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Extended Abstract

Background: Sugarcane (Saccharum officinarum L., from the family Poaceae) is one of the most
economically important crops globally, widely cultivated in tropical and subtropical regions due
to its production of sugar, ethanol, bioenergy, and bagasse. Given its key role in providing
renewable energy and derived products, sugarcane is a major focus of agricultural and industrial
research. However, salinity stress is one of the most significant challenges impacting sugarcane
production, especially in saline areas. Soil salinity is one of the most critical environmental
stresses, leading to reduced plant growth and yield, posing a serious global threat to agricultural
production. Salinity stress negatively affects sugarcane growth and development in several ways,
including reduced water uptake, disruption of metabolism, and accumulation of sodium in plant
tissues. As a result, the severe decline in yield and product quality in saline areas has become a
major concern for both farmers and researchers. This review aims to examine the challenges posed
by salinity in sugarcane and to present innovative remedial strategies for enhancing the crop's
resistance to salinity.

Methods: This review study was conducted using a systematic search in reputable scientific
databases, such as PubMed, Scopus, and Web of Science. Initially, over 100 articles related to
salinity and sugarcane were reviewed in this overview. The criteria for selecting the articles
included publication in peer-reviewed journals, relevance to the topic of salinity, and a focus on
innovative remedial methods. Articles specifically addressing novel approaches for improving
sugarcane resistance to salinity were selected and analyzed after an initial review. The extracted
data were qualitatively analyzed and categorized to identify key challenges and trends.

Results: The results of this study show that salinity has widespread negative effects on
sugarcane's physiological and biochemical processes. In the early stages of salinity stress, the
plant experiences osmotic stress due to reduced water uptake and stomatal closure, which leads
to a decrease in photosynthesis and, ultimately, a reduction in plant growth. Sodium accumulation
in cells causes ionic stress, resulting in cell membrane damage and decreased enzymatic activity.
These processes lead to premature leaf senescence and a significant reduction in sucrose
concentration in sugarcane stalks, directly affecting the quality of the final product. Various
methods have been employed globally to address these challenges. One of the primary approaches
is the genetic improvement of sugarcane through traditional methods, such as selecting salinity-
tolerant parents and performing hybridization. These methods enable the development of varieties
that show greater tolerance to saline conditions. However, due to the complexity of the sugarcane
genome, which includes multiple chromosome sets, this process is highly time-consuming, often
requiring 7 to 12 years to produce a salinity-tolerant variety. Additionally, this genetic complexity
makes each hybridization event unique and unpredictable, complicating the breeding process. In
addition to traditional methods, modern molecular approaches have emerged as critical strategies
for improving sugarcane's resistance to salinity. Molecular tools, such as PCR-based markers and
genome-editing technologies (e.g. CRISPR), can target key salinity-tolerance genes and eliminate
or modify sensitive genes, aiding in the development of salinity-resistant sugarcane varieties.
These methods not only shorten the time required for resistance improvement but also provide a
more precise and reliable way of genetic modification. Beyond genetic modification, the use of
plant growth-promoting microorganisms (PGPBs) has been introduced as an effective approach
for mitigating the effects of salinity. These microorganisms enhance salinity tolerance by
producing plant hormones, such as indole-3-acetic acid (IAA) and cytokinins, improving nutrient
exchange, and regulating osmoprotectant compounds, such as total soluble sugar (TSS) and
proline. Additionally, these microbes protect plants against diseases and environmental stressors
by producing antibiotics, hydrogen cyanide, and other pathogen-inhibiting compounds. Research
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has shown that the use of these microorganisms can significantly reduce the negative effects of
salinity and improve sugarcane performance under saline conditions. Omics technologies, such
as transcriptomics, proteomics, metabolomics, and ionomics, have also proven to be effective
tools in identifying genes and molecular pathways associated with salinity tolerance. These
techniques allow researchers to identify gene expression patterns under saline conditions and
propose new strategies for improving sugarcane's salinity resistance. Specifically, next-generation
sequencing (NGS) technology has played a vital role in accelerating transcriptomic studies of
sugarcane tissues under salinity stress.

Conclusions: In conclusion, this review demonstrates that salinity is one of the major challenges
in sugarcane production, having extensive negative effects on the growth and yield of the crop.
However, employing innovative remedial methods, such as traditional and molecular genetic
improvement, the use of plant growth-promoting microorganisms, and omics technologies, can
significantly enhance sugarcane's resistance to salinity. Given the critical importance of sugarcane
in the global industry, future research should focus on optimizing these methods and developing
new strategies to simultaneously increase the efficiency and sustainability of sugarcane
production in saline areas and improve the quality of the final product.
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Figure 1- Effects of salinity on photosynthetic production. Enzyme activities and the electron transport chain (ETC)
lead to membrane rupture, a reduction in COz acquisition, and leaf senescence, also, ion toxicity, membrane
inhibition, reduced stomatal conductance, lower PSII quantum efficiency, and a slower electron transport rate, which
in turn reduces the activity of the photosynthetic enzyme (Kumar ef al., 2023).
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Table 2. Physiological responses to salinity stress in different cultivars and varieties of sugarcane

e S o 5 el bne I 1545 L 6y
Reference Physiological response Stress environment lensign Country Cultivars
Glgme G Jobs Slas g ol s (slgime Ay ialS
1459y ol g (53tigid £ Jadg)lS ot 9812
Dhansu e ojlas K5 Na® ol SN zb NaCl oy Olwgiin il o935 9
al., 2022 Reductions in growth, relative water content, and Pot experiment 12,8, and 4 India 9 different genotypes
gas exchange traits, chlorophyll content, dS/m NaCl.
photosynthetic rate, and stomatal conductance.
Increases in Na+ and K+ in the extract.
2 urder) 38
LS yio
25 2l g &gy () (Al sy el Na2804 NaCl
CO2 iy o g 433 clale o5y e 20l g . CaCI22H20 4 . .
Ragoezllal., Reductions in net photosynthesis, stomatal S b (¥) Olegin e 05,38
conductance, and photosynthetic rate. Pot experiment 8 dS/m of salts India 38 different genotypes
Reduction in leaf area, sugar concentration, and the . m of salts
CO?2 uptake rate including NaCl,
Na>SOs, and
CaCl>-2H:0 in
a 1:2:1 ratio.
VAT90212
RB72454
0,1,2,4,6,8 RBR?Z;”
Simoes et Fuogid £ SRS 5 35) (obl, (L2 S o Fo g ez Uiy REDEA003
al.. 2020 Reductions in stomatal conductance and the Pot experiment 0,1,2,4,6,8 Brazil RB957508
’ photosynthetic rate. P decisiemens per
SP791011
meter RB835089
RB92579
0.200. 500. SP943206
1000, 2000,
Q02 i s 9 438 AL o5y s 2l 25 ke 3000
‘Watanabe Reductions in the leaf area, sugar concentration, and S5 b »u » NaCl ol NiF8
et al., 2020 CO: uptake rate. Pot experiment 0, 200, 500, Japan
1000, 2000,
3000 mg/L
NaCl
Mgy Colia Sy palls jilogh £ Shals 0.38.75. 150
Jst 5 ol > Jlone 438 e o oo (3 COz il Voo e300
Zhao et LS ol plo 4 Chanwlyd S )b NaCl 12258 CP96-1252
al., 2020 Reductions in the net leaf photosynthesis rate, Pot experiment 0, 38, 75, 150, Florida CP00-1101
stomatal conductance, intercellular CO2 300 millimolar
concentration, soluble sugar content, and the NaCl
transfer of photoassimilates to other plant tissues.
ey & e S (e 20
o e 5 i) colia ialS
5 olal3al gy uals’ 55 e 800
Cruz et al. A reduction in the sodiu}r“n“toy.:otassium ratio S5 b ey Jein
2018 Reductions in stomatal conductance and relative Pot experiment SBpSels Brazil IAC91-1099
water content. 800 mg/kg of
Decreased growth and increased electrolyte leakage sodium in soil
due to damage to the photosynthetic photochemical
apparatus.
Slgze Jsho slaé )lul (IS Jdo)lS slgome ials nio b Sgagrid S
w5l Ormen 9 Oy Oliee G 9 03 Gl ol s O 05150 200
Anitha et YUK Glaus Hydroponic cultivation NaCl ;¥se o Glwgain CoC 671
al., 2015 Reductions in total chlorophyll content, cell using the Hoagland 200, 150, and 0 India CoC 24
membrane stability, and relative water content, solution. millimolar
along with decreased growth and increased levels of NaCl
proline and the antioxidant enzyme catalase.
r N it s Lo g s 0,100
plal g ady) s 035 5 Ol Jousilly calls jriwgid iald 19 o
Murad et | ShS e b NaCl,¥Yge e ol Rb867515
al., 2014 ons i AT . : 200 and 0 Brazil RB855536
- Reductions in net photosynthesis, water potential, Pot experiment millimolar
and dry matter of roots and aerial parts. NaCl
ol (oo slgizee oS Ol Jpuilty s30m Jpuilty StalS
Jibs lS uibuysls oot 0,7 €92038
Gomathi et blub 5 oo axs LIl S b Fo Co85004
al., 2010 Reductions in osmotic potential, leaf water Pot experiment 0and7 (850365194050
potential, relative water content, and chlorophyll decisiemens per
fluorescence. meter
Increased accumulation of proline and polyols.
b ala gl
: —180 (6595 i
0355 Gy 9 Sy 2l riliy 3y el 120 MS/M
Naidoo et Bl pials s CaClz s MgSO4 9 sl 31
al., 2004 Reductions in growth, leaf water potential, and Poixpeﬁ;‘nloent Solutions with Su;f:h Afri):a NCo376 N17 N22
biomass. salinity levels

A reduction in sucrose content.

of 180-120
mS/m of CaCl
and MgSO4

My sy oyl 09Me (Dias & Blanco, 2010) w4
2uS1ed 4 08 (o tod o (rimgis Cullad g olS
By (0 )18 ogllacl WS5U Cod (5)90 5 S5k > ()5
20148 Jobo j0 1y 59 (5553 Judg S .(Simdes et al., 2018)
el JsylS sVl g ) 2y S o o Sy
Sgdise Sr90 O5 L 5l 5 )5 Jols Sull
I8 e Lég S cloime ialS (Taiz et al., 2017)

) $agd G5 SS9 ()55
bog ol (b Gl 86 L YL ()58 kulyd
28 (el (g Cuow gaw (BB ady) ln ol
Dresselhaus & ) a3 o jl,8 50 cod |y olS 505
My sy > Sl pss o JS jeboay ((Hiickelhoven, 2018
Glp Bl & s Lol gl eyl (gitwes cullsd g
i) GBS oo o 5 (539 25 Syl 2,5 5]


http://dx.doi.org/10.61882/jcb.2024.1537
http://jcb.sanru.ac.ir/article-1-1537-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1537 ]

oy Sk sae 5 (18 o)l

al S5k sl Syl sl by 9 598 ST gy 1S ol 5 (oMol sl lSaly 5 (5908 slagilly

55 i 1, ABA gl U b slogs ol o35 5
(Ullah et al., 2018)

el g Jo

S gl janass by el 5 blamg S ol
2 8 5 5 S 5 Ll o (s fitagih Cll
Maetal.,) 35 o a5 |y o35 slaplil )3 5,8 by
Pl Clhag S 30w & e s Lials (2020
O 9 e gaw O 2Ll 695 5> (B3l g puie
J(Rodrigues et al., 2019) >4 o ;,5L

S29d ST Cod St (abendan Gl

ey aJ5Slge 5 WL & S5 Llyd 5 ROS sy
U (Kidesd sl p & Sie cunl alS
» oddides ROS ¢ Slas] sl ey i 5105
Jyae g dawgs 3 &S Sy o ) (LS sladsle
Dblie bliyl 4 aLS (Reduction) yials o i
Hasanuzzaman et al., ) A5 o &S b olS—g)Sho
ol eS8y lapunslSe 5l lalS (2020
odlawwl ROS ..\.».]9.: )I u.wl.’ o 0 ‘_}uiblf le).: Ls“)"‘ 9
SYBS & olgs oo sl olasnST ] ales 5l a8 a8 o
(POX) )’waSl); {SOD) )’UM) LS lpaw (CAT)
5 (GR) iS55, o5:bsl5 5 (GPX) jlawslyy 0gsbsls
‘L"’&A..M‘ BspeSy 4 el pe Glghs] sl
o)Ll 35595 o adeiaMs ¢ 55l a5« )l el Jid
d\Jg,a..Sngﬂ S5 olgis 4 adgigMe 3] gladad (0 .S
ol loas as i (Al laptens 3 58
dacdgonl 5 (ol 2 5 ol Sl 1] o
D9l 1y 6)98 9 (St i Job 53 0154)5 ROS
cdadls gilaST (55 plp 0 b ok 5l does j3 S o
=8 e (Kumar et al, 2021) .S

5 Sopd Ol sSsle 0 et 1B JlusT Tl
Job ;> (Gupta et al., 2022) >)ly Joaso Ld) e
sdsode ST 5l oo YUY Loyd ccilgs mudglio
Syl 5 il Jpaa Ko lsie & LS by
ROS 4 lapgj sy g cawdlyg)lS 65088 gise iile ol
JSoly oS gphn Joly oSS S Db 0 Jsis
5 =SS ool (ign STy ST g
JW o5es] sladiss plyied STy la iS00,
Farnese et al., 2016; Miller et al., ) sgd o (g3isdido
09750 U 5ty oy (sl Sy (2010

S o SaS LS sla ks 3 ROS Wy 4 bses

S Ay ey ¢ pd G o > BS
ol > (Willadino ez al., 2011) a5 3,135 RB867515
u:(;.mlf g oo 03 Le yiiT Cod loges &S = S
2 09I 3y (b )lS lgme 559 55 e
JSis g COr s il 9,8l k:lLii;;s\ 0 1455
odalie (LS sl Jskw 3 el st ol sl JIGol,
oS b gyeh i (Simdes et al., 2019) 44 0
P ey &S g DS pudglie (iimgd Loy
I S sl bl pesls K olsis 4 Lo,
(Simdes et al., 2019) 555 0 5y Aoy 4 Ll B
olgear ]y oo G 55 (ABA) S sl sl oS 52
Jskw wb.o @»L sl u_la.oa L;Lm&m JL’&M\, Jl)al
éé.)lo el Sl dx.f 91? slp 35 Co o g sl
(Anetal, 2016; Liet al., 2016) &5 o Cwdd Sy
bojyle 3 1) SA Coenl e cla )15 (ol 2 ogMle
olis,bl b i oyl ﬁlﬁ 2 olS 5l gy g (gy9h i
(V+3Y¥) o) Ken g lasoll . (Fahad & Bano, 2012) .S o
o o |y Glawd—F— 5l 3 5 Slawd 5,8l cglae lo
62,5 o)l SA (LBl slre Jli> 4 Suts )3 (6yed
(ABA) & sl dunsl oy 0LS 5> (Almeida et al., 2013)
5 e G5 JUWSew STl plgisas 1) are B 55
ABA .55 o ] Un 5235 & Capa Jsha canlio gl 2]
d Sl ol i 53 5lS dlady S plsie &
Sl slp 35 ey g sl Colin (IRl i
cald 5L ABA gy 0 )5 4 Sy 5kl Gl M
Wi SxSsl (CF g9 sbajbland (u5gy) PP2C
.(Himmelbach et al., 2003)

] Al gepn el

WSS o lel ) U Jsl sla sl o i sl gy pawsuis
e Gyl 5 JUSw JWS] (slacygajgngid byt Jols
5 &o30 Gimwge (Mohinani ef al., 2021) 5,5 o &0
ABA - ale agygepgngid I egtie 095 @iy
(IAA) Sl Seal¥- ngm SA (CK) by gt
Gujjar & ) By (o0 )‘)—" So9s 9 u&» oM
Oolite Hlo o) Ken g 35,09, (Supaibulwatana, 2019
Jasl (25 gl osoppn pedlglio b Laipe (slaps
S ) (Sids i golaw Cov 1y s 5 JUSw
u,;‘;b’ U cod J(Rodrigues et al., 2011) 15,8 5,158
u9‘)9"°9~5 Fow ey J‘S\w 5)3 ‘dm"” 9 5545 jl
bMABAMWL LbLS]a.wy kot_{)bu,w.s ..\SUA
2 Ju‘yu.o ABA o ‘O‘-’.‘ » °5M'° .D9.wu.o Adyy O
OExed 9 390 il oSyl )3 g plonil Sy sla ol
L JBIS Cullb i o185 25l (Sl cslacgled


http://dx.doi.org/10.61882/jcb.2024.1537
http://jcb.sanru.ac.ir/article-1-1537-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1537 ]

¥

oy Flale e g (2 o)l
V¥ /Y o)l [mdin Jlo /sl olalS oMol 4ol jimgi

Jain et ) w8’ SaST (Sas bylyd o HiO2 4y jo0 (4l
J(al., 2015; Sales et al., 2015

1) 02 Jolgo 55 g ol mjillio (oM S, SOD
SV s e U H0; 5 JsSle (5]
Zn- 4 Cu Fe-SOD Mn-SOD) SOD clap by
Jsb p» dilisee Jslo slacSelsl 3 1) OF xexs (SOD
S & &S @Syl blS WS e S (S IS
L2l lis Cu-Zn SOD (¢ iy cudled s yipglio
bylyis bwy S » SOD culls (Wu ef al., 2016)
oyl y09Me (Jain et al,, 2015) 395 o0 pulais o d9uaS
Lylyis ;5 1) SOD cllad yiShis  Suis & pylie ;S plB)|
Jangpromma et al., ) x> o L 3¢5 5 Ol dgseS
oS S pB,l )3 SOD Calises (slap 893 (2012
balys )3 Sl sl glodas 58T Sglite il
(Jain et al., 2015) x> i

S35 15l 108 JsSlge g b S5 o Jln ol
i St 3 GPX 5 lajlisuSTys s (GST) il
Jow cdld  Sis )b clbs Shwas] ol el
(NTR) 5LS'63, 305 '53,55-NADPH 1ilo o jlasuS],
b piasw 9 (FTR) (puS'939)8 4 aiunly jUS'9>, TRX
s ol ade gl ey e iliel |y GSH/GRX
55 GR 3 GST DHAR MDHAR clacigig) St
ly glodas yias PRX .(Vaseghi et al., 2018) sud lo
53t Jslo 3 S Jasl 5 ialS slo i Job
St i cos bl e Slos cusl S oS S o
5l cledlxs (gly (Thalmann & Santelia, 2017) wil,
adslye st ol Jln 3 (25 sl
oo s b olyon Wlg oo ol e @leuﬁ!
Lylys 3 e gousl 2eos S j> .S, ROS ou 3l
X5 o (565 ok ROS 15 | by sl J JLuSiis
.\J)lf oS Bl S gy [(Guimardes et al., 2008)
S olgisds Wl o dan opl g egMe .l ROS
bolyd Jsbo 53 a8 Jos (JoS90 (g 5 )5l Codgon
55 el g ji il s Baee g ol 25108
Das & Roychoudhury, ) 298 . awilsl LS o
(2014

W (6rpb g (SIS ohigh ) b OIS Lalyd
=B (sl g Nad 0 ROS Wlgi o (saelay ilsél
aryxie g N 0350dg5 ROS b 4y 28 il 5]
9 ol ol o JsSUg0gm 4 o4 398 oo guiliunS] il
Segal & Wilson, ) wloy o cawl Jobo (glwgen

(2018
TV TS

bosd 1l S Gl l oy s a3 Jleb
ool olS )5l & da g b aolisT LS (gly e
ok ol Gl opl o W (Akter e al., 2021)
4 a1l g8 g ungis) S o 5 sy
Sy 5 S 25l gl 5yt ot S S g
ROS oo (sloosisS bis (Zuo ef al., 2023) x5 o Jas
Ol38 b duslds ) .ase GPX g CAT APX LS )
oo > ©ad a4 APX ol Ll GPX 5 CAT (L
sy Sl 3l S APX amd o0 ¢y (g 5 o
dob 3 g Sl bapginsly g Cuwdb)lS «Jojgtw
» J(Kesawat et al., 2023) 545 0 bl 2LS (sladisS
Comd o5 (APX2 o yois) alX8 Cilige ¢y gl
J(Estavillo et al.,, 2011) sy jul;l 1, Sis i a
Slp) APX plo g8 b asu)ly ol
Flosis Job 3 1y olS 3, Sos o S ((Joisim (09
Ol ¢ 35,04, .(Rodrigues et al., 2009) s> 5158l
@ polie Sl 98y o 3 1) jlenSy 0 S ple Gl
S5 Glaisds sy culd il g 1) samlie (Sis
48,5 Lo > SuS ROS 5,8 Jlb e (gly 0aiS 59000

(Rodrigues et al., 2009) 1
lopgiipusly 5 ol ob (53l S pol55 31 S, CAT
St 11 5 Jgo 5 (CAT2) VU (s pmgil IS
& mge) 3l o gaw ) CAT ilold ol ore
94025 ) Ol Jold CAT cllad onomy lais 3 oo
LS (SE (B yre )3 el oS Cunl Sloj (g (53)5
5 APX (sl (Sofo ef al., 2015) 3,5 o )3
U5 g > 1y Gl gaeelinus] oo CAT
St Byl 5l (B byl (a3l o sl (S0 5 S 0

[T 3Y e

PN PR P

ot ot 95 b il S
3Tl — azaulias lize Juoned

L R
sla lagaas ol 5 3l Jlad

s Jaai pas
Waiss olet 0 peeds
Ao J 2

ST RPORut PO, [

M
[
i
b

D S R NI}

S raan! | yus yianl

OieeS1 (SlaaiaS 3,8 it b aRly slaeilSe ol
QLS e SaS guilost 2o | rals w (ROS) 0y 2usTly

(Kumar et al., 2023) sl b dblae (gl (0650l (lpuuslSe g ;S olS 3 (590 i @lysb =Y S
Figure 2. Effects of salinity stress on the sugarcane plant and response mechanisms to deal with these consequences
(Kumar et al., 2023)
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