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Extended abstract

Introduction

Drought stress has substantially reduced the availability of freshwater resources for agricultural
production in many regions worldwide. Consequently, the use of drainage water has been considered a
practical strategy for sustaining crop productivity under water-limited conditions. In addition, soil and
irrigation water salinity are among the major factors limiting agricultural yield. Therefore, this study
was conducted to evaluate the effects of silicon application on growth, physiological traits, and
antioxidant enzyme activity of sugarcane under salinity stress conditions.

Materials and methods

The experiment was conducted over two consecutive growing seasons (2021—2022) in a greenhouse at
the Dehkhoda Sugarcane Agriculture and Industry Company. A split—split plot arrangement based on a
randomized complete block design (RCBD) with three replications was implemented. Sugarcane variety
(CP73-21 and CP69-1062) was considered as the sub-plot factor. Salinity stress was assigned to the main
plots at three levels: a control level of 1.4 £ 0.2 dS m1 (So) derived from river water, and two salinity
stress levels of 4.1 £ 0.2dS m™ (S1) and 8.2 + 0.2 dS m™! (S2) obtained from drainage water. The timing
of silicon application was considered a sub-sub-factor with four levels: Sio (no silicon application,
control); Si1 (one month before stress imposition); Si2 (during salinity stress); and Sis (30 days after
the onset of salinity stress). In the second year, a split-plot arrangement based on a randomized
complete block design (RCBD) with three replications was implemented using the variety CP69-1062
(which showed greater tolerance to salinity stress than the other variety in the previous experiment).
The main factor was irrigation at three salinity levels, consistent with the previous year, while the sub-
factor was the timing of silicon application at two levels: no application (control, Sio) and the optimal
timing identified in the first experiment (one month before stress imposition, Si1).

Results and discussion

Salinity stress significantly reduced the maximum weekly stem growth of both sugarcane varieties by 36
and 68% at salinity levels of 4.1 and 8.2 dS m™1, respectively. Irrigation with salinity levels of 4.1 and 8.2
dS m™1 resulted in significant reductions in stem weight (37 and 66%), leaf relative water content (6.4
and 10.8%), and photosynthetic rate (28 and 42%), while electrolyte leakage increased by 17.2 and
29.4%, respectively, compared with the control treatment. Applying silicon fertilizer one month before
stress imposition was the most effective timing, significantly improving most measured traits under mild
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to moderate salinity levels (1.4 and 4.1 dS m™1). Silicon application significantly increased leaf relative
water content of sugarcane compared with the control treatment. The highest leaf-sheath moisture
content, showing a 2.5% increase compared with the control treatment, was observed following silicon
application one month before stress imposition. Also, the highest leaf relative water content across all
salinity levels was achieved when silicon was applied one month before stress. Delaying silicon
application diminished its effectiveness in maintaining leaf relative water content, particularly under
higher salinity conditions. Under salinity stress, silicon application increased catalase (CAT) activity by
15.2, 56.4, and 88.9% at salinity levels of 1.4 (control), 4.1, and 8.2 dS m™1, respectively, compared with
non-silicon treatments. The activity of ascorbate peroxidase (APX) increased by 99.8% and 115%
following silicon application under salinity stress levels of 4.1 and 8.2 dS m™1, respectively, compared
with the control treatment. Superoxide dismutase (SOD) activity decreased by 9.5 and 15.8% under
salinity stress at 4.1 and 8.2 dS m™1, respectively, relative to the control. However, silicon application
increased the activity of this enzyme by 12% compared with treatments without silicon application.

Conclusion

Based on the results, sugarcane cultivation can be maintained during periods of water scarcity by using
drainage water from sugarcane farming, which has an average salinity of approximately 4 dS m™'. This
water can be used for irrigation throughout the growing season with no marked adverse effects on growth
and physiological performance. Moreover, silicon fertilizer application enhanced antioxidant enzyme
activity and contributed to increased sugarcane tolerance to salinity stress.
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Table 4. Coefficients from fitting the three-parameter Gaussian equation to sugarcane growth rate data during the
growing season under salinity levels of CP73-21 and CP69-1062 varieties.

PS1as A yduwy 39 o) Xo

a
(ay yiSTas) b (s Jlois! adaw
Sog (maximum growth (B3cl) 40 (time to reach maximum probability
Salinity (cm)) (line slope) growth) R? level
CP73-21
Control (1.4dS.m™) 17.84 +£1.022 4.38 £+0.294 91.77 £0.289 0.871 0.0001
S1(4.1+0.2 dS.m™) 9.05 £0.788 6.10 £0.693 77.67 £0.618 0.669 0.0001
S2 (8.2+0.2 dS.m™) 5.49 £0.388 471 £0.423 59.38 £0.392 0.803 0.0001
CP69-1062
Control (1.4 dS.m™) 19.35+1.219 4.00 £0.294 99.05 +£0.290 0.863 0.0001
S1(4.1+0.2 dS.m™) 9.56 £0.748 5.77 £0.567 84.38 £0.521 0.726 0.0001
S2 (8.2+0.2 dS.m™) 5.86 £0.507 4.58 £0.625 39.53 £0.563 0.767 0.0001
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Fig. 2. The weekly growth changes of sugarcane during the growing season under different levels of salinity in two
commercial sugarcane varieties CP73-21 and CP69-1062. Points show the measured data and lines are function fits

O w35 ol osliiul (p,S5liS <V ) (5,90 Jloel 51 )3
2oy UE il (p,S5lS +/PV) aalls ) s ailes S5
as ols lis 4 ly x (5 90 blie 51 oo by ol las
V) asls gla,las o anly 50 dile 5 s o
S s IV (6590 gl 5 (e ienjomd

(D Jgoz) 8 ls 5g2g (5,10 g IS

Wl S 59
a5 ol ol Bl 5 5 el ls w5 5l ol il
aly X 5e bliie Sl g el 92,15 @ )ly o5 50
Sall a4 Cod i aBle SO 035 p )bere S
Ok (pSile dunlio @ azgs b (Y Jgaz) auzdls
olo S i a5 Sloj Lol o 0 )15 slo o



YO rmkins 35505 )15 5 (6508 4 St ST (Il slam Bl (B sl 5 (Sojalsnied Sl gz 1 0hSes 5 (6 lm (59

S gy 53 4 )ly Tolaw Gl o (ke Joliio 51 (PO B Joux
Table 5. Mean square interaction slicing of variety levels at every salinity level
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S1 (4.1£0.2 dS.m™) 0.005 9.50m* 16.33"
S2 (8.2+0.2 dS.m™) 0.002"¢ 107.10™ 7.37"
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g ol o Shae iS04 o, ¢l S (@l., 2002
sl o cus plply oyl 5hs g0l olie olie
Loalie )0 ad) wad pall 4 jmie wlgioe jod
(Kumar et al., 2014) s4s (5)58 o0 S
S olS 0 Slas 5 aBle ST (339 00d ATt rizren
(Brindhaetal., 2019) wb o j2olS 5,58 25 o
e 33 (Sl e 595 YA) Sias olS oS (ol
Jsb colbewl JB slaadlo slass 0,5 13 10 Ll s

(Hussain etal., 2004) cél ol a8le yjg 9 48le

S @l wye (milly wi mls axgl
2 Soldgima 3l ly x (5)0h Blite I 5 mamalow
@ 4zl (7 Jooz) aitdly Sied Sy jiiwgid S
29 & mlin 525 Gloy awyr oSk anlie
s w4y S (g Flegts Sy (55 S
olo G pommbns 0015 Jlod )3 hgid Sy (i
SeST 68 Jgo S VIV (lie a0 (5598 Jloel 5l 13
S 00,0 VT aS 0l sowlive 45l ;o &0 yie )0 (S
(F Jgaz) ol lid (molidl ped s 05015 pae vl 4
SO Ale x (6 y9h hlite ST ok Iy Se 4 ax gl
@425 L0 Jguz) 0b el (598 mhaw j2 )3 laas )l
So5%) sals mhw )3 do Sl anlie 5l Jol> gl
Sy 50 (G g DS (o p uiegjows VY
w5 & CP69-1062 4 CP73-21 slaaw,ly yiwgsd
i 1 oS ST 55 Jga San OVIF 5 DIV Jolao
WYoolee 4 CP69-1062 a, ly ass ovalive asl o
CPT32L sy & o (6ot g o s
ooy s TV U (5598 (ial38IL ol lis aals jlews jo

e YF g VF rals ajlg 90,0 iwgid Cepw yio

g 99 0 Bles S5 (59 MY gehans 4 (6590 GBI

Ao ol awlS Sop 4 S o gixe B g0
i e o1 (i €5y 55 M ) oSl
aols jles ;o CP69-1062 4 CP73-21 au\ly g0 able
S5 e Jlesl il Jol> (o uerjos VT)
039 22,0 YAD 5 VO iols o oy oy j g T/
CP69-1062 4 CP73-21 slaax,ly ;0 cus 5 4 ables S5
g oo s s e S aals gkl jles 4 Cos
CP73- azyly adls <S5 ()39 50 2 oo sismed AT (555
Jlade a1, CP69-1062 4 ly 9 duo o £Y Jlade a1, 21
2 oo jewd VF) (6yad vald Jled 4y Cond 0o 0 £F
CP69-1062 aw )y a8l S 39 552 ol zals (o
saalie (5,58 zolaw den ;0 CP73-21 4y ly 4 cos

Y ) as
1.2 - a CP73-21
g 1] [] CP69-1062
£ %03 -
§ :f_)
e 206 -
g3 e
=2 -
5 021 F4E
o | _ A
Control (1.4) 4.1 8.2
Sailinty (dS.m1)  (yso Ly 3 owd) (S0

pSlid a8l ST (439 p2 iyl x (5e Jolio 1.V IS
Fig. 3. Interaction of salinity and varieties on a stem
weight of sugarcane
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Table 6. Results of the average simple effects of the first year of physiological traits of two sugarcane varieties under
salinity and silicon application

o 1) . o Glgimo ..
Lo Soan o 6l i 958 s s S o Cadg sl ells
Treatrr;ent Weekly ) Photosynthesis 2 Electrolyte
growth Single stem rate leaf relative leakage
weight water content
cm kg pmol CO,. M2, St % %
3y Control (1.4 dS.m™) 8.742 1.022 5452 84.82 34.3°¢
(Salinity) 4.1dS.m* 5.60° 0.64° 39.1° 79.4° 40.2°
8.2dS.m? 2.82° 0.35° 31.7°¢ 75.6°¢ 44.42
sl CP73-21 5.68° 0.64° 39.92 79.4° 37.47°
(Varieties) CP69-1062 5.75% 0.708 436b 80.48 3514b
8 &y g5arlins Sio 5.34° 0.67° 41.05° 79.3°¢ 37.22
(Silicons) Sil 6.202 0.702 42.32 81.32 35.5°P
Si2 5.89° 0.66" 42.0° 80.1° 35.6°
Si3 5.44° 0.65" 41.7% 79.1°¢ 36.72
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§ No application of silicon (Si0), application of silicon one month before (Si1), during (Si2), and one month after salinity
treatment (Si3).
The means with the same letter in the column have no differences (P< 0.05)
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Fig. 4. Interaction of salinity and variety on
photosynthesis rate in sugarcane leaves
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Table 7. Mean square of salinity and silicon application on antioxidant activities of sugarcane
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Block Seb 2 0.27 3.43 4.34
Salinity (S) Sy 2 259.9™ 385.9™ 17.15"
Errora a glas 4 0.76 3.18 4.24
Silicon (Si) PPN oW 1 99.50™ 25.44™ 21.92"
SxSi FYVOWON DUES ST 2 7.5 572" 2.09"s
Error b b slas 6 0.38 0.15 3.13
CV (%) (1) Ol yuuds' g g 2.14 1.65 9.10
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ns, * and ** are non-significant and significant at 5% and 1% probability, recpectively
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Fig. 7. Interaction of salinity and silicon application on catalase activity (a) and ascorbate peroxidase activity (b)
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Table 8. Slicing the interaction (mean square) of silicon
application at each level of salinity
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