Jm\ sakal
Effect of nanosilica and silicon on physiological and biochemical traits of sugarcane under
deficit irrigation regimes

Ali Hamdi Shengri®, Afrasyab Rahnama®", Ali Monsefi®, Habibolah Roshanfekr?, Hosein Noroozi®

! Ph.D. student, Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran, Email: shengri5@gmail.com

2 Corresponding author, Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Ahvaz, Iran, Email: a.rahnama@scu.ac.ir

% Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran, Email: a.monsefi@scu.ac.ir

* Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Shahid Chamran University of
Ahvaz, Ahvaz, Iran, Email: h.roshanfekr@scu.ac.ir

5 Khuzestan Sugarcane Research and Training Institute, Ahvaz, Iran Email: h.noroozi@iscrti.ir

ABSTRACT

Background and objectives: Drought stress is the major abiotic constraint affecting sugarcane
productivity and quality worldwide. Water deficit not only reduces yield but also negatively affects key
physiological and biochemical traits, including plant water relations, photosynthesis, chlorophyll content,
and oxidative balance. Silicon, is a beneficial element known to enhance plant tolerance to abiotic
stresses, particularly drought, by improving water status, preserving photosynthetic pigments, modulating
antioxidant defense mechanisms, and promoting the accumulation of compatible metabolites. Silicon
nanoparticles (nano-silica), owing to their small particle size and high specific surface area, exhibit
greater bioavailability and physiological effectiveness than conventional silicon sources. Therefore, this
study aimed to compare the effects of nano-silica and conventional silicon on drought tolerance and
related physiological and biochemical responses in sugarcane.

Materials and Methods: The experiment was conducted during the 20242025 growing season using a
split-plot arrangement within a randomized complete block design with three replications on sugarcane
variety CP69-1062. Irrigation intervals (7, 10, and 13 days) were assigned to main plots, while foliar
application treatments included a control (no application), nano-silica at 150 and 300 mg L™, and silicon
at 300 and 600 mg L'were allocated to sub-plots. These. Foliar applications were applied twice during
the rapid growth stage (BBCH stage 3), beginning in early April, with a 15-day interval between
applications.

Results: Increasing irrigation intervals significantly reduced carotenoid content, chlorophyll a and b
content, chlorophyll index, relative water content, cane yield, and sugar yield. In contrast, the activities of
catalase, peroxidase, and superoxide dismutase, as well as malondialdenyde (MDA) concentration,
increased significantly under water deficit conditions. Foliar application of nano-silica, particularly at 300

mg L™, effectively mitigated the adverse effects of deficit irrigation. This treatment significantly
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enhanced cane and sugar yield compared with untreated plants and silicon treatments. Moreover, nano-
silica at 300 mg L' increased chlorophyll index, chlorophyll a and b contents, maintained stomatal
conductance and relative water content, and resulted in the highest silica accumulation in plant tissues.
This treatment also showed the highest antioxidant enzyme activities and the lowest MDA content,
indicating reduced oxidative damage. The superior performance of nano-silica is attributed to its higher
bioavailability compared with silicon sources.

Conclusion: These findings indicate that silicon nanoparticles are more effective than conventional
silicon in enhancing sugarcane tolerance to irrigation deficit. This improvement is primarily associated
with enhanced photosynthetic capacity and a strengthened antioxidant defense system. Consequently,
nano-silica represents a promising strategy for improving drought stress management and optimizing
sugarcane productivity under limited irrigation conditions.

Keyword: Antioxidant activity, Cane yield, Chlorophyll content, Malondialdehyde content, Stomatal

conductance
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Table 1. Physicochemical properties of the soil at the experimental site

N P - V"W'L" o -Calds
S T en S o e el A sio s U o g
Soil S Zn Mn Fe Cu Na K P (mg kg N Sl -
depth  oc (mgky (mgky (mgkg (mgkg (mgkg (mgkg (mgkg )" g =~
(cm) % D D) D) ) D D D) (d?).m
0-30 0.85 0.428 4.624 7.754 2.848 329 206.00 6.2 32 0.09 7.67 191
30-60 0.56 0.321 3.725 5.326 1.897 450 175.00 4.3 27 0.07 765 1.82
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Table 1. Trends in minimum and maximum temperatures, relative humidity, and sunshine duration during the 2024 growing

season
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R334 April 194.2 290.6 6.26 53.02 77.58 28.45 22.26 29.8 14.72
Sl May 253.4 292.1 8.17 46 66.68 25.32 26.84 34.72 18.96
sls = June 331.8 377.5 10.7 38.52 56.58 20.45 33.67 44.19 23.16



= duly 302 374.9 9.74 47.13 66.84 27.42 3541 45.82 25.01
31> ,» August 275.9 355.8 8.9 52.06 73.77 30.35 35.85 45.2 26.5
3 = September 225.3 335.9 7.27 53.39 73.29 33.48 33.2 42.68 23.72
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Table 3. Mean squares for physiological and yield traits of sugarcane as affected by nanosilica and silicon and irrigation intervals

Sl Sl
Means of squares

. cJles |
el Sl grme Sl grme (Sl giome L3y Culda Sl el ’ s Sl gmme 5 Sles

e 2 T oYl el LS, @300k .

ol Lo . . . P ol o e Qﬂaﬁ N
el R NETYY a by IS JRPRLY RRPEEINY gl B CAT Slenst ; el < o
SOV, ) . Relative Al 50 0w Ll - Cane vield

Df Chlorophylle  Chlorophyll  Chlorophyll  Carotenoid Stomatal water activity POD Silicon y Sugar
index a content b content content  conductance activity SOD MDA content yield
content activity  content
S * * ok
BI’LL 2 7.26"™ 0.177"™ 0.22 0.157™ 10582"™ 345 0.000004"™  0.063™ 1.66™ 283 8.64"™ 13.6"™ 0.29"
0]

‘5—)L:JT)‘5> Kk Kk Kk * Kk Kk Kk Kk Kk * Kk Kk Kk

Irrigation 2 124 5.59 0.98 1.31 32114 526 0.00154 21.4 33756 192 376 9536 135

interval (A)

d\.‘ol o . . ok * * ns ns ns ns . sk * ns
ror (@) 4 15.9 0.102 0.032 0.10 1762 3.59 0.000003 0.03 1.98 11.1 8.99 14.6 0.4
rorr (a

S_IV”J; *“‘”*(“B) 4 86.3" 0.60™ 0.178" 0.319” 3870 789" 000018 5107 57777  18.6°  55.6" 643" 16.77
1icon

092

o 5Ll 8 2.23" 0.09” 0.032” 0.012" 1067 421" 0.00004 ™ 1.72” 2963 1.36" 2.38" 16.9” 0.40™

AxB
5 gl

JE; s “9(b) 24 18.4 0.015 0.004 0.027 427 1.61 0.000002 0.025 4.64 0.46 6.89 4.09 0.41
rorr

Ol s o 2
éﬁf\’; ((;/*)f" - 3.41 9.60 14. 8 19.8 15.8 1.5 8.02 10.5 4.34 9.17 3.24 1.8 5.57
. 0

Aoss iy 5 S Jlan mlaw 3 s e oS 5w 5T s e 2 NS
ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison for physiological and yield traits of sugarcane as affected by nanosilica and silicon and irrigation intervals

; e s SSPPRUNET S e ol = Ol (sl yrms Sl soms 3 Sos
I:srj:‘ti;; et ﬁj;i) uh‘}":‘ s b8 sl = o Vel s, el LT s ke &
intgerval Silicon indgxy Chlorophylla  Chlorophyllb  Stomatal Relative CAT POD e MDA Silicon Cane
content content conductance water activity activity SOD content content yield
content activity
mg. g* mg. g* mmol.m?s™* % unit ' FW ypit g FW  unitg? FW  pmolg!FW  mg.g*DW  ton. ha'
Control 24.0 fg 1.42d 0.45 cd 147cd 86.4C 0.007 h 0.339 i 0.28 5.6 h-j 9.06 i 124 de
) Nano-150 29.3 be 2.18b 0.72b 162 be 89.4 b 0.011g 0.535 hi 7.83hi 41k 13.3 fg 129¢
Y Nano-300 33.0a 257a 110a 246 a 926a 0.014 f 0.864 fg 2829 261 153f 140 a
7Days  silicon -300 25.7 ed 1.68¢ 0.52¢ 151cd 87.2¢ 0.011g 0.477 hi 5.42i 4.6 jk 102 h 125d
Silicon -600 30.0b 2.03b 0.80 b 191b 90.7 ab 0.013 fg 0.654 gh 11.1h 43k 13.7 fg 136 b
Control 21.3h 0.99 fg 0.26 e-g 118¢ 81.0 de 0.015 ef 1.105 f 31.9f 8.31 ef 12.8¢g 107 g
, Nano-150 27.7 cd 1.14 ef 0.36 de 125 ed 85.4c 0.016 e 2.784 ¢ 322f 6.7 gh 154ef  120e
JasV Nano-300 30.0b 1.38d 0.479 ¢ 139 de 87.0¢c 0.022 d 5.331a 433e 4.9 h-k 17.3d  127cd
10Days  sijlicon -300 24.3 fe 1.04 ef 0.32 ef 120 de 82.8d 0.015 ef 1.851d 31.6fg 7.41g 141 f 111 f
Silicon -600 26.3d 1.21ed 0.44 cd 125 de 86.4C 0.016 e 3.322b 39.9e 5.8 hi 16.6de  125d
Control 18.7i 0.56 i 0.066 h 66 g 70.8 h 0.024 d 0.667 gh 343f 14.7a 17.2d 70k
, Nano-150 23.7fg 0.70 hi 0.25 fg 9% eg 78.8 fg 0.029 bc 1.065 f 88.4c 10.9 be 22.2¢ 80 j
330\ Nano-300 25.0 d-f 1.06 e-g 0.31e-g 102 ef 80.6 ef 0.046 a 1.825d 174 a 9.4 de 25.8a 96 h
13Days  sjlicon-300  21.7 gh 0.69 i 0.21g 759 76.8 ¢ 0.027 ¢ 0.891 fg 57.6d 11.3b 215¢ 78]
Silicon -600 243 ef 0.90 h-g 0.26 e-g 100 e-g 80.3 ef 0.030b 1.389¢ 156.76 b 10.1dc 23.7b 87i

s Sl e S5l gl A3 gy el mlaw 53 LSD O3l 3l eslinal U ialesT 558l a5 st 8 53 s o (gl S mie Gy glils gla  Kls %
Means followed by the same letters for each trait in each column and each experimental factor using LSD test at 5% probability level did not differ significantly.
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Table 5. Mean comparison for carotenoid content and sugar yield as affected by nano silica and
silicon and irrigation intervals

)les A5 55,8 (Sl yma S Slas
Treatments Carotenoid content Sugar yield
mg. g (ton ha)
55,V 7day 1.15% 14.26°
RZMISYE
T 59,V 10 day 076b 12b
Irrigation interval
59, VY 13 day 057b 830
4als Control 058¢ 9.8°
e s Nano silica (150 mg I™) 0.83"% 19
e 56 Nano silica (300 mg I™) 1.052 1312
i (rckew Silicon (300 mg 1) 0.71% 10.4°
Silicon
VT«.:.\:M Silicon (600 mg |l) 0.96 ab 12.4ab

Gl e sl Ao s oy Jlezl a3 LSD 005 51 eslinel b i o gl S jnie Bg o b o Sile 3
Means followed by the same letters for each trait using LSD test at 5% probability level did not
differ significantly.
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