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ABSTRACT: Plant responses to salinity stress depend on the level of salinity, stress duration
and plant genotype. Therefore the aims of this study were to determine growth and physiological
responses of four sugarcane varieties under salt stress. A hydroponic experiment was conducted
using split plot in completely randomized design with three levels of salinity; 0, 100, 200 mM
NaCl and four sugarcane varieties; wild sugarcane (Saccharum spontaneum), forage-cane
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(Biotech2 (BT2)), and two cultivated cultivars (Khonkaen3 (KK3) and Suphanburi72 (SP72)).
Growth and, phenotypic and physiological parameters including plant height, biomass, leaf gas
exchange, chlorophyll fluorescence, total chlorophyll content, leaf water potential and electrolyte
leakage were measured during stress and recovery period. Several damages and the most
reduction in growth and biomass of four sugarcane varieties were found in 200 mM NaCl with
high level of electrolyte leakage and high reduction in total chlorophyll content, quantum yield
(Fv/Fm), net photosynthetic rate (Pn) and transpiration efficiency (TE). Saccharum spontaneum
and KK3 were less reduction in total dry weight than that of BT2 and SP72 due to well stomata
regulation and high performance of TE, Fv/Fm, Pn and leaf water potential, and well recovery
under both salt stress conditions.

Keywords: salt tolerance, net photosynthetic rate, chlorophyll fluorescence, transpiration efficiency,
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stress and recovery
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Table 1 Leaf area and biomass of four sugarcane varieties on 14 days after NaCl-stress and 7 days

after recovery

14 days after stress

7 days after recovery

Variety Leaf dry weight (g) Leaf area dry weight (g)

area root shoot total Cup) root shoot total
0 mM NaCl
S. spontaneum 75 0.053 0.593 0.647 110 0.140 1.470 1.610
BT2 309 0.500 2.527 3.027 491 0.893 4.540 5.433
KK3 209 0.543 2.190 2.733 473 1.543 6.553 8.097
SP72 230 0.440 3.023 3.463 370 0.603 4.423 5.027
Mean 206 0.384 2.083 2.468 361 0.795 4.247 5.042
100 mM NaCl
S. spontaneum 53 0.060 0.603 0.663 75 0.117 0.867 0.983
BT2 57 0.253 1.137 1.390 248 0.870 2.890 3.760
KK3 152 0.687 1.960 2.647 456 2.023 5.880 7.903
SP72 54 0.130 1.280 1.410 183 0.363 2.437 2.800
Mean 79 0.283 1.245 1.528 241 0.843 3.019 3.862
200 mM NacCl
S. spontaneum 0 0.023 0.410 0.433 5 0.050 0.370 0.420
BT2 0 0.153 0.747 0.883 44 0.357 0.753 1.110
KK3 49 0.267 1.593 1.860 82 0.373 1.790 2.163
SP72 0 0.137 0.890 1.027 6 0.133 0.893 1.027
Mean 12 0.145 0.910 1.051 34 0.228 0.952 1.180
LSD, .
Salinity (S) 26* 0.069* 0.255*  0.309* 48* 0.144* 0.574* 0.607*
Variety (V) 19* 0.079* 0.215*  0.267* 32* 0.173* 0.450* 0.443*
SxV 33* 0.136* 0.372* 0.463* 56* 0.300* 0.780* 0.767*
Ccv 19.5 29.3 15.3 16.1 15.3 28.1 16.6 13.3
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Figure 2 Changes in number of green leaf of four sugarcane varieties under salinity stress and

recovery period
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Table 2 Percent of leaf dryness under salinity stress period and recovery score on seven days after

recovery of four sugarcane varieties

Variety NaCl concentration Leaf drying (%) Recovery level
(mM) 0 DAT 7 DAT 14 DAT 21 DAT
S. spontaneum 0 0 0 0 -
100 0 1.3 7.5 1
200 0 26.3 72.5 7
BT2 0 0 0 0 -
100 0 12.5 325 3
200 0 45.0 75.0 7
KK3 0 0 0 0 -
100 0 8.8 8.8 1
200 0 25.0 67.5 6
SP72 0 0 0 0 -
100 0 13.8 26.3 3
200 0 66.3 100.0 9
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Figure 3 Changes in net photosynthetic rate, Pn (a), transpiration rate, E (b), stomatal conductance,
gs (c), and transpiration efficiency, TE (d) of four sugarcane varieties under salinity stress

and recovery period
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Figure 4 Changes in chlorophyll fluorescence as dark adapted maximum quantum yield, Fv/Fm of
four sugarcane varieties under salinity stress and recovery period
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Figure 5 Total chlorophyll content compared with control or 0 mM NaCl at 7 days (a) and 14 days (b)
and leaf water potential at predawn at 7 days (c), 14 days (d) and midday at 7 days (e)
14 days (f) of four sugarcane varieties after salinity stress
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d9luan1snnang

feenln  dawamnsdndiuglulamna2
forlgnriugrenunug uaz gwesuaze dnns
AALAUBIN NI AaTYRL Tnn e 15
annATEAAINAMELANTANAY Tnadeatuay
PAUNNU3 A WIOIRTTYRLILAZETNIaTIN W
nelfianwiazeaananuanliandtlulemaz
WATANITTULT72 1 HedaNaNsnALANNNILLA
Unluléavizasinnulasanisneudaunsang

UnluseanIMATEARINANLANKATAINID
Snszaunsidaes nluligels duse@vanim
nelfuasuazdnadunnsinasgyage fung
19t WA uaziinnsatrennuaziFunm
paelaadraniaanluan i3 100 mM NaCl
SReNUTANITULET2 Lﬂuﬂﬂﬂm@w,vawmmumu
aninaa NaCl 1n Lummnummhmmmm
dninslasfisnuazluan deduaadlis
ANAINEIEY ﬂ@@I@W@@?’JNLL@:‘,ﬂiZ@Z}ﬁﬂWW
msliuaanann liaunsainwaarestinugiu



1908 WNUNEAT 47 (1) 1 187-198 (2562). /doi: 10.14456/kaj.2019.17

uazpauAxnadahnluld inliigamdunmiuas
WATANENAAAY  ANNAREERIINITIATYIAL TR
uwaznsassoneg  inliiminuiiseuanag
mnign Audindureande NaCl 200 mM
duandnanninlidesis 4 wug dluuiie
Eatiuad FFunnu@ennesnn Bununaelsias
Aluathnly  dsz@ndnmnislfuas  was
fnndupnziiamannn uazliamnmninm
AAnedinlusiuls danaliflianunsowmundo
ANgIazaAadiuls  usausnlidniy
tszidiupnuniiAnansdas |4

ANTRUAN

1099 UAMYUgAUYUIdalATINAg
NTWAILN gene targeted marker ialdAmLaan
SaanuAnANTiatLarunats (RDG5950095)
nlFunsaiuayuuddaann ane. uazlasanig
atlAYuIATALEBNNTIAY annAdTIN 151
ADAZINHAT AUNILAL NUINENREINEAIAIART

LANAISTA19DY

Wil gantlsnidig. 2558, dssmentesivaniel
ANNIZLATHA. Auinfiniuiesqrinaansnl
AMANEGE. NPUNN,

e wouvadan, dande funy, il TaiEnmezs,
Tezan Beenafiagn wazanen salain. 2559.
AanssuaeveulsdfiiuaaniaduuaziFuam
wedeanladwludesnlFiuanumsuaugs. o,
WonEANARS e, 8: 65-80.

Uszidsg dnedsvay, Tadn Yoyien wazimsinn in
Tann. 2552 nsufreumeuingsesang
&nd. nenuaiuanysnilazansiay ey
Aeonssy,  dnimBvnedemeeassaes,  dminau
WALTVRNANERS uae AR,

anAa a0, 2539, N R, anAs gl i
19-29. T AN, NINWANLNTIAU NITNIHNLFT
UATAVINIDL. NP

AninuaniznssuNIiesuAzinNanINg. 2560,
meunilgnges  Unswds 2559/60.
Available:http://www.ocsb.go,th/upload/journal/
fleuploac/923-0999.pdf el 7 weHnAN 2561

Bromham, L. and T.H. Bennett. 2014. Salt tolerance
evolves more frequently in C4 grass lineages.
J. Evol. Biol. 27: 653-659.

Cha-Um, S., S. Chantawong, C.M. Siriwatana, M. Ashraf,
and C. Kirdmanee. 2013. Field screening of
sugarcane (Saccharum spp.) mutant and
commercial genotypes for salt tolerance. Not. Bot.
Horti. Agrobo. 41: 286-293.

Cha-Um, S., S. Chuencharoen, C. Mongkolsiriwatana,
M. Ashraf, and C. Kirdmanee. 2012. Screening
sugarcane (Saccharum sp.) genotypes for salt
tolerance using multivariate cluster analysis. Plant
Cell. Tiss. Organ. Cult. 110:23-33.

Cheavegatti-Gianotto, A., H.M.C. Abreu, P. Arruda,
J.C.B. Filho, W.L. Burnquist, S. Creste, L.
Ciero, J.A. Ferro, ANV.O Figueiria, T.S.
Figueiras, M.F. Grossi-de-Sa, F.C. Guzzo,
H.P. Hoffmann, M.G.A. Landell, N. Macedo,
S. Matsuoka, F.C. Reinach, E. Romano, W.J.
Silva, M.C.S. Filho, and E.C. Ulian. 2011.
Sugarcane (Saccharum  officinarum). A
reference study for the regulation of
genetically modified cultivars in Brazil.
Tropical Plant Biol. 4: 62-89.

Jangpromma, N., S. Thammasirirak, P. Jaisil, and P.
Songsri. 2012. Effects of drought and recovery
from drought stress on above ground and root
growth, and water use efficiency in sugarcane
(Saccharum officinarum L.). Aust. J. Crop. Sci.
6:1298-1304.

Moran, R. 1982. Formulae for determination of
chlorophyllous pigments extracted with N,N-
dimetylformamide. Plant Physiol. 69:1376-
1381.

Murad, AM., H.B.C Moalinari, B.S. Magalhaes, A.C.
Franco, F.S.C. Takahashi, N.G. de Oliveira-
Junior, O.L. Franco, and B.F. Quirino. 2014.
Physiological and proteomic analyses of
Saccharum spp. grown under salt stress. PLOS
ONE. 4: 1-12.

Silva, J.A.G., P.M.A. Costa, T.G. Marconi, E.J.S.
Barreto, N.S. Gracia, J.W. Park, and N.C.
Glynn. 2018. Agronomic and molecular
characterization ~ of  wild  germplasm
Saccharum spontaneum for sugarcane and
energycane breeding purposes. Sci. Agric.
75:329-338

Wiedenfied, B. 2008. Effects of irrigation water
salinity and electrostatic water treatment for
sugarcane production. Agric. Water Manage.
95: 85-88.

Zhu, J.K. 2007. Plant salt stress. P1-3. In:
Encyclopedia of life sciences. John Wiley
and Sons Ltd., USA.



