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Introduction

The high water demand of sugarcane in arid and semi-arid regions, combined with declining rainfall, has led
to increased use of drainage water as a strategy for sustainable production management. It has been estimated that
20% of all cultivated land and 33% of irrigated agricultural land are affected by high salinity. Salinity stress poses
two main threats to plants: ionic toxicity and osmotic stress. lonic toxicity occurs when there is a significant
accumulation of Na* in plant leaves under saline conditions. This disrupts the balance of water and ions, damages
organelle structures, inhibits growth, and can ultimately lead to plant death. Some studies have shown that ion
toxicity caused by Na* can inflict more irreversible damage on plants than osmotic stress. Silicon application (Si)
showed improved photosynthetic efficiency, growth, and yield compared to plants under salt stress. Previous
studies have also shown that silicon treatments can increase salinity tolerance in various plants, including wheat,
corn, rice, and canola. However, the extent of silicon-mediated benefits under salinity can vary greatly between
species and is largely dependent on the plant's capacity for element uptake dictated by its genetic makeup. There
is limited information regarding the use of drainage water in sugarcane irrigation management in arid and semi-
arid regions, as well as the potential for improving salinity stress through silicon application. Therefore, this study
was conducted to evaluate the effects of Si on two sugarcane varieties irrigated with salt water.

Materials and Methods

The pot experiment was conducted in a greenhouse under natural light at the agricultural site of Sugarcane
Dehkhoda Company in Khuzestan Province, Iran, in 2021-2022. The temperature and humidity percentages are
indicated in Figure 1. This study was carried out as split-split plot design based on randomized Block design
(RBD). The main plot factors included three levels of salinity: control of 1.4+0.2 dS.m* (S0) from the river water
source, salinity stress of 4.1+0.2 dS.m* (S1), and salinity stress of 8.2+0.2 dS.m™ (S2) from the drain water source,
with a sub-factor of variety treatment (CP73-21 and CP69-1062). The silicon application timing was also
considered as a sub-factor, with four levels: Si0, non-silicon application (Control); Si1, one month before salinity
stress; Si2, during salinity stress; and Si3, after 30 days of salt stress, silicon was applied. The sugarcane sprouts
are grown in polyethylene pots 100 cm in height and 45 cm in width. Each pot contained 100 kg of soil. A total of
216 experimental units were used during the experiment. The experimental pots were filled with a mixture of field
soil and sugarcane filter cake in a 3:1 ratio. The results of the chemical analysis of field soil and filter cake are
presented in Table 2. The salt stress was applied 113 days after growing cuttings and continued until harvest.
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Results and Discussion

The results of the first year showed that salt stress significantly reduced the height of the sugarcane stalk. Also,
at the salinity stress levels of 4.1 and 8.2 dS/m, the SPAD index decreased by 22.3% and 27%, respectively.
Additionally, leaf sheath moisture dropped by 6.4% and 11.8%, electrolyte leakage increased by 11% and 22.7%,
and the photosynthesis rate decreased by 28% and 42% compared to the control treatment. The optimal time to
apply silicone fertilizer was one month prior to the onset of stress, which resulted in a significant improvement in
all studied traits at salinity stress levels of 1.4 dS/m (control) and 4.1 dS/m. Furthermore, the qualitative analysis
of sugarcane syrup in the second year revealed a decrease in sucrose percentage (14.1% and 33.5%, respectively)
and white sugar content (12.6% and 40.9%, respectively) at salinity stress levels of 4.1 and 8.2 dS/m. The
photosynthesis rate of sugarcane leaves decreased by 28.3 to 41.8 percent under salt stress levels of 4.1 and 8.2
ds, respectively. The CP69-1062 variety exhibited a better response compared to the CP73-21 variety, showing
relative superiority in all growth and physiological traits studied.

Conclusion

The results also indicated that the optimal time to apply silicon fertilizer to sugarcane plants was one month
before the onset of stress, resulting in a significant improvement in all studied traits. The application of silicon
fertilizer led to a 1 percent increase in sucrose, 3.7 percent increase in syrup purity, and 3 percent increase in white
sugar yield compared to no application.

Acknowledgments

We would like to express our special thanks to the Faculty of Agriculture, Shahid Chamran University of
Ahvaz for the financial support (Grant number SCU.AA98.336).

Keywords: Drainage water, Stem height, Sucrose percentage, Stress


https://scu.aa/

S g ol a i

https://jsw.um.ac.ir o
iAo

NNV e Ve Clgua s8N oyled A Wl

320 a4 Sl e glaan s 5B 5 S5 g5 (g, o rla ST
Sl o5 Tl pd 55 8 Sk

VL1 5 an guans —F g 3 dame ='W g ) g (55 50l Lo

AAEA VAR VAVN s"_ﬁlijb c)\:

2SS

15 5 55k 85 sl saiods )18 o 5T LS 5 Slas g 0by 2 edtane i | et yobots &Sl B olse | (So 59

40 a0 ) SIS o yguod VN VFY g VFe e VFeN ol Sl 3 )3 ilojl St el Oloj ) ol ()9 (15 o St 3 )Shes
ol 555 15 Ll S5t b oLk S S5l o 5 030 ol Culyad lof] B 5 Lk St o €l S50 c5paliS
caw 5l 3 55w 3,08 loj g CPB9-1062 3 CP73-21 4y lg 45 cio o yuionjiswd A 1Y 9 ¥/V ((anld) V¥ (5,900 o duw )3 gyl
s 4B S i ) o b e plgisa )98 LS Jlesl jlam olecsG g (55 b lojen (55 51 B ooy igSbins 3,087 (j9) Sals
S a3l g yie g uiesjawd MY g ¥/) (e pdaw ,d (o)Ll b ls LialS conday 1) St 4l i) oo Li5 ol ol
UiblS Jald 4 Cons oy FY 5 YA iwgid Cas pw cdio)d YTV 9 V) Cudg Sl cuid cdioyd WA 9 £IF Sy auss Cagby cduopd TV o YY/Y
2 omiezimd NIV 5 F1V (6y95 oo b ()bl 1 i b 1S5 (a0 )3 FYIA 9 V210 g 5,08 (53003 Y¥/D 5 V) talS iczan 8Ly
Crte 2Ulg (SSgla b g (gady Slaw den ;> CPB9-1062 au)ly .0 ssalie (35 (g 4ol jlows 4 Cand CPB9-1062 asy)ly (4l « e
Slowo dodr by me i3l o a8 35y (15 el 51 8 ool y5lom 365 315,18 o oy a3 s g5 51 CP73-21 awlg 4 s
oo (19Skows 3,28 b 003,5 (15Sebies 3,0 s 4 Cd o udonsiod TN 9 VI (65 shans L o ()l slolo 3 adlllas 550
YU (658 b o 5 oslital o s 50k ) glts by )33 CPBO-1062 iy ly 13 1o ys ¥ 5 VIV ) s ity s 1S5 5 o5l )5 Les
Lo BSESI b olyn o L G2 i 5 ol Jo 53 13995 o s 4Bl i) S s (5ol 3 i 55 S 2.0

ol 5 Sl | Sl

.__jo) ;)’)l{‘.w M).) 4‘)«41} :4§L» &L(’U’)l :déﬁls dubj‘s

Y gaso (o Seke jl (S 5 (FAO, 2024) sl (o 5L 5 Slas FURt

; ooby ol Slae Gl g8 e Canme jaiS (5j)liS

e .“’Lf“’”’ > i 2935 P9 ordee MDY 3y AL YVY Lo o ol st oo g5 S
IS oleed (LSa o o5 AFVY 5,Sles bawgio L) 0dgr oy

ALSINS ol uf >, i plw Lusiis ¢ ole l,$
SR sl s e b duglie ) o 290 0 4Ll (o )0 SagS )i slads gocre

il )3 (SN,b g o plie .(Parmesan et al., 2022) cul
J ) PAAN T A o
- 4)‘ J‘ (_éﬂ)39°> ‘. . ‘l)l u‘ ) . SLl «shld () )'>u-’ )Ls" > 3 g

Olrl lgal lgal (lyex sured olKiily «(55,5liS” 0SS (LS Kf 9 g5 (swine 09,5 )
(Email: m.nabipour@sCcu.ac.ir : Jszus ot g —)
https://doi.org/10.22067/jsw.2025.91154.1456


https://jsw.um.ac.ir/
mailto:m.nabipour@scu.ac.ir
https://doi.org/10.22067/jsw.2025.91154.1456
https://orcid.org/0009-0006-3098-5383
https://orcid.org/0009-0006-5488-240x
https://orcid.org/0000-0002-5877-9614

VFeP Gt dyl- 3385958 o) oylod 4wl (S5 g ol 0,05 AF

5 ol sl o 3,8 el sl 43S i jgu S 1 5
Cpiomad Cal 00 adlllas b g 39ae 0l pl g )ll g S
2938 I3 53 (59 (5 o5 1St 2 o b g Sl 38

ol ol ) o))})j)#é\g

L g, 9 dlge

S Copd CubS g Ay p oSl b b5y jslaies

Voo 2VFeY ol b dlo 93 islej] ol (gy98 i cos
Sygods Jgl Jlo Gialejl s sl Ly St Caivo g S
Lol S5 des b ol JolS Soly B 5 My il ol
VE (F 1%) oo b sals o a3 ()bl ol 5556
9 ¥ (£ -1¥) slacsygd 5 (SO) wlsg, ol oy (ionjgmd
cho)' c_j X )] (82 9 S1 c.«uu).mb) 0 g (g j gD AY (i '/Y)
CPB9- 4 CP73-21 (clapl b g 43 ;5 aty)lg sloss oe 56 H5iSTé
38 gk ald o jlea 3 pSebew 208 oo 5 1062
3 (512) L5 b plajun (SIL) (5 ) b ol (S10) S
=2 5598 e (SI3) ()98 i Jles] I am olecsy
6 5 3 bl ooty 53 o Gilef] 43 €5 s o
ol Lololy 45 CPBO-1062 asly (g5 pr (ool Lol Sl

IS )3 b s (6y9d W5 4 et ool Jlo ioloj]
Jo alie (6)95 aw 4w 3 (o)l Jols Lol 556 15 plov
308 pas g 93 53 oSl 2p)8 (loj (258 5556 5 ol
g1 (SI1) G5 51 U olecsy o Jgl Gialoil )3 5550 oo g (1)
sl YOIV Jlad b g3 olal ly i Sl ool ol (G 9
N SBjg) WS s piegle W Joba
a8 Sk 5 (ol S Ll ad elinul (oo 5ok
2 g0 oy o Sl ¥ BT Jobdy ladold biud p ) 4 ¥ Cuns
kol Glaglils & g 5 0ad bl Bpas Sy sbaplsd
(s S5 W ¥ 4 jhatwl | w5 S > &g 0) KA it
Ve sl (ard )] 555 g5 (SI102) (609 €95 5l (S9Ske 355
B4 S 53 p)S5kS ¥ old dpogi jlake 4 prglis pais Lo)d
Sl S g SV S0 olojdw 3 5Silew 395 b 03
So9d o5 Jlasl s olo G g lojam (8 oo S b Bullae

A odlal ()bl b ol o

losd adss (03Kl clads oy 5l (o g Wil oo pudS 5 ()79 55 €y
Ll Sk 30 35 )

Cas o3 b Jpame S S5 &5 ol )| ol il tals
Sl Copte T o)ls 5l O ey B ylaie 4 o8 cosl YL o355
b ol b el (900 St Sl 5 B39 W5 sl Fpe
St Syp0 3 s Sl CutS 5 saiesiole; Sl ol
2l 68 ol il s s ge wlgi e CIF g Na* j0lio
i b ally g a8 lalse 5,803 (S sl Jlo csloole 5l 5y
el S5 slie LS 5 o o] b b 4By a5 1l ()94
w08 Clale gl (VL cdale (LS ()98 L5 coS
G bis Ul (Zhu, 2003) WS e Lais Jsjeie 5
d9ds0 LS ) (6ypd 4 Jod Sl el KINET g5t
4 L CudoSIS ol S lgieay St (Chao et al., 2013)
ol asuine o (Patade et al., 2008) cosl wlus (gy9i i
o et g 0,Shas p ogllasl @l gl joi O ) oolitul a5 cul
o o S olS 0 Sles &S ol ooy i clddss oyl
Br & S5 b e p utenjowd ¥ (SopsUl colin )3 ()98
sk ;I .(Gomathi & Thandapani, 2005) b o Lials sy
Sll) SB 508 > Sl ey uderjmd S b udS
e D oy fF g el el (jo p uiegjowd VY
Lingle &) 25 0 i ojlac jLs dop 5 ' WSSp
Al-) oundS” Wl (s yole S 0,8 (Wiegand, 1997
Raoetal., ) 35w (Che etal., 2022) yuly (Rubaiee, 2024
Selewdl 1l (Bocharnikova et al., 2023) 6l (2015
2 Cuoglie Llg oo oS Canl 02> LS ... 4 (Hoque et al., 2020)
Jo29 53 (g8l (R amd LRl LS 0 1) (69 LA
Lylyd )3 olS ad) o sl dstie Sl 31 g 6y § (Sl AT 4
»lo L 5 (Hernandez-Apaolaza, 2014) (cixe dlgo 34
ol odd 5155 (Guntzer et al., 2011) on; pe (slo i
gl dgme b (6y9d LIS & S Jood SRl 5 (oS
ol osle cpl )l ali Ul olbesden 5 (Sfde s
Gla Gl L ohighr (o jliwgesr wilal by ()98 gllasl
Lais (gl 45 c5y900 (5350 3o b 5 eliy ol Copl g
Abbasi ) 5l jiss el Sl i byl o Jeke lad Sles
J(etal., 2023; Ebeed et al., 2024
Judiy aalllae St Mg 5 Gyl (sl Lol iul3él 4 a5 L
S92 ol jsbos Sl 3 Sl (6598 G5 Sl 59 53
Oygods bloe S olS 2 (598 (5 Slbipmyp Al
5 J31 5 03,18 jebas NaCl Ses jl odlisl b g aKislejl

MLJL;O )iwu w)w » AW & JA[> J]}A Loy ‘(B“X) uugé)) =\
aiai jl oxledl osle ol (Sugarcane filter cake) sz S ls -y

25lo wae (Sdme dlge g I dlge (sl a5 039 laobw T 5l 0ss )y | opid



A0 opls 4 S iz sLaass sl 55 9 S Solgr 3ud gy LA LS GiiSTs (5102 3 (5 5lgm (5 y9ual

adlllan 3,90 Sloj Ol g K8 b (S5 opbhonilsSy 52 Sleogad U @l -) Jgas
Table 1- Results of the analysis of the physicochemical properties of the soil, filter cake, and drainage water studied
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Table 2- Results of the first year of analysis (mean of squares) of variance of height and some physiological traits of two
sugarcane varieties under salt stress and silicon application
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ns, ™" and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 2- The trend of weekly height changes of sugarcane during the growing season(each point at each salinity level is an
average of 4 levels of silicon loading in 3 replicates) in two sugarcane varieties CP73-21 and CP69-1062
(The data points measured and the lines resulting are function fits)
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Table 3- Fitted three-parameter Gaussian equation coefficients to sugarcane height data during the growing season under
salinity stress of CP73-21 and CP69-1062 varieties

52900 T3 (o) )] JS1an)a (b5 )b (5] iSTan & g i Blaito. o]
Salinity levels a (Maximum height (cm)) b (Line slope)  x0 (Time to reach maximum height) Probability level
CP73-21
Control (1.4+0.2 dS.m™?) 211.740 (2.117) 7.907 (0.182) 22.089 (0.265) 0.997 0.0001
S1(4.1£0.2 dS.m?) 138.078 (1.090) 9.266 (0.172) 22.025 (0.249) 0.998 0.0001
S2 (8.24£0.2 dS.m™) 74.117 (1.302) 10.163 (0.533) 19.063 (0.574) 0.969 0.0001
CP69-1062
Control (1.4 dS.m™) 215.00 (2.359) 7.639 (0.203) 21.709 (0.284) 0.996 0.0001
S1(4.1+0.2 dS.m?) 140.125 (0.742) 9.038 (0.118) 21.655 (0.165) 0.999 0.0001
S2 (8.2+0.2 dS.m?) 74.290 (0.969) 9.855 (0.374) 19.679 (0.432) 0.986 0.0001

3l e lsliel slhad samdLis gl 515 sla!
Standard errors are in parentheses

3o il |y Sk Jguano ag5 (ol (g3t (i,
(Sharma et al., 2021)
3 g Ay «5)pd IS 1S @ omd Cagb (Slgme
biine 25U g8l 38 g (6398 A GiiSaty g (9Sbuw
CPB9- az)lg (Y Jodo) aisdly ,Siis Sy (oo Cagloy (glgino 5
b duslis ;3 (1o pd V/YV) o 5VL GBMe i Cosboy Cuslys 1062
¥IV sy9 gokaw 1 (¥ Joio) Lled Lads 345 ;5 CP73-21 au g
Ve IA 9 FIY Gt S oo Cugby yio p udonjod AIY
e S O (s lgize .l SinlS 30 Hlo &) S doy>
Abdelaal et) cul (g)gi i b dblie Ules b5, slp (ote

2 Ol 395 3,18 (9o 3318 slasles (e 5
o9 G b plejen 38 ol am g (698 S5 51 U8 olecSy
YOIF) aals 4 Comd g3Vl (Siajow pa3LS ()P0 5k
(¥ Jodn) wiily (a0
Mgtz Gl G ()98 5 jlan oSy (gSakias 3 )18
P (Siajes ol 223)5 abld & Capud Ko bl
OM5 gt bylesd b dunlie )0 Mo yd OF U ()98 (5 o9
SSis Jsbo IS Slgima (598 5 bl 3 11l 005 43155
JebslS 55 5 gl GLalSS) olinaSlged 51 )
oAl 5l B0 (s5thegt Jeilly ) adBy G5 Al e Sl



Aol S iz slaass sl 555w 9 S olgr 3ud (gl oA LS GiiSTs (5102 3 (5 51gm0 (5 )9l

13,5 01 o LS 3 Ol s Sy 5 g5 (slsi
Ay sl » Sl Cgwy @ o (Tuna et al., 2008)
(Gong etal., 2006) 4 miw (sla s 3555 by ials el
2208 5 Ay (59h 5 b S Culg S i
@ (Y Jgi2) 28 )l dne Sl S S sl s (oSl
NY 9 X1V (g)aai Liis gdaw pd 3l )l (1Sl duslis I Juols
2 oD Y Gl Gyt Sy ey pSUl el o udonjowd
CP73- aujly (¥ Jodo) cdl il aoys ¥F/¥ 4 ¥o/Y & sals
CPB9- iy lg dy s (£ yitr el S i oy YIY e 21
CP73-21 an)ly Sy culgpShl cuts Saljsl ol olis 1062
Colg iU s 03l o (6995 Ay o 3] o8 (ol ool
Sl (6y98 (35 b ablie QUlE b)) Gln o Slme S
S oSl 355" 25,8 slalo; o0 (Abdelaal et al., 2019)
oS gygbds (F Jgan) A odalie (6,l5 sme MBI 55 (g ,lol Ll
@ old jlog & bgye Sl S gyl s Jlade oy
9 05 J1 U ol )3 oSl Bpan L g 29 00> VIV (5
oS il el dop YOS o YOO 4 dopy cpl i b lojen
2 elowdly lie o )50 g )b pxe dald 4y o (IS ]
Cusl 028 ()5S (r98 5 BN b ey iUl et 133l 51
.(Norozi et al., 2019)

s 3l e qed Sy shagiey ol Jwily talS (al, 2019
ol QU5 5 35 0 s Cagy gsime (ialS Carge S
@yd olS (Ashraf et al., 2017) Lb oo ials oS lawy S
P ey BB G cuw (658 5 YL golaw ) wl )
Alietal., 2021;) 545 0 (30> ¥+-YF) Sy Ol s (glgio
Jslpe 3 oysd L5 45 cawl sa3 )5S (Shah et al., 2021
Brindha et al., ) 5,5 (¢)ls iyl Sl @ A3y Jolyo
(2019
P Sy (e Cugby Mopd 39y G GgSube 08
Tolaw dod 50 S S o Caghoy oy yidin A Jald 4 Cansd
30l 3 b o 5 U ey s 4 bgye (555
WCA%)J@»))DMADW‘J)‘)ML)lﬁAMWcUNw
B Y JSE) 295 4l VL (59 g 5 Logas Sy
IS il lyisar sS4 woh ol cllas
S5l el Jausly Lials 5l g ond addy ) lawes Na© Gl
c_:A> ¢u9§vl~w .)).3)[5 .)9wu.o °L.‘5 u.:] bls) Dguby o Y} cJoLoJL;c
Sl 3 e G5 s |y (lgn pluil 4 ady I ST g moe
o O3l pawalw (Ashraf et al., 2009) 5,5 jlho (oL 2> b
S99 031> (RS (U g poygd pAS P 2 |y (6y9d LIS

0P 332515 9 (5 ygd (AT oS Sl 4l 95 (95992 8 Slo Jgl JUw 03l OI T (s50lke gl -€ Jgaa
Table 4- Results of the average simple effects of the first year of physiological traits of two sugarcane varieties under salt
stress and silicon application

B)los aBlw gl (N g8 CuE e Cugh, Clg I ol
Stem height Photosynthetic rate (umol CO.. Sheath moisture Electrolyte leakage
Treatments (cm) SPAD M7 S (%) (%)
g oS
(Salinity stress)

Control (1.4 dS.m™) 210.7¢ 43.42 5452 84.8° 34.3°¢
4.1dS.m? 137.8° 33.7° 39.1° 79.4° 40.2°
8.2dS.m? 72.6° 31.7°¢ 31.7°¢ 75.6° 44.4°

(Varieties) oz )l
CP73-21 139.2° 35.8° 39.92 79.4° 3752
CP69-1062 141.6% 36.82 43,6° 80.4% 35.1°
(Silicon) ;eSuluw
Si0 131.8° 35.6° 41.0° 79.3°¢ 37.2%
Sil 151.9° 36.8° 42.32 81.32 355°
Si2 144.5° 36.6° 42.0° 80.1° 35.6°
Si3 133.4° 36.1%* 41,7 79.1°¢ 36.72

G985 1 dmr oloSy 398l 308" g (S12) (6598 a5 b lojen (198l 37218 (SIL) ()98 (25 31 Jd olo S 9Kk 39,8 (ST0) (y95ekoms 5,218 pas
5505 gy e M 1o )3 B Jlain ] prdans 55 515 S yitie By > a5 pla . Sle (SI3)
No application of silicon (Sio), application of silicon one month before salinity stress (Si1), sametime with salinity stress (Si2) and
one month after salinity stress (Sis). The means with the same letter in the column have no differences (P< 0.05)
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Figure 3- Interaction between salinity and silicon application on sugarcane leaf sheath moisture
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Table 5- Results of the second year of variance analysis and segmentation of the interaction of salinity stress and silicon
application on quality factors of sugarcane stalk juice

A JOVES J 910 Bl ey wSup e,y o oy e S oy
Sources of variance Pol% Brix% Purity% RS%
Sok 2 0.016 0.077 211 0.014
Block
a5 025 (5) 2 47.09% 21.69%* 39.12%* 31.83**
Salinity stress
e 4 0.018 0.079 2.25 0.015
Salinity erorr
55akew 3,2 8Si 3 0.073ns 1.23** 40.59** 0.31**
SxSi 6 0.018ns 0.24* 7.37* 0.047ns
Sl 18 0.022 0.045 1.19 0.009
Total error
et b 2oy 1.05 1.27 1.30 1.13
CV(%)
o3 05 ) Jinl maw )3 ()l dme (gl dme pis s gy F g *F IS
ms, **and *: non-significant, significant at p<0.0! and p<0.05, respectively.
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Figure 4- Interaction of salinity stress and silicon application on Brix percentage (a) and purity percentage (b) of sugarcane
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