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Environmental Stresses in Crop Sciences
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Tablel. Physical and chemical properties of the soil used in the experiment
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ESP (%) EC (dS/m) pH  Sand (%) Silt(%) Clay (%) Soil texture

Sandy Clay Loam
34 1.86 7.63 60 17 23 dy ¥
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HCO3 S04~ Cl- Na* ca®* Mg K* P N

(meg/L) (%)
6.5 17.19 28 12.42 9 7 12 4.35 0.529
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Table 2.Qualitative characteristics of water used for irrigation
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(ds/m) (meg/L)
ECw<1 7.31 2.02 19 8.3 0.51 3 25 0.8
ECw=3 74 5.68 39 255 0.44 12 534 16
ECw=6 7.5 6.40 472 82.2 1.27 27 19.14 4.2
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Table 3. Analysis of variance (mean square) of Salicylic Acid (SA) and Salinity(S) levels on measured characteristics

of sugar cane (Saccharum sp. Var . CP 69-1062) plant.

az elwl 5 o3 ¥ o9 .. o (S 2 D98
Ol yuntd 25l - gLl ) J5 s o3 L.
&bl <l ad sLi
Relative
Shoot Fresh Root Fresh Total Dry membrane
(S0.V) df Height Weight Weight Weight per meability
s S 2 19635 12460164~ 2742.36" 19972.52" 2352.25"
SA Sl sl 3 2723 2677.86" 22560 45281 76.66"
SAXS Sl s sl (53900 6 2.92" 1197.55" 97.47" 158.01" 18.19™
error inlojT slas 24 1.20 2245.06 7.26 13.01 9
CV (%) (1) & s g i 354 355 7.65 3.88 11.39

NSt lo xo 08 o )8 G cdoys ety izl o ;o o jixe o @
** and * represent significant at the 0.01 and 0.05 levels, respectively, and ns represent non- significant.
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Table 4. Analysis of variance (mean square) of Salicylic Acid (SA) and salinity (S) levels on measured characteristics
of sugar cane (Saccharum sp. Var . CP 69-1062) plant.

s gl :; S i Suply Sy oigr o '::L“ o
SOV df Leaf Na* Leaf K* Leaf N Leaf K*/Na" ratio
S Gog 2 0.0063™ 176" 1117 196.07"
SA Sl s sl 3 0.0016™ 051" 0.078” 54.65"
SAXS Sl apmolx (590 6 0.0003"™ 0.03™ 0.051" 6.73"
error alojl sllas 24 0.0004 0.04 0.003 0.55
CV (%) (1) &y oty - 10.53 8.05 2.78 5.36

NS ces i )lo goe 18 o0 SO o0 iy Jlodol mhaw )8 ls se s 5 4
szand * represent significant at the 0.01 and 0.05 levels, respectively, and ns represent non- significant.
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Table 5. Mean comparison for estimated characteristics of sugarcane (Saccharum sp. Var. CP 69-1062) plant under
different levels SA and different levels of salinity.

sl o sl Pl aie F oy SES G Srdydadi i el O39r iy o
ol » e <lep A 55 Ll oo Sy Sy Sy Sy
Shoot Root Relative L eaf
fresh fresh  Total dry membrane L eaf L eaf L eaf K*/Na"
Treatment  Height weight  weight  weight per meability Na* K* N ratio
(cmy (g.plant™y ) ¢/ of dry weight)

Salinity (dS.M™) s yg4 alizee zglam
ECw<1 34.67°  353.33° 51.1° 130.05% 12.25% 0.16* 2.90° 2.30° 18.24%

ECw=3 3155° 30575° 3358° 99.63° 26.5° 0.19° 240° 1.98° 12.67°

ECw=6 26.65°  157.92° 21° 49.27° 40.25° 021° 214°  1.69° 10.38°
Salicylicacid (MM)  du! Souad by alizeo - glaw

0 295°  266.66° 32.14° 89.81° 28.33" 020> 215° 191° 10.61¢

05 32 281.33°  40.76°  98.30% 23.66% 019° 2622 207 14.48°

1 32.86°  290.347 38° 99.34% 242 017°8 268 207 16.53

15 29.46° 251° 30° 84.48° 29.33° 0.19% 249 191° 13.44°

Al e Sl 351 5 Qo yd i Jil mhw jo ls ge @gla pac il eiw ja 50 LSS By
Means with the same letters within rows are not significantly different at p<0.05 using Duncan’s Multiple Range Test.
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Fig. 1. Effect of Salicylic Acid and Salinity stress on shoot fresh weight of sugarcane Saccharum sp. Var .CP69-

1062 plant
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Fig. 2.Effect of Salicylic Acid and Salinity stresson root fresh weight of sugarcane Saccharum sp. Var .CP 69-

1062 plant.

Table 6. Correlation between traits of sugar cane variety CP69-1062

CP69-1062 Ay ylg Slad (w2090 Olio M e

Traits wlao X1 X2 X3 X4 X5 X6 X7 X8 X9
¥ 1
Height
Lﬁ“"‘b pll 5 ¢y 39 X2 0.91** 1
Shoot fresh weight
S0 w3 ogar 086 1
Root fresh weight
SIS0l w4 0goer 097 0.91%* 1
Total dry weight
Ve ‘5;»\»&9-44 X5 -0.89** -0.91** -0.90** -0.93** 1
Relative permeability g . . .
membrane
S Sow
COTEMT X6 064 063 073  -061** 079 1
Leaf Na
S Ly
. R X7  0.85** 0.71** 0.72%* 0.77%*  -0.71**  -047** 1
Leaf K
Sr ook X8  0.89** 0.87** 0.87** 0.88**  -0.97** -0.79**  0.73** 1
Leaf N
o 4 e by 1
§ X9  0.86** 0.76** 0.85** 0.80**  -0.85** -0.85**  0.84** 0.87**

Sy
Leaf K*/Na' ratio

swxand * respectively, significant at the 5% and 1% levels

Qo0 S g e i Jliol maw jo e Jxe s 5 4y




¥ FS‘)W‘A »\l?‘sc\))' fylc )og;a.smdhuui..ﬂ Y ¥

5 CO2 Lz Gl 4 Wil go apml bl e
oLS aliwgay (Gose Slge iz [l g pigid Cee
oyl el Jlod g ey A
et Jga> 4 4> L (Hussein et al., 2007)
b )l 5 o (Surod J§' S ()39 (7 Joo)
5 Ol (=+/ANT) S hess (r=+/AY") el

=19V Sy oo b 6l dne 3 (chie (Simrod

Ll (o (5 239004

S gl p0 Ll e 530350 (550 1S ]
Ol Gy i Gl 8l b (1 Jgaz) ol o pxe aoyo
sl Gl b,y o slae s G pdides
I e T R O B O
Soss o hlie 1Y Jgaz) al o e wuo o S
Sl gxe 6)LJ bl cas opl p ol Sdendle
sl Sl 5,5 a5 ol oad Byl . o
ole Grals @3 e 1) plewdly slad 6 pdidgss
ollS (s i 03,5 Jbd L sl Seleclle
TJSesly GRYL @ e STl el alex
osd guilanaS] 25 5l 5L Oylad pals 5 o3 sl
(Levent Tunaet al., 2007) <.

S o
Mg doys S w0 S w2 (690 A5 S
St e Sliee 395 5 Gl L (F Jaz) w
2 S e e sl Selewdle S8l Gl
oo blee 31T Jguz) al o gms ao 0 S
el Bl cho onl p sl Siledlo 5 (559
a9 Pl o as cal (g polie 5l SS pa  aid lo pixe
Lodbioe ildl ol o0 o2 g S 0 aa)] clale
Bl MBS 0w Ol 580 A RS
by Saa 50 69t B 50 Sr 3 e Ol G138
Gandonou et k> ;1) col oo 5,155 (o0l laame
o)l oeize opl @, 2011; Plaut et al., 2000
oRlB L S GllS i e Gl a5 WS
) @it maw o glaan)ly 5 23L AlE )90
oole ezt g al, ;o |y (g iinn lalS Wogy oold e

AShl‘afet)Mlo |) Sl oole C""UU"P"‘“"" 6...5‘5){
M‘ MLAJ JJJ)[S Sl 00l w)bf (al, 2007

s Sbleisl (YL D08 g Ay, oe oSl
P Gysh 5l (S Caens Rl o wilgse slady
s> olis 1) 6)es @ Jesd Wlgiee cnlple 5 adlb
Ceol oo o155 (Fahad and Bano, 2012)
ol g Al e dgne Eel sl Sl
o5 kll o oS e e g Aty g
Sl Sl ady ) s Sl 5 sl 0 (65
plsl ye ) 095 aalby 5 axsls lagyg JWSl g i o
Fahad ) sgi e bis> g ol ol consy 5 om0
.(and Bano, 2012
J S 059
Qo yd Syl jo olS JS SiS g 5yeh i S
SaS 5)5 s oS il b (Y Jgaz) ol ls pme
J5 Sis Gig p sl Selecdle 1 cdl Grals S
Flaze 31(Y Jgaz) ol )‘é@.&o doye S maw o oS
gl o Cho Gl p 5 el Sl 5 6550 A5
o Sles dslin 51 Jols zls ol o gme do 0 K
OSke b ol SaS (9 Oliee i a5 ol ol
5 ol Seledls Voo Lo Sy Jla o o8 VFY/E-
Lol Ol paieS s p berjsms ECWSL Lyl
Sl Vgo oo VIO Jlas s o5 FYIVY (Sl
Cesd &y fho i yowd ECW=6 (25 Lalpo g o
O35 el el gyph i el sad S ol
olaws jials § Sy mhaw Sall cwl sl J5 S
olS g5 az;o g oad pwgid S 4 e Sp
S o A Jemd ey K00 gl b e LRelS
el ol 65l ooy

Srot jeme )98 pas SISIL ablie ln ol
e bl cpl jo i u il s (655
5 Sz oole adgi Bpae 4 (gitwsd Slady (6 yaS
b S olS o S Sas (g cnlple o0 0 Sas
oo ol o 5 IS (oo polie sl (]
Gl (S JS Sz 59 . (SOltani et al., 2009)
SIS ddyy 5 Sy 50 madke ) peliy S b (sl e
Sogh 5 Sod S Bl Jeod 5l (paPld Glyiew 4
ot Sl Shewcdls 0,5 058 0 ad S Llas o
J5 Sz ool ol 09 00l o «5)ed A5 il 0
oL 5 e @mlo L a5 S oy gk
).ub Syl callhs )3 4o (Hussein et a., 2007)



YA gy dene ol Selon Il Galites zoban 13l ooy i e 5 oy Sl

A Jooz) ab s wopn S ghe 0 Sy
aS ad oo olis Slidsy b o g vy S e
o 4 b Sas o 0j Gl 3 relS
u@lf o) )15 09 | 03¢ °L.25 ;»514 )0 pae GLQQB"
g ead 6y9h 8 Cow ST, Sl iyl colld
Shomeili et al., ) WS o $,Sel> i9rw i
Soyl8 310 Sy 39 lgme jo Ll (2011
LIV W31 S S POWIN PV SIS SRV S U DU | o
Khan et al., ) coul ooy $p calizes sloguig, laa>
b osoulsre 03l 03 Sr O3srs Olwe Sl (2010
Hussain ) coul o (5,155 55 aul Sedewdlos 5 )18

(etal., 2010

S 2 o 4 oy S
gl 0 S w4 ely Cond 2 5)9d 5 S
dwlio 5l Jols b (F Jouz) ol o pxe v ys S
e 4 el Sl (i oS 3l LA e Silee
GV IPA Sl b T o jieS 5 VAT uSils Ly 5
oo ECw=6 5 ECw<l ()55 Lulys o i s
ot oM Gl b0 Jpaz) wel cess @ 5
Selecdle Slcdl Jals Sy e 4 pelly S
2oy Syl 0 Fp e @ el Sod ol
@ ey Cod Ol Grpte (B J5o2) oo e
Mo ol Soled 0 VPIOY S0k L Sy mao
Ok b ol oieS g el s 4y sl Sl Il

Sogt M5 Cov olS e S 4 s e
S5y o b S 4 Wlsioe nl el 00,5 (555l

5 Jokw slie 0 ply 5 o Jll glaces

S 2 ey
T 20 Sl )3 S el 69 5 ]
pelly Olie o9t A5 GRIBHL (P Jgaz) an ls
pels Ol 2 sl Sl Sl 8l rals Sy
FAF Jgaz) ad s won S phe o Sy
L3l o gl 1 ol Sl 5 (69 i oo
ot Brasy M3 polis jf el il e )bl
boosdee @i Ojors 5l S Sas e a5 aal
Jodo &5 wboo ol S el Gl 5590 1
el 5wt O 5285 alaly 5 o Oliee Gl ]
oeles (Wahid, 2004) o, Kee 5 o>y bl o
oS 53 (gys bl jo ey 28lS sl 1y (gl sixe
Sy el O cdale wols las g s, S BLE S
g <8l Grals S el pB)l o gyl il b
G el O Sl b Joxie slacelss)
L eely Ggr ol 039y ol slocaisiy 4 S
ool sl o 03Kl L) IS 5 oo slagyg (som
2 e by a6 1) e udgi) g 005 o
ceslie (g)lre (lyie Wlgh oo (nl 45 WS 0 55 Ll 0
99, )5 & 6)9h G5 a4 oo Sl lals bl sl
Sededlis 00,15 s las wlasss (Wahid, 2004)

@ el Shewcdle Voo (L oo Jled j0 Ve /PN
Sl 5 (5590 25 Bl S0 Jgo2) 08 Jol>
A s e g kel dopd S mlaw o o pl ol
aS ols lis b Sl anslin 5l Jols b (¥ )
P IV 5eSho b S mris @ ol S 0 i
ECw<I Luli g apl Sl Yoo (Lo SO Lo
Sl S AYY Sk b o 2 52aS g e 2 o jomd
-3 ECw=6 Ll ;% 5 sl il Vso (oo ya0
OHSen g g (1 JS8) aal Caws @ e p eien
S e o b e oglas (Akhtar et a., 2003)
iz slacaia] ;0 mow 4 pealy Cod slp wo e
Gl b az 31 a8 wiils ol lag] s S 1S St
Joie slocass) Wl wbioe 2all Cos (nl (698

Sl ¥ ol Jenily 09dios o pamlly o
Khan et ) O}...: w.ﬁb‘JS OL; LS'L“JSJ‘“’ 4.].4.....»94.: u] uA}
|y 6 yieS o ity sl 0,53 b lalS 4 ol i
gt 55 Sl A e aliy b3 gn o
5 Srghe ald g ol e Gl o 5 9l
ol o (s yiimgid olge JUi! iulsdl g COp L 1)

(Khan et a., 2010)

S 9 09
TS do )0 S w0 S (35 g (5,90 LRSS
Oisrs Olies Sapd 5 Gl L (F Jpaz) ad s
O38rw Ol p el el Szl pals Sy



AF pgo dand A Al o elys pole jo aowe sla s YVE

039 ke F0g il el 5 ge gl ol
elS g Sy o 4 pewly Cas (S p ey S p

G5 4 dz g Lol By s 5 sLEE o (g deis
Lobls 0 00,5 0 olpiiy dbhie of 5 S
dS/m Y | pin S Jshxe EC aST b iy 00 S8

DS Do Gyes G IS als jshaiedy wlils

S 3wl
a5 Gliwysr St hjgel 5 Dliniss dwwge LS,

Redse §)lRwbw Woges )L L b cnl sl e

g SA=0mM

Leaf K*/Na' ratio

[ SA=05mM

AKhtar et ) aie 5 5YL mow 4 el Cons gl
gl S Ll b osass )5S pi>ee (@, 2003
Comnd Gl o 38 el Selwdls 5157 (2004
Fahad and Bano, ) <ol sais &,3 Sy padws 45 ol
o P J902) (Sher Jgoz @ azg L (2012
039 b olosne 5 Sute (Snred S i 4 aliy
G cre g ke (St g (=+/A-™) 5 Sz

(8 Jgaz) codls (F=—+ IAO™) clié  nnd (5 pdudgilh

b b Jsloe (o cnl 5l snliwsa mls 4 axg b
&.Ipl%yﬁ@)a%g)a)yyéﬁ&&lé

[@SA=1mM [ SA=15mM

ECw <1 dS/m

Salinity (dS/m)
So9 g
CPBI-1062 3,5 5 1 s &4 oy a1 (SA) ol Skl 5 (ECuy) (55955 sk g ghaus Bliio 1Y JSC
Fig. 3.Interaction of Salicylic Acid and Salinity stress on leaf K*/Na' ratio of sugarcane Saccharum sp. Var .CP 69-

1062 plant.

Akhtar, S, Wahid, A., Rasul, E., 2003.
Emergence, growth and nutrient composition
of sugarcane sprouts under NaCl salinity.
Journal of Plant Biology. 46(1), 113-116 .

Ashraf, M., Rahmatullah, S., Kanwar, M.A.,
Tahir, A., Ali, L., 2007.Differential salt
tolerance of sugarcane genotypes. Pakistan
Journal of Agricultural Sciences. 44(1), 85-
89.

P

Fahad, S.H., Bano, A.S, 2012. Effect of
sdlicylic acid on physiologicad and
biochemical characterization of maize
growth in saline area. Pakistan Journal of
Botany. 44(4), 1433-1438.

Gandonou, C., Bada, F., Gnancadja, S.,Abrini,
J., Skali-Senhgji, N., 2011.Effects of NaCl on
Nat+, Cl- and K+ ions accumulation in two
sugarcane (Saccharum sp.) cultivars differing



TAV g deee ol Selen b Galites zoban 13 oy Ko 5 oy S e

in their salt tolerance. International Journa
of Plant Physiology and Biochemistry. 3(10),
155-162.

GhorbaniJavid, M., Sorooshzadeh, A., Moradi,
F., ModarresSanavy, A., 2011.The role of
phytohormones in alleviating salt stress in
crop plants. American Journal of Cultura
Sociology. 5(6), 726-734.

Gunes, A., Ina, A., Alpadam, M., Erdan, F.,
Bagsi, E.G., Cicek, N.,2007. Sdlicylic acid
induced changes on some physiological
parameters symptomatic for oxidative stress
and mineral nutrition in maize (Zea mays L.)
grown under salinity. Journal of Plant
Physiology. 164, 728-736.

Hayat, Q., Hayat, S., Irfan, M., Ahmad, A.,
2010. Effect of exogenous sdlicylic acid
under changing environment: A review.
Environmental and Experimental Botany. 68,
14-25.

Hussain, A., Khan, Z., Ashraf, M., Hamid
Rashid, M., SaeedAkhtar, M., 2004. Effect of
sat stress on some growth attributes of
sugarcane cultivars CP-77-400 and COJ-84.
International Journal of Agricultural and
Biological. 6(1), 188-191.

Hussain, K.H., Nawaz, K.H., Mgeed, A.B.,
Khan, F.A., Lin, F.E., Shahazad, A., 2010.
Alleviation of salinity effects by exogenous
applications of salicylic acid in pearl millet
(Pennistum glaucum L.) seedling. African
Journal of Biotechnology. 9(50), 8602-8607.

Hussein, M.M., Babaa L.K., Gabalah, M.S,,
2007. Sdicylic acid salinity effect on growth
of maize plants. Journal of Agricultural and
Biological Science. 3(4),321-328.

Joseph, B., Jini, D., Sujatha, S., 2010. Insight in
to role of exogenous salicylic acid on plant
growth under salt environment. Asian
Journal of Crop Science. 2(4), 226-235.

Kafi, M., 2009.Physiology of Abictic Stressesin
Plants, 1st ed. Mashhad Jihad Daneshgahi
Publication. Mashhad. 502p. [In Persian].

Khan, N.A., Shabian, S., Masoud, A., Nazar, A.,
Igbal, N., 2010. Application of salicylic acid
increases contents of nutrients and
antioxidative metabolism in mung bean and
aleviates adverse effects of salinity stress.
International Journal of Plant Biology. 1, 1-8.

Munir, N., Aftab, F., 2011.Enhancement of salt
tolerance in sugarcane by ascorbic acid
pretreatment. African Journal of
Biotechnology. 10(80), 18362-18370.

Munns, R., Tester, M., 2008.Mechanisms of
Salinity Tolerance. Annual Review of Plant
Biology. 59, 651-681.

Nelson, P.N., Ham, G.J, 2000. Exploring the
response of sugarcane to sodic and saline
conditions through natural variation in the
field. Field Crop Research. 66, 132-139.

Plaut, Z., Meinzer, F.C., Federman, E., 2000.
Leaf development, transpiration and ion
uptake and distribution in sugarcane cultivars
grown under salinity. Plant and Soil. 218,
59-609.

Shakirova, F.M., and Sahabutdinova, D.R.,2003.
Changes in the hormonal status of wheat
seedlings induced by salicylic acid and
salinity. Journal of Plant Science. 164, 317-
32.

Shomeili, M., Nabipour, M., Meskarbashee, M.,
RajabiMemari, H., 2011. Effects of
gibberellic acid on sugarcane plants exposed
to salinity under a hydroponic system.
African Journal of Biotechnology. 5(10),
609-616 .

SoltaniHowayzeh, M., Mir Mohammadi
Maybodi, M., Arzani, A., 2009. Investigation
of the correlation between morpho-
physiological traits and dry weight yield of
commercial and promising sugarcane
cultivars under sdlinity stress at  early
vegetative growth stage. Journal of Crop
Physiology. 2, 26-33.

Wahid, A. 2004.Analysis of toxic and osmotic
effects of sodium chloride on leaf growth and
economic yield of sugarcane. Botanica
Bulletin of Academia Sinica. 45, 133-141 .

Yusuf, M., Hasan, SA., Ali, B., Hayat, S,
Fariduddin, Q., and Ahmad, A., 2008. Effect
of salicylic acid on salinity induced changes
in Brassica juncea. Journal of Integrative
Plant Biology. 50(8), 1-4.

Zhao, Y., Aspinal, D., Paeg, L.G. 1992.
Protection of membrane integrity in
Medicago sdliva L. by glycinebetaine against
the effects of freezing. Journa of Plant
Physiology. 140, 541-543.






