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Interaction of silicon and phosphorous fertilizer on lodging related
traits and qualitative and quantitative parameters of rice
(Oryza sativa L.) cv. Tarom Hashemi
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Table 1. Meteorological parameters and soil properties at the experimental site prior to rice transplantation

_ D g
N T G5 5 S POy Tl aﬂﬂv o
. o e o : olar
Month Z:va %E@. Z.%Mn.v %5@. m<mwoMM“Mm:m:os ?mm“mmwzos ZombAWcVHEQ:% Sunshine hours radiation
° MJm*d™h
R34 10.8 18.6 63.2 99.3 77 123.6 13.5
Apr.-May
- oa —
= 16.4 24.8 85.9 414 78 140.9 15.9
May-Jun.
Sl =
19.9 27.8 121.8 24.6 80 232.8 21.1
Jun.-Jul.
” 223 30.7 130.2 39.6 79 203.0 19.7
Jul.-Aug.
sls 4
22.5 33.1 142.3 11.4 76 232.5 20.2
Aug.-Sep.
el 21.6 31.0 113.9 88.5 65 193.0 16.5
Sep.-Oct.
NIWRT R
o 18.5 26.9 120.8 93.4 71.5 182.7 17.9
15-year average
e . STk wiEAEAS b M :
S S e Gasr oSt il < Oren Available Available  SSAN L
Soil properties Depth (cm) Soil texture pH ﬂmmEoo phosphorus (mg  potassium (mg EC (dSm™)
matter (%) -1 -1
kg) kg')
(\¥a2) Jsl Jl
o 0-30 ot 75 1.05 8 185 0.62
First year Clay loam
(1¥4Y) p g5 Lo
72 0-30 ) 73 1.15 10 197 0.60

Second year

Clay loam
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Table 2. Bartlett test results for the investigated traits as affected by year

o 2 Dlio

. . Pr> ChiSq
Investigated traits
.y
o 2.10™
Panicle length
g g |
e 'J 0.76™
Plant height
¥o Sle Sl asls
. ﬁJ Sk qu-a, 0.04™
Lodging index of 3" internode
Fo Sl Sl jasls
. ﬁJ S _.}"l;{"‘ 0.04™
Lodging index of 4™ internode
4S5 doey Sluws
T Ed 2'47115
No. of tiller per hill
4S5 53 o)l aomy sl 132
No. of fertile tiller per hill
g f: domad B 5ldas . 0.02"
No. of spikelet per panicle
s s 4>4..:')> 3l ‘ 030
No. of filled spikelet per panicle
a2 Sl 0.17"
Grain yield
Cas bﬂf 0.25™
Biological yield
s sl
s 0.91™
Harvest index
il
il 0.07"
Grain Si content
4 05 0.02"
Grain N content
RO
e 0.12%
Straw N content
1 i
A 0.001™
Grain P content
S i
B 2.34™
Straw P content
515 pennly
R 0.19™
Grain K content
ol el
= 0.21™
Straw K content
2 330"
Protein yield
il oslizal ol 18"
ootk Sleslizd ol 031"
Si utilization efficiency
3597 3 eslizal 1,18
TS T 2.09™
N utilization efficiency
ind ) eslizal 1,18
S 0.29™
P utilization efficiency
oty S oslizal 1,8 L7

K utilization efficiency

# S

.Mﬁ&)@dh&!chw)é)b&n))bwf:é S S
ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively.
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ke 5 oL gloma b S 5 damey sldas
Sk 5 ol O (S (3 ae 5
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Table 3. Mean comparison for the agronomic traits of rice under silicon and phosphorus

application
sldas
. doey SRS dad g 5ldas L
Sl 45 55 550k ) by p - s
w 9 )J N P N S Aj'f
o Plant No.of  No.of e No. of 0
Treament  height %0 ferle  No.of filled st
(cm) u }iilf)er tiller per spikelet spikelet 11(10/e)x
hill per per panicle ’
panicle
ke
Silicon
neanting 139.21° 15.58° 10.75° 97.29° 90.61° 42.24°
Control
oo 65U
T 130.00°  18.35° 12.79° 109.14° 98.12% 43.83°
Nano-Si
CARCH T
V”K N i 134.45>  16.64° 12.00° 103.72% 93.60% 43.82°
-1
IS K A
§ o Sj* 137.39®  15.90™ 10.88" 102.36" 91.45° 43.31°
a-ol1
LSD 0.05 3.33 0.93 0.81 7.54 5.44 1.69
)A.mé
Phosphorus
e 129.21°  16.24° 11.13° 98.76° 91.60% 41.91°
Control
&Ll‘“'l":‘ :; a a a a a a
il 136.95 17.01 11.88 107.22 95.75 43.66
Fertilizer
€SS
phlip 138.82*°  16.57° 11.50° 103.40% 93.87° 43.99*
Fertilizer +
bacteria
G)B +555
PPN 136.07°  16.66" 11.92° 103.12% 92.57° 43.64°
Fertilizer +
fungi
LSD 0.05 3.32 0.93 0.80 7.54 5.44 1.69

.&:AM‘LSDO‘}A;\TL)ALA.){MJQ@JLA:}‘CE.«)J)IQ&M S 5 g5 pde olins LIS gt pa 5 S il By o i

*: Values within a column followed by the same letter(s) are not significantly different according
to the LSD test (P < 0.05).

0¢



e 9 g««-:l»:-» 63_55 CL‘ J:“i“'“f

355 pl5 G pan 5 S S+ 255 pl s O e
3 UYY VAR el b aglie 55 26+
S AN il pss dle 3 5 doys #VF
(F Jador) Lsls OLas il 551 Aoy O/AA
X e X Jl 80be g lie (slaly
Oas dlo JI plame (2350 oy 4 jaud
Sl jatla p i Jgl Jle s &S sls
5 ek e e @ Glate paw 0 Sl
(Ao ys YY/Y$) 6)5bc:w+wdfm
@ijQ@gw&w;\,
du)>3(~w):Vf/\9)5f§QC:}L”+jL~é
oS DS O3 e il 14y b g o 50
(M):?T/Of)éj:fl{c:lt+ji~éd,~u}
55 om0 Sk (Sl 5 el o S 5
oocke 56 (AL glome @ Glaze Lo 95 8 53
Yo/ 5 YNY i ja) jaud O3y pde

(0 Jod>) 54 (Lo

355 ¢35 O pan (glasti s S Lalls O s
3 pn 5 o3k el pp 6 Sl 4 g lad
Al 53 515380k 26+ glend 358 ol 5
do)s O/FY 5 V/FF /A8 5 54 dala L
A O b s et s )
Gopan 5 $SL S plg a0
VY 5 XIA Nl 7B+ 558 s
A o) dzls il 55 Ao ys
4 s % Jl oSl amlis slaasl
Jle yasly las Jle J1 flate o 5 S,
O pan b psler o Solo Sl 5 a5t Ul
T+ 255 O pan i plah 5 S Al
aglie 55 7B i + 558 O e 5 S,
5 Qo3 WFF SY¥Y/AN YE/YY il dals L
Aoy WINY 5 ¥RIOV O Ll e55 Jlo )
sl Jof b o (F Jsds) sl Ol sl 5

(oleard 355 G pa b ad s 55 5 arad 5

&&u&:&ﬂfj)qéﬁﬂquf :\J&?‘;;J\,ﬁlf oerla el s dl J,_u;»;\—z Jsd
Table 4. Mean comparison for interaction of phosphorus application and year on lodging index
and number of filled spikelets of rice

FoSile Sl jasls

Jolaza 31 o i ad B 53 b g sl
Interaction Lodging index 8,5 gourth internode No. of filled spikelets per panicle
0
Y,P, 45.23° 89.31°
Y,P, 56.18% 96.45°
Y,P; 60.07° 97.55°
Y P, 53.57% 94.79%®
Y,P, 32.70° 88.68°
Y,P, 43.49° 90.19%°
Y,P;s 44.66° 96.70*
Y,P, 38.33% 93.89%

C«N‘LSDQ)AJTJL.A‘JJMJJGJLQ:"\CE»&)}J])W eS| S ﬁ.LG sy QLS Qj..»ﬂ_)} LSJ.L:M t-‘%}j:;- 3

*: Values within a column followed by the same letter(s) are not significantly different according
to the LSD test (P < 0.05).
.(\yay) fﬁs Ju E) [QANY) J)l Ju S LY) ZY2 B Y]

Y, and Y,: first year (2017) and second year (2018), respectively.
T+ bt 35 5 ekl p L plard 08 b (pliacd 555 (D s o) Aals 5 Py 5Py Py (P

Py, P,, P;, and P4: control (no fertilizer consumption), phosphorus fertilizer, fertilizer + bacteria

and fertilizer + fungi, respectively.
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Table 5. Interaction of silicon and phosphorus on lodging index, agronomic traits and yield of rice

iz 1 4b g J b 4l 5 Shese s 3, Sas
. Panicle length Grain yield Biological yield
Interaction (cm) (ke ha') (kg ha™)
S,P, 23.42° 3826" 8577¢
S,P, 23.74° 4763 10530
S,P; 24.92¢ 42829 9748%
S,P, 23.58° 42379t 10220
S,P, 25.25% 4113 9897
S,P, 20.11% 4405 10222¢¢
S,P; 29.33% 5147° 12280°
S,P, 27.85%d 4503 10637°
S;P, 24.87°%¢ 42889t 992¢de
S,P, 29.10% 4450°% 10167%
S;P; 29.38° 4803° 10853°
S;P, 28.46™° 4337°F 10370°¢
S,P, 2425 4239t 10685°
S,P, 28.55%¢ 46854 9670%
S,P; 29.83° 4588 9898°
S,P, 28.04%4 4320°F 10455

W‘LSD;}}AJTJAL'J\JJM)J@JLA.:}'\E:EM)JJ‘JLS«M M| S r,\.& sy QLS Qj:.wjih)b ASJ:.\:.«.A \_'.3}]>- 3k

*: Values within a column followed by the same letter(s) are not significantly different according
to the LSD test (P < 0.05).

r:»lf ngtl:nﬂ)r:-whi Q&.:l:.w oo 516 3,58 (O s CJ&) dald 5 Sa S4 5838, Sy

Si, S,, S;, and Sy control (no usage), nano-silicon, potassium silicate and calcium silicate,

respectively.

Gl plard o8 s psk el p 6L Glard 38 Ghud pland 355 (O pae pte) ali i ja Py 5 P3Py Py

STy

Py, P,, P;3, and P4 control (no fertilizer consumption), phosphorus fertilizer, fertilizer + bacteria

and fertilizer + fungi, respectively.
O e b eSS 5 el SIS
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Figure 1. Triple interaction of year, silicon and phosphorus on lodging index of 3™ internode

Fo ol 5 6 Sl 5 6,5 e
Mobasser) 3 3& o I 55 2alS” | Ble Lt
S amlys s adlbs s et al, 2008
0 aradg JS ol BIEH Co erk
anlae 4o .(Ahmadetal.,ZOB);ﬁLs» ad g
SEAS WO e w2 2 Koo
SRIF G b S s s S S
SRIF e ad g 3 el sl
Mobasser et) 345 o T o3 &l s Shes
b ool 43 Oliss s al, 2008
arad o Slda p i &S Ly 4 opl
05 ES g dmmad g sldaS p S g ad g o
e (B ran o 0 VL 4 b g 0
»> .(Ghanbari-Malidarreh et al., 2011) s &
S e Spn i SAF s s
sl il 5 6y Sl JhalS 5 b
e il 58 05 g ad g 5o paxad S S
(Nolla er al., 2012) A &5 5 Shas i1 53!
39 Gl Bl o e el SIS 3 )8
dals b awlie 3 als 3 Shee o,y YF
K3 iesi s (Wang & Du, 2011) As
G el O o b IS
03 s ade Jsb g aS jo 4y sl il 58l
33 4l 5 Shae (gheo s YO-F 53] ams

oY

LaS Ol 0I5 oo el b T Cwsa
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S e il 5l A A ol ol
23 o eSS 5 ey SIS
Ao (man L 815 (sda (slaas,
S 5 Opan b S 5o 5 il > Sles
5 gl 31 AT sty (6 ST il 58
T+ 355 O pan 5 phed Al O s
4 8 1 F sda slas, 53 o Sa g6
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L3S S Oliie calaly s 3
2 e S e e S O e
o Sy (Slony AT (pimen 5 i 55
L e 53 o3 VYl il s Shee 5l 53
Aol AL gloes ¢ pizman .(Bernal, 2008)
e g 3 Sas )t e ol L Sk
Dl 55 5 45 53 48 s sl 5l
Bhavya et) Ji’)fclﬂ#b"} 53 4ls s Shee
23 Okd ke b f'""""l:“ céb 43 .(al, 2011
Wi sT ey 5,8 51 o 5T Sk o)l
Loy LS r 6,8 sk 35 Gm Lals s
Gy Shle iall Co e Sl S
JJ\JJQJA{‘)JJ&LJ«UQ@\;?J:}J@
3 e ¢ L .(Murillo-Amador, 2006)
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i b OT Sl 513 5 Shed Sl
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ol .(Abo-Ghalia & Khalafallah, 2008)
b amglie 53 od il OLALS 5 il 5 Shes
5018055 ple b5 ol il OLE
b b e ) Gl B i s s 51 F
b oo 35 53 756 ol es S8 550
=il (Jamshidi ef al., 2013) 4zl ol s
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oS o o S L (38 5 (aila
B VVE S als 5 Sae ool 5l Sol Silausd
Bakhshandeh) Jé dals 4 Cond Ao ys YV/
2 p 3 Ses 5 4 55 (et al, 2015
158 S 58 Piindica 3,5 Ol
.(Ashraf-Abdolahi & Zarea, 2015)
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(S 3 ,Ses 05825l ealial LS
DS 5ol i e 5 ails jiud (gl e
Aed Sl gn rmen 5 ki 03l 1 Co
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.(Eidizadeh et al., 2010) si>
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ot $U (Bl gloe b gl L 55 055 25
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ol (0 SAS 51 0 5SS FANY 5 AR
23 58 Oh 8 3 eslamal G187 oy eSS A
3 e O e pe sy £33 3 Jsl Jls
Jod) A fol> r.:.wlf S (2 s
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Table 6. Slicing interaction of silicon and year on rice uptake indices of silicon and nitrogen

059 53§l eslizul 1,IS
DIy e s ey Sl o3l o8

Joleze i1 oo 2507 slione Nitrogen o e sl Potassium

Interaction Grain nitrogen utilization Straw potassium utilization
content (%) efficiency (kg kg content (%) . 1
9 efficiency (kg kg™)

Y,S, 0.58° 37.96° 1.00° 49.63°

Y,S, 0.79° 53.50° 1.20% 59.01%®

Y,S; 0.73° 41.66" 1.23% 63.27°

Y,S4 0.65%® 35.96° 1.02¢ 51.23°

Y,S, 0.42¢ 46.32° 1.33° 33.67°

Y,S, 0.44° 48.61%° 1.66™ 35.38°

Y,S; 0.52% 48.12% 1.76 47.71%

Y,S4 0.43¢ 46.67° 1.65% 34.09°

e LSD 0 031 olad 5 Ao g dlel mhae 55 ls sme ML 5 g5 o sins OLES gt o8 53 S e By i
*: Values within a column followed by the same letter(s) are not significantly different according
to the LSD test (P < 0.05).

OYAYV) pss Jl 5 OYA) dl e w5 Yo 5 Y
Y, and Y,: first year (2017) and second year (2018), respectively.

r:”lf C)&:l:.u 9 r.:.w\:i &K.:l:.u e 516 3,558 (s s (z-LG) dald 5 Sa S4 5858, Sy
S1, S,, S3, and Sy4: control (no usage), nano-silicon, potassium silicate and calcium silicate,
respectively.
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Table 7. Interaction of silicon and phosphorus on nutrient uptake in grain and straw of rice under
silicon and phosphorus treatments

oo Gl 055 5 Sl ges
als Haud (gl gioen oS Laud (gl gien G ety 5l g
&L&‘;‘ als PHEY Grai S .
) ) rain traw Grain
Interaction Grain Grain phosphorous phosphorous potassium
coxslltlelrcl'?l(]%) C;Eg?l%‘é&) content (%) content (%) content (%)

S,P, 3.02° 1.17¢ 0.130° 0.178° 0.508%
S,P, 3.65%° 1.31¢ 0.163%4 0.183% 0.585%
S,P; 4.13%® 1.59%¢ 0.178*4 0.183% 0.563%
S,P, 3.05° 1.32¢ 0.154% 0.187% 0.527°4
S,P, 2.98° 1.52% 0.167° 0.183% 0.417¢
S,P, 3.98%¢ 1.65%¢ 0.178*4 0.200% 0.597%
S,P; 4.50° 1.84° 0.190%° 0.230%® 0.695°
S,P, 3.93%¢ 1.65%¢ 0.178*4 0.192° 0.542°4
S;P, 3.36% 1.62%¢ 0.148% 0.214%¢ 0.530°¢
S;P, 3.77%¢ 1.66%¢ 0.205%® 0.237%® 0.602°
S,P; 3.62%¢ 1.79% 0.223% 0.255° 0.682°
S;P4 3.35% 1.65%¢ 0.187%¢ 0.218%° 0.577%
S,P, 3.08° 1.48" 0.182%° 0.185% 0.485¢
S,P, 3.53% 1.64%¢ 0.203% 0.195% 0.607%°
S,P; 3.68% 1.71% 0.225% 0.198 0.668%®
S.P, 3.37% 1.50% 0.203%® 0.190% 0.535%

.wlLSD;\yﬂwLﬂ\ﬂMﬁ@Ju.:;-\clad)sjb@m [ e ) phe odins OL O gtw o 53 S e By > 1

*: Values within a column followed by the same letter(s) are not significantly different according
to the LSD test (P < 0.05).
r.fwlf Q&:L:.» 9 ‘..;..»\:.1 CJ&._.L_..N oo 56 :ﬂ)lf (o e (u\.@) dald O S S4 5838, Sy

Si, S,, S;, and Sy control (no usage), nano-silicon, potassium silicate and calcium silicate,

respectively.

G F bt 255 5 p skl 2 S L gt 055 Gd (pland 38 (s o) dali Py 5Py Py (P

STy

Py, P,, P3, and Py4: control (no fertilizer consumption), fertilizer, fertilizer + bacteria and fertilizer +

fungi, respectively.

ool 5 Shes 5 225, A 5 2555
e Rl Bl il e s g Do 4 il
SR Pl oen 5 (B e Cip ey 4 OT
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S w 0lg e 1y S sl Ol s
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Cb” o ol el Roaquatilis
dons WA 5 WO AT s 5,
255 S 2 oSS YO s Ol 3
Bakhshandeh er al.,) A& Jo 5 lans s
Sou 1y Sio opl sl Cle WOT Q2015
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Introduction

One of the major problems in the paddy fields of Mazandaran province is the low
solubility and availability of phosphorus. This essential macro-element is added to
the soil as phosphorus fertilizer; but, the major portion of it is immobilized due
to fixation in the soil and therefore it becomes unavailable for the crop plants. As
a consequence, farmers are turning to intensive farming and high consumption
of chemical inputs (Ramezani & Hanifi, 2011). Thus, to solve this problem, the
plant growth promoting rhizobacteria (PGPB) and plant growth promoting fungi
(PGPF) in the rhizosphere as well as phosphate solubilizing bacteria (PSB) and
phosphate solubilizing fungi (PSF) can be considered as a solution to provide
the crops with the required phosphorus amounts (Lavakush et al, 2014). The
other key solution to solving this problem is the application of silicon fertilizer
sources, which can be very beneficial. In fact, silicon increases phosphate uptake
from the soil due to its synergistic absorption enhancement of phosphorus. In

addition, silicon application reduces plant lodging and decreases pests and diseases
Email address of the corresponding author: yousofniknejad@gmail.com

8



Interaction of silicon and ...

infestation in crops (Datnoff, 2011). Hence, this research was aimed to investigate
the interaction of silicon and phosphorus fertilizer resources on the lodging indices
and quantitative and qualitative yield parameters of rice.

Materials and Methods:

The experiment was conducted as split plots based on a randomized complete
block design (RCBD) with three replications in Amol region during 2017 and
2018. Four silicon fertilizer treatments including control (non- application), spray
of nano-silicon, soil application of potassium silicate and soil application of
calcium silicate were used as main plots and four levels of phosphorus fertilizer
including control (non-application), chemical fertilizer (100 kg P,O, ha), 50 kg
P,O, ha' + Herbaspirillum seropodicae bacteria inoculation and 50 kg P,O, ha
+ mycorrhiza fungi (Gholusmosseae) inoculation were used as sub plots. During
the growing period, after the edge plots were excluded, plant traits were randomly
measured according to the Standard Evaluation System (SES) of the International
Rice Research Institute (IRRI). All the statistical analysis was performed using
the SAS software. A two-way analysis of variance (ANOVA) was used by GLM
procedure and the least significant difference (LSD) test was used to compare the
differences among the treatment means at a 5% probability level.

Results and Discussion:

In order to investigate the effect of silicon and phosphorus application on rice
in the two years of the experiment, the data were first evaluated by the Bartlett
variance homogeneity test. The results demonstrated that all the investigated
traits were non-significant in the Bartlett’s test, for which the combined analysis
of variance was performed. The lowest lodging index was obtained by spraying
nano-silicon. The highest lodging index was obtained by using chemical fertilizer
+ bacterial inoculation. The highest grain yield (5147 kg ha') was obtained with
the spraying of nano-silicon + chemical fertilizer + bacterial inoculation, in this
regard, the next best treatment was the application of chemical fertilizer along
with chemical fertilizer + fungi inoculation. Spray of nano-silicon leads to a higher
uptake of nutrient (Si, N, P and K) and improves qualitative and quantitative yields

as compared to soil application of potassium silicate and calcium silicate, in this
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regard, potassium silicate and calcium silicate ranked second and third, respectively.
In addition, the combined application of phosphorus + bacterial inoculation had
higher positive effect on nutrients (Si, N, P and K) uptake than the use of chemical
phosphorus along with phosphorus + fungi inoculation.

Conclusion:

According to the findings of this study, it can be concluded that the spray of nano-
silicon along with the application of chemical fertilizer + bacterial inoculation can
increase the quantitative and qualitative yields of rice and control the blast disease
in the grain fields.

Keywords: Herbaspirillum bacteria, inoculation, mycorrhiza fungi, nano-

silicon, nutrient utilization efficiency
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