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nh?kksZi;ksxh —f’k esa iks’kd rRoksa ds çca/ku vkSj ikS/kksa ds fodkl dks c<+kok
nsus esa dodewy dh Hkwfedk % ,d leh{kk

Hkkouk lDlsuk1

lkjka”k
dodewy ikS/kksa dh tM+ ç.kkyh ,oa dodh; lgthfo;ksa ds e/; LFkkfir ,d mUur lgthoh ra= gS] tks —f’k ikfjra=ksa esa iks’kd rRo
xfrdh] jkbtksLQh;j çfØ;kvksa rFkk Qly mRikndrk ds fu;eu esa fu.kkZ;d Hkwfedk fuHkkrk gSA çLrqr leh{kk vkcZLD;qyj dodewy
ij dsafær uohure vuqla/kkuksa ds vkyksd esa blds —f’kxr çHkkoksa dk lefUor ,oa lekykspukRed fo”ys’k.k çLrqr djrh gSA miyC/k lk{;
bafxr djrs gSa fd dodewy] fo”ks’kr% Q‚LQksjl vf/kxzg.k ds lanHkZ esa] mPp n{krk okys vf/kxzg.k ra= dks lfØ; dj iks’k.k mi;ksx
n{krk dks mYys[kuh; :i ls mUur djrk gSA dodh; gkbQh dk foLrkfjr tky tM+ {ks= dk çHkkoh foLrkj dj eǹk&ty&ouLifr
var% fØ;kvksa dks lq–<+ cukrk gS] ftlls ikS/kksa dh ty vf/kxzg.k {kerk ,oa lw[kk] yo.kh;rk rFkk rkih; rukoksa ds çfr lgu”khyrk
esa xq.kkRed of̀) gksrh gSA Hkfo’; esa] vksfeDl&vk/kkfjr –f’Vdks.k rFkk fçfltu —f’k rduhdksa ds lkFk dodewy dk ,dhdj.k
{ks=&fof”k’V] mPp&çn”kZu”khy LVªsuksa ds fodkl dh fn”kk esa egRoiw.kZ laHkkouk,¡ çLrqr djrk gSA rFkkfi] blds O;kid vuqç;ksx gsrq
ikfjfLFkfrd vuqdwyu”khyrk] LVªsu&fof”k’Vrk ,oa çca/ku&laca/kh tfVyrkvksa dk oSKkfud lek/kku vko”;d gSA vr% dodewy
—f’k fLFkjrk] lalk/ku n{krk ,oa ikfjfLFkfrd çR;kLFkrk dks lq–<+ djus okyk ,d vR;ar laHkkouk”khy tSfod midj.k gSA

eq[; ”kCn: tSo moZjd] dodewy] ikni lw{etho ijLij fØ;k] feêh dh moZjrk] nh?kksZi;ksxh —f’kA

Role of Mycorrhiza in Nutrient Acquisition and Promoting
Plant Growth in Sustainable Agriculture: A Review
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c<+rh ekuo tula[;k vkSj tyok;q ifjorZu fo”o [kk| ekax
dks iwjk djus ds fy, oSf”od —f’k ij tcjnLr ncko Mky
jgs gSaA Qly mRiknu vkSj Hkwfe mRikndrk c<+kus ds fy,]
moZjdksa] dhVuk”kdksa] [kjirokjuk”kh vkfn tSls jlk;uksa dk
tcjnLr mi;ksx gks jgk gS] ftldk feêh dh xq.koÙkk]
ikfjfLFkfrd fofo/krk] vFkZO;oLFkk vkSj i;kZoj.k ij
udkjkRed çHkko iM+ jgk gS ¼Sun et al.] 2016½A Hkfo’; esa
Hkh bu jlk;uksa dk mi;ksx dkQh c<+us dk vuqeku yxk;k
x;k gSA blds vykok] bu jlk;uksa dk mi;ksx Hkfo’; dh

ABSTRACT
Mycorrhiza constitutes an advanced symbiotic association between the plant root systems and fungal partner, playing a pivotal role
in regulating nutrient dynamics, rhizosphere processes and crop productivity within agroecosystems. This review presents a
comprehensive and critical analysis of the agricultural implications of mycorrhiza, viewed in light of the latest research focused on
arbuscular mycorrhiza. Available evidence indicates that mycorrhiza significantly enhances nutrient use efficiency particularly with
regard to phosphorus uptake-by activating highly efficient nutrient acquisition mechanisms. The extensive network of fungal
hyphae effectively expands the root zone, strengthening soil-water-plant interactions and leading to a qualitative improvement in the
plants’ water uptake capacity, as well as their tolerance to drought, salinity and thermal stresses. In the future, the integration of
mycorrhiza with omics-based approaches and precision agriculture techniques presents significant potential for the development
of site-specific, high-performance strains. However, for its widespread application in agriculture, scientific solutions addressing its
ecological adaptability, strain specificity and management-related complexities are required. Altogether, it suggests mycorrhiza as a
highly promising biological tool for enhancing agricultural sustainability, resource efficiency and ecological resilience.
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[kk| lqj{kk ds fy, ,d psrkouh gks ldrk gSA —f’k mRikndrk
esa lq/kkj vkSj ekuo LokLF; dh lqj{kk ds fy, gesa i;kZoj.k
vuqdwy —f’k i)fr;ksa dk ikyu djus dh vko”;drk gS] vkSj
bls nh?kksZi;ksxh —f’k ds ek/;e ls çkIr fd;k tk ldrk gSA
nh?kksZi;ksxh —f’k dk eq[; mís”; i;kZoj.k vuqdwy —f’k
rduhdksa ds lkFk Hkkstu dh ekax dks iwjk djuk gSA

feêh lw{ethoksa dh foLr̀r J̀a[kyk ds fy, ,d mR—’V
vkokl gS] ftlesa dodewy dod lHkh feêh ds dod esa
lcls loZO;kih gSA dodewy dod ds lkFk ikS/kksa dh tM+ksa
dk lgthoh laca/k ikS/kksa dh :ikRed] ”kkjhfjd vkSj tSo
jklk;fud çfrfØ;kvksa esa lq/kkj djus ds fy, tkuk tkrk gS]
;g fVdkÅ —f’k ds y{;ksa dks çkIr djus esa enn dj ldrk
gSA dodewy ”kCn dk ç;ksx igyh ckj o’kZ 1884 esa ,-ch-
ÝSad }kjk fd;k x;k Fkk] ftldk vFkZ gS fdlh dod rFkk
okfgd ikniksa dh tMksa ds chp ijLij lgthoh lEcU/k
LFkkfir gksukA vjfVdslh] psuksiksfM;klh] czSfldslh vkSj
lkbijslh ifjokj ls lacaf/kr ikS/kksa esa ”kk;n gh dHkh ekbdksfjty
mifuos’k.k gksrk gSA dodewy dod vdkcZfud dkcZu vkSj
vkJ; ds fy, vius estcku ij fuHkZj djrs gSa] vkSj cnys esa
os ikS/kksa ds ikuh vkSj iks’kd rRoksa dks c<+kdj ikS/ks dh of̀)
dks c<+krs gSaA bUgsa ty ls Hkwfe rd ikS/ks dh LFkkiuk esa ”kkfey
,d yack fodkloknh bfrgkl j[kus okyk çkphu la?k ekuk
tkrk gSA QkbykstsusfVd fo”ys’k.k vkSj çkphu fjd‚MZ ;g Hkh
lq>ko nsrs gSa fd 450 fefy;u ls vf/kd o’kZ igys dqN
çkjafHkd Msoksfu;u dky ds ikS/kksa us bu fQykesaVl dod ds
lkFk ,d varjax laca/k LFkkfir fd;k Fkk ftls vc ekbdksfjty
dod ds :i esa tkuk tkrk gS ¼Upasani and Barla] 2025½A

dodewy Xyksekfyu tSls ènk&lajpukRed çksVhu
ds lzko }kjk ènk la?kVu dks fLFkj djrk gS rFkk lw{etho
leqnk; dh lajpuk ,oa fØ;k”khyrk dks çHkkfor djrk gSA
lkFk gh] ;g çsfjr ç.kkyhxr çfrjks/k ,oa tSo&fu;a=.k ra=ksa
ds ek/;e ls jksxtudksa ds fo#) ikS/kksa dh çfrj{kk çfrfØ;kvksa
dk l”kähdj.k djrk gSA fVdkÅ —f’k ds lanHkZ esa] dodewy&
vk/kkfjr tSo moZjdksa dk ,dhdj.k jklk;fud buiqV~l ij
fuHkZjrk dks U;wure djrs gq, ikfjfLFkfrd larqyu dks lq–<+
djus dh ,d çHkkoh j.kuhfr ds :i esa mHkj jgk gSA

”kks/k v/;;u us ikS/ks ds iks’kd rRoksa dks c<+kus] feêh
dh lajpuk esa lq/kkj djus vkSj ikS/ks dh çdk”k la”ys’kd {kerk]
ok’iksRltZu dh nj] tM+ gkbMªksfyd pkydrk] ty mi;ksx
n{krk] ,atkbeSfVd vkSj xSj&lap; dks çHkkfor djds tSfod
vkSj vtSfod ruko ds çfr ikS/kksa dh lgu”khyrk dks c<+kus

esa ekbdksfjty ,lksfl,”ku dh Hkwfedk dks Hkh fn[kk;k gSA
,atkbesfVd ,aVhv‚fDlMsaV] laxr dkcZfud foys;] vklekfVd
lek;kstu vkfnA blds vykok] ;s dodewy la?k iks’kd
rRoksa vkSj vU; lalk/kuksa ds csgrj vknku&çnku ds fy,
leqnk; esa dbZ ikS/kksa dks tksM+us okyk ,d lkekU; Hkwfexr
tky fodflr djus ds fy, Hkh tkus tkrs gSaA bl lgthoh
la?k es lHkh tyok;q ifjfLFkfr;ksa esa mPp iSnkokj] fVdkÅ
—f’k vkSj iks’k.k xq.koÙkk iSnk djus dh dkQh laHkkouk,a gSaA
—f’k esa ck;ksfLVeqysaV vkSj ck;ksQfVZykbtj ds :i esa dodewy
ds vuqç;ksx us —f’k jlk;uksa ij fuHkZjrk dks de djus] Qly
dh mit vkSj fLFkjrk esa lq/kkj djus dh {kerk fn[kkbZ gS
¼Delaeter et al-] 2024; Sun and Shahrajabian] 2023; Kuila
and Ghosh] 2022½A tSfod [ksrh] —f’k okfudh vkSj tyok;q
vuqdwy —f’k i)fr;ksa esa mudk lekos’k —f’k esa muds egRo
ij tksj nsrk gSA vk.kfod tho foKku] thuksfeDl vkSj
ekbØksck;kse vuqla/kku esa gky dh çxfr us ekbdksfjty
fofo/krk] lgthoh ra= vkSj ikS/ks ç.kkyh esa mudh Hkwfedk ds
ckjs esa gekjh le> dks dkQh gn rd c<+k;k gSA Kku esa ;s
çxfr bathfu;fjax ekbØksfc;y dalksfVZ;k vkSj lVhd —f’k
–f’Vdks.k ds fy, ekxZ ç”kLr dj jgh gS] tks dodewy
lglaca/k ds ykHkksa dks vf/kdre djsxhA

bl leh{kk dk mís”; fVdkÅ —f’k esa ekbdksjkbtk
dh Hkwfedk dh tkap djuk gS] ftlesa eq[; :i ls ruko çca/ku
ds lkFk&lkFk ikS/kksa dh òf) dks c<+kok nsus esa mudh fØ;kfof/k vkSj
vuqç;ksx ij /;ku dsafær fd;k x;k gSA ;g dk;Z —f’k esa
fLFkjrk çkIr djus esa viuh iwjh {kerk dk mi;ksx djus ds
fy, cgq&fo’k;d j.kuhfr;ksa dks fodflr djus ds fy,
orZeku pqukSfr;ksa vkSj Hkfo’; dh laHkkoukvksa ij Hkh çdk”k
Mkyrk gSA

dodewy lgthfork dh LFkkiuk ,oa flXufyax

dodewy lgthfork dh LFkkiuk ,d vR;ar fu;af=r]
cgq&Lrjh; ,oa f}fn”kh; flXufyax çfØ;k gS] ftlesa ikS/ks
,oa dod ds chp jklk;fud ladsrksa dk vknku&çnku gksrk
gSA ;g çfØ;k jkbtksLQh;j Lrj ls çkjaHk gksdj tM+ d‚VsZDl
esa vkcZLD;wy fuekZ.k rd igq¡prh gS vkSj blesa fof”k’V thu
usVodZ] flXufyax ekxZ ,oa dksf”kdh; iqulaZjpuk lfEefyr
gksrh gS ¼Genre et al., 2013; Parniske] 2008½A

lgthfork dh çkjafHkd voLFkk esa ikS/ks viuh tM+ksa
ls fLVªxksySDVksUl dk lzko djrs gSa] tks dodh; chtk.kqvksa ds
vadqj.k ,oa gkbQh ”kk[kkdj.k dks çsfjr djrs gSaA ;s ladsr
fo”ks’k :i ls Q‚LQksjl&vHkko fLFkfr;ksa esa vf/kd lzkfor
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gksrs gSa] ftlls lgthfork dh laHkkouk c<+rh gS ¼Akiyama
et al-] 2005½A dod] ikS/k ladsrksa ds çR;qÙkj esa fed dkjd
dk lzko djrk gS] tks ikS/k dksf”kdkvksa esa lgthfork&fof”k’V
flXufyax ekxksaZ dks lfØ; djrs gSaA ;s ladsr uksM QSDVlZ ds
leku gksrs gSa] tks jkbtksfc;e&ysX;we lgthfork esa ik,
tkrs gSa ¼Genre et al-] 2013½A fed dkjd ds vfHkxzg.k ds
i”pkr ikS/k dksf”kdkvksa esa ,d lajf{kr flXufyax ekxZ lfØ;
gksrk gS] ftls lkekU; lgthou ladsr ekxZ dgk tkrk gSA
bl ekxZ dh çeq[k fo”ks’krk ukfHkdh; {ks= esa vkorZd dSfY”k;e
Likbfdax gS] tks ladsr ikjxeu dk ,d dsaæh; ?kVd gSA
dSfY”k;e flXufyax ds i”pkr CYCLOPS/IPD3 tSls
VªkalfØI”ku dkjd lfØ; gksrs gSa] tks lgthfork&laca/kh
thuksa ¼SYM½ dh vfHkO;fä dks çsfjr djrs gSaA

dodh; gkbQh ewy ,fiMfeZl ij fo”ks’k fpidus
okyh lajpuk gkbQksiksfM;e cukrh gS] tks tM+ lrg ij
laidZ LFkkfir djus esa lgk;d gksrh gS ¼Genre et al-]
2005½A dodh; ços”k ls iwoZ] ikS/k dksf”kdk,¡ ,d vkarfjd
lajpuk fodflr djrh gSa] tks gkbQh ds ços”k ekxZ dks
funsZf’kr djrh gSA ;g dksf”kdh; iqulaZjpuk ekbØksVîwC;wYl
,oa ,fDVu fQykesaV~l }kjk fu;af=r gksrh gSA

tM+ d‚VsZDl esa ços”k djus ds i”pkr dod vR;f/kd
”kk[kk;qä vkcZLD;wy lajpuk,¡ cukrk gSA ;s lajpuk,¡ ikS/k
dksf”kdkvksa dh IykTek f>Yyh ls f?kjh gksrh gSa] ftls
isfjvkcZLD;qyj esEczsu dgk tkrk gS ¼Parniske] 2008½A
isfjvkcZLD;qyj esEczsu esa fof”k’V VªkaliksVZj çksVhUl ¼tSls PT4
Q‚LQsV VªkaliksVZj½ mifLFkr gksrs gSa] tks dod ls ikS/ks dh vksj
iks’kd rÙoksa ds çokg dks fu;af=r djrs gSa ¼Javot et al-]
2007½A dodewy lgthfork esa ikS/k gkeksZu tSls v‚fDlu]
ftcjsfyu] ,fClfld vEy ¼ABA½ ,oa tSLeksfud vEy egRoiw.kZ
Hkwfedk fuHkkrs gSaA fLVªxksySDVksUl lgthfork dh çkjafHkd
LFkkiuk esa lgk;d gksrs gSa] ,fClfld vEy vkcZLD;wy fLFkjrk
dks çHkkfor djrk gS rFkk tSLeksfud vEy çfrj{kk ,oa
lgthfork ds larqyu dks fu;af=r djrk gSA

fofHkUu çdkj ds dodewy lgthou vkSj ikS/ks
esa mudh LFkkiuk

dodewy lgthou esa dod ds ikS/ks dh tM+ esa ços”k dh
lhek] ckgjh vkoj.k ds mRiknu vkSj varjdksf”kdh; lajpukvksa
ds fuekZ.k ds vk/kkj ij oxhZ—r fd;k x;k gS tks os ikS/ks dh
tM+ ds vanj cukrs gSa ¼rkfydk 1½A mifuos”k.k dh lhek ds
vk/kkj ij] dodewy lgthou ds nks çeq[k çdkj gSa%
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rkfydk 1% ikS/ks esa fofHkUu çdkj ds ekbdksfjty la?kA

ekbdksfjty ,lksfl,”ku fo”ks’krk dod ”kkfey

,DVksdodewy dod tM+ ds ckgj ,d eksVk vkoj.k cukrs gSaA ,LdksekblsV~l] csflfMvksekblsV~l
gkbQs tM+ d‚fVZdy dksf”kdkvksa esa ços”k ugha djrk gSA vkSj xSLVªksekblsV~l ls lacaf/kr dod

,aMksdodewy gkbQs tM+ d‚fVZdy dksf”kdkvksa ds vanj ços”k djrs gSa XyksesjksekbdksVk
vkSj c<+rs gSaA

,DVsaMksdodewy dod tM+ ds ckgj ,d iryk vkoj.k cukrs gSaA ,LdksekbflVhl
gkbQs tM+ d‚fVZdy dksf”kdkvksa esa ços”k dj ldrk gSA

eksuksVªksi‚bM dodewy dod ds gkbQs ,DyksjksfQyl eksuksVªksi‚bM ikS/ks dh tM+ksa csflfMvksekblhV~l
ds ckgj ,d eksVh vkoj.k cukrs gSa vkSj baVªklsY;qyj ços”k
Hkh fn[kkrs gSaA

vkcqZV‚bM dodewy ,fjdslh ifjokj ds lnL;ksa ds lkFk lgthoh laca/k ds fy, csflfMvksekblhV~l
dodA dod ds gkbQs tM+ ds ckgj ,d eksVh vkoj.k vkSj
gkfVZx tky cukrs gSa vkSj var%dksf”kdh; ços”k fn[kkrs gSaA csflfMvksekbdksVk

vkfdZMsfl;l dodewy v‚fdZMslh ifjokj ds lnL;ksa ds lkFk lgthoh laca/k ds fy,
dodA gkbQs lsyqyj iSB fn[kkrs gSaA

,fjd‚bM dodewy ghFkySaM esa mxus okys ,fjdslh ifjokj ds lnL;ksa ds lkFk ,LdksekbflVhl
lgthoh laca/k ds fy, dodA gkbQs baVªklsY;qyj :i ls ços”k
djrs gSa vkSj tM+ dksf”kdkvksa dh ckgjh ijr esa dqaMfy;k¡ cukrs gSaA
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,DVksekbdksfjtk vkSj ,aMksekbdksfjtk] muesa ls] lcls vke
,lksfl,”ku ,aMksekbdksfjtk gS ftls vcqZLdqyj ekbdksfjty
Qaxh ¼,,e,Q½ Hkh dgk tkrk gSA ,,e,Q esa XyksesjekbdksVk
dod ds gkbigs :V d‚VsZDl dks mifuosf”kr djrs gSa vkSj
,DLVªkesfVªdy gkbigs fodflr djrs gSaA ;s ,DLVªkesfVªd
gkbigs tM+ ls dbZ ehVj nwj rd QSys gq, estcku ikS/ks ds
fy, [kfut iks’kd rRoksa vkSj ikuh ds vf/kxzg.k dk dke
djus ds fy, tkus tkrs gSaA dqN gkbQs d‚fVZdy dksf”kdkvksa
ds Hkhrj f}Hkkftr :i ls ”kk[kkvksa okys isM+ tSlh lajpuk esa
fodflr gks ldrs gSa] ftUgsa vkcqZLD;wYl dgk tkrk gS] tks ikS/ks
vkSj ,,e,Q ds chp iks’kd rRoksa ds vknku&çnku dk LFkku
gSA ikS/kk nksuksa lk>snkjksa ds chp vkilh laca/k LFkkfir djrs
gq, ikuh vkSj iks’kd rRo ds cnys ,,e,Q dks dkcZu vkSj
vkJ; çnku djrk gSA

vcqZLdqyj ekbdksfjty dod Qyus okys ”kjhj ds
:i esa lw{e chtk.kq iSnk djrk gSA ;|fi dod ds chtk.kq
estcku ikS/ks dh vuqifLFkfr esa vadqfjr gks ldrs gSa] ysfdu
vius thou pØ dks iwjk djus ds fy, dod dks estcku ikS/ks
ds lkFk lgthoh lg;ksx dh vko”;drk gksrh gSA lgthoh
la?k dh LFkkiuk ds nkSjku nks flXufyax v.kq] ,eokbZlh
¼MYC½ QSDVj vkSj fLVªxksySDVksu Øe”k% vadqfjr chtk.kqvksa
vkSj ikS/kksa dh tM+ksa ds gkbigs }kjk mRikfnr gksrs gSa ¼Kaur
and Suseela, 2020½A fLVªxksySDVksu ikS/ks dh tM+ ds pkjksa
vksj gkbigs ds fodkl dks mÙksftr djrk gS] ftlds ckn
,çslksfj;e dk fuekZ.k gksrk gS vkSj Qaxy gkbigs ds lkFk
tM+ d‚fVZdy {ks= dk mifuos’k.k gksrk gSA ,,e,Q :ikRed
:i ls fof”k’V lajpuk,a varj& vkSj baVªk&lsyqyj gkbigs]

vkcqZLD;wYl vkSj gkbiy d‚by cukrk gSA estcku dksf”kdk
esa ços”k ds ckn] dod ek;lsfy;e feêh esa xgjkbZ rd
fodflr gksrk gS] estcku ikS/ks ds fy, ikuh vkSj iks’kd rRoksa
dks vo”kksf’kr djrk gS vkSj leqnk; ds vU; ikS/kksa ds lkFk
lgthoh laca/k Hkh LFkkfir djrk gSA

fVdkÅ —f’k esa dodewy dh fofo/k Hkwfedk

dodewy vkSj mudh fofo/k Hkwfedk,¡

i- dodewy lgthou vkSj [kfut iks’k.kA
ii- feêh dh xq.koÙkk esa lq/kkjA
iii- vtSfod ruko dk mUewyuA
iv- tSfod ruko/jksx iSnk djus okys jksxtudksa ls lqj{kkA
v- ikS/kksa dk ty laca/kA
vi- catj Hkwfe dk iqu#)kjA

i- dodewy lgthou vkSj [kfut iks’k.k

dodewy ikS/kksa esa iks’kd rÙoksa ds vf/kxzg.k dks vuqdwfyr
djus okyk ,d mPp&fof”k’V lgthoh ra= gS] ftlesa
vkcZLD;qyj dodewy fo”ks’k :i ls dsaæh; Hkwfedk fuHkkrk
gSA dodh; gkbQh tM+ {ks= ls ckgj foLrkfjr gksdj
,DLVªk&jSfMdy ek;lsfy;e dk fuekZ.k djrh gSa] tks ènk ds
lw{e fNæksa rd igq¡pdj tM+ ds vo”kks’k.k {ks= dks dbZ xquk
c<+k nsrh gSaA ;g iks’kd rRoksa dh deh okyh feêh vkSj fVdkÅ
iks’kd rRo çca/ku esa egRoiw.kZ Hkwfedk fuHkkrk gS ¼vk—fr 1½A

QkLQksjl ?kqyu”khyrk vkSj vo”kks’k.k

Q‚LQksjl viuh de ?kqyu”khyrk vkSj v?kqyu”khy Q‚LQsV
ds :i esa mPp fLFkjhdj.k ds dkj.k] feêh esa lcls lhfer

vk—fr 1% dodewy ds ikS/kksa esa Hkwfedk& dodewy lgthoh laca/k ds ek/;e ls ikS/kksa esa iks’kd rRoksa dk vo”kks’k.k
c<+rk gS tks VhdkÅ —f’k ds fy, vR;f/kd egRo j[krk gSA
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iks’kd rRo cu tkrk gSA ;g lajpukRed foLrkj fo”ks’k :i
ls Q‚LQksjl vf/kxzg.k ds lanHkZ esa vR;ar egRoiw.kZ gS]
ftlls lexz :i ls jklk;fud QkLQksjl moZjd fuHkZjrk
de gks jgh gSA ,,e,Q fuEufyf[kr rjhdksa ls vuqiyC/k
Q‚LQsV dh miyC/krk dks c<+krk gSS %
a- gkbQy vUos’k.k ftlesa ckjhd QQwan gkbQs tM+ksa ds

fy, nqxZe feêh ds lw{echtk.kqvksa esa ços”k djrs gSaA
b- dkcZfud vEyksa vkSj Q‚LQsVsl ds lzko ds ek/;e ls ck/;

Q‚LQsV dk ?kqyu”khyhdj.k] Q‚LQksjl dks ikS/kksa ds fy,
miyC/k :iksa esa ifjofrZr djukA

c- Qaxy gkbigs ;k vkcqZLD;wYl ds ek/;e ls dq’ky ifjoguA
b- dodewy&gkbQh Q‚LQsV VªkaliksVZj ¼Harrison et al-]

2002½ ds ek/;e ls vdkcZfud Q‚LQsV ¼Pi½ dk lfØ;
vf/kxzg.k dj mls i‚yhQ‚LQsV ds :i esa ifjofrZr djrh
gSa] ftls vkcZLD;wy ds ek/;e ls ikS/k dksf”kdkvks a es a
LFkkukarfjr fd;k tkrk gS] tgk¡ fof”k’V isfjvkcZLD;qyj
f>Yyh fLFkr VªkaliksVZj bl fofue; dks fu;af=r djrs gSaA

ukbVªkstu vf/kxzg.k

blds vfrfjä] dodewy ukbVªkstu ¼NH4
+  ,oa NO3

-½ ds
vf/kxzg.k ,oa :ikarj.k esa Hkh ;ksxnku nsrk gS ¼Gachoma
et al-] 2009½] tgk¡ dod }kjk vo”kksf’kr ukbVªkstu vehuks
vEyksa ds :i esa ikS/kksa dks LFkkukarfjr gksrh gSA dqN çdkj ds
dodewy fo”ks’k :i ls ,DVksekbfØtk] ,atkbeh {kj.k ds
ek/;e ls vehuks ,flM vkSj çksVhu rd igqap ldrs gSaA c<+h
gqbZ tM+&dod var%fØ;k ls csgrj vkRelkr gksrk gS vkSj
ukbVªkstu gkfu de gksrh gSA blds vykok dodewy

jkbtkscSDVhfj;k ds lkFk feydj tSfod ukbVªkstu fLFkjhdj.k
dks Hkh c<+krk gSA

lw{e iks’kd rRo xzg.k

Zn, Fe, Cu ,oa Mn tSls lw{e iks’kd rÙoksa ds ?kqyu”khyu
,oa ifjogu esa Hkh dodewy dh egRoiw.kZ Hkwfedk gS] fo”ks’kr%
mu ènkvksa esa tgk¡ ;s rÙo vfoys; :i esa lhfer miyC/krk
esa gksrs gSaA ;g lgthfork tM+&O;qRiUu ,atkbeksa] v‚xsZfud
,flM~l ,oa ekbØksck;kse ds lkFk var%fØ;kvksa ds ek/;e ls
iks’kd rÙoksa dh tSomiyC/krk dks vkSj vf/kd c<+krh gSA

lkFk gh] dodewy ikS/kksa dh iks’k.k mi;ksx n{krk
dks c<+krs gq, moZjd mi;ksx dh vko”;drk dks de djrk
gS rFkk lalk/ku&lhfer ifjfLFkfr;ksa esa Qly mRikndrk dks
cuk, j[kus esa lgk;d gksrk gSA bl çdkj] dodewy lgthfork
,d lefUor tSo&HkkSfrd ,oa vk.kfod ra= ds :i esa dk;Z
djrh gS] tks ikS/k ikss’k.k] ènk LokLF; ,oa fVdkÅ —f’k
ç.kkfy;ksa ds fodkl esa fu.kkZ;d ;ksxnku nsrh gSA

ii- feêh dh xq.koÙkk esa lq/kkj

ènk vijnu] la?kuu] yo.khdj.k ;k vEyhdj.k tSlh çfØ;kvksa
ls feêh dh xq.koÙkk esa fxjkoV vkrh gSA —f’k foLrkj us
leL;k dks vkSj Hkh xaHkhj cuk fn;k gSA dodewy ds ek/;e
ls feêh dh cgkyh ,d çk—frd fodYi gSA dod dks tM+ksa
ls ckgj fudyus vkSj gkbigs dk ,d tfVy tky mRiUu
djus ds fy, tkuk tkrk gSA ;g dod tky feêh ds d.kksa
dks leqPp; esa cka/krk gSA ènk leqPp; ikS/kksa dh of̀) ds fy,
csgrj okru] ty fuLianu vkSj ty çfr/kkj.k çnku djrk
gS ¼vk—fr 2½A blds vykok] 90% vcqZLdqyj dodewy

vk—fr 2% ikS/kksa ds ty vo”kks’k.k esa dod ewy dh Hkwfedk& dodewy dk foLr̀r ty feêh ls T;knk ty vo”kksf’kr dj ikS/kksa
dh tM+ksa rd igqapkrk gS tks ty mi;ksx n{krk c<+kdj ikS/kksa dh of̀) vkSj mRikndrk esa lq/kkj ykrk gSA
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Xykseqfyu uked ,d fpifpik XykbdksçksVhu dk mRiknu
djus ds fy, tkus tkrs gSa] tks feêh esa nh?kZdkfyd ca/ku
,tsaV ds :i esa dk;Z djrk gSA blds vykok] tc dkcZu
laca/kh inkFkZ vkSj [kfut feêh ds leqPp; esa ekStwn gksrs gSa]
rks os lw{e thoksa }kjk /khjs&/khjs fo?kfVr gksrs gSa vkSj ikS/kksa ds
iks’k.k ds fy, miyC/k jgrs gSaA bl çdkj gkbiy tky vkSj
Xykseqfyu] nksuksa feêh ds leqPp; dks fLFkj djds feêh dh
xq.koÙkk esa lq/kkj djrs gSaA fLFkj dkcZu iwy cukdj feêh esa
dkcZu tek djus vkSj tyok;q fu;a=.k esa Hkh budh Hkwfedk
gksrh gSA

;s vi?kVu nj dks /khek djrs gSa] feêh esa tSfod
dkcZu dh ek=k c<+krs gSa] ftlls feêh dh mitkÅ ”kfä vkSj
cukoV esa lq/kkj gksrk gSA ;s tM+ksa ls fudyus ds Lo:i dks
cnydj vkSj Qk;nsean lw{ethoksa ds fy, lw{e&vkokl dk
fuekZ.k dj feêh dh lw{etho tSo&fofo/krk dks c<+kus ds
fy, Hkh tkus tkrs gSaA lkfgR; v/;;u esa ;g Hkh crk;k x;k
gS fd PGPR ds lkFk lgfØ;kRed var%fØ;k djus esa budh
Hkwfedk gksrh gS] ftlls lw{etho n{krk c<+rh gSA feêh dh
cukoV vkSj mitkÅiu dks csgrj cukus esa bldh fofo/k
çdkj dh Hkwfedk bls fVdkÅ [ksrh ds ds fy, t:jh cukrh gSA

iii- vtSfod ruko dk mUewyu

lw[kk] yo.krk] ck<+] xehZ vkSj BaM tSls vtSfod ruko ikS/kksa
ds ”kjhj fØ;k foKku dks fo—r dj ldrs gSa ftlls mit
esa xaHkhj gkfu gks ldrh gSA [kkjsiu] lw[ks vkSj vR;f/kd
rkieku dh fLFkfr esa vcqZLdqyj dodewy dh mifLFkfr]
lrr fodkl ds y{;ksa dks çkIr djus ds lkFk&lkFk i;kZoj.kh;
ruko dh fLFkfr esa ikS/kksa dh of̀) vkSj mit dks c<+kok nsus
ds fy, mudk mi;ksx djus dh laHkkouk dk lq>ko nsrh gS
¼Santoyo et al-] 2026; Abeer et al-] 2024; Fattahi et al-]
2020½A

dodewy feêh esa xgjkbZ rd ços”k djus okys
,DLVªk&jsfMdy dodtky ds fy, tM+ ds :ikRed pfj=
dks cny nsrk gSA blls ikuh vkSj iks”kd rRoksa ds vo”kks’k.k
esa lq/kkj ds lkFk tM+ dh gkbMªksfyd pkydrk esa lq/kkj gksrk
gSA blds vykok] ikuh ds ruko dh fLFkfr esa] ;g ty
ç.kkyh ¼,Dokiksfju½ ds xBu dks Hkh c<+krk gS] ftlls dksf”kdk
ds vanj ikuh vkSj NksVs v.kqvksa ds çokg dks fofu;fer djus
esa Hkwfedk gksrh gSA ruko dh fLFkfr esa feêh ds leqPp; ds
fuekZ.k ls feêh dh cukoV esa lq/kkj gksrk gS vkSj feêh esa
dkcZfud inkFkZ dh ek=k c<+rh gS ftlls ikS/ks dk ck;ksekl
vkSj mit c<+rh gSA

;g Hkh crk;k x;k gS fd ,,e ”kdZjk] çksykbu]
Xykbflu&chVsu tSls mi;qä foys; ds lap; dks c<+krk gS
¼Folli-Pereira et al-] 2020½ vkSj lsyqyj vklekfVd {kerk
dks cuk, j[krk gSA blds vfrfjä] ;g f>Yyh ikjxE;rk
cuk, j[krk gS] çdk”k la”ys’kd {kerk c<+krk gS] lsyqyj
p;kip; esa lq/kkj djrk gS] vtSfod ruko ds f[kykQ lexz
lsyqyj lqj{kk ds fy, ,atkbe vkSj ,aVhv‚fDlMsaV tek djrk gSA

iv- tSfod ruko rFkk jksx iSnk djus okys
jksxtudksa ls lqj{kk

dbZ v/;;uksa us dhV] thok.kq] fo’kk.kq] dod] usekVksM vkSj
vU; feêh ds lw{ethoksa ds dkj.k gksus okyh fofHkUu jksxtud
chekfj;ksa esa ,,e dod dh tSo fu;a=.k Hkwfedk n”kkZ;h gSA
dod lk>snkj }kjk [kfut iks’kd rRoksa dk vo”kks’k.k] estcku
ikS/ks dks vf/kd etcwr vkSj lgu”khy ;k fofHkUu jksxksa
¼Santoyo et al-] 2021½ ds çfr çfrjks/kh cukrk gSA dodewy
estcku la;a= esa ç.kkyhxr j{kk ra= dks çsfjr djus ds fy,
Hkh tkuk tkrk gS ¼Kumar et al-] 2025; Sukorini] 2025½] tks
lw{ethoksa ds O;kid LisDVªe ¼jsat½ ds f[kykQ yacs le; rd
pyus okyk çfrjks/k çnku djrk gSA ,d ckj estcku la;a=
esa çfrjks/k LFkkfir gks tkus ds ckn] os flXuy v.kq ds ek/;e
ls vkl&ikl ds ikS/kksa esa j{kk ds çsj.k dks O;kid cukrs gSa vkSj
lkekU; dodewy tky blesa egRoiw.kZ Hkwfedk fuHkkrk gSA os
u dsoy jksxtud dh LFkkiuk dks jksdrs gSa rFkk jksxtud
}kjk gqbZ {kfr dh HkjikbZ Hkh djrs gSa vkSj ikS/ks ds fodkl dks
c<+kok nsrs gSaA blls irk pyrk gS fd dodewy fVdkÅ —f’k
ds fy, jklk;fud laj{kdksa dk vf}rh; fodYi çnku djrk
gSA

v- ikS/kksa dk ty laca/k

lw[kk ,oa ty&lhfer ifjfLFkfr;ksa esa] dodewy ikS/kksa esa ty
vo”kks‘k.k dks lq–<+ djus okyk ,d vR;ar egRoiw.kZ lgthoh
laca/k gSA vkcZLD;qyj dodewy dh dodh; gkbQh tM+ {ks=
ls ckgj foLrkfjr gksdj dodtky dk fuekZ.k djrs gSa] ;g
ènk ds lw{e fNæksa esa ços”k dj ty ds mu lzksrksa rd igq¡prh
gSa tgk¡ ikS/kksa dh tM+sa lh/ks ugha igq¡p ikrhaA bl çdkj ;g
dodtky tM+ ds çHkkoh vo”kks’k.k {ks= dks dbZ xquk c<+k
nsrk gS] ftlls ikS/kksa dh ty vf/kxzg.k {kerk esa mYys[kuh;
of̀) gksrh gSA

blds vfrfjä] dodewy tM+ dksf”kdkvksa esa
,Dokiksfju çksVhUl dh vfHkO;fä dks fofu;fer dj ty
ifjogu dh n{krk dks c<+krk gS ¼Kikuchi et al-] 2016½A
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;g lgthfork ikS/kksa esa v‚LeksfVd lek;kstu dks Hkh lq–<+
djrh gS] ftlds ifj.kkeLo:i çksykbu] ”kdZjk ,oa vU;
v‚LeksçksVsDVsaV~l dk lap; c<+rk gS] tks dksf”kdh; ty
larqyu cuk, j[kus esa lgk;d gksrs gSaA lkFk gh] ekbdksjkbtk
,aVhv‚DlhMsaV ,atkbe ç.kkyh ¼tSls lqijv‚DlkbM fMLE;wVst]
dSVkyst½ dks lfØ; dj ty&vHkko tfur v‚DlhMsfVo
ruko dks de djrk gS ¼Goicoechea et al-] 2020½A

dodewy lgthfork ikS/k gkeksZuy larqyu ¼fo”ks’kr%
,fClfld vEy] ABA½ dks Hkh çHkkfor djrh gS] tks ja/kz&pkydrk
vkSj ok’iksRltZu nj dks fu;af=r dj ty mi;ksx n{krk dks
c<+krk gSA bl çdkj] dodewy dsoy ty vo”kks’k.k dks gh
ugha c<+krk] cfYd ty ds mi;ksx ,oa laj{k.k dh lexz {kerk
dks Hkh lq–<+ djrk gS] ftlls ikS/ks lw[kk ,oa vU; vtSfod
rukoksa ds çfr vf/kd vuqdwy ,oa mRiknd curs gSaA

vi- catj Hkwfe dk iqu#)kj

—f’k jlk;uksa] [kuu vkSj fofuekZ.k m|ksxksa ds vR;f/kd
mi;ksx ls lw{etho fofo/krk] feêh ds dkcZfud inkFkZ]
iks’kd pØ.k vkSj feêh esa ikuh dh vo/kkj.k esa deh vkbZ gSA
blds vykok] blls feêh dk {kj.k] yo.krk] vEyhdj.k vkSj
e#LFkyhdj.k gqvk gS] ftlds ifj.kkeLo:i Hkwfe mRikndrk
esa nh?kZdkfyd gkfu gqbZ gS ¼Bunemann et al-] 2018; Raut
et al-] 2020½A dodewy esa çfrdwy ifjfLFkfr;ksa esa thfor
jgus dh {kerk gksrh gS] blfy, mudk mi;ksx fVdkÅ —f’k
ds fy, catj Hkwfe dh cgkyh ds fy, fd;k tk ldrk gSA ikS/kksa
dh of̀) ij blds ldkjkRed çHkko ds ek/;e ls dodewy
fofHkUu vtSfod rukoksa ds çfr ikS/kksa dh lgu”khyrk esa
lq/kkj djrk gSA dodewy tM+ dqN çdkj ds jlk;u ckgj
fudyrh gSa tks feêh esa QSyrk gS vkSj tSo&fofo/krk dks c<+k
nsrs gS] buls ikS/ks leqnk; lajpuk esa lq/kkj gksrk  gSA gkbQs
dk tky ;qok ikS/kksa dh of̀) vkSj fodkl dks lqfo/kktud
cukrk gS ¼Jeffries et al-] 2003½A feêh ds ,d=hdj.k ds ek/;e
ls vcqZLdqyj dodewy }kjk mRikfnr Xyksekfyu feêh dh
cukoV vkSj dkcZfud lkexzh esa lq/kkj djrk gS ¼Li et al-]
2022½A ;g nwf’kr LFkyksa ls Hkkjh /kkrq ds vo”kks’k.k esa Hkh
Hkwfedk ds fy, tkuk tkrk gS ¼Shuab et al-] 2017; Zhang
et al-] 2022½A

dodewy v/;;u esa çxfr

dodewy ij gky dh tM+ mifuos”khdj.k v/;;u ds
çkphudky&laca/kh fooj.k ls gVdj ç.kkyh thofoKku] —f=e
dalksfVZ;k] ekbØksck;kse jpuk vkSj tSo&lw=hdj.k dh vksj

c<+ xbZ gSaA ;s rjhds xgjh le> nsrs gSa vkSj dq”ky] yf{kr vkSj
fVdkÅ rjhds cukus esa enn djrs gSa] ftlls dodewy vxyh
ih<+h dh [ksrh dk vk/kkj cu ldsA dodewy v/;;u esa ;s
mUufr nh?kksZi;ksxh ds fygkt ls t:jh gSaA

vksfeDl v/;;u

vksfeDl çkS|ksfxdh us lw{etho lgthou ds vk.kfod vk/
kkj dks le>us esa cgqr cM+h Hkwfedk fuHkkbZ gSA thuksfeDl vkSj
VªkalfØIVksfeDl çkS|ksfxdh ds tfj,] tM+ mifuos”khdj.k]
dod igpku] vcqZLD;wy fuekZ.k] Q‚LQsV fofue; vkSj ruko
flXufyax esa ”kkfey thu dh igpku dh xbZ gS ¼Manfred
et al-] 2011; Velásquez et al-] 2025½A bu vçksp ls irk
pyrk gS fd ikni&dod var%fØ;k flQZ ,d lgthoh laca/k
ugha gS] cfYd ;g ikni&dod flXuy] fjlsIVj] VªkalfØI”ku
QSDVj vkSj VªkaliksVZj ¼Martin and van der Heijden] 2024½
ls tqM+k ,d cgqr t~;knk jsxqysVsM vk.kfod fØ;k gSA

çksfVvksfeDl v/;;u us lgthoh laca/k] f>Yyh
ifjogu] ikni j{kk fofu;eu vkSj dksf”kdh; iqujZpuk esa
”kkfey çksVhu dh igpku dh ¼Cauto et al-] 2013½] tcfd
esVkCyksfeDl gksLV tSo&jklk;fud ekxZ iqujZpuk ds ckjs esa
tkudkjh nsrk gS] ftlesa ”kdZjk] vehuks vEy] dkcZfud vEy]
QsuksfyDl vkSj ruko ls tqM+s nwljs p;kip;ksa esa cnyko
”kkfey gSaA ;s lHkh rjhds csgrj dodewy çfrfØ;k”khy
Qlyksa ds fodkl esa vge Hkwfedk fuHkk ldrs gSaA

ekbØksck;k se bathfu;fj ax

ekbØksck;kse bathfu;fjax eryc Qly dks csgrj cukus ds
fy, feêh ds ekbØks¶yksjk esa cnyko djuk gS ¼Afridi et al-]
2022½A tSlk fd igys Hkh crk;k x;k gS] ekbdksjkbtk Hkh
feêh dh cukoV vkSj ekgkSy dks cnyus esa Hkwfedk fuHkkrk gSA
;g tM+ksa ls fudyus okys rjy dks cnyrk gS] ekbØksfc;y
dE;qfuVh ds fy, gkbQy lrg nsrk gS] vkSj iks’kd rRoksa ls
Hkjiwj jgus dh txg nsrk gSA ;g feêh ds ekbØksCl ds lkFk
baVjSDV dj ldrk gS vkSj jkbtks¶yksjk dks u;k vkdkj ns ldrk
gS ¼Zeng et al-] 2025½A ekbØksck;kse bathfu;fjax dk Hkfo’;
,sls fLFkj ikS/kk&ekbdksjkbtk&ekbØksc d‚fEcus”ku cukus ij
fuHkZj djrk gS tks vyx&vyx feêh vkSj ekSle dh fLFkfr esa
fLFkj jgsaA

flaFk sfVd ekbdksjkbty dalksfVZ;e ;k SynCom

;s ekbØksv‚xsZfut~e ds fMtkbu fd, x, d‚fEcus”ku gSa
ftuds dke ,d&nwljs dks iwjk djrs gSaA blesa ekbdksjkbtk
ds lkFk lkbMjksQksj cukus okys cSDVhfj;k] Q‚LQsV dks
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?kksyus okys cSDVhfj;k vkSj ck;ksy‚ftdy daVªksy ,tsaV ”kkfey
gks ldrs gSa] ftudk ikS/ks dh iwjh fodkl esa Hkwfedk gksrh gS
¼Dey et al-] 2024; Pellegrino et al-] 2022½A bl dalksfVZ;e
esa ekbdksjkbtk dhLVksu daiksusaV dh Hkwfedk fuHkkrk gS]
ftldk bu ekbØksCl ds fy, lgh txg nsus esa jksy gksrk gSA
gkykafd] bu ekbØksfc;y ikVZulZ ds chp dEiSfVfcfyVh gh
bu dalksfVZ;e dh lQyrk dk vge QSDVj gS D;ksafd [kjkc
rjhds ls pqus x, d‚fEcus”ku ,d&nwljs ls eqdkcyk dj
ldrs gSa ;k QhYM daMh”ku esa Qsy gks ldrs gSaA

ck;ksVsDuksy‚ftdy bukso”ku

ekbdksjkbty iz;ksx dks [ksrh esa lq/kkj ykus ds fy,
ck;ksVsDuksy‚ftdy buksos”ku t:jh gSaA ekbdksjkbtk ,d
t:jh ck;ksVª‚Q gS] blfy, bls fcuk fdlh thfor gksLV ds
cM+s iSekus ij def”kZ;yh ugha cuk;k tk ldrkA gky dh
fjlpZ ck;ksfj,DVj] :V v‚xZu dYpj] lClVªsV csLM [ksrh
vkSj dSfj;j eVhfj;y esa blds çksMD”ku ij Qksdl djrh gSA
ck;ksQ‚ewZys’ku esa bldk c<+rk mi;ksx ,d vkSj vge {ks= gSA
ok;cy LikslZ] yach ”ksYQ ykbQ vkSj i;kZoj.k ds vuqdwyrk
ds fy,] dSfj;lZ] ,MtqosaV~l] fQylZ vkSj LVksjst ds rjhdksa
ij dsafær djrh gSaA

buds vykok] fØLij vkSj thu ,fMfVax ds rjhds]
csgrj fMyhojh ds fy, uSuksikfVZdYl dks ”kkfey djuk] vkSj
vkfVZfQf”k;y baVsfytsal ij Hkh fopkj fd;k tk jgk gS] rkfd
ekbdksjkbty flLVe dks cM+s iSekus ij bLrseky fd;k tk
lds vkSj csgrj cuk;k tk ldsA

lhek,¡ vkSj pqukSfr;k¡

dodewy dks nh?kksZi;ksxh —f’k ds fy, ,d vPNk lk/ku
ekuk tkrk gS] ysfdu mudk O;kogkfjd mi;ksx rduhdh
vkSj oSKkfud :i ls eqf”dy gSA iks’kd rRo ysus] ikuh
lks[kus] feêh esa bdëk gksus] tSfod vkSj vtSfod ruko
çfrjks/k esa mudh Hkwfedk ds ckjs esa vPNh rjg ls crk;k x;k
gS; gkykafd] fu;af=r ç;ksx”kkyk ç;ksx ls ckgjh ç;ksx rd
mudk cnyko estcku ikS/ks dk çdkj] ikfjfLFkfrd cnyko]
detksj fu;ked ekud vkSj fdlkuksa }kjk de viukus dh
otg ls lhfer gSA

estcku ikS/ks fof”k’V bl lgthoh laca/k dh ,d
vkSj lhek gSA Qaxl vkSj gksLV ikS/ks ds vkuqoaf”kd :i ds
chp vuqdwyrk bl lgthoh laca/k dks cukus esa ,d t:jh
dkjd gSA ,d gh çtkfr dh vyx&vyx fdLeksa dh Qlysa
vyx&vyx çfrfØ;k fn[kkrs gSaA ;g tM+ vk—fr] ladsru]

lgthoh laca/k ds fodkl esa ”kkfey ekxZ vkSj iks’kd rRo dh
t:jrksa esa varj ds dkj.k gks ldrk gSA blds vykok] dqN Qlysa
dod lkFkh ds lkFk bl rjg dk lgthoh laca/k fodflr
ugha djikrh gSa] ftlls bldk bLrseky de gks tkrk gSA

dodewy buksD;wysaV~l dk cM+s iSekus ij mRiknu Hkh
dHkh&dHkh blds ck/; tSoiks’kh ç—fr ds dkj.k pqukSrhiw.kZ
gksrk gS ¼Ghorui et al-] 2023½A chtk.kqvksa dh chtk.kqvksa
cuk, j[kuk] okgd inkFkZ esa ekudhdj.k dh deh] xq.koÙkk
fu;a=.k] ”ksYQ&vof/k fLFkjrk bl dke dks vkSj eqf”dy cuk
nsrh gSA blds vykok] fdlkuksa esa tkudkjh dh deh [ksrh esa
blds bLrseky dks jksdrh gS] dbZ fdlkuksa dks ikjaifjd
moZjd dh rqyuk esa blds nh?kZdkfyd Qk;nksa ds ckjs esa irk
ugha gSA yxkrkj xq.koÙkk ds fy, muds bLrseky ds ckjs esa
lhfer rduhdh tkudkjh vkSj detksj fu;ked <kaps bl
leL;k dks vkSj c<+krk gS] ftlls ,slh lw{etho çkS|ksfxdh
esa fdlkuksa dk Hkjkslk de gksrk gSA

fu’d’kZ ,oa Hkkoh laHkkouk,¡

dodewy lgthfork ikS/k–ènk–lw{etho var%fØ;kvksa dk
,d egRoiw.kZ tSfod vk/kkj gS] tks ty mi;ksx n{krk] iks’kd
rÙo vf/kxzg.k rFkk tSfod ,oa vtSfod rukoksa ds çfr ikS/k dks
lefUor :i ls fu;af=r djrk gSA dodewy dks dsoy tSo
moZjd ds :i esa u ns[kdj ikni iks’k.k] jkbtksLQh;j
vfHk;kaf=dh tSfod fu;ked ds :i esa le>uk vf/kd mi;qä
gSA Hkfo’; esa thuksfeDl] VªkalfØIVksfeDl] çksVhvksfeDl rFkk
esVkcksyksfeDl çksQkbfyax ls ikS/k–dodewy var%fØ;kvksa ds
çeq[k thu] flXufyax usVodZ] esVkcksykbV~l ,oa dk;kZRed
lw{ethoh leqnk;ksa dh igpku laHko gksxhA bu tkudkfj;ksa
dk —f’k rFkk Qly lq/kkj dk;ZØeksa ds lkFk ,dhdj.k
Qly& ,oa i;kZoj.k&fof”k’V dodewy buksdqysaV fodflr
djus dk vk/kkj çnku dj ldrk gSA

vkHkkj

ys[kd bl ys[k dks iwjk djus ds fy, yxkrkj lgk;rk]
gkSlyk vkSj ,dsMfed ekgkSy nsus ds fy, Lokeh J)kuan
d‚yst dk ”kqfØ;k vnk djrs gSaA

fMLDysej

bl vkfVZdy esa crk, x, fopkj vkSj urhts flQZ ys[kd ds
gSa vkSj t:jh ugha fd os muls tqM+s baLVhVîw”ku ds fopkjksa dks
fn[kkrs gksaA nh xbZ tkudkjh fdruh lgh vkSj iwjh gS] blds
fy, ys[kd ftEesnkj gS] ysfdu bl daVsaV ds bLrseky ls gksus
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okys fdlh Hkh lh/ks ;k vçR;{k uqdlku ds fy, dksbZ
ftEesnkjh ugha ysrk gSA

fgrksa dk Vdjko

ys[kd ;g ?kks’k.kk djrk gS fd bl ys[k ds çdk’ku ds laca/k esa
dksbZ d‚fU¶yDV v‚Q baVjsLV ugha gSA LVMh ds fMtkbu] MsVk
dysD”ku] ,ukfyfll] ifCy”k djus ds QSlys] ;k eSU;qfLØIV
rS;kj djus esa fdlh Hkh QafMax ;k Li‚Uljf”ki dk Qk;nk
ugha mBk;k x;k ;k ml ij vlj ugha Mkyk x;kA

tkudkjh ds lkFk lgefr: NA.

REFERENCES
Abeer, H., Allah Abd, E.F., Alqarawi, A.A. and Egamberdieva

Dilfuza (2024). Induction of salt stress tolerance
in cowpea [Vigna unguiculata  (L.) Walp.] by
arbuscular mycorrhizal fungi. Legume Research.
38(5): 579-588. https://doi.org/10.18805/lr.v38i5.
5933.

Afridi, M.S., Javed, M.A., Ali, S., De Medeiros, F.H.V., Ali, B.,
Salam, A., Sumaira, Marc, R.A., Alkhalifah, D.H.M.,
Selim, S. and Santoyo, G. (2022). New opportunities
in plant microbiome engineering for increasing
agricultural sustainability under stressful conditions.
Frontiers in Plant Science. 13: 899464. https://
doi.org/10.3389/fpls.2022.899464.

Akiyama, K., Matsuzaki, K.I. and Hayashi, H. (2005). Plant
sesquiterpenes induce hyphal branching in arbuscular
mycorrhizal fungi. Nature. 435(7043): 824-827.

Bunemann, E.K., Bongiorno, G., Bai, Z., Creamer, R.E.
(2018). Soil quality-A critical review. Soil Biology
and Biochemistry. 120: 105-125. https://doi.org/
10.1016/j.soilbio.2018.01.030.

Couto, M.S.R., Lovato, P.E., Wipf, D., Dumos-Gaudot, E.
(2013). Proteomic studies of arbuscular mycorrhizal
associations. Advances in Biological Chemistry.
3: 48-58. https://doi.org/10.4236/abc.2013.31007.

Delaeter, M., Magnin-Robert, M., Randoux, B. and Lounès-
Hadj Sahraoui, A. (2024). Arbuscular mycorrhizal
fungi as biostimulant and biocontrol agents: A
review. Microorganisms. 12(7): 1281. https://doi.
org/10.3390/microorganisms12071281.

Dey, S., Choudhury, D. and Dutta, S. (2024). A consortium
of arbuscular mycorrhizal fungi, plant growth promoting
fungi and mycorrhiza helper bacteria to establish
a tripartite interaction as a boon for improvement
of plant growth and augmentation of Aloin and Aloe
emodin content in Aloe barbadensis Mill. Research
Square. https://doi.org/10.21203/rs.3.rs-5308322/v1.

Fattahi, M., Nasrollahpourmoghadam, S. and Mohammadkhani,
A. (2020). Comparison of effectiveness of arbuscular
mycorrhiza fungi (AMF) on Vitis vinifera under low
irrigation conditions. Agricultural Science Digest.
41: 119-128. doi: 10.18805/ag.D-253.

Folli-Pereira, M.d.S., Garlet, J. and Bertolazi, A.A. (2020).
Arbuscular Mycorrhizal Fungi and Their Potential
Applications for Sustainable Agriculture. In:
Agriculturally Important Fungi for Sustainable
Agriculture: Perspective for Diversity and Crop
Productivity. [A.N. Yadav, S. Mishra, D. Kour, N.
Yadav  and A. Kumar (Eds.)], Springer. 1: 109-119.
https://doi.org/10.1007/978-3-030-48474-3_6.

Gachomo, E., Allen, J.W., Pfeffer, P.E., Govindarajulu, M.,
Douds, D.D., Jin, H., et al., (2009). Germinating spores
of Glomus intraradices  can use internal and
exogenous nitrogen sources for de novo biosynthesis
of amino acids. New Phytologist. 184(2): 399-411.
https://doi.org/10.1111/j.1469-8137.2009.02925.x

Genre, A., Chabaud, M., Balzergue, C., Puech Pagès, V.,
Novero, M., Rey, T., Fournier, J., Rochange, S.,
Bécard, G., Bonfante, P. and Barker, D.G. (2013).
Short chain chitin oligomers from arbuscular
mycorrhizal fungi trigger nuclear Ca2+ spiking in
Medicago truncatula roots and their production is
enhanced by strigolactone. New Phytologist. 198(1):
190-202.

Genre, A., Chabaud, M., Timmers, T., Bonfante, P. and
Barker, D.G. (2005). Arbuscular mycorrhizal fungi
elicit a novel intracellular apparatus in Medicago
truncatula root epidermal cells before infection.
The Plant Cell. 17(12): 3489-3499.

Ghorui, M., Chowdhury, S., Das, K., Sunar, K. and Prakash,
B. (2023). Optimizing factors for large-scale
production of arbuscular mycorrhizal fungi consortia
using root organ cultures. Journal of Biological
Methods. 10: e99010006. https://doi.org/10.14440/
jbm.2023.410.

Goicoechea, N. (2020). Mycorrhizal fungi as bioprotectors
of crops against Verticillium wilt- A hypothetical
scenario under changing environmental conditions.
Plants. 9: 1468. https://doi.org/10.3390/plants
9111468.

Harrison, M.J., Dewbre, G.R. and Liu, J. (2002). A phosphate
transporter from Medicago truncatula involved in
the acquisition of phosphate released by arbuscular
mycorrhizal fungi. Plant Cell. 14(10): 2413-2429.
https://doi.org/10.1105/tpc.004861.

Javot, H., Pumplin, N. and Harrison, M.J. (2007). Phosphate in
the arbuscular mycorrhizal symbiosis: Transport
properties and regulatory roles. Plant, Cell &
Environment. 30(3): 310-322.

Jeffries, P., Gianinazzi, S., Perotto, S., Turnau, K. and Barea,
J. (2003). The contribution of arbuscular mycorrhizal
fungi in sustainable maintenance of plant health
and soil fertility. Biology and Fertility of Soils. 37:
1-16. https://doi.org/10.1007/s00374-002-0456-8.

Kaur, S. and Suseela, V. (2020). Unraveling arbuscular mycorrhiza-
induced changes in plant primary and secondary
metabolome. Metabolites. 10: 335. https://doi.org/
10.3390/metabo10090335.

Role of Mycorrhizae in Nutrient Acquisition and Promoting Plant Growth in Sustainable Agriculture: A Review



                                                                                                                                                                    Bhartiya Krishi Anusandhan Patrika260

Kikuchi, Y., Hijikata, N., Ohtomo, R., Handa, Y., Kawaguchi,
M. and Saito, K. (2016). Aquaporin-mediated long-
distance polyphosphate translocation directed
towards the host in arbuscular mycorrhizal symbiosis:
Application of virus-induced gene silencing. New
Phytologist. 211(4): 1202-1208. https://doi.org/
10.1111/nph.14016.

Kuila, D. and Ghosh, S. (2022) Aspects, problems and
utilization of Arbuscular Mycorrhizal (AM) application
as bio-fertilizer in sustainable agriculture. Current
Research in Microbial Sciences. 3: 100107. https://
doi.org/10.1016/j.crmicr.2022.100107.

Kumar, A., Kumar, R., Singh, P., Kalaichelvan, S., Santos-
Villalobos, S.L., Kumar, N., Fernando, L., Kumar,
R., Solanki, M.K., Joshi, N.C. and Babalola, O.O.
(2025). Emerging role of arbuscular mycorrhizal
fungi in sustainable agriculture: From biology to
field application. Microbiology Open. 14(5): e70082.
https://doi.org/10.1002/mbo3.70082.

Li, Y., Xu, J., Hu, J., Zhang, T., Wu, X. and Yang, Y. (2022).
Arbuscular mycorrhizal fungi and glomalin play a
crucial role in soil aggregate stability in Pb-
contaminated soil. International Journal of
Environmental Research and Public Health. 19(9):
5029.

Manfred, G.G. et al. (2011). Full-length transcriptome assembly
from RNA-Seq data without a reference genome.
Nature Biotechnology. 29: 644-652. https://doi.org/
10.1038/nbt.1883.

Martin, F.M. and van der Heijden, M.G.A. (2024). The mycorrhizal
symbiosis: Research frontiers in genomics, ecology
and agricultural application. New Phytologist. 242:
1486-1506. https://doi.org/10.1111/nph.19541.

Parniske, M. (2008). Arbuscular mycorrhiza: the mother of
plant root endosymbioses. Nature Reviews
Microbiology. 6(10): 763-775.

Pellegrino, E., Nuti, M. and Ercoli, L. (2022). Multiple arbuscular
mycorrhizal fungal consortia enhance yield and
fatty acids of Medicago sativa: A two-year field study
on agronomic traits and tracing of fungal persistence.
Frontiers in Plant Science. 13: 814401. https://
doi.org/10.3389/fpls.2022.814401

Raut, R.R., Harale, P. and Kurhe, A. (2020). Studies on soil
quality parameters in relation to cropping patterns,
micronutrients and pH from Goagalgaon area in
Ahmednagar district of Maharashtra, India. International
Journal of Multidisciplinary Current Research. 6:
210-219.

Santoyo, G., Gamalero, E. and Glick, B.R. (2021). Mycorrhizal-
bacterial amelioration of plant abiotic and biotic
stress. Frontiers in Sustainable Food Systems. 5:
672881. https://doi.org/10.3389/fsufs.2021.672881.

Shuab, R., Lone, R., Ahmad, J. and Reshi, Z.A. (2017).
Arbuscular Mycorrhizal Fungi: A Potential Tool for
Restoration of Degraded Land. In: Mycorrhiza-
Nutrient uptake, biocontrol, ecorestoration. [A.
Varma, R. Prasad and N. Tuteja (Eds.)], (pp. 415-
434). Springer. https://doi.org/10.1007/978-3-662-
56502-3_21.

Sukorini, H. (2025). Arbuscular vascular mycorrhizes (MVA)
to control wilt disease in tomato  (Solanum
lycopersicum L.). Agricultural Science Digest - A
Research Journal. doi: 10.18805/ag.DF-720.

Sun, W. and Shahrajabian M. H. (2023). The application of
arbuscular mycorrhizal fungi as microbial biostimulant,
sustainable approaches in modern agriculture.
Plants. 12(17): 3101. https://doi.org/10.3390/
plants12173101

Sun, Y.F., Song, F.Q., Chang, W. and Fan, X.X. (2016). The effects
of AMF on the growth and physiology of E. angustifolia
seedlings under saline stress. Scientia Silvae
Sinicae 52: 18-27.

Upasani, R.R. and Barla, S. (2025). Understanding the
mycorrhizal network and ecological symphony: A
review. Agricultural Science Digest. 45(3): 371-
379. doi: 10.18805/ag.D-6035.

Velásquez, A., Cornejo, P., Carvajal, M., D’Onofrio, C., Seeger,
M. and Cuneo, I.F. (2025). A comprehensive review
of the transcriptomic and metabolic responses of
grapevines to arbuscular mycorrhizal fungi. Planta.
262(3): 58. https://doi.org/10.1007/s00425-025.

Zeng, W., Xiang, D., Li, X., Gao, Q., Chen, Y., Wang, K., Qian,
Y., Wang, L., Li, J., Mi, Q., Huang, H., Xu, L., Zhao,
M., Zhang, Y. and Xiang, H. (2025). Effects of
combined inoculation of arbuscular mycorrhizal
fungi and plant growth-promoting rhizosphere
bacteria on seedling growth and rhizosphere
microecology. Frontiers in Microbiology. 7(15):
1475485.

Zhang, X., Zhao, B., Zheng, Y., Li, M., Zhang, H., Wang, P.,
Chen, S., Jin, X. and Wu, X. (2025). Arbuscular
mycorrhizal fungi mitigate lead toxicity in maize by
restructuring rhizosphere microbiome and enhancing
antioxidant defense mechanisms. Agronomy.
15(6): 1310.

Role of Mycorrhizae in Nutrient Acquisition and Promoting Plant Growth in Sustainable Agriculture: A Review


