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Extended Abstract

Background and Objective

Drought stress is one of the most important environmental stresses, always have been a serious
concern in arid and semi-arid areas. Wheat is the most important cereal, being main food of most
people among arid and semi-arid regions. This crop is relatively sensitive to water deficiency in a way
that drought stress could result in a significant decrease in yield and yield components. Water stress
also may lead to accumulate more sodium and boron in wheat grain. Thus, it would be a great success
to achieve the sustainable production and food security, if we could introduce some approaches
effective on mitigating undesirable effects of drought on yield and other plant responses in wheat.
Some nutrients including potassium, zinc and silicon have been shown to play such a role in plants.
Silicon is one of the plant beneficial elements that is essential for some plants including rice, wheat,
corn, tomato and strawberry. Numerous studies showed the influence of silicon fertilization on
alleviating the adverse effects of deficit irrigation in wheat. Hence, the present study was aimed to
evaluate the effects of silicon supplementation on yield components, water use efficiency and repletion
of sodium and boron in drought-stressed wheat plants in Hormozgan province.

Materials and Methods

This research was conducted as split plot in the manner of random complete blocks design arranged in
a factorial style. There were 12 treatments and three replications on Chamran variety of wheat plants
under drought stress in Haji-Abad agricultural research station in Hormozgan province during two
years. Experimental plots were 3x3 meters and the soil texture was clay loam. The treatments
consisted of drought stress in two levels (60% and 100% of plant water requirement), soil application
of potassium silicate in two levels (0 and 20 kg ha* during stem elongation), and foliar application of
potassium silicate in three levels (0, 2.5 and 5 kg ha during stem elongation, heading and dough
development). All other plant nutrients were supplied uniformly for all treatments on the basis of soil
and water analysis results and considering the plant phenology. Irrigation in all plots was done through
drip-tape system. Fertilization and irrigation operations were accomplished consulting with related
experts. Weed control was done both chemically and manually. Pest management operations was
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carried out using common pesticides under the supervision of a plant protection especialist. The
evaluated plant responses were comprised of grain yield, biological yield, 1000 grain weight, water
use efficiency, and translocation factor as well as bio-concentration factor calculated for boron and
sodium in wheat grain.

Results

Wheat plants under drought stress (60% water requirement) showed a considerable decline in yield
components as a result of the loss of photosynthesis function. In spite of the significant decrease of
yield components in deficit irrigated plants, water use efficiency (WUE) increased in these treatments,
representing higher grain yield production per unit of water consumption. Furthermore, remarked
enhancement of sodium and boron accumulation in grains was observed in plants grown under water
stress. It means that water stress resulted in a remarked increase in bio-concentration factor and
tralslocation factor of these two elements in grains. On the other hand, soil application of 20 kg ha
potassium silicate caused an observable improve in yield components and WUE, either in drought
stressed or control treatments. In addition, silicon foliar spray in both levels (2.5 and 5 kg ha*
potassium silicate) showed desired effects on yield components and WUE in all treatments, as well.
Silicon supplementation also caused a significant drop in bio-concentrartion factor and translocation
factor of sodium and boron in grains. Statistical copmarison between silicon nutrition methods
revealed that soil application was absolutely more effective than foliar spray.

Conclusions

Overall, silicon nutrition caused a significant recovery in yield components and water use efficiency of
wheat plants that were damaged due to drought stress. Grain sodium and boron accumulation in
deficit-irrigated plants was also ameliorated in the treatments received potassium silicate either
through soil application or foliar spray. In this regard, soil application appeared to be statistically more
effective in comparison with foliar spray mehod. Therefore, based on the intensive influence of silicon
on alleviating the adverse consequences of water stress on wheat, soil application of 20 kg potassium
silicate per hectare is highly recommended in wheat farms under drought stress, specially via soil
application method.
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Table 3- Analysis of variance for the effect of experimental factors on the study plant responses.

Source of 1000 grain
Variation df GY BY weight WUE Na BCF Na TF B BCF B TF
REP 2 0.8091™  5.0371" 4.298™ 0.0606™  0.0749"™ 0.00703™  2.030"  0.0746™
IL 1 9.8912™ 659.417"" 587.673"" 3.8612"  0.5525™ 0.09818" 105.028" 1.3689™
Si SA 1 7.6640™  89.326™ 53.217  0.5112™ 0.9801™ 0.15734™ 92512 2.9584™
SiFS 2 03422 121.488™ 62195  0.0227"  0.3452"™ 0.03466™ 51.373™  0.6527™
IL x Si SA 1  0.0524™ 0.349™ 0.257™ 0.0148"  0.0152" 0.00004"™  2.544™  0.0064™
IL x Si FS 2 0.0031m™ 0.517m™ 0.336"™ 0.0006™  0.0031"™  0.00004"™  0.246™  0.0004"
SiSAxSiFS 2 0.0693™ 0.745™ 0.367" 0.0043™  0.0002"™  0.00005™ 0.045"  0.0008™
ILxSiSAxSiIFS 2  0.0005™ 0.016"™ 0.007 0.0002"  0.0010™  0.00029"  0.362""  0.0009"
Error 22 0.0450 0.029 0.360 0.0030 0.0010 0.00008 0.012 0.0004
CV (%) - 2.9854 3.755 3.112 3.014 1.304 1.691 0.0614 0.996

ns: non-significant, *: significant at p<0.05 and **: significant at p<0.01

df (Degree of freedom) (sul3! a0, GY (Grain yield): wls o Slae; BY (Bilological yield): a5 giciw’y J saans; 1000 grain
weight: la ,lya o5 WUE (Water use efficiency): o o ,me ol,\S; BCF (Bio-concentration factor): iew) S LSl
TF (Translocation factor): Jwl | ¢<; Rep (Replication): ,I<s; IL (Irrigation level): sl cbs; Si SA (Silicon soil
application): PEVIT IV EN JUPVY Si FS (Silicon foliar spray): prenbis a3l slas; Error: sy %CV (Coefficient of

variation): ,uas co s dus 0.
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Figure 1- Effect of the method and rate of potassium silicate application on wheat grain yield under

water-deficit (drought stress) and normal irrigation conditions. Means with the same Latin letter do not

differ significantly at the 5% probability level. S1 and S2 represent soil application rates of 0 and 20 kg/ha

of potassium silicate, respectively; F1, F2, and F3 represent foliar application rates of 0, 2.5, and 5 kg/ha
of potassium silicate, respectively.
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Figure 2- Effect of the application method and rate of potassium silicate on the wheat biological yield
under water-deficit (drought stress) and normal irrigation conditions. Means with a common Latin letter
do not differ significantly at the 5% probability level. S1 and S2 represent soil application rates of 0 and

20 kg/ha of potassium silicate, respectively; F1, F2, and F3 represent foliar application rates of 0, 2.5, and
5 kg/ha of potassium silicate, respectively.
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Figure 3- Effect of the application method and rate of potassium silicate on the 1000 grain weight of wheat
under water-deficit (drought stress) and normal irrigation conditions. Means with the same Latin letter
do not differ significantly at the 5% probability level. S1 and S2 represent soil application rates of 0 and
20 kg/ha of potassium silicate, respectively; F1, F2, and F3 represent foliar application rates of 0, 2.5, and
5 kg/ha of potassium silicate, respectively.
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Figure 4 — Effect of silicon application on water use efficiency for wheat grain under drought stress.

Means with a common Latin letter do not differ significantly at the 5% probability level. S1 and S2
represent soil application of 0 and 20 kg/ha of potassium silicate, respectively; F1, F2, and F3 represent

foliar application of 0, 2.5, and 5 kg/ha of potassium silicate, respectively.

&JTJ‘)_A.AAJ‘J_E.A;;:\J(_;H:)‘J(Y'Y' ‘O‘)LSAAJThorne)JJ-:&UA ‘A.A:s ‘L:\‘J JJSlAC QMJLL;\.\:.\-C-L:\JM
Cia Gl s seaie ol oS il (5580 55 0T Gieme (alS s aralin 31K g5l s e GRaK
oo (S BT dal o 5o QLALS o sl B ias ks 3523 5 5aAS (RIS 5 olS i g4 il
oL plea i 5o anally paad 5 Oda (I8 el Hu g Ladals slalie HH-ATPase cullas S jas
prenliy lale Q80 S e s s Gia 3 658 sla b iges suaie cpl (Marschner, 2012) o g oo
o S Ay 5 Son LAl slie (600358 (ralS aiile Al 3ok 5 acbin sl Gl LS o
e a iy LS i gt Caa (gl presliy 5 asae G el 5o 0l sl 5 (Barker & Pilbeam, 2015)
‘a:t_u.‘:s.‘:u.‘.v‘)_‘alcd)_m.o 5o H3 (da Silva et al., 2025) “\_3""-6‘ uﬁf‘)ﬂ‘ bLeg od C)_“CA%:JQ_.);\%JQA.&:
Khaiiat Moghaddam et ) ss < oo o 8 yme oIS (il 38 Con go ol o (T2l (233 8 31 (RIS (e

[al., 2022; Pezeshk et al., 2022

ok JUS1 )56 g (s ) @ond 5556
3 sy pmand HSLE o Hlalhae ol s slan) s s ¢l 05K a s S Jaghe ash) aa
3 (S aras bl 4 @l s clale cd) as o) pead 5 oS6 LGOwd AaS Gl e JEB) KB



veed 508 (S1321 33 o 3 31565 9 5578 Jilio I ol e g Lo AY

slaslas 5 it g llias Hobas (oS T 5L wmys Ve bsad (5lul) (o128 (15 L dalge slaslas
il slae ose 4 dy prabis 5508 e Sos 5 (2T Sl s u Ve b sk g lal) GBS G
S avenliy 0SS Yo (S e ol SIS 15 4613 4 S 31 e JES1 300 o S S yms 45 5
obale 4abadle Jols GralS 4 salie (55 G GlAlS Hu g 5 (Saa (B35 Ll pd 5 GlalS o aa LSa
el g3 5K 5o Sk a4 SIS Y0 S Sl elas D0 55 paealis 3L slae 0l Gls aaa
panliy 2 Sol€0 ey il i soolie abdslas Lol cas (hal€) aan Juw) paad 5 5S1
b 40383 5 (Joshe s w5, GBSed 5 riaas ol (LS ) mlas b olaliae cli GlSa 5 lSl
ssby pm5s s 58 50 4S O (pl 4wl QLS s S peas 5 SSB GRAS s (g lobae 5t

(6 JS3) 3 0l & SI2 31 g JIBI oliae (20lS el a3l slas 5 (S b e

ODrought stress MW Without stress

b

3.0 - a cd de d
C

2.5 1 de

def

L5 o

1.0 1

Bio-concentration factor of Na

0.0 L] L] L] L] L]
S1F1 S1F2 S1F3 S2F1 S2F2 S2F3
Potassium silicate levels

(S 0 o) pudi g9 23S Al jo addes el Jeas ) padd §9iSE p ascalis O pas il -0 IS
$2 §S1 .u3ylud lalaas SMIAS s yu gy Jlaliad pedoey yu wiicwd oS yickia (Y S ja Sy 9 dS LSl
Ao sebly plae catl i) F3 g F2 FLo(,lSa o 0lSalian pacaliy o Sobs Yo g s (S oS s casl i)
(JES2 3 Olsalacs pailiy p S lis 0 9 ¥/0
Figure 5 — Effect of silicon application on the bio concentration factor of sodium in wheat grain under
drought stress. Means with a common Latin letter do not differ significantly at the 5% probability level.
S1 and S2 represent soil application of 0 and 20 kg/ha of potassium silicate, respectively; F1, F2, and F3
represent foliar application of 0, 2.5, and 5 kg/ha of potassium silicate, respectively.
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Figure 6 — Effect of silicon application on the translocation factor of sodium in wheat grains under
drought stress. Means with the same Latin letter do not differ significantly at the 5% probability level. S1
and S2 represent soil application of 0 and 20 kg/ha of potassium silicate, respectively; F1, F2, and F3

represent foliar application of 0, 2.5, and 5 kg/ha of potassium silicate, respectively.
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Figure 7 — Effect of silicon application on the bio concentration factor of boron in wheat grains under
drought stress. Means with the same Latin letter do not differ significantly at the 5% probability level. S1
and S2 represent soil application of 0 and 20 kg/ha of potassium silicate, respectively; F1, F2, and F3

represent foliar application of 0, 2.5, and 5 kg/ha of potassium silicate, respectively
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Figure 8 — Effect of silicon application on the translocation factor of boron in wheat grains under drought
stress. Means with the same Latin letter do not differ significantly at the 5% probability level. S1 and S2
represent soil application of 0 and 20 kg/ha of potassium silicate, respectively; F1, F2, and F3 represent

foliar application of 0, 2.5, and 5 kg/ha of potassium silicate, respectively.
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