producing
Pseudomonas sp. and Serratia marcescens to augment drought stress tolerance and nutrient status of wheat.”
World Journal of Microbiology & Biotechnology, 37 (2021).:1-17. (doi: 10.1007/S11274-021-03166-4)

15 Muhammad, Zafar-ul-Hye., Subhan, Danish., Mazhar, Abbas., Magshoof, Ahmad., Tariq,
Muhammad, Munir. "ACC Deaminase Producing PGPR Bacillus amyloliquefaciens and Agrobacterium fabrum

20



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024 www. imv-journal.kz

along with Biochar Improve Wheat Productivity under Drought Stress." Agronomy, 9 (2019).:343-. (doi:
10.3390/AGRONOMY9070343)

16 Iti, Gontia-Mishra., Swapnil, Sapre., Anubha, Sharma., Sharad, Tiwari. "Amelioration of drought
tolerance in wheat by the interaction of plant growth-promoting rhizobacteria." Plant Biology, 18 (2016).:992-
1000. (doi: 10.1111/PLB.12505)

17 Naeem, Khan., Asghari, Bano., Muhammad, Shahid., Wajid, Nasim., Ali, Babar. "Interaction between
PGPR and PGR for water conservation and plant growth attributes under drought condition.”" Biologia, 73
(2018).:1083-1098. (doi: 10.2478/S11756-018-0127-1)

18 Ye. A, Oleynikova., Zh. N., Ermekbay., G. V., Kerdjashkina., A. Zh., Alybaeva., A. A., Amangeldi.,
A. V., Chizhaeva., M. G., Saubenova., G. V., Kerdjashkina., M. E., Yelubaeva. "Endophytic microorganisms
increasing wheat resistance to drought." Mikrobiologia Zane virusologida, (2022). (doi: 10.53729/mv-
as.2022.01.06)

19 Deepti, Barnawal., Deepti, Barnawal., Nidhi, Bharti., Nidhi, Bharti., Shiv, Shanker, Pandey., Alok,
Pandey., Chandan, S., Chanotiya., Alok, Kalra. "Plant growth-promoting rhizobacteria enhance wheat salt and
drought stress tolerance by altering endogenous phytohormone levels and TaCTR1/TaDREB2 expression."
Physiologia Plantarum, 161 (2017).:502-514. (doi: 10.1111/PPL.12614)

20 Gontia-Mishra, Iti, et al. "Molecular diversity of 1-aminocyclopropane-1-carboxylate (ACC)
deaminase producing PGPR from wheat (Triticum aestivum L.) rhizosphere.” Plant and soil 414 (2017): 213-
227.(D0i:10.1007/s11104-016-3119-3)

21 Leach, J. E., Triplett, L. R., Argueso, C. T., & Trivedi, P. "Communication in the phytobiome." Cell
169.4 (2017): 587-596.

22 Shultana, Rakiba, et al. "The PGPR mechanisms of salt stress adaptation and plant growth promotion.”
Agronomy 12.10 (2022): 2266.( doi: 10.3390/agronomy12102266)

23 Fadiji, Ayomide Emmanuel, and Olubukola Oluranti Babalola. "Elucidating mechanisms of
endophytes used in plant protection and other bioactivities with multifunctional prospects.” Frontiers in
Bioengineering and Biotechnology 8 (2020): 467. (doi: 10.3389/fbioe.2020.00467)

24 Lata, Rusi, et al. "Induction of abiotic stress tolerance in plants by endophytic microbes.” Letters in
applied microbiology 66.4 (2018): 268-276. (doi:10.1111/lam.12855)

25 Kour, Divjot, et al. "Rhizospheric microbiomes: biodiversity, mechanisms of plant growth promotion,
and biotechnological applications for sustainable agriculture.” Plant growth promoting rhizobacteria for
agricultural sustainability: from theory to practices (2019): 19-65.

26 Arora, Naveen Kumar, et al. "Halo-tolerant plant growth promoting rhizobacteria for improving
productivity and remediation of saline soils." Journal of Advanced Research 26 (2020): 69-82. (doi:
10.1016/j.jare.2020.07.003)

27 Kumar, Pankaj, R. C. Dubey, and D. K. Maheshwari. "Bacillus strains isolated from rhizosphere
showed plant growth promoting and antagonistic activity against phytopathogens.” Microbiological research
167.8 (2012): 493-499. (doi: 10.1016/j.micres.2012.05.002)

28 Kumar, Pankaj, Satyajeet Khare, and R. C. Dubey. "Diversity of bacilli from disease suppressive soil
and their role in plant growth promotion and yield enhancement.” New York Sci J 5.1 (2012): 90-111.

29 Mitter, Eduardo K., et al. "Rethinking crop nutrition in times of modern microbiology: innovative
biofertilizer technologies.” Frontiers in Sustainable Food Systems 5 (2021): 606815.( doi:
10.3389/fsufs.2021.606815)

30 Khan, M. A., et al. "Plant growth-promoting endophytic bacteria augment growth and salinity tolerance
in rice plants.” Plant Biology 22.5 (2020): 850-862. (doi:10.1111/plb.13124)

31 Arzoo, Ahad., Manal, Arshad., Namrah, Ahmad., Mahnoor, llyas., Tuba, Sharf, Batool., Mahnoor,
Ejaz., Alvina, Gul., Munir, Ozturk. "Abiotic stress tolerance in wheat with emphasis on drought." Journal of
Cereal Research, 14 (2022). (doi:10.25174/2582-2675/2022/126890)

32 Gizie, Abeje, Belay., Zhengbin, Zhang., Ping, Xu. "Physio-Morphological and Biochemical Trait-
Based Evaluation of Ethiopian and Chinese Wheat Germplasm for Drought Tolerance at the Seedling Stage."”
Sustainability, 13 (2021).:4605-. (doi: 10.3390/SU13094605)

33 Li, Zhongjiu. "Wheat compound fertilizer with functions of drought resistance and premature
senescence prevention." (2017).

34 Ivo, Pavia., Luis, Rocha., José, Moutinho-Pereira., José, Lima-Brito., Carlos, Correia. "Screening for
drought resistance during germination of modern and old Iberian wheat cultivars.” Acta Botanica Croatica, 78
(2019).:169-174. (doi: 10.2478/BOTCR0O-2019-0012)

35 M., V., Sidorenko., S., V., Chebotar. "Genetic determination of drought resistance in common wheat
(Triticum aestivum L.)." Visnik Ukrains'kogo tovaristva genetikiv i selekcioneriv, 20 (2023).:31-47. (doi:
10.7124/visnyk.utgis.20.1-2.1511)

21



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

36 Muhammad, Naveed., Usama, Waheed. "Genomic advancement of wheat for climate-smart and
drought-resistance variety: a review." International journal of advanced research, 11 (2023).:361-372. (doi:
10.21474/ijar01/16431

37 Elena, Todorvska., Stanislav, Kolev., Roxana, Nicolae., lonica, Guinea., Nicolae, Saulescu. "Marker
- assisted selection (mas) for drought tolerance in wheat using markers associated with membrane stability
selectia asistatd de markeri asociati stabilitatii membranelor pentru toleranta graului la seceta." (2009).

38 Yavas, Ilkay, and Aydin Unay. "Evaluation of some properties for drought resistance in bread Wheat."
(2011).

39 Singh, Madhulika, Jai Gopal Sharma, and Bhoopander Giri. "Microbial inoculants alter resilience
towards drought stress in wheat plants.” Plant Growth Regulation 101.3 (2023): 823-843. (doi: 10.21203/rs.3.rs-
2990489/v1)

40 Ali, Bahadur., Asfa, Batool., Fahad, Nasir., Fahad, Nasir., Shengjin, Jiang., Qin, Mingsen., Qi, Zhang.,
Jianbin, Pan., Yongjun, Liu., Huyuan, Feng. "Mechanistic Insights into Arbuscular Mycorrhizal Fungi-Mediated
Drought Stress Tolerance in Plants..” International Journal of Molecular Sciences, 20 (2019).:4199-. (doi:
10.3390/1IMS20174199)

41 Tzabela, Marcinska., Ilona, Czyczylo-Mysza., Edyta, Skrzypek., Maciej, T., Grzesiak., Franciszek,
Janowiak., Maria, Filek., Michal, Dziurka., Kinga, Dziurka., Piotr, Waligdrski., Katarzyna, Juzon., Katarzyna,
Cyganek., Stanistaw, Grzesiak. "Alleviation of osmotic stress effects by exogenous application of salicylic or
abscisic acid on wheat seedlings.” International Journal of Molecular Sciences, 14 (2013).:13171-13193. (doi:
10.3390/1JMS140713171)

42 Mohammad-Reza, Sarafraz-Ardakani., Ramazan, Ali, Khavari-Nejad., Foad, Moradi., Farzaneh,
Najafi. "Abscisic Acid and Cytokinin-Induced Osmotic and Antioxidant Regulation in Two Drought-Tolerant
and Drought-Sensitive Cultivars of Wheat During Grain Filling Under Water Deficit in Field Conditions."
Notulae Botanicae Horti Agrobotanici Cluj-napoca, 6 (2014).:354-362. (doi: 10.15835/NSB.6.3.9301)

43 Ankita, Pandey., Rinki, Khobra., H., M., Mamrutha., Zeenat, Wadhwa., Gopalareddy, Krishnappa.,
Gyanendra, Singh. "Elucidating the Drought Responsiveness in Wheat Genotypes." Sustainability, 14
(2022).:3957-3957. (doi: 10.3390/su14073957)

44 Koua, Ahossi Patrice, et al. "Breeding driven enrichment of genetic variation for key yield components
and grain starch content under drought stress in winter wheat.” Frontiers in Plant Science 12 (2021): 684205.
(doi: 10.22541/au.164864945.52920985/v1)

45 Leila, Nasirzadeh., Behzad, Sorkhilaleloo., Eslam, Majidi, Hervan., Foad, Fatehi. "Changes in
antioxidant enzyme activities and gene expression profiles under drought stress in tolerant, intermediate, and
susceptible wheat genotypes.” Cereal Research Communications, 49 (2021).:83-89. (doi: 10.1007/S42976-020-
00085-2)

46 Singh, Madhulika, Jai Gopal Sharma, and Bhoopander Giri. "Microbial inoculants alter resilience
towards drought stress in wheat plants.” Plant Growth Regulation 101.3 (2023): 823-843. (doi: 10.21203/rs.3.rs-
2990489/v1)

47 Shifa, Shaffique., Muhammad, Imran., Sang-Mo, Kang., Muhammad, Aaqil, Khan., Sajjad, Asaf.,
Won-Chan, Kim., In-Jung, Lee. "Seed Bio-priming of wheat with a novel bacterial strain to modulate drought
stress in Daegu, South Korea.” Frontiers in Plant Science, 14 (2023). (doi: 10.3389/fpls.2023.1118941)

48 Ana, Paula, Rosa., Teresa, Cristina, Albuguerque, de, Castro, Dias., Abdul, Mounem, Mouazen.,
Cristina, Cruz., Margarida, Santana. "Finding optimal microorganisms to increase crop productivity and
sustainability under drought — a structured reflection.” Journal of Plant Interactions, 18 (2023). (doi:
10.1080/17429145.2023.2178680)

49 Leila, Karimzad., Reza, Khakvar., Mehdi, Younessi-Hamzekhanlu., Majid, Norouzi., M, Amani.,
Nasrin, Sabourmoghaddam. "Drought tolerance induction in wheat by inoculation of seeds with a novel growth-
promoting bacteria.” Biocatalysis and agricultural biotechnology, 47 (2023).:102594-102594. (doi:
10.1016/j.bcab.2022.102594)

50 Fageer, Muhammad., Muhammad, Aown, Sammar, Raza., Rashid, Igbal., Faisal, Zulfigar.,
Muhammad, Aslam., Jean, Wan, Hong, Yong., Muhammad, Ahsan, Altaf., Bilal, Zulfigar., Jawad, Amin.,
Muhammad, Ibrahim. "Ameliorating Drought Effects in Wheat Using an Exclusive or Co-Applied Rhizobacteria
and ZnO Nanoparticles.” Biology, 11 (2022).:1564-1564. (doi: 10.3390/biology11111564)

51 Raza, Muhammad Aown Sammar, et al. "Amelioration of Drought Stress in Wheat by Using Plant
Growth Promoting Rhizobacteria (PGPR) and Biogas Slurry.” (2023). (doi: 10.21203/rs.3.rs-3073631/v1)

52 Muhammad, Latif., Syed, Asad, Hussain, Bukhari., A., Alrajhi., Fahad, E., Alotaibi., Magshoof,
Ahmad., Ahmad, Naeem, Shahzad., Ahmed, Z., Dewidar., Mohamed, A., Mattar. “Inducing Drought Tolerance
in Wheat through Exopolysaccharide-Producing Rhizobacteria.” Agronomy, 12 (2022).:1140-1140. (doi:
10.3390/agronomy12051140)

22



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024 www. imv-journal.kz

53 Marcia, Barquero., Jorge, Poveda., Ana, M., Laureano-Marin., Noemi, Ortiz-Liébana., Javier, Brafias.,
Fernando, Gonzalez-Andrés. "Mechanisms involved in drought stress tolerance triggered by rhizobia strains in
wheat." Frontiers in Plant Science, 13 (2022). (doi: 10.3389/fpls.2022.1036973)

54 E., Pattey, And, Y., Karimi., Nasser, Aliasgharzad., Ezatollah, Esfandiari., Mohammad, Bagher,
Hassanpouraghdam., Thomas, R., Neu., Francois, Buscot., Thomas, Reitz., Claudia, Breitkreuz., Mika, T.,
Tarkka. "Biofilm forming rhizobacteria affect the physiological and biochemical responses of wheat to drought."
AMB Express, 12 (2022). (doi: 10.1186/s13568-022-01432-8)

55 E., Pattey, And, Y., Karimi., Nasser, Aliasgharzad., Ezatollah, Esfandiari., Mohammad, Bagher,
Hassanpouraghdam., Thomas, R., Neu., Frangois, Buscot., Thomas, Reitz., Claudia, Breitkreuz., Mika, T.,
Tarkka. "Biofilm forming rhizobacteria affect the physiological and biochemical responses of wheat to drought."
AMB Express, 12 (2022). (doi: 10.1186/s13568-022-01432-8)

56 Shifa, Shaffique., Muhamad, Aaqil, Khan., Muhamad, Ali, Imran., Sang-Mo, Kang., Yong-Sung,
Park., Shabir, H., Wani., In-Jung, Lee. "Research Progress in the Field of Microbial Mitigation of Drought Stress
in Plants.” Frontiers in Plant Science, 13 (2022). (doi: 10.3389/fpls.2022.870626)

57 Manoj, Kaushal., Suhas, P., Wani. "Plant-growth-promoting rhizobacteria: drought stress alleviators
to ameliorate crop production in drylands." Annals of Microbiology, 66 (2016).:35-42. (doi: 10.1007/S13213-
015-1112-3)

58 Firoz, Ahmad, Ansari., Musarrat, Jabeen., Ighal, Ahmad. "Pseudomonas azotoformans FAP5, a novel
biofilm-forming PGPR strain, alleviates drought stress in wheat plant." International Journal of Environmental
Science and Technology, 18 (2021).:1-16. (doi: 10.1007/S13762-020-03045-9)

59 Manoj, Kaushal. "Microbes in Cahoots with Plants: MIST to Hit the Jackpot of Agricultural
Productivity during Drought.” International Journal of Molecular Sciences, 20 (2019).:1769-. (doi:
10.3390/1IMS20071769)

60 Ayomide, Emmanuel, Fadiji., Ma., del, Carmen, Orozco-Mosqueda., Sergio, de, los, Santos-
Villalobos., Gustavo, Santoyo., Olubukola, Oluranti, Babalola. "Recent Developments in the Application of
Plant Growth-Promoting Drought Adaptive Rhizobacteria for Drought Mitigation." Plants, 11 (2022).:3090-
3090. (doi: 10.3390/plants11223090)

61 Jochum, Michael D., et al. "Host-mediated microbiome engineering (HMME) of drought tolerance in
the wheat rhizosphere." Plos one 14.12 (2019): e0225933.

62 Mathur, Piyush, and Swarnendu Roy. "Insights into the plant responses to drought and decoding the
potential of root associated microbiome for inducing drought tolerance.” Physiologia Plantarum 172.2 (2021):
1016-1029.

63 Abid, Ullah., Mohammad, Nisar., Hazrat, Ali., Ali, Hazrat., Kashif, Hayat., Ayaz, Ali, Keerio.,
Muhammad, Ihsan., Muhammad, Laiq., Sana, Ullah., Shah, Fahad., Aziz, Khan., Aamir, Hamid, Khan., Adnan,
Akbar., Xiyan, Yang. "Drought tolerance improvement in plants: an endophytic bacterial approach.” Applied
Microbiology and Biotechnology, 103 (2019).:7385-7397. (doi: 10.1007/S00253-019-10045-4)

64 Franciska, T., de, Vries., Franciska, T., de, Vries., Robert, 1., Griffiths., Christopher, Knight., O.,
Nicolitch., Alex, Williams. "Harnessing rhizosphere microbiomes for drought-resilient crop production.”
Science, 368 (2020).:270-274. (doi: 10.1126/SCIENCE.AAZ5192)

65 Muhammad, Siddique, Afridi., Sher, Ali., Abdul, Salam., Willian, César, Terra., A., Hafeez., Sumaira.,
Baber, Ali., Mona, S., AlTami., Fuad, Ameen., Sezai, Ercisli., Romina, Alina, Marc., Flavio, Henrique,
Vasconcelos, de, Medeiros., R, Karunakaran. "Plant Microbiome Engineering: Hopes or Hypes." Biology, 11
(2022).:1782-1782. (doi: 10.3390/biology11121782)

66 Nathan, Vannier., Matthew, T., Agler., Stéphane, Hacquard. "Microbiota-mediated disease resistance
in plants.." PLOS Pathogens, 15 (2019). (doi: 10.1371/JOURNAL.PPAT.1007740)

67 Jochum, Michael D., et al. "Host-mediated microbiome engineering (HMME) of drought tolerance in
the wheat rhizosphere." Plos one 14.12 (2019): e0225933.

23



