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Table 1. Soil physical and chemical properties at the study

location.
2018 2019
Soil depth (cm) 0-30 0-30
pH 7.6 7.8
EC (dS m") 0.65 0.67
CEC (meq/100g) 32 32.12
Organic matter (%) 1.60 1.50
Total neutralizing value (%) 10.80 10.82
N (%) 0.14 0.12
K (ppm) 152 163
P (ppm) 9 8
Mg (mg kg 'soil) 697 681
Fe (mg kg''soil) 32.8 30.6
Mn (mg kg 'soil) 8.2 7.9
Cu (mg kg'soil) 3.8 3.7
Zn (mg kg 'soil) 1.3 1.5
Soil texture Clay loam Clay loam
Sand (%) 12 12
Silt (%) 41 41
Clay (%) 48 48
Field capacity (%v/v) 21.6 21.6
Permanent wilting point (%v/v) 11.0 11.0

EC (S gledl oslas Sty i pH s S8 4 se5 St es :Soil depth
S T esle Aoy :Organic matter (Sl glil olas S UL,
- & slse Ao (Total neutralizing value « 558 Jols b8 «CEC
Cu e Mnepal Fe Mg Gid Pl K 03508 N edips
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Table 2. Weather conditions in the experiment site.

Maximum temperature ~ Minimum temperature ~ Rainfall level =~ Monthly evaporation

O O (mm) (mm)

15 Mar — 15 Apr 2018 21.2 10.2 12.8 89.5

2019 19.8 9.7 13.2 77.4

15 Apr — 15 May 2018 26.5 16.4 11.2 101.2

2019 24.8 14.3 354 115.3

15 May — 15 2018 25.1 20.5 243 144.2
June

2019 27.6 19.8 44.5 134.5

15 June =13 2018 28.6 19.5 16.5 187.5
July

2019 284 21.3 18.2 1934

15 July — 15 Aug 2018 343 24.1 2.5 224.1

2019 352 223 5.1 241.6

15 Aug — 15 Sep 2018 294 22.1 24.3 197.5

2019 31.6 20.5 11.3 184.6

<lale L5 Monthly evaporation S ,b ;lués : Rainfall level S sles :Minimum temperature ..l sl Maximum temperature
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Table 3. Analysis of variance of morphological traits as affected by silicon treatment and drought stress in two rice cultivars.

Number of Fertile Number of Full Seed in Node Shoot Cluster Height df Source of
cluster claw claw grain in cluster diameter diameter length variation
cluster
264 28.6 32.6 20.9 40 1.3 1.2 38.4 47.4 2 Block
417101%*%  5827%* 8302%* 442 ns 3530%* 0.3 ns 22% 322%%  45192%*% 1 Cultivar (a)
282 56.3 66.7 127 43 0.6 4 65.8 159 2 Error A
1639 ns 13 ns 205 ns 550 ns 321 ns 0.44 ns 0.1 ns 12.3 ns 181ns 3 Drought stress (b)
739 ns 35.2% 44% 64.6 ns 73 ns 0.51 ns 0.58 ns 4.8 ns 19.6 ns 3 axb
709 ns 15.5ns 18 ns 89 ns 82 ns 0.39 ns 0.55 ns 4.9 ns 93.2 ns 2 Silicate (c)
868 ns 19.1 ns 38 ns 188 ns 374 ns 0.05 ns 0.03 ns 1.1 ns 72.1 ns 2 axc
258 ns 11.3ns 3.7ns 293 ns 90 ns 0.58 ns 0.47 ns 8.6 ns 62.6 ns 6 bxc
1267 ns 6.5 ns 7.3 ns 130 ns 178 ns 0.37 ns 0.38 ns 4.6 ns 91.4 ns 6 axbxc
745 10.6 13.6 204 200 0.27 0.35 7.4 83.05 32 Error B
11.5 11.1 11.3 134 12.1 8.8 12.6 9.5 7.2 CV%

s e A 050 510 5V el e 3 Sl re S0l S ms s i
** * and ns stand for significant effect at 1 and 5% probability levels and non-significant effect, respectively.
53 4ls slies Seed in cluster iy 5 4ls sl Node diameter o Kls ki Shoot diameter a3l ks (Cluster length :a ;= Jsb Height @4 5 &3]
Block :s ;L Number of cluster :« 5 ;3 axad = slass Fertile claw @5,k gasy slass Number of claw @ 5 ;> 4y slass Full grain in cluster :a

Error B B slk> Silicate :(¢) .l 5,5 Drought stress :(b) Six i Error A :A (sle> (Cultivar :(a) N
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Table 4. Mean comparisons of morphological traits as affected by the silicon treatment and drought stress in two rice cultivars.

Number Fertile Number Full grain Seed in Node Shoot Cluster ~ Height
of cluster claw of claw in cluster cluster diameter ~ diameter  Length (cm)
(mm) (mm) (cm)
313.8a 383a 433 a 109.1 a 1239a 596 a 49a 30.7a 101 b Shiroodi E
161.6 b 20.3b 219b 104.1a 1099b 538a 45a 264 a 151a Taroom 8
231 a 29.18 ab 32.25 ab 100 a 113 a 592a 4.74 a 2737a 125b Control %
247 a 29.69 a 33.19a 106 a 116 a 594 a 478 a 29.17 a 124 b End of tillering %
h=]
2452 30.11a  33.68a 113a 123a 5.67a 47a  2907a 125b Emergence of =
clusters &
228 a 28.14 b 3126 b 108 a 116 a 6.04 a 4.61 a 28.51a 131a After grain filling QE
232 a 2835a 31.6a 109 a 117 a 6a 4.85a 28.12a  128a Na,SiO;
Q
243 a 29.76 a 332a 105 a 118 a 592a 473 a 29.01a 125a K>SO4 E
()
238 a 29.73 a 33a 106 a 115a 575a 4.55a 2846a 126a (K>SO4+ NasSiOs)

R M))&JL&:}‘CE—&):)‘J&N Ol b les Ot a 53 50355 a4 osline g
Values within each group and in each column followed by the same letters are not significantly different at LSD (P < 0.05).
53, asls slaas Seed in cluster i s 55 45l slues Node diameter o SKle L3 Shoot diameter :3L. L3 Cluster length :2 ;= J b Height @4 5 gL

1633 — Number of cluster :as s ;5 asra i = sl Fertile claw 5,1 gLaasy slss Number of claw 435, ;3 4>y slaws Full grain in cluster :ai =

S DL After grain filling :«ls 045, Ol ,> (25 Emergence of clusters a5 5¢b 0l 45 (25 Control sl Taroom : eils o U Shiroodi
Silicate 45\ glas S Drought @ S (25 Cultivar 1055 (KoSO4t NapSiOs3) taendS Sl + sl DS KoSO4 el SIS Na,SiOs
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Table 5. Analysis of variance of morphological traits as affected by the silicon treatment and drought stress in two rice cultivars.

Average Seed Cluster . Nod.e Leaf Mean Blast of Blast of Number
. . . . infection cluster the of large Chlorophyl Source of
number infection  infection blast the first df ..
of spots (%) (%) infection blast second node vascular 1 variation
distance node bundles
3.2 52 240 198 1694 1.6 11 8.9 1.3 1.9 2 Block
7.9 19ns 4058  5727%%  38lns  2.5%%  1820%%  2154w%  0.6ns 171 1 C“(lti)var
a
0.76 76 2.4 299 442 0.6 55 27 0.3 0.2 2 Error A
0.8 ns 7 ns 135 ns 17 ns 30 ns 0.03 ns 3.2 ns 29 ns 2.1 ns 0.6 ns 3 Drought
stress (b)
0.4 ns 8 ns 22 ns 36 ns 41 ns 0.06 ns 36 ns 4 ns 0.5 ns 2.4 ns 3 axb
2.9 32ns  SI2®s 600 5323 0.02 ns 127ns 517w 307%% 2 Sil(iC)ate
C
1.9ns 25ns 207 ns 701 s 277 ns 0.44 ns 64 ns 287 3 ns 23 ns 2 axc
0.53 ns 22 ns 60 ns 84 ns 89 ns 043 * 20 ns 37 ns 7.8 ns 5.8 ns 6 bxc
1.2 ns 23 ns 149 ns 65 ns 175 ns 0.12 ns 17 ns 19 ns 7.9 ns 113 ns 6 axbxc
0.59 27 78 118 195 0.163 56 55.8 8.7 17.2 32 Error B
17.2 19 222 29 35 25 18.7 18.8 19.5 12.6 CV%

sl I3 gme 5105 570 5 Ju»lc}la_w):)\:hs;u;\ﬁlﬁ%)}ynsjﬁé

** * and ns stand for significant effect at 1 and 5% probability levels and non-significant effect, respectively.
o5 55 <l A, Blast of the first node :J sl s S <l Ao ;> Number of large vascular bundles : S, 5 5T Slsiws slaas Chlorophyll :S BEIRLY

70341 glae S Ao ;5 Leaf blast infection ;o 4 S, S5 ,)1 « Mean cluster blast distance 14 ;= < alols . Sle Blast of the second node ips

o Block :5 L Average number of spots :45J sluxs Sle Seed infection 7. o5 1 4ils 4s s Cluster infection 7. tes ) glead = Ao ,5 Node infection
Error B :B slk> Silicate :(¢) -l 5,5 Drought stress :(b) ix =5 Error A :A gles (Cultivar :(a)
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Table 6. Mean comparisons of morphological traits as affected by the silicon treatment and drought stress in two rice cultivars.

Mean

Blast of

Blast

Number of

Average Seed Cluster Node Leaf Chlor
. . . . . . cluster the of the large
number infection  infection  infection blast ophyll
of spots % % % infection blast Second first vascular
distance node node bundles
415a 26.74 a 34.04b 28.58 b 37.15a 143a 35b 3420 15a 3437a  Shiroodi §
82.4a 27.77a 47.42 a 46.42 a 41.75 a 1.8a 45.1a 452a 152a 31.29b Taroom 8
442 a 27.02 a 4297 a 36.51 a 3771 a 1.66 a 40.12 a 3924 a 14.58 a 33.03a control
End of 2
423 a 26.74 a 36.59 a 36.83 a 3923 a 1.57 a 4041 a 3839a 1525a 32.85a o ]
tillering 2
=
4742 2819a  39.05a  3853a  4026a 1.56 a 3942a  39.66a 15.19a  3258a Lmergence g
of clusters I
A
455a  2708a  41.05a  381la  406la  164b  40.15a  4142a 1532a  3285a Afglrliirgam
4.15b 26.11a 3495b 3349b 3420 b 1.65a 3739 a 36.05b 16.22 a 3537a  Na,SiOs
Q
4.46 ab 2733 a 40.71 a 359b 40.85 ab 1.59b 4l a 38.07b 16.58 a 3438 a K>SO, 8
=
4.85b 2843 a 44.08 a 431 a 4331 a l6a 41.68 a 4491 a 12.48b 28.73 b (KZS.04+
Nazleg)

4w\w)>;§{du;>\cb..~):)l:duuJM\J_QQLQQ}LAJA):;@)f)AJ:QJL&» by

Values within each group and in each column followed by the same letters are not significantly different at LSD (P < 0.05).
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135w Average number of spots 7. :4SJ slux Sl Seed infection o3 37 45ls a_ws > Cluster infection /. 5,37 slaas = A5 /Node infection
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Table 7. Analysis of variance of biochemical traits as affected by the silicon treatment and drought stress in two rice cultivars.

N Mn Mg Ca Zn Cu df Source of variation
0.006 0.03 0.23 0.13 0.002 0.0006 2 Block
0.835% TH* 0.77 ns 0.16 ns 0.004 ns 0.0007** 1 Cultivar (a)
0.004 0.016 0.87 0.13 0.002 0.00006 2 Error A
0.003 ns 0.03 ns 0.21 ns 0.05 ns 0.003 ns 0.00002 ns 3 Drought stress (b)
0.003 ns 0.02 ns 0.17 ns 0.11 ns 0.004 ns 0.00004 ns 3 axb
0.12%* 1.9%* 0.75 ns 0.35ns 0.015%* 0.0001 ns 2 Silicate (c)
0.12%* 1.7%%* 2.55% 0.64* 0.003 ns 0.00007 ns 2 axc
0.005 ns 0.3 ns 0.39 ns 0.28 ns 0.001 ns 0.00005 ns 6 bxc
0.008 ns 0.4 ns 0.43 ns 0.29 ns 0.002 ns 0.00006 ns 6 axbxc
0.005 0.2 0.5 0.16 0.002 0.00006 32 Error B
15.8 11.2 5.5 13.8 12.3 22 CV%

sl Sl pxe Ok 570 5 Jw\cjla.d):)hw}jljillﬁ%;@ns}-:

** * and ns stand for significant effect at 1 and 5% probability levels and non-significant effect, respectively.
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Table 8. Mean comparisons of biochemical traits as affected by the silicon treatment and drought stress in two rice cultivars.

N Mn Mg Ca Zn Cu
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mg/ke)
0.358 b 3.70b 1273 a 298a 0.0380 a 0.039 a Shiroodi _§
0.497 a 433 a 1252 a 2.88a 0.0365 a 0.033b Taroom é
0414 a 4.07 a 12.72 a 2.99 a 0.381 a 0.037 a control %
0418 a 4.01 a 12.58 ab 293 a 0.381 a 0.034 a End of tillering %
0.441 a 4.02 a 12490 2.86a 0.377 a 0.037 a Emergence of clusters gﬂ
E
0.436 a 397 a 1271 a 294 a 0.353 a 0.036 a After grain filling g
0.404 a 398D 12.73 b 2940 0.397 a 0.038 a NazSiO3 o
0.510b 43la 1297 a 334a 0.374 ab 0.034 a K2S04 §
0.368 ¢ 3.76 b 12.56 b 2.80 a 0.384 b 0.036 a (K2S04+Na2Si03) g

R M)Agiidw\ck.»):)lsf'm Ol b les Ot o 53 5055 a4 sl g
Values within each group and in each column followed by the same letters are not significantly different at LSD (P < 0.05).
teasaass 0L s s Control tuals (Taroom : ooils (ULE Shiroodi 1635 s N 105525 Mn 135 Mg (e CaeedS Zn i, Cu: s
SISl NazSi0s3 1adS SIS After grain filling asls 0% 5 Oboy 5> 25 Emergence of clusters 4l = 5 5¢b 0be3 5> 25 End of tillering
Silicate : S (slas S Drought stress : i =5 (Cultivar s (K3804+N2;Si03) 1gmdS” AL + el Sl K,SO4 el

C’f(";)j;);é“;}d;‘:@d%;f)\sdu)ﬁstM&W}“QL‘“’JML’)‘)‘%JMi djb

Table 9. Analysis of variance of biochemical traits as affected by the silicon treatment and drought stress in two rice cultivars.

Lignin of  Hemicellulose  Cellulose photosystem II efficiency Stem Seed Amylose Source of
stem of stem of stem (fv/fm) silicate  silicate % variation
48 14 2 0.00003 19 30 19 Block
16.8%* 1.5ns 2.5% 0.000007 ns 0.125 0.5ns 11** Cultivar (a)

7 43 1.1 0.000001 2.5 1.5 19 Error A
3.7%* 1.7 ns 27%* 0.0000013 ns 9.7% 22%%* 0.6 ns Drought stress (b)
2.5%* 0.62 ns 1.3 ns 0.0000016 ns 1.5 ns 1.1 ns 0.5 ns axb

0.44 ns 1.7 ns 0.2 ns 0.000004 ns 0.7 ns 0.6 ns 0.4 ns Silicate (c)
0.045 ns 0.03 ns 0.2 ns 0.000007 ns 3.5ns 6 ns 1.9%* axc
0.55ns 0.44 ns 0.3 ns 0.000002 ns 2.6 ns 4 ns 0.3 ns bxc
0.54 ns 0.58 ns 0.5 ns 0.00001 ns 1.5ns 5 ns 0.2 ns axbxc
0.57 1.14 0.58 0.00004 2.6 3.7 8.17 Error B
6 1.7 9.1 3 7.15 6.15 32 CV%

el Sl xS G50 570 5 JL&;}‘C_}EMJ:)]}&&;‘ﬁLﬁ%;A—!nS}':

** * and ns stand for significant effect at 1 and 5% probability levels and non-significant effect, respectively.
a5l 53l Photosystem II efficiency (fv/fim) I e 33 oS Stem silicate a8l o Seed silicate :4l> il Amylos . gkl Aoy
5 Error A A gl Cultivar :(a) (._%) Block :S 4k Lignin of stem :43l JM_<J Hemicellulose of stem a3l ;35ls oo Cellulose of stem
Error B B sl Silicate fertilizer :(¢) o 5,5 Drought stress :(b) i
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Table 10. Mean comparisons of biochemical Traits as affected by the silicon treatment and drought stress in two rice cultivars.

photosystem  Silicate  Silicate of  Cellulose =~ Hemicellulose Lignin of Amylose

II efficiency  of seed Stem of stem of stem Stem %
(fv/fm) (%) (%) (%) (*0) (%)
0.876a 12389a  10.278a 3923 a 1524a 12.09 a 23.59b Shiroodi E
0.876a 12.222a 10.194 a 39.59a 1494 a 13.86b 21.11a Taroom é
0.87a 211a 949 a 3.38¢ 814aa 1212 a 2227 a control %
0.88a 11.6a 339a 1.39a 9.14a 26.12 a 21.96 a End of tillering @
0.88a b 13.57 78.10 b 2.39a 515a 20.13bb  22.37a  Emergence of clusters gﬁ
0.88a 12.70 a 89.10b 1410 2.15a 9.12a 2220 a After grain filling é
0.876a 12.38a 40.10 2 48.39 a 93.14a 45.12a 22.15a Na»SiO3 E
0.876a 1242 a 38.10a 46.39 a 95.14a 56.12a 22.10a K2S04 %
0.876a 12132 29.10a 339a 4.15a 72.12a  2325b (Na2Si03 +K25804) %

R M))&JL&:}‘CE—&):)‘J&N Ol b les Ot a 53 5055 a s sl g
Values within each group and in each column followed by the same letters are not significantly different at LSD (P < 0.05).
A5 Cellulose of stem :3L 3 ;L Silicate of stem 43l ko ¢ Silicate of seed :4ls .l Photosystem II efficiency (fv/fm) (Il wxow 22 51,8

End of : asa=y 0LL > i Taroom : ails ()Lb Shiroodi : ¢35 4 Amylose % :; skl s ;3 Lignin of stem :«3Le =& Hemicellulose of stem :asL..
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Abstract

Silicate (Si) has potential effects on crops under different stresses. It can affect biochemical and
physiological parameters and reduce drought stress destructive effects. This study aimed to investigate the
effects of Si on morphological and biochemical traits under drought stress in two rice cultivars of Local
Tarom and Shiroodi. The experiment was organized in completely randomized blocks in a factorial design.
Silica treatments included potassium silicate, calcium silicate and a combination of the two at the rates of 0
and 350 kg/ha. Drought stress at the time of cluster emergence and stress during redistribution and water
scarcity (soil matric potential of -0.05 MPa) with three replications. Under the conditions of water shortage,
stem and seed silica, stem cellulose, and lignin were increased. After silicon treatment, some morphological
characteristics such as plant height, harvest index, and grain yield. After the application of silica, leaf blast
disease decreased (34%) compared to control. Water stress conditions showed adverse effects on fertile
tillers, number of tillers per plant, number of panicles and number of seeds per panicle. The two rice cultivars
significantly differed in plant height, panicle length, number of effective tillers, number of panicles per plant,
flag leaf chlorophyll, harvest index, the Uptake of copper, manganese, nitrogen, and biochemical traits. The
combined effect of water stress on the two cultivars studied did not significantly differ, and therefore, both
could be suggested for cultivation under water stress conditions. The results showed the potential effect of
silica in alleviating water stress impact, and thus silica treatment may be recommended to increase drought
stress tolerance in rice plants.

Keywords: Drought stress, Silicate, Rice, Yield.

Background and Objective: Drought makes several functional changes such as morphological, metabolic,
and physiological in the plant. At the preliminary stage of plant growth, it negatively affects elongation and
growth development (2). Si is useful for overcoming plant stresses by developing plants' physiological and
mechanical aspects (1). Si can induce disease resistance and positively affects several priorities, including
metal toxicity, salt stress, drought stress, nutrient disproportion, radiation destruction, high and low
temperature, UV radiation, and freezing in a range of plant species (3). The present research aimed to
evaluate the effects of Si application on morphological and biochemical traits of two rice cultivars (Local
Tarom and Shiroodi) grown in soil under water stress.
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Methods: In this experiment, two rice (Oryza sativa L.) cultivars (Local Tarom and Shiroodi) were planted
in the field. Treatments included the first factor of application of two types of soluble silica fertilizer,
potassium silicate and calcium silicate, and a combination of the two, and the second factor including
drought stress in four levels of control, stress at the end of the claw, stress at the time of cluster emergence
and stress at the time of redistribution and water scarcity (i.e., soil matric potential of —0.05 MPa) in three
replications. In total, the experiment included 72 experimental plots. Seeds germination was started after 15
days of sowing and plants were established for 8 weeks. After growth stage, some morphological and
biochemical traits of plant were measured.

Results: Based on the results of analysis of variance, a significant difference (at the 1% probability level)
was observed between the rice cultivars Local Tarom and Shiroodi in terms of morphological traits.
Significant differences between the two cultivars were observed for biochemical traits. There was also a
significant difference between the biochemical properties after water stress application in different growth
stages for the two cultivars.

Conclusions: Under water stress conditions, silicon fertilization did not show any significant impact on the
studied traits. Water stress showed adverse effects on the harvest index and grain yield. However, Si
application was effective in removing the adverse effects of water deficiency and improved morpho-
physiological and biochemical functions. The combined effect of drought stress on two cultivars did not
show any significant difference; therefore, the results showed that both cultivars can be used in areas with
drought stresses. The results showed the potential effect of silica treatment (about 42%) in improving the
adverse impacts of drought stress. The results of this study can be used for silica treatment to increase
drought stress tolerance in rice plant. Overall, the findings of this study showed that for rice growth and
developmental characteristics, calcium silica and the biochemical indices, such as sodium, potassium,
chlorophyll b, and K content, silica might be beneficial.
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